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RELATIVE DROUGHT RESISTANCE 
OF SOME CROP PLANfS 

By 

M. M. Singh, 
Bota,iy Department, 

Maharaja'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 ?E',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 contribution on the relative 
drought resistance of wheat Pb, 591, wheat Ag?a Local and barley 
C . 251-the major crops of the tract-aims towards part fulfilment 
of such needs. 

HISTORICAL 

Aamodt and Johnston (lfl36), Kenway et. al. (1942) and Platt 
and Darroch ( 1!)42) observed varietal differencea 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 maturit.y, Whiteside (1!)41) found 
little difference in the drought resistance of wheat varieties when 
plants were grown from vernalized seeds (presumably to equalise 
the length of tho life cycle). 

Seedling and pre.flowering st.ages have long been recognised 

as critical stages (Si:1gh et. al. 1!)35) while embryonic and tillering 
stages as highly resistant to drought (Chinoy Hl47 ). Milthorpe 

(1!)50) could not find varietal differences in the drought resistance 
of wheats at the early seedling stage, 
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It is thus app'.1.rent that drought resistance of plants is 
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 ( 10!7-51) work 
but slightly on an altered lay-out). Plants were raised in earthen 
pots. Soil, obtained from an uncultivated patch of farm land, 
was mixerl with Municipal compost in the ratio of 2 : I. The 
initial soil moisture at sowing, which commenced on Novembflr 11, 

1954 was 15·5% on fresh weight basis. 4-5 plants were allowed to 
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 viz; 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 
morning commencing from the first drooping stage. Soil moisture was 
determined at the beginning and at the end of each drought period. 
Inten!!ity of soil drought, which is given in table I, was calculn.ted 
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 p:>ts ( average of six rer,Iicatcs) 

Tillering stage. 

·c. 
3 52 

L. ·B. 

3.63 3.59 

Shooting stage. 

C. 

4.08 

L. 

3.98 

B. 

4.00 

Flowering stage. 

C. L. 

3.28 3.20 

B. 

3.17 

* C=wheat Pb. 591, Lc=Wheat Agra Local; B=-,barley C. 251. 

The same is followed in tables 2 and 3. 
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RESULT 

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

TABLE 2. 

Character. Crop diffe,ences Effect of water supply 
C L B--C~ *N T S F C. D. 

Mean relative growth rate 
Height 0.037GO 0.03688 0.03508 0 OOO!G 0.03754 0.03iG9 0.0338G 0 .036!J3 0.00054 

O,OOOGl 0.00072 
Dry 
\Voight 0.04148 0.04117 0.03!J7!J 0.00034 0.01141 0.04178 o 03!J03 0.04100 0.00040 

0.00045 0.00053 

Tiller 

Leaf. 

Sheath 

A veragc number of tiller and leaf 
G.27 8.58 9.28 0.11 8.H 7.52 8.21 

014 

32.21 4°U!l 45.22 0.53 H.40 3!J .OO 38.37 
0.70 

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

opening 101.10 !JG.70 02.10 O !J1 !JO.SO !JS.20 100 90 
1 22 

Flower 
ing 107.90 101.so !JG oo 0.77 97.21 102.97 105.H 

1 03 
Observations at harvest 

Totalt 
florets. 65,00 G!J.30 57 .00 1 •1G G4.SO G5.00 GI .50 

1.!J5 
Fertilet 
florets. 52.00 53.SO 4!J.40 0.!JG 58.33 58.33 .j:J 33 40.83 

1.28 
Graint 
Number 4!J.88 47 12 4G 31 0.5:! 54.0S 5:1..17 45 .25 37.58 

0.77 
JOO-Grain 

0.11 
0.14 

0 53 
0.70 

0 91 
1.22 

0.77 
1 .03 

1 46 
1.!J5 

1 12 
l. ,W 

0.66 
0 .88 

Weightt 3 74 3.30 3.GO 0 13 3.03 3 17 
017 

2.7G I.GS O 15 
O.l!J 

Grain 
yieldf 5 35 5 01 5 03 

'Bhusa' 
Yieldt ll.!J8 11.GO . 8 !J1 

0 2G G.OS G 34 
0.85 

OGO 11.::l:l 12.18 
0.80 

4.!H 3 20 0 30 
0.40-

!J.Ol 10.80 0 70 
0 .!J3 

• N=normal water supply; T~drought at tillering; S=drought 
at shooting; F = drc ught at flowering; C. D.=critical difference 
The same is followed in table 3. 

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



TABLE 3. 
Resistance index in plants 

Crop. W~ter supply Crop. Waler sup ply 
- N-. --T.--s:--- F:- - N.-- T. s. --F.--

Height Dry Weight 

c. 1.000 0.!J!JG 0.GG0 0 !) 22 C. 1.000 1 047 0. G7!J 0 .!Jl!J 

L. 1.000 1.002 0.GG0 0 !)25 L. 1.000 l.045 0 GS0 0 .!Jl5 

13 . 1.000 1 005 0 .7G!J 0 950 13. 1.000 1.050 0 75~ 0.940 

Tiller Leaf 

C. 1.000 1.03S 0.963 C. 1 000 1.0-1G 0. 95 1 

L. 1.000 1.040 0 961 L. 1.000 1 .042 0 .954 

B. 1.000 I.040 0.!J75 B. 1,000 1.048 0 970 

Total florets F ertilc ·oorcls 

c. 1.000 1.008 0.947 C. 1 000 1.008 0 824 0.GG4 

L. 1.000 1.000 01950 L. 1.000 1 000 0 .8W 0.6G7 

B. 1.000 1.000 0 !HS B . 1.000 0 !J!)l 0 .88!) 0.778 

Grain number 100-Grain weight 

c. 1.000 1.000 0.821 O.GG4 c. 1.000 1.051 0 .900 o.r:;20 

L. 1.000 1.005 0.81!) 0.6G7 L. 1.000 1.017 0.903 0 .52G 
B. 1.000 1.000 0.873 0 .75!) B. 1.000 1.045 o.935 0.G23 

Grain yield "Bhusa" yield 

C. 1.000 1,045 0.78S 0 500 C. 1.000 l.0,5 0 776 0. !J1S 

L. 1.000 1 049 0 7!)0 0 .ii00 L. 1.000 1.07 5 0 77 G 0 .!J -17 

B. 1.000 1,04!) 0.85!) o.5n B. 1 000 1.078 0,850 0.970 

The data presented here show that the mean relative growth 
rate of height and dry wtiight was significantly greater in the 
wheats th an in barley, and that between the wheat varieties the 
same was grea ter in Pb. 5!)1. Drought at th e tillering stage 
increased the growth rate whil e the sa me at the shooting and 
flowering decreased it; the effect of the later two was significant. 

Average number of tiller and leaf was grea ter in barley than 
in the wheats, and grnater in Agrn Local th an in Pb. 5!) l . These 
differences were highty significant. The depressive effect of 
shooting drought was significant. The similar effect of drought a t 

the tillering st age was b ecause of the a vr raging of the entire data 

uoil ed ed 011 the suucossivc ::iawpling dates including the fiua\ ones 

~bowing enhancing effect. 
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Barley fl . h h d 0 wered sirrnificantly earlier than t e w e.lts an 
between the tw 

O 
• 1· th Pb -n1 

. 0 Wheats Aora Local did so ear_ 1er an . Du • 
Flowenng pro O d ·r . . cesses. were significantly delaye os a result o 
wilting, more so at the shooting stage apparently because of its late 
·occurence . 

. In general, barley producccl fewer florets and grains in the 
roam shoot-ear II d • d f · d "Bh ,, th ' • n ga,e lower yiel o gram an usa an 
the wheats. Between the two wheat varieties Pb. 591 hacl more 

grains, an~ gave higher yield of grain and "Bhusa" thon Agra Local 
although it had fewer number of florets. The test weight was of 
the highest order in Pb. 591 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 

ad verse. 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 b:fore flowering, the quC'stion of observing the 

effect of drought at this stage <lid 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 posit,ive correlation 
between greater <lrought 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 Rajputn.na University Studies 1957). Results of 
cryo;wopic and Calorimetric determinations have also shown higher 

osmotic pressure and bound water in barley th an tn the wheats (to 

be communicated else-where) . It may be athled that higher 

osmotic prei:sure and bound water restrict the with-clrawal of water 

from cells under the strei:s of wilting. The two wheat varieties 
had almoi:;t idenlica\ resistan ce indices (tabl e 3J showing equa.,l 

degree of clrought 1'esistunce. This is further snpportecl 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. 
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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 conesponding 
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 tho enormous 
increase in height and eize of plants during the shooting period, 
Drought at flowering proved more damaging to characters viz; 

fertile floret,s, number and quality of grains and gril.in 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 enlflrgment. Tb e greater proportion of 
meristematic to vacuolated cells at the tillering stage is probably 
the cause for the greater rP.sistance to wilting at this stage. It 
may be added that meristematic cells have relatively more bound 
water and less £re~ water Drouoht alternat.inrr with frrigation 

0 0 

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 Parly or late flowering 
behaviour of crops, and the intensity of soil drought was almost 
the same in each <:asl;l (table I), the observed differences between 
wheat and barley are probably inherent. Since the weather 
conditions could not be indeutical even for the same stage of 
development of the crops as the drougt periods never coincided, 
it is apparent that more defiuite conclusions can be drawn only 

if the life cycle of plants is equalised by photoperiodic and 
vernalization treatments, and the exprriments are conducted under 
strictly controlled conditions of humidity and temperature. 

SUMMARY 

'l'he relative drought resistance of three crops t·iz; wheat 
Pb. 5!JI, wheat, .-\grn Local and barley C. 251 was inveRt.igated at 
B . R. College, Agra during l. !J54-55. Plants were grown in earthen 

pots under normal water supply. Drought resistance wa~ judged 
by introducing l:loil drought at tillering, shooting and flowering 
stages, wilt,ing the plants permanently for 4-5 days , and by study. 

iug their growth, development and yield in relation to normally 
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watered pl:tnts. Separate sets 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 t,he plan ta at 

their own developmental stages. Resistance indices were calcula­

ted by dividing the values 11nder 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 t.he shooting and flowering adversely 
affected them. the last affecting the grain particularly. 
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NATURE AND NURTURE 

(Popular University Extension Leet ure Delivered) 
At 

M. S. J. College, Bbaratpur, 8th January 1957. 

By 

K. :tvl. Gupta 
Jaswant College, Jodhpur. 

INTRODUCTION 

India has achieved her independence and the Indian N:i.tion 
is on the march. We are on the threshold cf n:i.tional reconstruc­
tion, the mighty river v.:illey schemes have significrntly added 
to"Nards our agricultural production as a result of the completion 
of our first five year plan. Wli"it is the role of the botonist or the 

agricullurist ? Whether it is the Nature or Iha Nurture that is 
responsible for an increased yield of crops in the field. The 
purpose of my talk this afternoon is to show that Nature is more 
important than Nurture; in other words it is the Heredity and not 
the Environment. The correct answer, ho.,._ ever, is that both are 
necessary. 

If you possess an ordinary cow, the quality and yield of 
milk will also be poor and smali; but ii you feed her well, keep 
her in good surroundir,gs, m:lk 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 lo further the 
milk yield or improve t_he quality and yet if you want better and 
more milk, you will have to change the cow for a bstler breed. 
Same holds good for plants . By giving good manure, proper 
water supply, sufficient light and air and protecting the crop from 
lns::cls, fungi, baclet ia and virus diseases, you can manage to 

have the best results. A plant of Chrysa11fl, i 11111111 can be made to 
prouduce a flower as big as a dinner plate or a shrub with 

n,,merous small flowers or a cascade by special care and prunning. 
Similarly large and beautiful flowers are produced under glass­
ho1,1ee conditions. A wild ro:;ie with only five petals to -day exhibits 
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remarkable varieties of shadeu ar.d fragrance with multiplicity of 
its corolla; but when left to N,iture these glass house plants or the 

rose will produce only ordinary individu3ls. In a country like 

India with a underdevelopsd 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 Jnclia is 
about 800 lbs. but in a State like Trnvancore having more favour­
able climate, proper irrig:ition and manuring facilities, the yield 

Increases upto 3000 lbs. per acre. 

ACQUIRED CHARACTERS 

This and such other olJservation oft.he e!Tects of environments 
on organismH 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; bnt it is not so; it is a r.iyth . . The 
girls born particularly in aristocratic familicR in China arc given 
wooden shoes; for small feet of women in China ore considered a 

beauty but no woman in China hns produced a progeny of girls 
with natural small feet. Same has been proved by experiments 
on rats; thousands of generations Jun-e 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, theref0rc, that 
if we cannot transmit good characters ncqnircd in our life time to 
our children, we 0annot transmit bod trails either. We see that by 

environmental manipulations, improvements con be brought about 
bnt there is an upper limit to this impro\·cmcnt and there exits a 
definite contingency of reversion to the original and natural stato 

of uffairs in the succeeding generntion::i. What arc then the 
methods that will give remits of permanent nature ? The chief 

of these is t,ho genetica\ improvement of the organism. 

SELECTION 
Since ancient tim es the method of selection in the improve. , 

ment of our crops is well known. By srlccl.ing best plants from 

the field and continuing the process year after year, considerable 

improvement can be brought about in the yield of the crop. 'l'he 

propagating organs lilrn seeds, bulbs, tubers or any other ports of 

the plont are selected from tho beat specimens for tuia purpose. 

It is po11aible, in view of our present knowledge of this phenomenon 

of selection, to isolate pure lines giving high yirlds by self pollina­

tion and careful selection 
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To say that Beet root conta ins sugar was an iden. ridiculed in 
the ol<lcn times; but to- <lay the Beet root has been improved so 
much by selection that it is a serious rival of the sugarcane. In 
the native forests the Brozilenn Para Rubber tree yields only 25 30 
lbs. of rubber; selected clones in Malaya yield 400 lbs, and under 
experimental cotH.litions, it is possible to get as much as 2000 lbs. 
of rnbber per aerc. 

HYBRIDIZATION 

Another method for improving the nature of organism1:1 is 
Hybri<lizaticn. l\Iarvclous results hav e 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 suga1·. 
cane has been improved in Java and India; not only the sugar 
yield but the ability of hybrids to resistance t,o disease and uufa. 
vournb!e conditions has been improved from crossings of the wild 

cane known as •I(ANS' (Saccl1an1m spo11fc111e11m). Another 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 Rnjasthan 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 resist,ance to cold of the rye, Similar reimlts have 
been obtained in the improvement of Maize, Linsee.d, C'otton, 
Chillies etc. in In<lia. 

It will be Appropriate 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 tho first Lo discover the most fundamental law in 
genetics, •tho law of Segt'egation.' It became possible to anive at 
this and other great generalizations because of his careful and 
accurate statistical records of all his experiments. These discoveries 
of Mendel, far ahead of the times in which he lived (1865), remained 
obscure and unappreciated till li}OO when three other botanists 
Tschermark, Correna and De Vries working independently redis­
covered them in Germany, Austria a.ncl 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 found!l.tion, His work woq 
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for him the Nobel Laureate. We cannot forget the debt we owe 
to the great Russian plant breeder and geneticist K. 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 nature changes are sometimes brought about suddenly 
t1.nd 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 differnnt from the rest. Not only this but he found 
later by continued observation on those new individuals that they 
maintained their newness in succeeding generations. This gave 
him o. new idea of Evolution by means of Mutation raLher 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 iri the nucleus of the cell. If you examine a small bit of 
plant or animal tissue under a microscope, you will see a dark 
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 bit.s 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 eyes; maleness or femal1::ness etc. 

These living bodies forming the most important pa,rts 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 0,lso known as "bud sports'', A flower like the 
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Clzt·)•rnntl,rn, 11 m has gjven rise to maPy •·bud sports'' which arc 
seen as uovclt-ics in a. garden. Among the economically important 

plants is the \Vashirigton navel orange. An American tourist 
brought a branch of this see<lles!! 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 Criu.liflowcrs etc. in the manner of "bud sports". 

As remarked already that these "bud sports" or mut.rnts ure 
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 
und a Nobel Laureate, canied out experiments by exposing these 

g<rnes to X-rays, ultraviolet rays, temperature shocks etc. and 
found that the rate of muta.tion 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 ( Pcuccillittm 

110tatum), our source of the wonder drug Penecillin, bas been made 
to produce new mutants capable of giving higher yield of the 
medicine. There is no doubt that effects of rndiat.ion in the field 
of genetics open up new vistas of inYestigation and research. 

CONCLUSION 

Reverting back to the question Nature or Nurture, it can be 

3afely 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 envirnnment can be 

immmed up in the words ofGoldacmidt. "One hears frequently that 

tlie organism is the produt of heredity and envoronment. I cannot 

agree with it. Environment can affect the organism only within 

limits sel by its hereditary constitution. Beyond there is no reac­

t\on or no organsim. Thus after all it is the heredity that makes 

the organism•'. 
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EXPLANATION OF FIGURES 

Figs, 1 & 2. Improved breeds of a cow and a bull, 

Figs. 3 & 4. Oats, N. P. 2 & improved hybrid N. P. 3 rcspec. 
tively. 

Figs. 5 & 6. Maize, Malan White and improved hybrid GA xx 35. 

Figs. 7 & 8. Wheat, common variety and improved N. P. 710 . 

:Figs. 0, 10 & Linseed, N. P. 12 & improved hybrid N. P. R.R. U 
11. 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 Deparlmrnt 

1'(1al,a,aja's Coliege, Jaipur (India) 

INTRODUCTION 

Ever since the classical researches of Hellriegel3 attempts 
have been made to find out whether differences occur in the 
water requirement of plants, and whether on the basis of such 
differences p\ants can be classified a:i resistant or non--resistant to 
drought. E:ii-lier 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
teriz3d by lo'N water requirement. However, Briggs and Shants1. 2 

and M:iximov and Aleitandrov5 demonstrated that drought resistant 
plants were c!-\aracterized not necessarily by low but by high 
walE:r requirement, and that between the two no direct propor­
tiona lily exi3led. 

In the present studies water requirement of barley C 251, 
wheat Agra locc\l and wheat Pb.591-the extensively culti-.,ated 
winter crops, has been investigated, and correlated with their 
drought reslstancE1, This series of exp3riment forms an appendix 

to the previous wprk of 1948-50. 

TECHNlQUE 

The experiment was coP-ductecl at B. R. College, Agra in 
the 'rnbi' season of 1954: _55, The technique of experimentation 

woe similar to tbnt of Singh e!. az.8 • Plante were grown in gal­

vanized ire,n containers, each of the size J l" x 11''. They were 
filled with 21 lbs. of the soil-mixture prepn1·ecl fr()m Municipal 
compost and the soil obtained f,om an uncultivated patch of 
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<l leficient. In the experiments on the relative d ht lower un er c . . ., roug 
,, f the crops bailc_y has been observed to b 

resistance· 0 . . 
7 

e more 
. tant tlwn the wheats. \\ hen these two findin dron"ht res1s • gs arc 

"' 1 ·t aJ)J)cars thnt the more clronght resistant phnts , 1 correlate( 1 • . , . . ' spcnc 
1.1 n)ly when 1t s supply 1s plc11t1fu) hut econom· ·t• water 1 )efeo , . . !SC 1 S 

.l ·t c when the supply is lim1ted. Howe\·er Sci1rode ,R cxpenc 1 ur . . , • 1 

stated that lower water rc~111remcnt was an indication of greater 

drou"ht resistance. He arn\·e<l at the -Jonclusion from his work 

on millets and cereals. The crops of these two groups are grown 

in two different seasons, ond unless they are grown in one season 

their water requirement and drought resistance should not, justi­

fiably be c~mparccl. 

Such a correla,tion between water requirement and drought 

resistance is not evident between the two wheat varieties 't'iz,, 
Aara Local and pb.501. In the first place the two wheats have 

sl;own almost the the same degree of clrnught tolerance9; secondly 
Agra Local has higher water requirement than Pb.591 under both 

the optimum and ddicicnt water supply as is apparent from the 

present investigations. 

CONCLUSION 

Under normal water supply the more drought rcsistn.nt plants 
have higher water requi1·ement-; nnder restricted water supply they 

are, however, more economical. Soil drought reduces t.he trans­
piration and water requirement of plants. 
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GKOWTH AND YIELD OF SORGHUM AS 
AFFECTED BY TREATMENT WITH 

IAA AND NoXA 

By 
S. K. Pillai, F. B. S. and P. K. P. Kurup. 

Depart 111e11l of Bola,tJ'• 

Bir/a College of Science, Pilani. 

Introduction 

The authors present in this article the results of some studies 
on the effect of treating Sorghum planls with aqueous solutions of 
3-Indolylacetic acid (IAA) and /3-Naphthoxyacetic acid (NoXA). 

The application of the various auxins has been found lo produce 
v . .irying results on the different plants and investigations have to 
be conducted lo determine which auxin suits a crop plant best, at 

which concmtration, applied at what all stag£ s 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 straw on the crops grown under the conditions 
obtaining in Rajasthan, where both grains and straw ore important 
in its economy. 

Material and Methods 

Healthy seeds of Sorghum, voriety H.473, were used for these 
t:itudies. They were divided into three lots. One lot was soaked 
for 24 hours in aqueous solutions of 50 parts per million (ppm) 
concentration of IAA and :t,o XA al)(l then sown in pots and 
treated with lhe auxins during the vegetative period by applying 
them to the soil at 5 ccs per plant at weekly intervals. These are 
referred to as the 'pre-treatments', The second lot was soaked in 
distilled water for 24 hour11 , sown in pots and the plants treated 
with the acids during the vegetative ph,1se by application to the 

soil as aLo,·e. These are referred to as 'post-treatments'. The 
third set wai; also so~ked i11 distilled water and the plants grown 

\1B 'control' without any treatments being given, 
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After soakiug in distilled water or the auxin solutions as the 
case may be, the seeds were sown iu eartheruware pots of size 8" x 8' 
which were filled with garden soil mixed with cowdung in the 
proportion of 3: l, because the soil here is lacking in organic 
matter. To each· pot was added ½ oz of ammonium sulphate and 
superphosphate. Potassic manure was not added because the soil 
here is rich iu this element and ueeds 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 t-reatment. Once a week 
fresh applications of t,be 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 and½ oz each of 
ammonium sulphate and superpbosphate per pot so that nutri­
t,iona.l factors may not be limiting. The mcteorological:conditions 
obtaining during the growth period of the plants were:-

Max. Temp. varied from 88.6°F in Oct. 1954 to 71 °Fin Jan. 1955 
and 80°F in March I 055. 

Min. Temp. varied from 58.0"F in Oct. l!l54 to 41.7°F in Dec. 
1954 and 58°1!' in March 1955. 

Rel. Humidity in the morning varied from 61 % in Oct. l054 to 
83% in Jan. l!l55 and 65~~ in J\Iarch 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 weigh ts of grains and straw were taken. The results 
were analysed statistically using tho analysis of variance method 
with 4 degrees of freedom for between and 45 degrees of freedom 

for within tho treatments. 

Observations 

( i ) Growth in lieig.1it. The heights attained by the plants 
are given in Table I and Fig. I. It can be seen that al\ 
the treatments result in greater height than the control 

during the first fortnight (not significant) except the post 
treatment wit,h IAA. In the t.hird fortni~ht, on the 

f ,,.··· 
, 

. 
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other hand, the post treatment with IA.A, which did not 
proclucc any promotion of growtu. during the first two 
fortnights, catches up and passes the control, though this 
is not maintained in tu.e last fortnight of vegetative growth. 
The greatest height at the end of the fourth fortnight is 
nttuined by the pre-treatment with IAA. Treatments with 
NoXA have not pro<luced any siguificant iucrease or 
decrease in height over control at any stage. So, IAA, as 
can be seen, is a better promoter of growth of Sorghum. 

Tho plants at the fruiting st.age are shown in Plates 1 to J. 

(ii) \1egetatii1e period. The effect of NoXA can be seen to 
be to extend the vegetative phase by a fortnight over tbe 
other treatments (Table I and Fig. I). IAA does not 
change the vegetative period. 

(iii) Lem•es a11tl tillers. Tbe treatments result in an increase 
in leaf production generally. 'l'illering is not usual in 
Sorg/mm ancl the control and the post treatments do not 
produce tillers; but presoaking treatments with both 
IAA and NoXA have initiated tillers, Between them 

NoXA initiates more tiller primordia lTable I). But 
they did not grow up to maturity. 

(fr) Grain a11d Stra,c. Only the plants treated with IAA 
ham proJuced 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 iu all the treatments than in the control except­
ing the post treatment with IAA. Here also tho values 

are not significant at 5% level. 

The proportion of grains to straw is in most of the treat­
ments less than in the control, only in the post treatment with 
IAA it being more, NoXA does not seem 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-

ment8 are not significant. 

Between IAA and NoXA the former seoms to produce better 

responses in growth anJ yirld than the latter, though the values 

are not significant, 

a 



Plates I and II. Sorghum plants 'pre' and 'post' treated with IAA, along with the control. 

Plates J11 and IV. Eorghum plants 'pre• and 'post• treated with NoXA 
along with the control. ' 
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Table I 

Effect of pre and post treatments with IAA and NoXA on 

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

Obser,;atioos "Cont. 1.-\A NoXA S E. of C. D.at 
rol.' 'Pre' 'Post' 'Pre' 'Post l\Ieans 5%level 

I Fortnight. 

*"'' 
Height (fns) !J.2 ,1 10.5-! 8.-1S !J,.JG !J.70 O.B14 O.!J27 

Leaves (no) 3.40 1.00 .(.00 3.GO 3.70 0.11G 0.322 

Tillers (no) 

II Fortnight. ... 
Height (ins) l!J.33 22.43 l!J.27 IR.20 JG.32 0.9!JO 2.7 ,18 

Leaves (no) G.00 G.10 5.00 G.00 5.:i0 0.21 0.582 

Tiller (no) 

III Fortnight. 

-IC -I< 

Height (ins) 27.2 30.G4 31.S!J 25.G5 27.31 1.17 3.84S 

Leaves (no) 7.G 7.0 8.0 8.2 8.3 0.238 O.GGl 

Tiller /no) 0.-1 

IV Fortnight. 

Height (ins) 35.01 37.55 3 -J.'iO 33.f.lS 34.32 O.G3 1.7-10 

Leaves (no) !J.O G.2 7.0 !) ') ~,., 
1.0 0. 58 1.GIO 

Tillers (no) 0.1 0.5 

V Fortnight. 

*-I< 

Height (ins) 42.'H 3!J.4G 

Leaves (no) 7.0 7.0 

Tiller (no) 

•and• • indicate values significant over tho control ot 5"~ and l ",. levol respectively. 
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Table II. 

Effect of pre and post treatments with JAA and NoXA on 

the production of grains and straw. 

Average of 1 o plan ts. 

Con• IA A NoXA S,E. o fQ . O , at 
ObEervat ion tro l Post Pre Post l\I e on s 5% leve l p re 

Grains (grns ) 9.02 !J.()5 V.03 7.85 G.03 0 .4'l4 1.340 

Percen tag e of 

g r ains o ver ce ntre !. lOi,0 100.1 87,0 7G.8 

Straw (grns ) !J.41 11.0 V.0!J 9.8G g_g!) 0.320 0 720 

Percentage o f 

straw over contro l llG.!J VG.G 104.8 l 0G.15 

Grain 'Stra w 

proportion percent ()5,g R7.7 !)!) .5 7J.G G!J.-1 

Table III. 

Analysis of variance on the grain and stra w yields. 

Source of 
variance 

Grains 

Between 

Wit h in 

Straw 

Between 

Wi thin 

D eg rees of 
Freedo m 

4 

45 

4 

45 

s s. 

130.348 

G0G,01 

47.881 

1047 .23 

M. S. O bse rved fro m ta b le at 
5% love ! 

-· -- -- - - -·- - - - ------ - ---- -

32.587 2.41 2.5S 

13 .47 

11.S32 

1.VGS 2.53 

23.27 1 
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Fig. 1. Showing the heigh~s attained by S:ir .;ihum plants pre and post 
treated wi~h IAA and NoXA and control durin'J the successive 
fortnights of growth, in inches. 
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Discussion. 

(a) Teclmique. The techniques followed in the field of auxin 
application to crop;i 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), N11ik 
(1955), Bharaclwaj and Rao (1955) and others have given 
presoaking of seeda in the hormone solution only. 
l\follison and Hummer (1949, gave vapour treatments to 
the seeds. Asana and Mani (1931), Misra. and Samantrai 
(1955) have applied auxins as sprays of aqueous solutions 
or as hrnolin pastes or have injected them into leaves. 
The authors ( l!l56) have given presowing soaking of seeds 
followed by the application auxins to the soil during the 
vegetative phase in another experiment. Thus the 
techniques followed by the different workers differ. 
The techniqo followed here is the same as that followed 
by the authors ( 1956) in their previous study, namely 
presowing soaking followed by the application of tho 
auxins to the soil. 

(b) Vegetative growtl1. As has been pointed out, only the 
pretreatment wiLh 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 
Sorglit1111- for growth in height.. Pratt (1938) and Bhara. 
dwaj and Rao (1955) found that presoaking of wheat 
seeds with IAA 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 IAA on wheat. Misra and Samantrai (1955) noted no 
significant increase in height of rice plants on treatment 
with IA.,\.. Our results show that pretreatment with 
IAA foll.owed by soil application promotes growth in 
height in Sorghum. 

(c) Leaves and Tillers, Our treatments have resulted in 
producing more lea v&s than the control. In the case of 
tillers, the presoaking treatments have resulted in the 
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initiation of tillers in SorgT111111 which does not nsually 
tiller. These tillers, unfortunately, did not grow up to 
maturity. Leopold (ID-rn) 11otPd that inj ections of };oXA 
reduced tillering. Misra ancl Samantrai ( 1!)55) and 
Bharndwn.j and Rao (lD55) found that IAA did not 
produce any Eignificant increase in the number of tillers 
in rice and wheat respectively. Bnt., Sen and Verma. 

( 1055) oh.'lervcd that presoaking brongh t about, an increase 
in tiller production in whea.t. Our observations :ire more 
in accord with those of the la.ttor. 

(d) Ear emergence. It has been pointed out by Harland 
(1953), Kraus ( 195!) and others that hormones ca.n be 
put to a number of uses like inducing rooting of cut.tings 
and grn.fts, inhibition and stimulation of flowering, 
preventing or inducing flower and fruit fall etc . Recently 
Sen Gupta (1955) in bis survey of this aspect of hormonal 
nctivit.y in planti,, has concluded, as has been done by 
the other authors also that, excPpti11g in the pine apple, 
in no case has it been possible to iuitiato the repordno­

tive phase earlier. This is an aspect of great importance 
in the Rajastha.n State, where the growing season is 
short and where therefore, early maturity will be of 
benefit. Our observations have not girnn any fovournble 
results in this direction, Instead, the trca.tments with 
NoXA have delayed the initiation of the reproductive 
phase by a, fortnight. The authors (195G) found in a 
simiiar experiment on wheat th:it NoX:\ delayed tho 
reproductive phase in that plant also. 

(e) Graiti and Straw. These arc both important in the economy 

of the Raj asthan State where there is d0arth of both 
fodder and food grains. Tho treatments tried here have 
given some encouraging results. 1\Iost of the treatments 

have resulted in producing more straw than the control, 

tho pretreatment with IAA producing the greatc,,t 

incrense namely JG.9% (not significant). In the case of 
gm.ins, on the other hand, most of the treatments havo 
not yielded favourable results, the only case where there 
is an increase over ihe tho control being, again, the 

pretrestment with IAA, yielding 7\(, more than tho 

control (not significant-) (Table II). 
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Tl1e grain /straw proportions indicate that most of the treat­
n.ents favour greater straw production than grain. l\:JcRo!">t.ie d al 

(Hl3S) and Asana and coworkers (1955) lrnve observed an increase 
in grain yield with IAA, whereas no significant increase has been 
observed by Misra and Snmantrni (1955) and Bharadwaj and Rao 
(ID55), which trend is followed by our results. Leopold and 
Thimann (1!)49) h,we found that yield is directly correlated with 
increase in straw. In this study such a correlation is not borne 
out. 'fhe analysis of variance (Table III) indicates that the treat­
ments tried here are not significant. 

Finally it is to bo mentioned that these studies were made 
between October and i.\Iarch which is not the growing season of 
this crop. 

Summary and conclusions. 

The results of growing Sorgl111111 under 

( £) presoaking seeds in aqueous solutions of i:iO ppm of IAA 
and NoXA for 24 hours and further applying the auxins 

to the soil at weekly intervals during the vegetative 

phase of the plants, the 'pretreatments', 

(ii) prcso:iking seeds in distilled water for 24 hours and 
applying the auxins at weekly intervals to the soil dur­

ing the vegetative phase, the 'post-treatment' and 

(ii£) prc~oaking seeds for 24 hours in distilled water only, 
the 'controls' 

on growth, maturity and yield r.re recorded. 

There waa no pronounced increase in height produced by the 
treatments, the only exception l>eing 'pretreatment' with IAA. 

Leaf production is grncrally greater and tillers arc initiated 

by the pretreatments, which is not common in the normil.l plant. 

T1catments wilh NoXA have delayed cur emergence l>y a 

fortnight and are not favourable to increased growth. 

Roth 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 depres9ing 
effect. 
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Between IAA and NoXA the former 1s more suited for 

this crop. 

The authors wish to express their gratitude to Dr. B. N. 
Mu lay, Professor and Head of the Botany Department, Birla 
College of Science, Pilani for his interest and encouragement and 
to Prof. B. D . Sharma of the Mathem3.tics Department, Birla 
College for help in statistical a.nalysis. To the Regiona.l Director, 
Meteorological Department, New Delhi we a.re indebted for the 
relevent meteorologica.l data. quoted here. 
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EFFEC f Of PHENYL .A..CE TIC ACID ON 
THE GRO\VTH, MATURITY 

AND YIEID OF RAGI 
(ELEUCINE CONACANA, Gaerln.) 

By 

S. K. Pillai, C. 0. Varghese and A. K. Mukerjee 
Dcpart 111e11t of Bola11j, 

Blfla College, Pilani, (Rajasthan) 

Ji\TRODUCTION. 

Growth regulating substances are now associated with 
various aspects of growth and development of plants and as 
Thimann (!954) says "hormones act in or on every organ of the 
plant ar,d 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 cons;stent 

results. Bharadwaj and Rao (1955) found ihe auxins lo have no 
effect on yield of grains and straw, while As!lna et al (1955) 
observed them lo pro j uce 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 invesliqalions were undertaken. 

MATERIAL AND METHODS 

Henlthy seeds of ragi, va ri ety K. 1, were soaked for 24 hours 

in aqueot,s solutions of Phenyl Ace tic Acid (PAA) of the concentrn. 

tions 0.2, 0.4, O.G, 0.8, a n<l 1.0 pnrts per million (ppm) at room tem­

perature, whi ch wns 1J ct,wec 11 20::>C and 32.S" C. Controls were 
soaked in tap W'.tter for an cq 11al period. After this they were 

sown in carthernwarc pots of size 8" x 8'' filled with soil prepared 

by mixing 2 part s of garden soil (wlJich is very much lacking in 

orga11ic matter), I part c'n.ch of riv er sa11c.l and cowdung an<l sheep 

manure. To this were a<l <lec.l l oz eacl1 of ammoniufu sulplrnte 
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an<l superphosphate (potassic manure was a,·oi<l ed as the soil here 
is rich in th.is element). A ft.cr one month ·s g ·owth another doze 
of} lb. of cowd11ng was ac1-.l e,1 to ea ch pot so t,hat nutritional 
factors may not be limiting. ),.ft L' r th e first fortnight's growth 
the plants in each pot were thinn ed down to 4 and four such 

pots were maintn.incd under each treatment. At flowering 

stage a top dr<'ssing of l oz each of ammonium sulphate and 

superphosphntc wns made. 

Every fortnight fresh appliction of the nci<l W (tS made to 
the aerial parts of the piant:1 in the form of sprays of the aqueous 
solution by using the flit sprnycr, approximately 5 c.c.s. being 
sprayed on each plant, till the p!nnts flowered, Height and 
numbrr of leaves and tillers were noted each fortnight and also 

the length of the vcgctatiyc period. 

At maturity the components of yield and weight of straw 
were determined. The number of spikrlcts and percentage of 
grain set were det,crmined for the main panic le only. 

The drita were analysed sta.t-istically using the analysis of 

variance method with 5 degrees of freedom for between and !JO for 
within treatments. 

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

1\Iax. Temp. ranged from D4°F in Aug. to 75.3°F in Dec. 1955; 
Min. Temp. from 78.5°F in Aug. to 4!.2cF in Dec. Hl55; Rel. Hum. 
ranged from 84% in Aug. to 75" ~ in Nov. and SG% in D ec. 1955 
in the morning!'!; ancl from G7% in Au g. to 36% in Nov. and 45 % 
in Dec. Hl55 in the evenings. Rainfnll wns 4.74", 2.i5'', 5,3o", nil 
and 0,21" during the months of Angust to Drcl·mbcr 1()55. 

OBSERVATIONS 

The treatments hn,e in general a dcprcssing rffect in the 

first fortnight, which is lessened with increase in the concentra­
tion of the acid. This inhibition is .~ompl et:ely overcome in the 

subsequent periods, when the trrntell plants attain si ;p1ificuntly 

greater hC'ights over the control. The same iti more or less the 

case with the leaves. (Tabl e I and Fig. IJ. The plants before 
flowering arc shown in Plate I. 
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Table I 

Effect of various concentrations of PAA on the height, num bcr 

of leaves and tillers, days of car emergence and dry matter. 

Average of 16 plants. 

Con- TreatmentA S. E. of C. D.at 
Observations trol 0 .2 U.4 U.6 0.8 1.0 Means. 1% level. 

I Fortnight. 

Height (ins) 1.5 0.8!) 1.0 1.01 1 07 1.15 0 0SG 0,34GS 

Leaves lno) 2 2 2 2 2 2 

Tiller (no) 

II Fortnight. 
• • • • • Height (ins) 2.5 5 35 5.G!J 5.73 6.30 7.6 0.23 0.!)274 

Leaves (no) 3 .4 4.5 46 5.0 5.2 5,3 0.487 2.814 

Tiller (no) 

III Fortnight. .. • • • • Height (in5) 14.4 20.G 20.9 21,9 22.0 23 3 1,27 5.121 

L eaves (no) 9 9 4 10.2 11.2 13.4 14,0 0.85 3.427 

Tiller (no) 0.2 0.2 0 18 0 17 0,14 0.11 

IV Fortnight. 

Height (ins) • .. • 21.8 24.8 25.0 28 6 2!J.5 29.8 1.3 5.242 

Leaves (no) 11,5 12 2 13.0 14.8 16.2 18,0 0.8 3,226 

Tiller (no) 0 2 0 2 0 18 0.17 0.14 0 .11 

Ear emergence 

(days) 86 07 81.0 79,4 79,2 75.2 73.8 1.827 7.367 

Dry matter (gms) 5,4!) 5.C3 5.93 5 !JS 6,15 6.31 0.13 0.52!2 

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 JI showing the treated Ragi plants at fruiting stage. 
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Tillering and production of laterid branches (on aerial shoot11 
only) arc both inhibited by PAA. 

Ear emergence is h!lstened by 5·07 to 12.27 days by the 

vurious trl'atments. This earliness in maturity has not affected 

the amount of dry matter, as this also increasses (Fig. II). The 
plants at the fruiting stage arc 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 
Tube II that :-

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

(2) the ll'ngth of paniclcs, number of grains and spikelets 
and percentage of grain set per main panicle and the 
grain weight all show an increase over the control, whit1h 

is significant at I ~~ level, the 1.0 ppm treatment yield­
ing 42.5% mnrc grains (Fig. III). 

From the analysis of variance it is clear that the treatments 

are producing results which are significant at I% level. 

DISCUSSION 

Tech•1iq11e. A different technique is adopted here when com­
pared to those used by the various workers ia 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 (1955) 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. l\follison and Hummer ( I 949) 

have given vapour treatments to the seeds. M.isra and Samantri:ii 

(1955_1
, Asana and l\Iani (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 boing comparatively virgin 

and there being no confirmatory evidence as to which technique 

yields best results, a slightly different technique of combining 

preeonking seeds in the auxin solution and further application as 

sprays to lhe aerial parts at definite intervals during the vegeta­

tive period have been tried hore. 
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Table II 

Components of yielJ of ragi plants treated with the various 

concentrations of PAA. Average of rG plants 

Observations 

P1micles per 

plant (no) 

Length of pani· 
cles (ems) 

No. oI grains 

in main panicle 

Percentage of 

c;;rain set in 
main panic!e 

Spikelets in main 
panicle {no) 

Grain weight 
per plant (gms) 

Percer.tage of 

grain weight on 

control 

Weight of 
1,000 grains 

'l'reetmenls S. E. of C. D. at Con­
trol 

---
(1.2 0.4 0.G 0 8 J .O 1\leens 1% level 

1.8 158 1.4 1. ,1 1.38 1,25 00701 0.31 ,% 

2 8·1 2.03 3 08 3,lG 3.40 3.55 0,118 0,4759 

,,. • 
.!)31,7 000.•11001.G 10S2 .31325 11300.0 74 'i5 301 41 

'i9.21 82 05 82.!Ji 83 -10 SG 04 SG.'il 

117D.41221.112'13,7 120i.8 liiG2 I 15G!J.5 71,5 2S9.3 

2.4 2 4G 2.52 2 7G 3.2S :-3.-12 0.180 0.7259 

100,0 102.5 105.0 115 .0 VJG .G 1-12 /3 

2.:;; 2.57 2.55 2 52 2.52 2. ,rn o 015 0 .0005 

• in d ica tn va lu es si<:,nifica nt ove r control at l '',, le ve l 

Table III 

Analysis of variance on data on grain yield, 

Source of 
F 

Degrees of s.s. M.S. obser from tables verinnce Freedom veil 5 ~/l 1 ~r~ 

Between fj ]:i.52!i -l 3 10.52 

3 41 2.31 3 .22 

Wi thin 00 81.835 a.Don 



Vcgclatiw: fjrowlh. The growth in height <luring the first fort­
night shows the immediate effect of presonking. Table I shows 

that the general effect of this is one of depressing the growth in 

height. But it is seen that increase in concentration is producina 
0 

a gradual and consistent increase, though even with the highest 

strength of the acid used, the height attained iH not so much 

as in the control. It may be that the application of the acid is 

blocking n. process leading to auxin formation as postulated by 

Thimann (1!)54). With increase in concentrat-ion of the nc:id, the 

great;er amount of the latter may be acting directly in pr-oducina 
0 

an increase in lengt.h, The initial depressing effect seems to be 
offset completely by the later treatments, as the height of the 
plants in t,he later periods shows a consistent rise with riRe in 

concentration, which is continued till the end of vegetative period. 

'£he treatments of the plants witb PAA as sprnys seem to enable 

them to cnrry on their metabolic synthetic activities at a higher 

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

earlier. 

Lcaws and lateral brauches. Presoaking trent.ments have not 

affected leaf production int.he early stnges. But subsequent applica­

tion as spray during 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 (l949J 

pointed out that the formation of vegetative buds was not promoted 

by auxins, while in contrast, Asaim et al (Hl55) have found incre­

ased production. The observations presented here go to support 

thoso of the former authors. Bharadwaj and Rao (Hl55) also found 

t.hat prcsoaking of seeds produced no difference in !ea£ number in 

the early stage while in the later stage the plants hnve more 

leaves. Their studies did not include the production of branches 

and BO the effect of auxins on t-his aspect of their plants is not 

availuble. 

Tilhr produclio,i is i11hihited by nil the lreat men ts. The 

effect of auxin, as far as this aspect is concerned, is not fu.vourble 

(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 wurkers 
differ. Galston (1947) found thrit 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 fiowcring. Misra 
and Samantrai (1055), Chakravarti and Krishna Pillai (1055) have 
found evidence which concur with this. But Sen and Joshi (1954) 
and Pillai and Kurup (lf-56) have found that auxin applictiou 
prolongs the vegetative cycle. In the treatments report.ed 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 tho auxin in the plant. 
Since only submicro-concentrations have been tried here, the 
increase in concentration of the acid applied naturally increases 
its concentration inside the plant which results in inducing 
earliness in flow ering. 

Dry matter. The treatments re1,ult in an increase in dry 
matter, the greatest increase of 14.9% being observed in 1.0 ppm 
treatment. Beneficial effects have been obsen·ed in straw production 
by McRostie et al (1938) and Hopkins (1040) by dusting the seeds 
with hormones. As the technique followed hero is <liffernt their 
results cannot be compared with t,his. Bharadwnj and Rao (1955) 

have reported that presoaking seeds produces an increase in dry 
matter at low concentrations of the auxins. 

Grat'ti yield. Though the number of panicles is decreasing 

with increase. in concentration of the auxin {Table II and Fig. III), 

the grain yiel~ per plant is found to increase progressively with 
rise in concentration the trea.tmeot with the highest concentration 
producing 42.5% more groins. Asana et al (1!)55) have found 
promotive effect on spikelet differentiation. The observations 

reported here show that increase in yield is <lirect.ly correlated 
with increase in straw as seen Ly Leopold and Tb.imann (I!J49) and 
McRostie et 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 

accumulate more essential constituents by the auxin to result in 
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these incl'eases, as mentioned already; in other words their synthetic 
metabolie activities are accelerated by the applicti,tion of the auxin 
'.fhe analysis of variance shows that the treatments are significant 
at 1% level indicating that such treatments can result in definite 
increase in grain yield under similar conditions, because the length 
of pauicles and the number of spikelots and percentage of grain 
ae.t are increased by the treatments. It is Reen that the filling of 
grains is lesser in the treated plants t.ban 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 Phenyl 
Acetic Acid of concentrations of 0.2, 0.4, 0.6, 0.8 and 1.0 ppm on the 
grnwtb, ear emergence and yield of grain and straw are recorded. 

The various conceatrat-ions of the acid influence the develop­
ment of ragi plants to a considerable extent. The general effect 
of all concentrations tried is to promote vegetat,ive 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 in\'cstigation, though it cannot 

be said conclusively, the general effect of Phenyl Acetic Acid used 
as a-pray of aqueous solution can be of bericfit to the agriculturist 
in increasing grain and strn w yield, 
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A LIST OF POWDERY MILDEWS 

FROM RAJASTHAN 

By 

H. C. Arya1 M. Sc., Assoc. 
I. A. R. !. (N~w Delhi) 

Jaswant College, Jodlipur. 

The topography of Rnjasthnn is dominated by the Arava.Ii 
mountnin system which divides the state into two parts, western 
and eastern. The charncteristic 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 as 122°F. (Sri Ganganagar). 
Pramanik (l!l52) has also given in detail the hydrology of Rajas. 
than. According to him !10 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 FebruarJ). The atmospheric relative humidity is minimum in 
the> hot weather month.;; 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 ca~t. 

As regards the vegetation of the area, tho flora of the western 
zone is of the Egyptian type>, although mnny of these plants arc 
found throughout Incli9.. 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 hns so far been attempted, yet the various climatic factors 
mentioned above in bri <1 f may have nn importnnt bearing on their 

occurrence. It will not be out of place to mention that the 

incidence of the powdery mildew pre dominantly takes place_. in 
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the drier part of the year when the temperf1.ture conditions do not 
reach the maximum of the annual range but the difference between 
the maximum and minimum is the highest. 

Th!i incidence of the powdery mildew in Rnjnsthan bas been 
studied by tbe 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 orid stems. 

1. Cocci11ia iwlica \V. & A. Jodhpur and Bharatpur, 

2. Momordica dioica Roxb. (only oidial stage) Jodhpur. 

3. Hibisws eswlc11i11s L. (only oi<lial stage) Jodhpur and 
Bharat.pur. 

II. Erysiphe graminis tritci El. Marchal. on 

1. Tritiwm ae~tiv11m L. Jodhpur and Bharatpur. 

III. Erysiphe i::olygoni De. Ex:. Merat, 

1. Coricrndrnm sativ11m L. (only oidial stage) Jodhpur, 

Bharatpur and Mt, Abu. 

2. Melilof11s Polycernta L. (only oidia.l stage) Jodhpur 
and Mt. Abu. 

3. Melilot11s Parvifiora Deaf. (only oidi.i.1 stage) Bharatpur 

4. Pis11m sath-11111 L. (only oidinl stage ) Bharatpur. 

5. Plzasecl11s radia/11s L. (only oidiol stage) Bharatpur, 

6. Vigna catjw1g L. (only oidial stage, Bharatpur. 

7. C11mi1a1111 cJ•mi1111111 L. (only oidial stage) Bharatpur, 

8. Dat1ws carota L. (only oidial stage) Mt. Abu, 

IV. Erysiphe sp. 
1. Tephrosi(l p11rp1tl'ea 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. 

2. Cleistotliecia are typical with simple unbranched arid 
long appendnges. Each cleistothecium contains four 

to six asci. 

3. Ascospores : Their usual number is four per oscus 
which measure 18-24x 12-15 p., Conidial fructification 
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is predominant nnd ·fo, ms 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 µ._ 

V. Leveillula taurica (Lev) . Arn. 

1. Medica~o satirn L. ( only oidial stoge) Jodbpur and 

Bbaratpur: 

2. Capsicum a11111111111 L . . var. ac11mi11atum ( only oidial 

stage ) Jodhpur, Bharatpur and Mt. Abu. 

· 3. C;yamopsis tetrngo,roloba Taub ( only .oidiol stage) 

Jodhpur and Bbnratpur. 

4. I111patie11s l·alsa111i11a L. ( only oidial stnge) Jodbpur 
and Bharatpur. 

5. Allitmi salivum L. ( only oidial stage) Jodhpur and 
Bharatpur. 

6. Foe11iculum vulgare Gaentu. ( only oidiai stage ) 

Jodhpur, Bh_aratpur and Mt. Abu. 

7. Sola1m111 111ela11ge,ia L. ( o~Jy oidial stage) Mt. Abu. 

8. Lycopersicum eswle11tr:m Miller ( only oidiil stage ) 
Jodhpur, Bharatpur and Mt. Abu. 

9. Trigo11e!la foemtmgraewm L. ( only oidial stage ) 

Jodhpur, Bharatpur and Mt. Abu, 

10. Phlox dr11111011dii ( only oidial stage) Bharatpur and 
Mt. Abu. 

VI. Phvllactinia subspiralis (Salmon) Blumrr. 

1. Dalbe,gia siswo Roxb . Bharatpur and Mt. Abu . 

. VII. Phyllactinia sp. 

1 • La2eiiaria v1tlgaris Seringe (only oidial stage). 
Bharatpur and Mt. A bu . 

: Vlll, · Sphaerotheca macularis (Wallr ex. Fries) Wri. B. Cooke. 

1. Rose i11dica L. ( only oidial stage). Mt. Abu, 

IX. Oidium sp. 

, 1. Ocinittm s·a,1.cf1tm L . Jodhput' ; 

2, C11ettrbita J,epo De. Jodhpur. 



3. Cosmos bipimiattts Ca.v. Bha.ratpur. 

4. Cuc1rn1is trigo,iotts R:>xb. ( a new host ) . 
Jodhpur and Bharatpur. 
Conidia in chains, measure 2!-28 x 15-18 µ. MyceHa\ 
septation is variable in length; it measures 6-9 µ. in 
thickness. 

5. Ciic•ubita m aima, Duehesne, (a new host). Bharatpur. 
Conidht in chains of 4-6, they measure 24-33 x 15-18 P.. 

Mycelial thickness 6-9 P.. 

6. Sesamum i,idiettm L. (a new host) Bharatpur. 

Conidia measur 24 .30 x 12-18 ft. Mycelial thi')kness 
6-9P.. 

7. Phylla11t/w.~ sp. (a new host). Mt. Abu. 
Conidia measure 12-18 .x 9-12 µ,; they are produced in 
chains. Mycelium comparatively thinner, measuring 

3-5)t. 

8. Calliopsis elega,is Hort. (a new host). Mt, Abu. 
Conidia are produced in short chains of 3 to 7; they 
measure 25-30 x 15-18 P. Mycelial thickness is 6 .9 P., 

9. S011clws oleraceous L. (a new host). Mt, Abu. Dense 
mealy growth of the fungus on the upper surface of 
the leaves. In cases of heav.v infections the entire 
leaf is covered with the mycelial mat with abundant 
coni<lial fructification; conidia in chains of 6 to 10. 
They measure 24-30 x 13-15 P.. Mycelial thickness 6-9 P.. 

10. Luffa acttla11gttla Roxb. (a new hoRt) Bharatpur. 
Conidia measure 27-30 x 1_5-18µ. l\Iyce lial thiukness6-9µ.. 

11. Lttffa ac1ita,1gula var. amar.1. C, B. Clark, (a new host). 

Bharatpur. ConiJia in chains, meas'lre 21-28x 15-18 P., 

Mycelial thickness 4-6 P.. 

12. Vitis vi1d era L. Mt. Abu. 

X. Oidiopsis sp. 

1. Li11aria biparlia Willd. (a new host). Bharatpur. 

Conidia measure 42-63 , 12-15 /J·. Septation in mycelia 

is variable; the thickness of the mycelium is 4-6 P., 



2. Brachycame actt:::illalttm Truff. (a new host). Bharatpur 
and Mt. A bu. Conidia measure 48- 60 x 15-18 µ_ 

Mycelial thickness is 4-6 µ_ 

· •, ·: · : ·. 3. Asphodelus te1mifali11s Cu.v. (a new host). Bharatpur 

and Mt. A bu. Conidia measure 4~-60 x 12-18µ, l\Iycelial 
thickness 4-6 µ_ 

4. Cleome iieptaplzylla L. ( a new host ). Bhoratpur. 
Conidia measure 60-90 x 12-151.1,, Mycolial thickness4-6µ, 

5. Celosia cristata L, ( a new host}. Jodhpur and 
Bharatpur. Coni.dia measure 48-60 x 12-15 µ_ Mycelial 
thickness 4.6 µ_ 

6. Hibisctts c:mnabi,zus ( a new host ), Bharatpur, 
Conidia measure 57-69 x 15-181.1,. Mycelial thickness 4-6 µ_ 

7. Acraclini11m rasw-n Hook. ( a new host). Bharatpnr 
Conidia measure 45-60 , 12-181.1,, l\Iycelial thickness 4 6 µ_ 

8. Brassica ju11cea L. (a new host). Bharatpur. 
Abu. Con:dia measure 30-39 x 12-16 µ, 

thickness 6-8 /J·, 

and Mt. 
Mycelial 

9. Co,wolvulus arve11sis L. (a new host). Bhuratpur and 
Mt. Abu. Conidia measure 33-45 x 12.15 µ_ l\fycelial 
thickness 6-8 µ, 

JO. Fumaria parvifio,-a L. (a new host). Bharatpur, 
Conidia mesure 36-39 x 12-15 µ_ l\lycelial thickness 6-8 µ_ 

11. Eiclzollzia eal1jomica cl111m. (a new host\ Bh1m1.tpur. 
Conidia comparatively pointed and me.isure 51-66 x 
15-18 11,, . Micelial thickirnss 6.8 /t, 

12. Peuceda,mm grcweolens B. & H. ( a new host). Bharat­

pur and Mt. Abu. Coni<lia measure 36-57 x 12-16 11,, 

Mycelial thickness 6-8 /J·, 

13. Tropec,lum majus L. (a new host). Jodhpur, Bha.ratpur 
and Mt. Abu. Conidia comparatively pointed and 
measure 42-60 x 12-15 11.. 

14. Delphinium ajacis L, (a new host). Jodbpur
1 

Bharatpur 
and Mt. Abu, Cooidia pointed and measure 48.60 x 
15-18 11.. Mycelial thickness 6-9 ii. 



15. Tagetes erecta L, (anew host). Jodhpur, Bharatpur 
and l\It. Abu. Conidia pointAd and measure 48-60 x 15-
18 11., l\lycelial thickness 6-9 /1., 

16. Chenopodium ambrosioides L. (a new host'. Mt. Ahu. 
Conidia measure 57-68 x 13-18 /t. Mycelial thickness 

4- 6 /1., 

17. Argemoue 111exica11a L, (a new host). Jodhpur and Mt. 
Abu, Conidia measure 48-62 x 15-20 ft. Mycelial thick­
nefs 4-6 ,,. 

18. Pimpi11ella anis11111 L, ( a new host ) Bharatpur and 
Mt. Abu. Conidia measure 33 -38 :-: 11-15 fl.. Mycelial 
thickness 4 -6 f'. 

19. Maiim pan•iflora L. (a new host,). Bharatpur. Conidia 
measure 51-62x 15-17 11.. Mycelial thickness 4-6 fl.. 

2G. Cassia lesclm,maultiana De. (a new host). l\It. Abu, 
Conidia measure 42-60 x 12-18 /1., Mycelial thickness 

4-6 /1., 

21. Verbm:i ve,wsa Gill and H. (a new host). Mt. Abu, 

Conidia measure 42-60 x 12-18 /1.. Mycelial thickness 

4-6 ''· 
22. Vici,i hirs?1ta Koch. (a new host). l\It. Abu. Conidia 

measure 36-52 x 12-15 /1.. Mycelial thickness 4-6 /1., 

23. Hibiscus eswle11tns L. (a new host) Mt. Abu, Conidia 
measure 51-63 x 13-15 I'. l\lyoelial thicknesi; 4-6 f'. 

2+. Heli.rntlms a11111ts L. ( a new host). Mt. Abu, Conidia 

measure 57-66 x 12-18 /-'. l\lyoelial thickness 4 6 /-'. 
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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, Oausa. 

INTRODUCTION 

The a.oil complex often shows variations in a give,n ecological 
area. The change in soil structure and its condition may be 

attributed to different factors such as (i) Topography (ii) ~limate 
and other physical aspects. Changes in the soil may be brought 
about by the vegetation growing there as well but such changes are 
of more complex nature and are not usually ea·sy to understand 
and analyse. The idea that soil conditions are changoble gradually 
and sometimes drastically is of considerable importance in plant 
succession and vegetation al changess are often attdbuted to th is 
factor in the etudy of serial stages in succession. 

The role of soil in plant succession requires considerable 

and,, cereful enalysis extending over considerable time but soil 
chongea do occur In a given area showing marked changes in 
v@getation. A careful analysis of such pieces of · vegetation in 

relation to soil give a clue to the role of soil compleir: on 
vegetalional differences because the climatic and biotic fac\ors 
are fixed for eny given area. 

The soils in relation to vegetation hava been studied by 
present authors fo.r a number of different areas near about Jodhpur. 
These studies have revealed that the soils in different localiliel are 
mainly sandy and alkaline, rich in chlorides, poor in waier con­
tent and humus. Leaving aside the rccky areas, sandy plains show 
uniform features of vegetation and soil cc.nditions. 
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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 city are directed to flow to this area and a small Agricultural 
farm is maintained there. Due to 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, soil samples from different quad rats were studied; 
side by side plant associations growing in the ilbove quadrals 
were noted. The results ara presented here in the form of tables, 

SOILS AND THEIR CHARACTERS 

The vegetation of the area wns studied by frequency quadrats, 
The soils of the quadrats were brought in air tight tins from threo 
layers: 

1 Surface 

2. Sub-soil 

3, Sub .soil 

o• deep, 

l' 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 

1. L. S. Loamy-sandy. 

2. S.G. Single grained . 

3. L. Loamy. 

4. d, dominant. 

/5 Co. d . Co-dominant. 

6. a. abundant. 

7, c. C o mmon, 

8. r. rare, 

!J • • very small proportion. 

10, t tot Normal. 

11. ,r Very high proportion, 
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Quadrat No. 1 

Rainy Season. Winter Season. 

S.No. O" 6" l' O" 6" l' 
Deep Soil. Deep Soil. 

PHYSICAL ANALYSIS. 
1. Texture . L. S . L. s. L. S. L. s. L. S L1 s 
2. Structure. S .G. S. G. S. G. S. G. S. G. S. G. 

• 3. Humus. % 8.725% 4.589% 2.46.SO(o 9,236% 4.039% 1.938% 
4. Water content 1.374% 7.685% 8.931% 1.144% 2.446_% 4.684% 
5. Porosity. 43.6S% 42.75% 39.12% 43.7% 43 .3% 390% 
G. Aeration. 32.71% 3185% 27.44% 32.7% 317% 27 3% 

CHEMICAL ANALYSIS. 
1. Carbonate. t t • t * 0 
2. Chloride. * t t • • t 
3. Nitrate. t t t t t t 
4. Exchangeable bases 9J 9J ,i ~ 9J ,r 
5. Water Sol. Salts. .445:c .2107.,, 840.f ;G31?i, .709 :;, .!)39 :1, 
G. Potassium. * * * * * * 
7. Calcium. t t t t t t 
8. Total Cations, 481.21 381.573 179.57 497.35 346.31 163.08 
9. pH. 7 to 7.5 7,5 7.5to8 7 to 7,5 7 to 7 .5 7 to 7 .5 

Quadrat No. 2 

- .~!E..LSeason. Wint e r Season. 

S.No. :J" 6" l' O" 6" I. 
Deep Soil. Deep Soil. 

PHYSIC~L ANALYSIS. 
1. Text1,1re 
2. Structure. S.G. S.G. S.G. S.G. S. G. s G. 

3. Humus%, 9.723% 6.345% 2.626 ,5.171 5.447 1.973 

4. Water Con.tent. 4.5J% 7.104% 9.211 % 1.876 3.255 6.205 

5. Porosity. 44.15% 39.97% 32.49% 4;,1% 39.71 % 32.25% 

6. Aeration. 31.05 % 26.97% 20.67% 31:1% 26.7% 20 .5S% 

CHEMICAL ANALYSIS. 
1. Carbonate. t t * t t t 
2. Chloride. t t t * t • 
3. Nitrate. * t t 0 t • 
4. Exchangeable Bases, ,r ~r 9J ,ro ,r ,r 
5. Water Sol. Salts. .840% .775% .617% .484% .838% 71.596% 
6. Potassium. t t t • • t 
7. Calcium. * * * • . . • 
8. Total Cations. 525.57 384.45 158.83 529.6 365.7 171.2 ---- -9, pH. 7 to 7.5 7 to 7 .5 7 to'7.5 ,7 to 7.5 7 to 7.5 7 to 7.5 
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Q~adrat No. 3 

Rainy Sea•~-- Winier Season. 

S.No. O" 6" l' O" 6" l' 
Deep Soil . Deep Soil. 

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'¾,. 7.12l% 5.353% 3.129% 7.914% 4.201% 2,'337% .. 
4. Water content 1.54% 7.104% 9.211% .639% 2.495% 4.787% 

5. Porosity 47.74% 40.63% 27.72% 47.7% 40.5% 24.5% 

6. ' Aera lion 37.3% 29.33% 12.5% 37.3% 29.2% 12.52% 

CHEMICAL ANALYSIS. 

1. Carbonate t t * t t t 
2. Chloride t t t * t * 
3. Nitrate * t t 0 t * 
4. Exchangeable Bases,J' ,r ~ ,r ,r ,r 

" 
5. Water Sol. Salts. .824% .035% .213% .GS9% .476% .173% 

6. Potassium t * * * * * 
7. Calcium * * * * 0 0 

8. Total Cations 255.27 335.6 221.35 225.75 349.2 168.45 

9. pH 7 to 7.5 7.5 8. 7 to 7 .5 7.5 8. 

Quadrat No. 4 

Rainy Season. Winier Season. 
S.No. O" 6 .. ---r--- O" 6" l' 

Deep Soil. Deep Soil. 

PHYSICAL ANALYSIS. 
1. Texture. L L L L L L 
2. Structure. $-G· SlG. S. G. S.G. S. G. S.G. 
3. H1.1mus. Q,'?98% 6.345% 2.626% 9.504% 5.91~% 2.182% 

4. Wat er content• l,l'JD% 4.015% 7.065% .842% 2,8F % 3.359% 
5. Porosity. 46.27% 41.58% 8UlG% 4G.0% 41.30% 31.4% 
6. Aeration. 36.95% 3UB% 23.2G% 36.7% 31.G% 23.3% 

CHEMICAL ANALYSIS. 

1. Carbonate. t * * * 0 • 
2. Chloride. * t t * * t 
3. Nitrate. ,r ,r ,r ,r ,r ,r 
4. Exchangeable Bases ,r ,r ,r ,r ,r ,r 
5. Water Sol . Salts. 1.653% .991% .810% 1.40% .381% .217% 

6. Potas3ium. * • * * 0 0 

7. Calcium. • * * * 0 0 

8. Total Cations. 464.29 773.55,, 132.12 484.96 732.53 213.81 

9· pH. 7 to 7,5 7 to 7.5 7 to 7 .5 7 to 7.5 7 to 7.5 7.5 
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A critical survey of above tables leacls to the following general 
facts with regard to physical as well as chemical nature of soils. 

PHYSICAL NATURE 

The soils of the investigated area are Sandy loamy, appro­
aching to loamy condition and single grained in otructure yet show 
compactness. The humus content is fairly good and reaches upto 

9% and is usually larger in surface layers. The water holding 
capacity is rich ranging from 2% to 10%. There is a general increase 
in this value from surface to deeper layers. Porosity and aeration 
increase with dept,h ranging between 30% to 40%. These values 
approach those of sandy soils in plains. 

During the winier season, there 1s an increase in humus 

content and a little decrease in water content, Porosit,y 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 charncteriatic factors 

dominating in this area, While carbonates, potassium and calcium 

contents are very poor, the percentage of water soluble salts reaches 

upto 1.7% and there is a general decrease towards the deeper 
layers. The surface soils possess larger amount of water soluble 
salts; similar is the case wit-h total cations of the soil. The pH in 
soils in uniform and ranges between 7.51 to 8, 

As pointed out by Rayclrnudhary (1952) salts of soils in 
desert are brought to surfacs layers during winter due to (i) low 
r!l-infall and (ii) high evaporation. The flow of Sewage water also 

suppleP1ents the same fact. This ultimately results in an increased 
percentage of water soluble salts and total cations value, Tber3 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. 
l. Zizyplz11s rot1m.lifolia 
2. Z.j11j11ba 
3. Frosopis spicig,ra 
4, Elettsi,1.c i11dica 
5. Cyperus. sp. 

Frequency. 
d. 

co. d. 
c. 
a. 
r, 
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Name of Species. 
Quadrat No. 2 

1. Digera arve11sis 

2. Che11opodi1111t albttm 

3. A111ara11t11s ·rirdis 

4. A. blitt ii 

5. fifoll11go hirta 

6. Eragrostis pi'osa 

7. Pe,miselum cilearis 

8. C1JC11rbita PfPo 

9. C. maxima 

10. Osci11;um ca,wm 

Quadrat No. 3 
1. Acl1yrat1I hes asJ;era 

2. Aila11tlms excelsa 

3. Xa11thium sfruma,·ittm ... 

4. Pem1isetwu cilearis 

Quadrat No. 4 
l. DtHra alba 

2. Chloris virgata 

3. Eola1111m xa11thocarP11m 00
• 

WINTER SEASON. 

Quadrat No. 1 
I. Ziz yp,1111s rof1t11difolia 

z. Z. juj:,ba 

3. Prosopis sPidgera 

Quadrat No. 2 
1. Amara,1t11s t'iridis 

2. .4. blittii 
3. CJu11 opodiu111 album 

4. Dig, r .1 an,e11sis 

5. Mollugo hir!a 

6. Oscimttm cam,m 

7. Cttcurbifa maxima 

Frequeney. 
a. 

co.d. 

d. 
d. 
c. 
r. 
r. 
c. 
r. 
r. 

co. d. 
r. 
d. 

c. 

d. 
c. 

co. d. 

d. 
co. d. 

c. 

d. 
co. d. 

a. 
r. 
r. 
r. 



Guadrat No. 3 
N(1mc of species. 
1. Xa11thi1w1 str11mari111•1 ..• 

2. Ac11yra11tltes aspem 

3- Aila,1tl111s excelsa 

4. Dige1·a an•e11is 

l. Dlttra a lbci 

2. CMoris vit-gata 

3. Digera a1··t'e11sis 

Quadrat No. 4 

4. Sola1111-111 xa11f l1ocarp11-m ... 
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Frequency. 
<l. 

co.cl. 

r. 

c. 

d. 

r. 

co. cl. 

a. 

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 deeper 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 arve11sis, J\Iullttgo 

lrirla, Cl1e11opodi1tm albttm, Ele11.sitie i11dica, Eragrostis pi!osia, Cyperus 
speet"es and Pe,misetinm ciliaris grow. But same species 
such as Dalttra alba, solam,m xantl1ocarp11.m and Xa 11t1,i11111 
strrmwri11111, Achyra11tl1es aspara, A111ai·m1tus blitii form dominant 

and co-dominant components of the vegetat.ion in the investigated 
quadrats. This indicates that the above species are characteristic 
of such arens 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 Sola1111m xautlrocarp11m and Dat11ra 
alba have been obeerved to grow in a number of out of the way 
localities near about Jodhpur where there is on accumulation of 
nitrogenous waste materials. As point,ed out by Barucha and his 
students the above speniP-s seem to be Nitrofilous. 
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SUMMARY 

The present study of Sewage form includes au 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 Yegetation has been an!\lysed by quadrnt method. The 
exact nature of soil has been finally discurned. 

1. Pramink, S. K. 

2. Piper, C. S. 

:3. Raychaudhari, S. P. 

1. Wilde. 
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PROGRESS OF DESERT ECOLOGY 
IN INDI :\ DURING 1950--56 

By 

Shanti Sarup 
Professor of Botany, 

Dungar College, B,kaner 

( 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 r-egetation :of the Indian Desert. Some of the work done has 

been reviewed in a recent paper by Shantisarup and Bhandnri 1955, 

A list of plants of Jodhpur and its neighbourhood . was 

prepared after a study of many years 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 Dese1 t areas of 
Pilani and its neighbourhood was made by l'.folay and Ratnam 
(1950); while Ramchandran 1950 studied the Grasses of that area, 
Vegetation of the hilly tncts of the Ktstern Rajputana (Lohargal) 

was surveyed by Ratnam (1951 ). Shantisorup 1052 a. contibuted a 
paper on the Plant Ecology of Joclhpur and its neighbourhood. 

The occurance of Ephedra in the Indian D2sert was reported by 

Bhandari (1953). 

In recent years considerable interest has been aroused in the 

Desert and its reclamation. The Government of India, Ministry of 

Food and Agriculture established u. DESERT AFFORESTATION 

RESEARCH STATION AT JO:JflPUR, which has clone consid­
erable afforestation work in the dl'sert and is doing important 

research in Silvicnlture of indigenous species and the introduction 

of exotic desert plants, 
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The desert Research station bas also organisctl (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 mnny centres and afforestation of blocks of not 
less than a thousand acres each in different types of soils, 

The National Institute of Science~, India orgonised a sympo­
sium on The Rajputana Dcsnt (1952). Shantisarup 1952a in an 

extensive paper dealt with the extent and development of the 
Desert 11.nd the influence of climate, cd ,1phic 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 Sn.urash tra. Agarkar ( 1952) and Bis was 
( 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. R1qasthan in tl1e Desert Symposium which was held by 
the Research Council of Israel, at Jerusalem. 

A series of contributions on the suhject, followed from the 
Botany Department., Jaswant CollegP, Jodhpur. Shantisarup and 
Vyas (1953, 54) studied the ecology of some selected areas of 

Jodhpur Tchsil. The veget.ition in relation to soil was studied by 
Shantisarup and Krishun Dutt (1954), Ratnam and Joshi (1952) 
studied the ecology and vegctution near about a temporary pond 
at Pilani (E. Rajasthan ). Antoecology of desert species like 
Tephrosia PurPurea Pers. and Gy11andr0Psis Penlapi,yalla D_ C. were 
stndied by Suryapal Singh (1953) and Tandon (195:l:) under the 
guidance of Shantisarup. Bakshi and Kapil ll!l53, 54) studied 
the autecology of Mollugo N11d£canlis La11,I~ and Moll11go Cervia11a 
Ser. respecti voly. 

Ratnam and Kapoor (1053) studied the tuberization of roots 
of common Ind in.n Desort plan ts, Rn tna m and Dau Lal ( 1954), 

Bhargava (1954) and Prithvi Singh (l9ii4) studied some aspects of 
the Physiology of the Desert Plant$. · 



51 

Biswas and Rao (1953; contributed a paper on the ecology of 
Rajputana Des ert . Shantisarup (1954) studied the water economy 
of plant life of sellli-arid regions of Jodhpur, llydrophytes of 
Jodhpur and ffalophytes of Indian Desert were studied by Shanti­

sarnp (1954, c. 1954, d.) P11ri and Shantisarup (1954) studied the 
Vegetation Types of the Ra.jputana Desert. Bakshi ( 1954) published 

a list of plants of Pilani and neighbourhood with some ecological 

notes. Nair and Joshi ( 1034) contributed a paper on the ecological 

featul'Cs of sand dune areas of Pilani. The aut.hor ia studying t-he 
Desert Flom of R a.jastlrnn under a U~ESCO aided project. 
Dr. F. R. Bharucha is making Phyt.osociological study of the 

vegetation of the Desert with t,he 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. (1955). 
Shantisarup ( 1954 <l) su rnma.rised the problem of the immobolisation 

of the Indian Desert ut the Symposium on Applied Ecology. 

A number of yo ,1ng botanists are being trained under the 

guidance of Dr. Puri and the author in Desert Ecology and the 
problem is being tackled in its multifarious aspects. 

A recent UNESCO publication Arid Zo,1e Research VI 

contains an intersting nrtiele by Prof. F. R. Bhnrucha on Reviews 
of Research in Plant Eeology of Afghanistan India & Pakisthan, 
Paris 1955. Prof. Shnnti Sarnp pnblished a list of Plants of BiliatL'!r 

1957 and Plants of Jaisalmer in 1958. B. l\l. Shnrn:a has been 

working on the weeds of the Semi-Desert orea. 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 areas etc. 
Jour Ind. Bot. Socity Vol. XXX\I, No. 4 1956 P 495-iHl,) 

Agarkar, S. P. 

Bakshi, T- B. 

Bakshi, T. N. and 
Kapil, R,N. 
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HYDROPHYTES OF JODHPUR 

By 

Shanti Sarup, M. A., M. Sc 

Professor, 

Dungar College, Bikaner. 

Jodhpur is situated on lhe fringe of the grnat Indian desert. 

The desert extends from t.he Aravallies (24° N) to Sind (32° N). 

It is continued into the Rann of Kutch t70° EJ and approaches 

the fertile lands (76° E) lying a 150 miles away at th..i foot of the 

Himalayas. It is an 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 K.nilana­
J odh pur, 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 ,vestern and the Northern 
parts of the desert the rainfall does not exceed 311 to 411 and the 
mil is pc-or, Rainfall gradually increoses towards the south and 

south east. In the central region the average is about 1311 , 

In the south eastern parts of the Raj ,ist,han nea,r the foot of the 

AravallieR the annual ra.infoll generally exceeds 25 11 • Ninet.y 

percent of the rainfnll in the area occul's 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 ~nrious dimensions 

ma,y be erected. Most of the villages a,re situated near such 

places where there is a big depn,asion 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 ns an aid to immobilisation of the 

sand. Studies on the H_ydrophytes of JodLpur would also be of 

considerable interest from many points of view. 

Considerable work has been done in the weslern countries on 

the Systematics and distribution of the water ·plants. One of the 

earliest and monumental works which stimulated studies on water 

plant.'3 was that of Arber ( Hl20). Fassett ( I 940) 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 (lfl24) is valuable for the discussions on 
insect.ivorous 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. Mnkerjee'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 economic products of the Dal lctke. 

Pioneer work in plant Ecology of wa.ter plants was thus started by 

Late Dr. S. K. l\Tukerjee 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 

a
nd 

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, Mira<>hi 
19-4) · I · 

a 10 ndrn. have appeared from time to time, Aquatic and 

Ma~sh species have been monti,rned by Hooker 1880) Cooke (1903) 

Hames (1925) and others. Navalker (1940, 1941) and Bharucha 

(l
94o, 1941, 1942, 1948, 1949 and Hl.30 have published a series of 

papers on studies in the E-::ology or Mangroves, Earlil·r Blatter 

(!905) had discui,scd the manoroves of Bombay Presidency and 

their Biology, Similar l;ltudie/might woll 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 ( Hll8) 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. Pofamrgefo11 crisp11s ,5, Najas 

m1stralis. 

Balsam and. 

Phalodi. 

Bap, 

Jaisalmer. 

Seu & Badka. 

Trr.pa bispi1losa, 

V11lis11eria spiralis. 

Pofa111ogefr;,i pectiua/11s, Najas gra111i11ce 

Najas Welwilscliii & Chara sp. 

Gharisar lake 1 
Bada Bag ~ 
Amarsagar j 

Not of much interest 
Botanically. 

Nymp1,aea lotiis & Li11111a111'he11mm parvi­

fiorrtm, Chara sp. 

They conclude that the submerged flora is rather poor and 

rery local. The occurrance of Najas australis and N. Welwitchii 

within this region is very interesting, both plants being new 

ror India, 

A survey of the hydropbtes of the water reservoirs of 

Jodhpur and its neigbourhood has been made during the last few 

years. Most of th~se rese1 voirs 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 Li/JPia tiodijlora, A111m~1111ia baccifera and 

A. 11111lti/lora, Bergia a11111u1111ioidis, Altenia11/hera sessilis and a 

few Cyperuceso are found, Trapi bispin,sa is cultivated at the 

~hallow end. 

Cli01atic data for Jo<lhvur are given in Table L 
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Table No. 1. 

Climatic data for Jodhpur. 

( At·erage for s0111e :renrs) 

Ter_n_perature in ' C --I _Ra_i nfall. ,o, H . ro um1-
Max . \ Min . I Mean. in inches nity. 

- -

January 76.1 49,6 ' t2 S5 0.15 46 

February 80.0 53.0 66 5 0.24 42 

l\Iarch 91.7 62.0 77 .0 0.11 _33 

April 100.7 72.6 S6.65 0.13 29 

l\Ia.y 106.7 S0.2 93.45 1.41 42 

June 10L6 82.7 93.65 1.42 37 

July 97 .7 80.5 S9.1 3.97 70 

August 93.3 78.0 85,65 4.48 76 

September ~4 9 75.5 85.2 2.40 69 

October 96.9 67.5 82.7- 0.32 43 

November SJ .7 88.5 74.1 0.11 38 

December 97 .7 52.7 62.2 0.11 44 

Annual 92.6 68.8 80.7 l+.?.l 47.41 

Ecological studies on the hydrophytes of Jodhpur and its 
neighbourhood are in progress. The rnlation of environme~tal 
factors to aqua.tic plants are quite interesting, Welch (1935) has 
discussed the nature of fresh water environments, the influence of 
physical and chemical condit,ions on the biota, and the role of 

vascular aquatic plants. Methods of deterrning the environmental 
conditions of fresh water habitats are described b_v Welch (194Y), 
Shirley (1945;studied the penetration of light into water and means 
of its meatmrement. The methods of seed germination, ,environ­

mental requirments for breaking dormancy, and the relation of 

progression, and aecession 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 proLlem. 

At present a list of the water plants found here ii; given belo·w 

os 11 result of the preliminary survey of the area. Water plants 
are here considered 11a plants t-hat "grow in water, : in · soil · covered 
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with water or in soil that is usually satnrnted". Weaver and 

ClemE,nts Hl38. According to t-his definition hydrophytes would 

include both wetl..i.nd and aquatic species. An account of their 

ecology, phenology and pby,,iologica\ anatomy would be given 

later on These plants occur in the artificial lakes, reservoirs and 

pools and channela formed on account of the bak'l.ge of water from 

some of the tanks. 

The following Aquatic associations are common:-

1. Eicchornia- Pc.,tamogctoo associaticn 
Eiclzor11ia crassiPes Solins Dominant 

Cc-dominent 
Common 

Abundant 

Pot .wwgeton crisp11s Linn 
Le11//la mi11or Linn 

Algae-species of SpirJgyra, 0Jdogoni11-m etc. 

2. Hydrilla-Valisneria association 
Hydrilla i,erticillata Casp 
ValiS11eria spirallis Linn 

Ceratoplzyllum de111ers1w1 Linn 

Dominant 
Co-dominr..nt 

Abundant· 

3. Ccratophyllum Valisneria association 
Ceratoplr-yllum de111ers11m Linn 

Valis;;eria spirallis Linn 
Domir.ant 

Abundant 

Valisneria appears later. Pure association of these and · o(her 

plants are also common. 

Water Plants Found at Jodhpur 

I. NYMPHAEACEAE 

II. CAPPARIDACEAE 

III, ROSACEAE 

IV. LEGUMIN0SAE 
( Papilionaceae) 

V, ELATINA_CEAE 

VI, LYTHRACEAE 

J. Nymphaea stellata 'vVilld. 

2, Nymphaca lotus Linn. 

3. Nel11111bi11m speciowm \Vi lid. 

+. Cleome Clielidonii Linn. 

5. Potc11tilla desertornm, Bunge.-

6. Sesba 11ia aegyptiaca Pers. 

7. B ergia amm,rnl!ioides Rokb . . 

· S. Bergia odorata EJgew. 

9. A111ma111iia bacciJera Linn. 

lO. Am,uanJt.ia P~ntan.lra:_Roxb . 

11. Amma1111ia multiflora. Roxb. 



VII. ONAGRACEAE 

vnr. UMBELLIFERAE 

IX. COMPOSITAE 

X. GENTIANACEAE 

12. Trapa bisp i,rosa Roxb. 

13. Jiessisea s11ffnt licosa Linn. 

14. Ce11tella asiatica Urb. 

15. Xanthium stru111arium Linn. 

16. Eciipta erecla Linn=(EcliPla 

alha Hassak.) 

17. Caes•,lia axil.'aris Roxb. 

18. Ca11.scora diff11sa Br. 
19. Lim,w1itl1e111t1m 11y111plraeoides 

Linn. 

£0, Li11111a11tlro1wm pa,-v1joli11m 

Qrish. 

21. Lim11anthe111ttm crista/11111 

Griseb. 

XI. CONVOLVULACEAE 22. Ipomoea aqttatica Forsk. 

23. B1.:ohultts alsi11oides Linn . 

. XII. LENTIBULARACEAE 24. Vtric11laria stellaris Linn. 

XIII. ACANTHACEAE 

XIV. VERBENACEAE 

XV. SCROPHULARl­
ACEAE 

XVI. AMARANTACEAE 

XVII,POLYGONACEAE 

25. Hygroplrila s11fjroticosa 

26. Asieraca11tlra lo11g1jolia Nees. 

?..7. Lippia 11e,difiorn Rich. 

28. Tore11i .1 bicolor, Daiz. 

Z9. A/lernmitlrera sessillis Br. 

=(Allerna11tl1 era tria11dra)Lam. 

30. Po'ygo,rnm glabmm vVilld. 

31. Polygom,m p!ebejum R. Br. var 
i,zdica Hook. 

32. Polyo1111m a111plri/Jium Linn. 

XVlll. CERATOPHYLLA- 33- Ceralop ;1yll11m dem ersum Linn. 

CEAE 

Monocoty led.oneae 

XIX. HYDROCHARI- 3+. Hydrilla iieri ic i llata Prosl. 
TACEAE 35. V aliS11eria ~Pfralis Linn. 

XX. COMMELlNACEAE 36- Comm elill:i ,zodijlora Sohns. 

XXI. PONTEDERIACEAE 37. Eicliclicn;ia crassiPes Solms. 

XXII. TYPHACEAE 38. Typ!ia a,1g11st£folia Kurz. 
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XXIII. LEMNACEAE 39. Lemnti 111i11cr Linn. 
40. Wolffia arrJ.iza, Wimm. 

XXIV. POTAMOGBTON• 41. Potamogetoti crisptts Liwi. 
ACEAE 42, Potamogeton p'ectinatus Linn. 

+3. Potamogeto,i 1rnfm1s Linn. 

XXV. NAIADACEAE 

. XXVI~ CYP ERACEAE 

xxv1i. GRAMINEAE 

44. Najas 111i11or Ellion; 
45. N ajas grami,i'ea Del. 

46. N ajas australis Bory'. 
47. Najas Wtlwitschii Heodle, 

48. Cyperns pygmae11s, Retz . 

49. C-sPirris aristattls Ro'ttb. 
50. Cypems iria Linn. 
51. Cypems b1tlbosus V:'ihl. 

52. Fim'Jristylis te1iera Roedl. 
53. Scirp11s q11illquef arius Ham. 
5+. Scirpus Hailii Gray. 

55. Sporobol11s glaucifolius Hochst. 
56. Eragro_tis pilosa Beauv._ 

Pferidop'hytes 

xxvm. MA:RSlLEACEAE 57. Marsilea q11adrifolia. 

58. Marsilea aegyptidca. 

Algae 

XXXIV. CHARACEAE l. Chara zeyla11ica. 

2. Chara Jragilis. 

3. Chara braunii. 

4. Nltella batrachospuma. 

The Origin of the Water Flora of the Desert Area. 

The land flora of the dese1·t comprises a number of species 

which are found in the various parts of India, in spite of its being 
Egyptian in origin e. g. Gy11a11dropsis pciitaphylla. Abu.ti/on itidictmi, 

Tr,bttltts terrestris, Tephrosia prow111be11s, Tnchodesma i1ulici,11i 
Lippia 1iodiftora, Aeri,a javanica and Acltyratilhes asPera. 

Some other plants which are .of tropical African origin, afo 
found in the sem1 .arid region's and are also widely diffused a;lt ·over 
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India, such a;i species of /po•n:e::i and other Convolvulaceae and­
species of Corclzor11s and Triu/llfetta, Some plants generally of 
the Xerophytic type extend along Arabian and Russian coasts to 
Sind and then to Lhe Punjab, R1jaathan a1:d the drier pnrts of 
the Gangetic plain, such as Capparis aph;ylla, Cocculiis laeba, Allzagi 
11rn11.ron1m, Acacia arabica. Prosopis specigera. species of Zizyp!ms 

and Calotropis, Citmllus colocy11tlzis. Heliotropium widulatu,iz, 

Salvia aegyptiaca, Lyci11111 en,:opaeum and several Chenopodinaceae. 

It may be believed, therefore, that the £lorn and possibly the 
faun,1 of the desert area might have come from Sind, Baluchistan, 
Arabia, Persia E"'ypt etc 

) 0 • 

The flora of the Aravalli Zone 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 iu 
the other neighbouring p·arts 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 introc.luced from abroac.l by foreign visitors or 
vista 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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Alkaline soils are characteristic of regions where 'desert; 
conditions prevail. The principal alkaline lakes of India arf'I in 
(Sind and) Rajputnna. Sambhar lake 26° 55' : 75° 11• now 
situated in the Jaipur Division of Rajasthan is source of larg~ 
quantities of salt and hi 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 Jakes: at Didwana, 27° 23' : 74° 35' 
which covers on area of about 4 sq. miles and the salt basin of 
Pachbhadra 25° 501 

: 70° 10' in about 12 sq. miles. The Pochbhadra_ 
salt basin consists of a long oval depression about 7 to 8 miles long _ 
and 3 to 7 miles broad, It appenrs 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 :Korth of the right bank of the 
rjver Lw1i. It situated in a scantily cultivated country, 

Lunkarunsar is a small lake situated at a distance of 1=5i 
miles N. E. of Bikaner city on the Bikaner Bhatindo. Railway line. 
Tho 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, Bnp, Puknrun 1 Dcoria, Sachor, RewR.na, 
Chanod etc, 

The waters of the Luni River arising from the west of th~ 
Aravalli range are saline. It covers a big tract which is specially 
r_ich in snit from PacliLhadrn downwards to the south into the 
Rann of Cu tcb. 
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The Rann of Cutch. According to Wadia (1919) the Rann of 

Cutch is a flat unbroken surface of salt silt bak2d by the sun and 
hlistered by saline in'!rustations. It iR varied only by the mirage 
of great tracts _of dnzzlling 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 Cuteh by salt it has carried 

during thousands of years, 

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

well-wat,er in many parts of the desert are brackish. 

CAUSES OF SALINITY 

Tile origin of salinity has not yet been fnily understood. 
The .. shit is· ·supposed by 1.<ome to have been formed from the 
felspathic rocks of the surrounding hill ranges by decomposition 
ana weathering due · to frttmospheric factors, Sarin (152). This is 
washed down into the areas of depression by the rain and con­

centrated there. Them form the saline lakes of the area due, 
therefore, -to · leaching action as mentioned above. Holland and 
Oliristie -( 1909) -proposed a wind borne theory of the origin of salt 
ih Rajasthan Desert. Each year large quantities of fine salt are 
brought by the action of wind from the saline concentrntio1i of the 
Rarin of Cutch and deposited in the interior of Rojasthan and 
leached into the depresions and lakei;1 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 a severe criticism by Godbole (1952). 

AudC>n (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 inapite of 

defects probably does account for much of the regional salinity in 
the ground water, as well, as lakes in western Rajnsthan, Prof, 

N. N. Godbole•s recent work on salt resources of Rajasthan shows 
that saline mnteriill is largely ·due to regio11al lcachi11g a11d colicetitra• 

tid11 in LAND BASINS. Various argumr.nts h!lve been given for 

and against. these theories. There is need for a scientific investiga­

tion into the origin of salinity, It is an urgent problem connecteq 
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with the formation, expansion and naturally arrest of the desert, 
S:1linity iR also u. natural source of great economi'.l impQrtance. Th~ 
problem is of nationa,I interest and should be investigated at an 

ea,rly <late. 

OTHER CAUSES OF THE ARlDlTY OF THE REGION 

The prevalance of the de3ert conditions of the area are also 
due to other reasons. The climate is of the north tropical desert 

:with extremes of hot and cold wen.her. 'l'he mean daily temp­
erature exceeds 02° F from ~foy to July with the Maximum in May, 
Afternoon readings reach npto 120" F and coincide with the season 
of drought, Higher tempernture lrnve 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 temperntnres which greatly influence the physiology of 
the plant life are higher in ;iummer 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 rn.infall is not more tha,n a few inches and is very irregular. 

There is gradual improvement towards the south and south east. 
Humidity is low. The area is isol,lted from the neighbouring areas 

by crustal barriers. The subsoil water supply of t.he region is, 
therefore, very poor. Strong and hot windR blow during summe~. 
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 s'.lil ne .tr the lakes and the Luni river bed 

but it is not available to_ the plants on account of the concentration 

of the diss:llv~d salts, This is distinct from the physical drought 
when the soil is actually dry. 

NATURE OF SALlNlTY 

According to S'1rin (l0,32) the s:dinity of the soil of different 

places varies in ita nature and chemical co:np:>sition. The salts 

generally found are Sodium chlo~ide, SJdi1un carbonate, Sodium 

bicarbonate and C,tlcitim s1ilphate. Only at P..ichbhadra, Magnesium 

sulphate is found, whereag m'Lgnesium stlts aro important constitu­

ents of Sea. brine. The p3rcentige of S:>Jiu'll chloride to the rest 

of the ea.Its is ganernlly higher th'l.n found in the sea brine as 

shown in the t>tble below:-
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Table 1. 
Comp::>sition of brine of different localities ( precent) --Dry B11sis \ j 

Sambhu j Didwaua (achbhadro Sea, 

Calcium Carbonate 0.345 

Calcium Sulphate 3.970 3.600 

Sodium chl Hide 87.300 77.D0 85.660 77.758 

Sodium sulphate S.65J 20.650 

Sodiu:n carbonate 3.870 0.S0D 

S::>dium bicarbonate 1.560 

Magnesium sulphate 9.H0 4.377 

Potassium chloride 0.12 9 2.465 

l\hgoesium chloride 1.930 10.878 

Magnesium bromide 0.051 0.217 

Total 100.000 !00.000 lO J .000 100.000 

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

slightly alkaline and the lowest pH of the soils studied hos 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 roaches 9.0 
at lower depths. The soil is more alk:.tline during the winter 
season when pH reaches 9.0 to 0.5 as the salts are brought to the 
surface layers due to evaporation. During the rains there is less 
salt due to the leaching effect of the water so some plants come up 
on the fringes of the sflline areas where the salt content is the 
lowest. In the Sttmbhar bke 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 tho increase in osmotic pressure and the accompa­
ying decrease in the physiological availability of water which 
results from a,n accumula,tion of neutrnl salts in the salt solution. 
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Growth is also restricted throucrh the accumulation of toxic 
0 

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. R'c'views of plant growth on saline and alkali soils have 
been p11blished by Migisted (19-!5) and Hayward and Wadleigh 
(19-!9). Blatter and Hallberg (1918-201 have mentioned a few 
halophytic species of . the Desert ar_ea; Clumopodiu•u album Li~u, 

Atr.iplex crassifolia Mey, Sttaeda fruticosa Forsk., Haloxylon 
1·ec1irvtt"m Bunge, H. salicor.1icwu Bunge, H. multijlorum Bunge, 
Salsola foetida Del., sp·eoies of Portulaca. 

Recently Biswad and Rao (19ti3): have listed halophyotic 
1:1pecies of the Rajputana Desert. 

Blatter, Mc Cann and Sabnis ( 1929) hc1,ve mentioned the 
following plants from the soils impregnated with salt,, from the 
Indus Delta: S11aeda frnlicosa, S. 1111d1fiora, S. 111011oica, Aelllropus 

villusus. Agharkar (1952) has noted that Cl,e11opodiaceae in general, 
Auabasis Atriplex, Salsola and other plants are found in salt localities. 

Shanti Sarup and L. N. Vyas (1953) studied the salt, plants 
occuring in Jodbpur Tehsil. Shanti Sarup and Kishnn Dutt (1954) 
studied t,he halophytes of Luni river bed in relation to soil structure 
and composition and a detailed analysis of the 1:1aline soil plant 
communities has been recorded. 

Tai11arix dioica Roxb and T. gallica var artiwlala Wall are 
tht1 only species which grow on thesf) banks of saline depressions 
of Sambhar ht"ke and Luni River bed. These present a dull, 
bluish appearance. At the blossoming season the scaly, thin 
branches are crowded with numerous pinkish flowers. The twigs 
of the plants may be covered with saline efflorescence. Tamarix 
also growB in association with Calotropis, Zizyplms, Acacia arabica, 
Aerna, Salvadorn, and other plants. In the sidine tracts a litt_le 
away from th.e bank Sttaeda frulicosa Forsk., species of Cyperns, 
Plucliea la11ceolata, Tria11the111a. mo11ogy1;a and species:eharacteristic 
of the sandy plaina such as Ae,ua tome11tosa, Leptadenia sparlium, 
Boerlravia dif/11s.1, Farestia jacqne111011tia, Cleome Papillo:a are found. 
Annual species predominate. In the plains some areas are char. 

acterised by hafophytic species such as S1rneda fmticu.sa Forsk., 
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l-Ialoxyloii recurv11111 Bunge, H. ~alicor,1icum Bunge, H. m11ltiflor11m 

: Bunge, Salsola foetida Del., Atriplex crassifolia Mey, and species of 
Portulaca and C/ze11opo.iite111. 

No zonation has been noted at any of the l,ocalit-ies. 

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

These plants show special adapt,ations such as fleshy leaves 
· and branches, thick epidermis, salt secreting glands fleshy guarded 
stomata, water bearing tissues etc. 
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INTRO DU :::TION 

The Jcdhpur Tehsil is almost th9 central area of the Jodhpur 
Division situated between latitude 26° to 27c-N and Longitude 
72.5° to 73,5°E Nith an are.J of nearly 2870 sq. mi'.es. Th-. Tehsq 
is surrounded towards the north-western and western r2gions by 
Phalodi, Sergarh and Pachpadra Tehsils. Tow:irds the east and 
north-east Merta, Bilara an::l N.30nur form the bounding Tehsils. 

Among the boundary areas Phalodi and Shergarh situated 

towards North and North-west are charactt?rized by vast areas with 

sand dunes. Towards fhe South 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-eaot 
region there are s;;iveral dis::ontin110us mountair.eous chains 

This tectonic group of mounlaineous chains are the upshoots of 

the Arawali ran9es and do not reach a hei9ht of more than 1200' 
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Towards the north are situated several undulating plains 
with s,rnd dunes of different sizea and they merge with the sand 
dune of Sergarh Phalodi arecs. ThE:se plains of Jodhpur Tehsil 

are situa 1ed at the height of 700 to 800 ft. above the sea level but 

this is subjected lo v.niations 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 waler cuis the soil in the plains and ether areas, within the 

region and C;}uses considerable distortion in the even surface of 

the area; as a result of this there are seven! ditches and ponds of 

temporary nature. 

There are no natural tanks in the c,rea. In neighbourhood 
of Jodhpur there are several water reservioirs or bur.ds situated 

within the hills, where the rain waler collects. These forms the 

main source of watar supply for irrigation an<l 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 duet:> the ·smd and s.Jil deposited by !he running 

water but the depth of water in the river is considerably low 

during the major part of the ye3r. The water is a little saline. 

For studying the vegetation in different habitats the following 

areas of the Jodhpur Tehsil have been selected. 

I. MOUNTAINEOUS AREAS. 

I. Takhat Sagar Arca: 

This area is situated towards tlie west and this is n. typical 

rocky area with a huge water resrrvior surrounded on all sides lJy 

1,ills . The whole area is charncteriud Ly two cliaracteri::itic 
nssocittlions that oi Prosof;is and E11Pliorbia. There is however an 

abundance of specil·s i11 t.hn Kist and W'est. Co!dcnia Procumbe11s 

was fou11d to grow auundantly only near tl.c water fringe of tl,e 

water reservi1Jr. 

Nagadari: 

This arcu. is sitnrited towards the north nnd is a raised rnoun'­

t.aineous area near l\Ltndorc. At the top of the mountain is a water 

resel'vior from which water overflows in tl.ic forrn of a small stream. 



Here water flows nlmost 1 hrougho11t the year an<l the vegetation 
here represents the influence of a microclimate_ in the arens which 

is generally arid or semiarid and along this stream grow character­
istic hydrophytic orsPmi hydrophJlic plant spe_cies which include 
Hygrophyll,z, Cyper11-s, A,1Z111,,11i.1b.1cift1ra, Sesl;a11ia etc. The 1uu_st 
dominate component of the vegetation int.his region is Cryptostegia 

gra11diflora• 

Massuria : 

This area situated towards the .wtst, is one of the localities 

at which rocks are quarried and broken into convenient sizes for 
construction purposes; as such this nrea is subjected to influence 
of man aud his rock boring implements. The effect of grazing 
animals also is comparatively much .in this area. At t.J..1e base of 

,l\fassuria hills are situaled snmly plains. 

II. MIXED MOUNTAIN AND PLAIN AREAS. 

l. Balsamad : 

This area is situated towards north of Jodhpur and there 1s 

a huge reservior surrounded by hills on all sides. 

2. Sursagar : 

This are .1 is situated toward;i the Nur Ii.West direction. The 

rocky plateau in this area dows not. support prncticully any vrget­
ation due to biotic disturbances as in l\foRs\niu urea, The surround­

ing sandy plains are characterized by a few shurbs t.hc frequency 
of which is very rore. 

3. Akheraj ji's Tank : 

It is situated towards the west and illustrates the mixed 

naLure of rock and pltlin vcgct ,,ti•Jll to a markable extent. The 

road trading to the area supports on each side 11s~oci,1t-io11s of 
Leptade11ia an<I Ae,:va, Teco111 e1/a anti Gy111 11n::;poria A few yard~ 
ahead comes up the lllix cd associatiP11 of Gy11111osporia, E11phorbia, 

Acacia and EpJ,edra. Further ahead tlie sandy plains d isappen.r 
and the area is chnract.erize<l by species E11pl1orbia GreKia and 
Acacias. 



4. Cha~d pole Gate area : 

It is situated on the North. In the north oi this area are 

se,ernl small water reserviours . The Southern region joins with 
the Akhey Raj Ji•s Tunk nren, already describ ed. On tho eastern 
side stands the old fort "hile 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. 

I. Bakha t Sagar ·-

It is situated to\vards the West just out si<lo the Jodhpur city. 
This was formerly a depressed area whr.re rain water collected. It 
is bounded by raised hillock of sandy loam towards the south and 
east. The d<'presserl area is now completely covered by the 

municipal debris and a small low Janel stream of waste water 

drains of thie, 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 wnsta materials. 

IV. SAND DU.NE AREA. 

Mnssuria and Aerodrome Sand dunes. 

These areas are. characterized by sandy soils with .sand dunes 
of different heights. The aerodrome area is situa ted towards the 

south of city while l\Iassuria is towards west on way to 
'fukbatsagn.r. 

V. SALINE AREA. 

Luni river beJ a1ca-

Luni is the most important rive r of Rnjputnna and it is25 miles 

away in the South-west, of Jo<lhpur. The depth of the water in 

this river is low during the ma jor po.rt of the ye ar. Salinity of 

wa t.er is not much. The river dries up and the sandy river bed 

remains exposed for the most part cf the y ear. 
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IL Climatt:-

The climate in the in,·cstigatcd region is typical of the ether 

semi arid regions of H,a,jputnrrn. It is characterized by low a,nnua,l 

rainfall, the tt,nnual rainhll i!'l usually below 15". l\Iost of the 

rains occur during July to September. Another characteristic 

feature of the climate of this area is the greut 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 climflte which is characterized by a 

low relative humidity. The relative humidity during the cold 

season is 50-60% in the morning while in tbc afternoon hours it 

reaches to a value between 25 to 35° ~,- In hot months it. reaches 

to a value between 10 to GO~ ~- The relative humidity markedly 

increases during the monsoon scas0ns. Thus the low values of 
rclat,ive humidity in the atmosphere are unfavournble since they 

enhance transpiration in an area which is already at a dis-advan­

tage by low precipitation. 

The above features are further aggr,1vated by high wind 

velocity with <lust and thunder storms during the different parts 

of the year resulting in the erosion of soil which grnatly affect the 

herbaceous vegetation growing in the arc,a. 

Records of clew formation nre Licking from R ,,jasthan. But 
!!Ccording t.o Ramdas ( 1952) since the nights for a large number of 

days in the year are clear and atmospheric air is fairly humid there 

may be possibilities of dew form:1,tions. 

Monthli. I 
June '52. 
July 'j?.. 
,\ ug. '52. 
Sept. '5 .2 . 
Oct. '5 !. 
Nov. '5 2. 
Dec. '52. 
Jan. '53. 
Feb. '53. 
l'viarch '53. 

Table No. 1 

TEMPERATURES. 

_ __ T_om p . ~ ---
llfox. I i\lin. 

1C9 71 I 
103 62 I 

9S 73 -I 
lU+ 72 
105 57 

96 53 
86.1 45.3 
85.5 39 
91.5 46 
93.5 42 

--~__.... 

illu,u1 Temp. lur ~uu 
last 10 years. 

ill ox. I i\lin. 

10+.6 82 7 
91.7 80.5 
93.3 78.0 
9·L9 75 5 
96.9 67 5 
89.7 58.5 
79,7 52.7 
76.1 49.6 
80.0 53,0 
91. l 62.<J 
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Table No. 2 
Rainfall. 

lllonths. R ninfo 11 I\Ien n Hni11fnll duri11g 
Ir. et l o ye,.ra. 

------··---

1Jay, '-? J_ 0.0" 0.+l" 

June, 5 2 .8 ' 1.42" 

July, '5 2 11. 25" 3.97" 

Aug., '5 2 5.1' +.18" 

Se .. t. , '52 (' .'I'' 2. -l 2" 

Oct., '5?. 0.0" .3 t. " 
Nov., '52 0.0" .11" 

Dec., ' 52 C.u" .11'' 

Ja11 .• '52 0.0" . l 5" 

Feb., '53 0.0" .2+" 

~larch '53 0,0'' .11" 

Total for year 17 . 15" H 21 • 

Table No. 3 

I Jlletrn Relnt1ve .huruidity 
Mon the. nelA t.i VA hum irl i l.y duri"g le st 111 yen re . 

!Vhx. I M111. - - ~I~ . , Mio. 

June '52 83% I 
13% 63% 34°~ I 

I 
46% July '52 96% 31 % 73% 

Aug. '52 98% 35% • o l 
::; ~ / 0 soo/o 

SE pc. '52 78~:, 21% 76% 40% 

Oct. '52 4CJ% 3 01 
/ 0 54% 16% 

Nov. '52 59% 11% -15% 18% 

Dec. '52 6 pl 
- 10 l !.';(, 53';~ ??0/ ...., _ _ o 

Jan. '53 96% 11% 50% 22% 

Feb. '53 85% 15'}6 50% 21% 

ivlarch '53 73% 12% 3S% 17% 
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III. GEOLOGY AND SOILS. 

Geology and history of Rajputan(\ prc~ents i11tercsting 
feat 11reE>. Acco:·ding to Kri1,}H1:1n (1%2) it is reasonable to stnte that 
Rajputana was 11ot arid in the Pleistocene aud S1;beoceno period:. 
Aridity seems to have developed i,incr t-he Inst 2000 years. Part 
of vVcstern Rnjpt; tnna was und011btedly occuy,iccl by a sea 
d11ri11g the Jurrasic, Cretaceous and Eoccnr. This area wns up­
lifted into dry l:,nd most probably during t.he upper 'l'eritnry. The 

occurance of Gypsum and otht-r salts in Jodhpur and Bikaner hill 

rnnges is on inclication of this fact. 

Horn (1!132) ha'! shown the occurence of six species of fieh in 
the Arnvalis and they are typical fauna of peninsular India. 
According to him the Arnvuli range underwent great change during 
the la1,t Himnlyan movement and a nrnje:r ptnt of it was sub. 

merged below the sand. Arc:1eologicnl evidence shows that 

Rajnst,ha11 had been inhabited during the prehistorical period and 
also the vVeslern und Northern parts were not so arid as now since 

the habitation belts were much wider during the previous 

A rcl1eo logicu 1 periods. 

1n considering the origin of ,ult in L:1kcs and gound water 
of ,vrstern Rnjputana from the geologi.crd and chemical point of 

view A11den (1952) points out that the Rnjnstlrnn salt lakes cannot 
he sai<l to lrnve any connection with the l\Irsozoic and E.occne seas. 
The lack of calcium and magnesium salts in Rajasthun salt lakes 
can be explained if Rujasthan had been formerly connected with 
sea. Gypsum, no doubt, occurs in Ra.jasthan and according to 
Auden this is pnssibly deri\' ed from tho underlying primary 

Vindhynn Gypsum. The wind transport theory of salt by Holland 
and Christie, thus appenr to be an important fact in affecting the 
annual increase of salt fn Raj ,1st.han but Godbole ( 1952) argues 

that the chemical composition of salt lakes in R'.ljasthan should 

not differ if they are feel by perrc11ial wind transport on tlie basis 

of the data he could collect. Godbole rules out the wihd borne 

theory of salt at!d favours the conne~tion to seu. during the 
prehistoric time~. 

In a geophysical exploration in the arid tract of Rajnstlrnn, 

Riio and Negi point, out t,hat the underground water is brakish over 

a wide area submerged in Biknner division while in Jodhpnr some 
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11ntches of drinkable w:.iter co11ld be recognised . Thn mineral 
resources as point.:_•d out by Sethi reYc,d th ,1t R:1jputano hos for­

mations dating back to Eocene. The geological s11ccession in 

Western Rajpntana according t.o Ghosh (1!152) 'Proceed from the 

Arcbeon to recent and subreccnt through Purann, Upper Cnrbo11i­

ferou!'I, Mesozoic, Eocene nnd l'o~t Eocene, 

THE CHIEF NATURAL SOILS ARE: 

I. Mattyali :-is clayey lo:un of 3 kinds namely (n) !~afi 

(b) P:li aud (c) Hali and coveni about 18% of c11ltiv11ted nrea. It 
does not need frequent manuring but is stiff. It produces whcnt, 
Gram and cotton. 

2. Bhuri :-Most. prevailing occnpyin.r over 58% of the culti­

vnt£>d nrra and requires but mockratc rnins. It has le>1scr clny and 

is easily amenable to plough. 

3. Retli :-Is fine grained anrl srndy without clay and forms 

about W% of the cnlt.ivatcc.l. area. Thi,i when fonncl in a dcpres9ion 

it is called "dehri" and whe:i on hillocks or mounds it is · called 
"dlrora". 

4, Magra :_Is h :trrl s0il cont1,ining con.iid !rablc quantity of 

stone and p ebbles . It is found generally ne:tr the slopes of the 

hills and occupies a.bout, 4 .•~ of the cultiv,\tP.d arc ,\. 

A close survey of the physical and chemical nature of t.he 

soil in the difforent investigated area~ revaa.ls the following focts: 

1. In most of 1.:1e arens the soil is snnr]y ancl loose with very 
little humus content. 

2 . The soils are fairly rich in c,ubonatcs and chlorides. 

3. The water content of the soil is usually low and the 

nmount of wnter content.s gradually incrcasc;i from the surface to 
the deeper layers. 

4 . Nit.rates are usnally deficient in the soils; only in certain 

arras where tl1erc is lurgc amount of putrefying nrnterial npprr• 

ci:lble amounts of nitrates have been recorded, 
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5. l\lost of the soils are rich in exchnngeable bases such 11s 

mngncsium, calcium nnd potnl:lsium. 

13. The pH. voJuc of the soil in most of the 11reas is on the 
alkaline side which also proves that s ·1ils arc rich in exchangeable 

bases. 

7. As a result of dessication it has been generally observrd 
that the water content, nnd the nitr,itc contents of the s0il 

decreases. The base exchange enpacity and pH. are almost 

unaffected, The alkalinity of soil increaseR. 

8, The humus contents in the soil }ins been found to very 
from season to season, whicb is largest during the winter months. 
In the folJowing hot dry season ver.v little humus has been 
observed in the soils and this may be due to the fact thn.t blowing 
winds might carry away the occum11l<1tcd humus of the previous 
season. 

The above facts reveal that the main disturbing factors in 

the soil are the sandy nature, and the low wnter content. The 

soils are not deficient in the necessary mineralt! for plant growth. 

BIOTIC FACTORS. 

'Ihe Biot.ic fact:ors, as th~·:v nrc usually coiled, primarily 

include man tLnd other aninrnls. The influence of man upon thf' 

vegetation of Rajasl-han, in general, hns been very adverse. The 
geological events resulted in wormer and drier climate in the ~rea 
and the people inhabiting this area had token to Nomadic life by 
about 1000 B. C. Vnst areas of forest were usud for fire wood 
ond other domestic purposes as a result of which the vrgetat.ion 
bad decreaRed and raiiched the present status. Herda of grazing 

animals kept by nomadic t.rives used up t.he vegelation where 

ever it existed. These features which were prevalent in 1 he p<1st 

still continue in many parts of the aren.. Mun is used to felling 
of the trees and lopping the tops of the 1,ranches for hiH domestic 

purposes; even the ground vPgctation is scraped by him for fuel 
purposes. Sometimes ·even big trees are uprooted and smaller 

p\onts are trempled without nny sense of their importance and th<! 

effect of man is thus very ndversc in allowing the veg,·tntion to 
develop into climox. 
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In llddition to the interferance by man gra-zing animals like 
shec>p, '.goats, cattle, camels, deer, rahbits and other cause c01~si­
dernble havoc to the vegetation. The rabbits, squirrelA, 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 phase vegetation is considerably affected. 

There are numberous inst?c1s founJ in Rnjasthan but amongst 

them the desert locust is the only pest which effectivc>ly enhances 

tho spread of the desert.. This pest destroys the annuals and 
perennials both in the hopper and adult stagrs. The locust devours 

t.be leaf and even the bark of the host plnnts leaving only the 
woody portion behind. This ultimately results in the death of the 

adult pl:rnt. 

Rnts dig ho~es in the soil for their habitation and make the 

soil loost thus affecting the water retaining capacity of the soil. 

Ants and white ants which live beneath the soil and by 

boring t.hrough the soil crevices they render it very loose. These 

and tho birds tenaciously feed upon 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 nnim ii pests them are number of plants 

pests which effect the vegetation during different parts of the 
year. A number of fungus pe!lts havo been observed both on 
cuhivnted nnd wild species during the cour,,e of thi11 investigation. 

V. FLORISTIC COMPOSITION 

The presc>nt Ecological 1,urvey revea1s several interesting 

feat nres. 

A characteristic feature of the rock vegetation are t.lJC associa­
tions of E11phorbia which grow even on bnrron rocks. They nppear ns 

sentinels of vegetation on rocks in the neighbourhood of Jodhpur. 
The distribution of these E11phorb ia associations does not present 

any zonational a~pect to the rock vegetation since they are present 

{lt all levels even on mixed sand and rock areas , 
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Some oi the other common plants belonging to this group 
include Gym 10,poria e111argi11ata, Zizyplms rr1gosa, Anogeissue 

pwd11la, several species of A::acia and Cordia. 

The a,rnve trees and shrubs are suplemented by large number 

of annual and biennial species during the rainy season. These 
include species of Tep!i ·osia, Ab11lilo11, Sida)Pe1·islrophe, Barleria, 
Corchorus, Tria11thrni 1, I-leliol, of,i11111, Ti i611/l11s, P11palia, Ccmmelina, 
and a number of grasses most of which include species of Ce11chrus, 

A11dr0Jogo11, Eragrostis, Aristida and Chloris. 

This different status in vrgetatit1 n ot hills is mainly lH'CJ.use 
of the collection and retention of rainwater in r,everal large or 
small basins during the rainy season. Even the vegetation of 
the hilly areas show adaptation for the arid and semiarid condi­
tions which must be due to the fact that many of the plant species 
represented on the bills are those which have migrated from the 

plain areas. 

The plains show a vegetation much different to rocks, 

Different types of pln.in areas recognised in the investigated areas 

are cult,ivated fields, areas with a admixture of soil and gravel, 

few regions fed by waste water etc. 

The perennial species within these areas include mainly 
Capparis aphylla, Prosopis spicigera, Salvadora, Calotropis ;'1rocera, 
several species of Acacia, Leptade11ia Sp.1rti1t11i and nimbers of 
cultivated plants like Ficus and l\Ie/ia etc. 

The rainy season vegetation in the plains in characterised by 
the development of number of annuals like Gy,iandropsis, 

Tephrcsia, Mollugo, Tria11t fi3111a, Sola mt 111, Arge111011e, Boer lrnavia 

Cleome, Le11cas, Sida, Polygon11111, Pote11lilla, Fa · scti.1, and vnriety 

of grosses, 

In plains ephemeral vegetation gerernlly does not continue 

beyond the months of October and Novemh!}r except in a few 

isolated patches where pockets of collected water are present. 

The plant species in consolidating t.he soil against the wind 

erosion are different in different areas due to different nature of 

the sand-dunes. Some of the sandunes have been seen to be very 

much disturbed by tho action of wind. Such localities support 



plants like Lrptade11ia, Crotolari.1, Aerua, and Calcrt,opis along with 
the species of I,idigofera and some grasses. In some places pure 
associations of Caloprcpsis have been noted. 

In well developed saudunes Cal/igo1111m polygonoid!S was seen 
to be dominant along with Aerua, Ephedrn folia!a, Mimosa hamata, 
ZizJPl111s rotu,,d,jo!ia etc. 

The vegetation of Saline Luni River bod area is not :conspi­
cuously different from th<tt of plains as salinity is not so high. The 
river bed usually dries up and th :l sandy bed remains exposed for 
most part of the year. There is no other species except 1'amarix, 
for miles and miles along the ri\·er lJed. This is also associated by 

. S1taPda, Cy/un,s, Plucliea la11ccolata a11d Fi111brisfy,' is, Some of the 

species growing on the bank characterstic of sandy plains are 
Aerua, Lepta.le11ia, l3oerh-:rai.:ia, I,idigofera and Mimosa. 

The sandy banks lead to the gravel plains. The vegetation 
in this area is chr.icterize<l by Aristolocliia, Molltigo Anticltaris; 

Boerliaai•ia etc. 

PLANT ASSOCIATIONS 

Several ecological plant associations recognized growing in 
the different situations such as the hills, (ii) hill and plains 
(iii) Loamy plains (iv) S ,tn<ly plains (v) Sand du!les (vi) Luni 

river bed (vii) mountain streams (viii) Aquatic associations etc. are 

as follows;-

(A) PLANT ASSOCIATIONS ON HILLS. 

I. Euphorbia roylcana Linn rl pure asrnciation. 

2 • Euphorbia-zizyphus association. 

E11phorb ·<i rod,1,u:a Linn d Zi ~yp!ms rttgosa Lamak co. d 

S, ricos/0111 :i: hri!t•isti/!,1w1, Asf'ar.1r,tt ~ r ,rcrnwstts Willd r 
Stocks. 

Ach yrcwl i1es aspera Li1111 a Crewia as ialica Linn C 

Capparis ajJl1yll i Roth. C Cieome i·iscosa Linn a 

Cy11011-du11 dact J ion I 'fr ~. (l Cr;rptosle~ia g1a11dijlom a 
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3- Opuntia-Eupborbia association. 
Op1111tia dillettii Har. d 

Grewia pop11lijolia Linn co. d 
Acliyra,,flies asberaLmn c 

4. Grewia-Asparagus association. 

Grc-.wia PoP11l,jclia L'nn d 

Abtt!ilon i11dic11m Sweet co. d 

A1zogeissus Pe11dula Linn c 
Ba, leria cristata Linn 

Achy, a,1the.~ asp , ra Linn 

Pliylla11/h11s 111adarast,a-

a 
a 

tcn.~is Linn c 

Tridax Proc11111be11s Linn a 
Sporobdtts oric11talis R. Br. o 
Erar:ro~t,s cilliaris Host a 

d E11tl101li :z ro:>1lea11a Linn 

Cc11chrns tijlortts Sweet a 
Erniti11l11s alsi11oides Schweinf ,a 

Asparag11s racemosi:s \Villd a 

Tephrosi" p11rp11rea Pers co.d 

Ellphorbia roylea11a Linn a 
Teco111clla tt11dulafa Sei:111 

· E11pl10rbia liirta Linn 
C 

a 

J11sticia proc11111be11s Houst. r 

V cr1101;ia abyssi11ica Sc hreb c 
Chloris t·irgala Swartz a 

Eleusi11e itidica Gaertn a 

(B) PLANT ASSOCIATIONS ON MIXED HILL AND PLAIN, 

I. Euphorbia-Pros0pis ass0ciatioo. 

E11pho1 bia royleana Linn d 

Catparis af,h),lh Roth co,d 

Sida cordifiia. Linn 

Ab11lilo1t asie1tic11111 D.m. 
C 

C 

Corcl1or11s ac11t.111g1t/11sLin11 c 

1' ria11thema 1110,zogyna Linn a 

i-leliotropium zeyla11ic11- 11i 

Lam c 

Achyra11thes aspera Linn a 

ProsoPis j11lifiora pc. 
CocCtt lus ~:illosus ·D. C. 

Ab11tilo11 i11dic11111 C. Don. 
Corclrorns a,;ticl:orus 

co.d 

C 

C 

Raevfchel c 
Tephrosia Pttrptt.,:ea Pers. a 
P~11ta/, opis r:y11anchoides 

R.lir. a 
P1ifaalfo lapp:1cea ]uss a 

Aen ,a tome11tosa. Forsk C 

A11d1 opogo,i a111111lai11s Forsk a 

2. Euphorbia-Capparis Association. 

E11pl1or/;ia roylcana L :nn d 

Gy11111osporia 111011tai1a 
lJenth co. d 

Boar:1a:1n:a difjnsa Linn a 

Ac/ij,ratithes aspcra Linn c 

Polygala erioptera D. C. a 

Sida spi11osa Linn C 

GaPfaris aplijla Roth 

Etlredra Joliczta Boiss 

Boahai.•ia repan}a Linn 

Atutilo11 illdirnm Sweet 
A/Jul ilon fr11tt"cosu111. 

co. d 

a 

a 

C 

Gull & Perr. a 
C0rclror11s t, ide11s Linn 



!JO 

Iudigo/era tiizctoria Cccculus eebatlza D. c. 
Forsk C 

Evolt•1il11s alisi11oides 
Schwein£. a 

Tridax proc11111bens Linn C Andropogo11 jat"eolat11s 
L'al . a 

Ce11chn,s b1flor1_1s Roxb. a Chloris bar/;ata T1 in a 
Digit a, ia longijl:Jra Hei :e t a 

(C) PLANT ASSOCIATIONS ON PLAINS. 

I. Gymn:>sp:>ria-Capparis Association. 

G;,111,wsporia mo11ia11a Capfaris aplzylla Roth er. d 
Ben,h d 

Acacia rupe 0 tris 
Stocl1s co. d 

Boerhav :"a gra11d,flora 
Rich 

Leptade11i .1 spartit1m 
\Vight 

C 

C 

Epliedra foliata Boiss a 

Crolalaria Burhia Dill C 

Aristida paradisea Ret z. a 

2. Capparis-Leptadenia association. 

3. 

G:.pparis aPhJlla Roth d Lept,rdwia spar/i11m 
Wight co. d 

G->mnosporia 111onta;1a 
Benth co. d 

Zizyplms r11gosa a 

Boerha-cia diffusa Linn a 

G y11a11d ropsis pe11taph:, !la 
· D . c- a 

Leucas aspera Spr. C 

Aen·a to111e11tosa Frosk 

Crofalaria b11rliia Dill 

T,,plzrosia p11rp11rea Pers 
Digera art·e11sis Forsk-

Sci/aria glauca Beauv. 

Tephrosia- Gv nand rot= sis Association. 

T,,p!,rosia p11rpnrea Pers. d Gjtta11d,opsis pe11tap!,ylla 
D c. 

Tribulu; terrest,is Linn a E,,.phorbia 111icrop/1ylla 
Linn 

Cmchrus biflortts Roth a C/ilor i s barbata 
Trin & Swartz 

co 

C 

C 

a 

a 

a 

d 

a 

a 

4. Solanum-Argemone Association. 

Solamtm Xan!h'JcarPttm 
Dun 

Sola11um i11dic11111 Tourn 

d 

r 

Arge111on~ 111exicaua 
Linn co. d 

Gy,,a1l(/ropsis Pwt apli ylla 
p . c. CQ, d 
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(D) PLANT ASSOCIATIONS ON SAND DUNES. 

I Caparis-Calligonum association. 

C,,pparis apli J 7/ a R th d Cabigo:lflm polygonoides 
L'1·n co d 

L-Jfa.lc11ia sparli1t111 \Talol,oj,is procera R. Br, C 

:Wiglit a 

C!iloris f;arb :1/a Si.la cordl/olia Linn a 

Trink & S\\·artz a 

2. Crotalaria-Aen·a Association. 

C, olalaria b11rli£e1 I' ill d Aen•a lo:11e1dosa Frcsk co. d 

Polsgal.1 abyssinica C,mcl1rtts biflon,s Ruxb. -.. 
R. Br. a 

Moll11go hirla Thumb C Tepliro~icr p11rp11rea Pers. a 

Tria11flie111a mo[logyna 
Linn C 

3. Cal >lropis-Lept ,demia Associatho. 

C:rl Jfrop:s Pr::ice,a Rbr. d L ~p!:rdenia sparlittm 
'N1tht eo d 

Crotalaria burhi1 Dill 

Sida cordi/olia Linn 

Cynodon daclJlo,1 Pers. 

a 

C 

a 

Aenw to111a11fosa Porsk 

Acl1yrm1tlies asper« Lino 

4. Gymnosporia-Ephcdra Association. 

C 

C 

Gy11111osp1ria mo11fa11a Epliedra Joliata Bciss c 

B~nth d 

Calotropis procem H. Br. a 

l\follugo cen·ia11a Seringe a 

Cocci, .ia i1t:lica 

Wind& A C 

T, ib11l11s terreslris Linn (l 

A'111 til m indicum Sweet C 

Cwchrns biflo,·11s R•ixb (I 

Engros/is 11uiol1 ides 

Nee~ q 

Mollugo 111dica11lis Lam . 

Sperm:icocce calyptera 

Dene 

Commefi11a bengale11sis 

Hask 

Achyraiill1cs aspera Linn 

El~usine ae i,•P ica o ~sf 

A11drnpogo·1 fauwla!1ts 

Hel 

a 

C 

C 

a 
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(E) PLANT ASSOCIATIONS ON MOIST ROCK STREAM. 

I. Cryptcstegia· Si sbania Association-
Cryptostegia gra11.fi/hra Ses/Jania aegyptiac,1 Pers c 

Hr. d 
Co1n-oln1l11s an,o,sis I ,inn c 

B ,,e,·ltat,ia dtjjus(l Lin II c 

Heliotropi111tl ow,li/oli!tm 
Fors!<. a 

Tr .-a11t .',e111a 111011ogy11a 
Linn c 

C!tloris barbata Sw. c 

Morind,i i11dica Linn C 

CsPer11s co:npres.ms Linn e 

Ac',yratt!ftes aspcra Linn a 

Co111111, li11a l·e,,g ale11<is 
Hassr 1· 

Elwsi ,,e aegyp! ic a Desf a 

2. II Hygrophvlla Sesbania Association. 
Hygropllylla lo11gifoli:1 S l's!Ja11ia aeg,,pt .:.1ca Pers. C 

I,. Br. d 

A111a1·a1il11s spi110s11s L;nn C Boerliat ,ia dif Jusa L;nn a 
Eclipta ffecfa L;nn C Polygo,111111 plebejttm Linn C 

M,,ll,,go I ri;5r11elloides Arge111011e mexica,,a Linn C 

Linn a 

C y110 l 011 ddcl J loii Per!'. a Chloris b.1rbat.1 Tri,r 
& Swartz a 

(F) PLANT ASSOCIATION ON SALINE RIVER BED. 

I. Tamarix Association­
T,w,arix dioic i Hoxb. 

Pl11.cl1ca la11ccolafa 
C. Bci. 

S11aed<1 Jntlicosa forsk 

d 

a 

a 

2. Tamarix-Plucl:ea Ass·>ciation. 
T,w,arix dioca Roxb. co. d 

Farse1i,1 j acq11e1110,,t ii 
Houk a 

Ta111arix gallica Vahl co. d 

Farselin j,1cQtte111c1iti Hook c 

l{yli11gatri.:eps Rottb c 

Plucltea la 11ccolata 
C. B, C'. 

Cleo111e papillosa Stand 

d 

C 

(G} PLANT ASSOCIATION ON LOAMY DRIED UP SOILS, 

I. Polygonum Potentilla A• s iciation. 
Polygo111t11i fl :!bei11111 Linn d Pole·1/illa d,s 1rlorum 

iUarsilea qttadrifo.'ia 
Linn 

Eclipt-K erecta Linn 

Clco,11e i•isoo ;a Linn 

GJ1ia11dr0Psis pe11f_7pl, ,ylla 

a 

C 

a 

De. c 

Linn co. d 

H cliot ropiu.111 1111d1tlata 
Vahl a 

A111ara11/11s viridis Linn c 

Bocr.1t .1v a diffnsa Linn c 



Prosopis Sp. cigera pla11t badly 1111d£lated. 



Prosopis Spicigera 



A big 'tree ' of Cappiris aph~lla at Bhikam Khor. 



Euphorbia Neriifolia Linn on rocks in, Jo:ihpur. 
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2. Coldenia Heliotropium Associ?.tion. 

Coldcnia Proc11111l:c11s Linn d 

Tcpltrosia p11rp11rea Pe.-s a 

AlJ1sicarp11s i,aginalis :--Jeck c 

Hcl iotropium i11dic11m'.Linn a 

Becr!iai:ia dijfusa Linn c 

Lij>pia 1wdijlora Rich a 

T-rib1tlt1s fcrr,;stris~Linn C Heliotropiu111 1111dulat111n 
Vahl a 

Ecl1pta erccta Linn c 

Porl11laca gra11diflor,1 LiPn c 

Elem:ine uegj"ptiaa Geertn a 

(H) AQUATIC:!ASSOCIATION. 

I. Eichornia-Potnmogeton Association. 

Eicl1or11ia Kunth d Potam?gcfo,i c rispus 

Lc11111a Polyrrhiza Linn C Microcyslis Sp:'. 
Spirogyra Sps. a OedoR011i11m Sp~. 
Wolffia arrhiz:i \Vi11111 ,. 

2. Hydrilla-Vallisneria Ass'Jcir.t:0:1 

H~J'[lrilla t·crticil!ata 
Casp. d 

Linn 

l' allisneria sJJiralis CeratophJ,1111111 r.c111ers11m 
Linn c::,. d 

Chari Sp,. a Nitella Sps. 

VI. ECOLOGICAL STATUS 

co. d 

a 
a 

a 

d 

It is interesting to trace the succession of plant communities 
in the aforesaid localities of different Ecologicu! set up. For the 
sn,ke of understanding sncccssional relation-ship betwren the 
different plant communities growing in t-hc area, we can conve­
niently divide the area into the following Ecological areas:-

1. Moist rock streams. 
2. Mixed bill nnd plain arens. 
3. Hard loamy plains. 
4. Sandy plains. 
5. Sand dunes. 
6. Ro.line river hed. 
7. Submerged nnd free floating aquatic as3ociations. 

8. Loamy dried up bunks of water re:3erviors. 
O. Dry Hills. 
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The chart represents the successional and climax relation­
ships of the vegetation of the different ecolo~ical orcas recognized 
in the course of t.J1is investigation. 

The pl a nt associationR that grow in Aandy plain orcas may be 
taken to represent the starting point in the development of the 
vege tation. Starting from this thrre is a continuous strenm of 

climax development culminating in the plant associ a tions that 

grnw in moist rocky streams areas and their neighhonrhood, 

pnssing through the associations on hard loamy plains n.nd mixed 
hill and plain areas. The vegetation in the sandy plains i:-1 sub­

jected to two disti11c t disclimaxes-one of them res11lting due to 
the shifting of sand by wind. This type of disclimax results in the 
scn.nty vegetation that is often seen i11 :iund dune areas. The other 
type of <lisclimax is of a physiological nature bro11ght about by the 
saline flowing waters of the river Luni and this type of disclimll,X is 
represented in the vegetation tlrnt we get along the saline river bed 
of Luni. There is another <lisclimax in oprrat.ion in this area 
resulting in the vegetation characteristically met wit,hin the dry 

hills, this type of discliruax seems to have developed from the 

vegetation on the mixed hills and plains due to the combined 
effect of several clima.t.ic factors such as wind and clrianage of t he 

soil by rain wa.tcrs. 

The aquatic vegetation is mainly represe nted by t!1e 
submerged nn<l free floting pl a nt associations th rit we get in the 
artificial water reservoirs in the hill vall eys. This piece of vegata­
tion develops into the climax type met within the tlry hill s pnssiug 

tl1rough vegefational areas represented by the dried up loruny 
banks of the water rese rviors. 

The pioneer sps. in consolidating the soil in the sandy pla,ins 

are represented by a variety of perennial shrubs nncl a number of 
nnnunls. The characteristic shrub sps. arc CapjHris ap!,ylla, 

C <TlotroPis Procera, Acacia leucol1ylum, Prosoj)is sj)ici{'.era nnd the 
introduced Prosopis J11liflom. The rainy season annuals include 
T ephrosia a number of grn sses and a variety of other sps. As the 

soil of the sandy plains become a little loamy due to the nccum11-

lation of hnm11s and retnntion of more wa t e r, more speciPs are 

support-eel in the loamy plains and the most important characteristic 

additions over the previous area include plflnt nssociations like 

those of Aristolochia, Echi11ops, C,1Pfx1ris, Salvadora, Euphorbi(l and 



othern. Furt.l1er increase in species nnd plant associations is 
represented in the mixed hill and plain areas which support, 
association,i of E11j,!iorbici - Prosopis, Ert/>lrnr :,i ,1 Capparis, GJm11'.J.,poria 

Caf>Paris et,1. The culmination in the clinrnx representl'd for this 
l'l'gio11 is met, with in the moist rock stream area9 where we can 
see the growth of an almost tropical forest. 

The disclim itx t.lrnt resuHs on the hill areas is represented by 
discontinuous a.s::Jociations of Eupiiorbia and Eup!iorbia alone for 
several miles. Just as Caj,jJaris and Prosopis seem to be pioneer 
species in the sandy plains, the Euphorbias appea.r to be pioneer 
on rocks. 

The rlisclimax resulting in the sa.nd dune vegeta.tion is 
represented by plant as:mciations of Caj,paris-Call:go11a111. Gaym-
11o~Poria-Ephedra, CalolrnPis-Lc,/Jlr,1t ,lew·a etc. The presence of 
CajJJ,aris and Lcj>tadenia in several sand dune areas clearly indicates 
that it must ba.ve been derived as a disclimrix from the plant 
associations growing in the sandy plains. 

An ecologica.l survPy of the YPgctation in the present 
investigated area revPnls, that it is to a large extent controlled by 
the vnrious ecological factors; the c-ffeet of the climati~ and tl.e 
biotic factors is more conspic11011s than that of the edaphic. By 
the recent symposium 011 the R njputnna desert several authors 
have pointed on the uniformity of climate, existing in the region 

for last Rever,il years. The in cluence of the biotic factor is changing 
the nature of the soil ns wPII r.s climate. The above facts are of 
extreme significance in evaluating foe status of the present 

vegetation and the methods which can be adopted to improve the 

deteriorating conditions of Indian desert. 

In t.hc present investigation the vegetation has been analyserl 

nt c1 1·rr· t 1 bi·tat situations and a critical survey of the fact~ <:ren in ., " 
noted shows that there is a tendency for development of tropical 
~orest type of vegetation in different areas where the water supply 
IRi f I .. n abundance. r1ie presence o more pant. species 111 nritural or 
a rLifi · 1 . · . tl I . I ·I · · I l c1aJ troughs or JrJSJilS even 111 . 1e p ams c Cell y 1c~ea s t mt 
wat:ci- is an in;portant factor in deciding the richness as well as t.he 

~ariety of tlie plant species. The exi;;tnnce of little microclimax 
111 a few regions of the investigated area strongly supports the 
nhove . concluswns. 
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The occurencc of water table at a depth of more than 100 
feet in many parts of Rajas than along wit.Ji the high mineralisation 
of water is a great drnwback for the developm~nt of proper 
vegetation in the area. 

There are several sma 11 plants associations that grow in the area 
of rainy season which are composed of a . large number of foreign 
species. The above fact reveals tlrntithc soil can support quite a good 
number of in ~ro:lucccl !'lpc ~ies provided water is made available. 

l\'Iost of the rainy se'lson annuals complete · their life by the 
t.ime 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 ra,iny senson annuals continue to grow even during 
the winter 5eason. This fact again shows that the water is an 
important factor in successrul colonization and establishment of 

plant species. 
)lost of the plant species that grow in the area are annuals 

and the lack of considerable number of perenial species is a great 
draw hack in the existing veget'l.tion. The perennial habit can 
be induced provided the water table in the soil is not affected 
much. This fact again reveals that wa ter 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 clim'1X of thorn forest huL the main import.ant 
drawback which retn, rds the development of veget,iition i~ the low 
water table of the soil. 

SUCCESSION OF PLANT COMMU~ITIES. 
l\loist rock stream 

i 
(Climax) \ 

Mixed Hill and Pl11.in--➔Dry hills 
i i 

(Climax / \ (Disclimnx 

Hard loamy plains Loamy dried up band 
i i 

(Climax I (Climax) I 
(Disclimux) Aquatic 

Sandy plains -----➔Saline river bed 
I (Disclimax) 
,!, 

Sand dunes, 
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PLANT ECOLOGY OF THE INDIAN 

DESERT, IN RETROSPECT 
AND PROSPECT. 
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Shantisarup M. A., M.Sc., 
Prnf. of Botany 

Dungar College, Bikaner. 

& 

M. M. Bhandari. M. Sc., 
Lecturer i11 Bo'Clllj', 

Jaswant College, Jodhpur. 

The planning CommisRion in its First Five Year Plan <levotecl 

a paragraph on the extension oft.he desert and its encroachment 

upon the fertile lands. Since then considerable interest has been 

aroused in the Desert and its reelamaliun. A review of the pla.nt 
ecological work done, would be of interest and value from different 
points of view. Such studies would help in providing a protect,ive 
vegetable coyer for the loose sand. 

The collection and study of the plants of Rajputana can be 

traced from the year 1852, when Mr. and l\Irs. Allen, G. L) 
publiAhed a book "The i·ie1cs a11d flm, ·crs f. om Gujrat a11d Rajpota,za," 
which contained nearly thirteen coloured plates. B11t Allen's work 
is only a botanical curiosity since the descriptions of most of tho 
plants are not on scientific lines. Moreover the phnts included are 

genernlly trees from the hilly areas of Rajasthan and Gujrat.. Very 
lit.tie information , if any, is given rela•,ing to the Desert plants. 

Jacquemont, tro.velled through Delhi, Ajmer and Neemach etc. 
and his observations were recorded in the 'jou•·uals of Jacq11emont' 

published posthumously by the French Government. They have 

hardly any refer<:nce to the plants of Rajpntana. 

William Griffith, a Surgeon in the Honoumhlc E,1st India­

Company's Madras establishment., hatl nn extensive knowledge nnd 
varied interc"t in different branches of Indian Botany. He tr(l. 



versed the upper pnrts of Sind on his way to Afga,nistan, and 

recorded in his private journals and literary notes ''The coI1w101i 

Des~rt }>la11ts of Si11cl a,,d Rajj>ufcrna", which he came acro!ls. Vast 

accurnnlations of liis notes nncl manuscripts were posthumously 
published in nine volumes under the editoro1hip of Dr. Mc Ciellaricl 

during the middle of the !!)th Century. 

According to Hooker and Thomson ( 185;3) ~fojor Vicary 
published a list of Aomc 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. 

Vi'c aro 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 fam '>11s I,,tro.f11ct, ry 

Ess~y in Flora !11dica, observe that about nine tenth of the vegeta­
tion of Sincl and Rajputana Desert are indigenous to Africa, out, of 
which at least one-half is Egyptian. With these, there are 

consiclcratlc European species also. Very few a,re K1stern in origin, 

The flora of tbc,desert of Ja'salmer resembels that of South Punjab, 
which also is a part of the Indian Desert. According to him the 
vegetation of the plains of i\farwar, which are continuous with the 

great sandy desert stretching in the west to the Indus, is not 
known in details. 

George King, 1\1 B. win W .Ls an Assistnnt Surgeon attached 
to the J\:forwa, A6cncy and later went to the Saharanpur Botanical 
Gardens, collected some data on the' Famine plants of Marw1r' and 
published them in the year 1869 in the Proceedi,,gs of Asiatic Society 

of Be11gal. He ga\·e local names of these plants but the botanical 

nam f s of most of them have now been found to be incorrect. 

Sir George King, F. R. S, later the Director of Royal Botanic 
Gardens, C,ilc11tta published in 187!) 1 an excellent paper in the 
Indian Forc,stcr, 

11
T/1e sh<'lcli of tlief/Jra of RaJp11ta11a". It remained 

for many years tho only trne scientific record of the plants of 
Rajpntana, including the Desert areas. 

The most, useful refcrC'nce about the plants of Indian 
Desert can Le traced in an ''J11trod11cfory 110/e to Jodhp11r a11d 

Jaisal,ncr, trees and plants" This is an anonymous list, neither 

the name of the a,uthor, nor tho publisher, nor any date, whntsoever 
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is given. Blatter and Hallberg (1917-1921) ascribe this note to 
Miss Macadam Sho published anot!Jer list "A list of trees aiid 

Pla,its of Mount Abtt", which was pnblished at Jodhpur. The 
general arrangement of the pamphlet and the treatment of the 
subject in these two publications are similar. l\:Iiss l\facclam has 
given vernacular and Botanical names, together with their utility 

and short descriptive notes of trees and plcrnts found during the 
month of November to February in the nei~hbourhood of Jodhpur 
and Balotra and a march from the later pliice to Jaisalmer where 

she halted for trn days in the monll1 of December. About 140 
species have been ennuruerated in this list. Adams (1895) gives 
"A tis of the pla,tfs of Jodhp11r, ].,is.1/lfler and Ilfo1t11t Ab,/', by l\iiss 

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 SiJohi States, 
The W,-ster,i Rajpnt,111<1 State Ag:11<y Ad,tms (1895) gave a chapter 
(404-422) on 'the forests a11d flora' of the areas, listing 48 species 
of trees and plants and 5 common grasses of desert areas. It is 

most-ly 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. I. The notes about the plants of 

Rajputana have been added after King (1874). 

The most remarkable work on the plants of tha Indian Desert 
was published in the years (1917-21 , by Fr. Blatter S, J., and his 
"orthy associate Prof. ,F. Hallberg. Reverend father Ethelbert 

Blt1tter 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 ,vas 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 have attracted ths attention of many Botanists but tho 
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. Bulsarn came to 

Jodhpure and the party visiLcd Jodl1pur, Bhikamkor, Phalodi, 

Jaisalmer. B11,p, Vi11jora.i, Barmer and Balotra etc. which are the 
earily accesssible parts of the lndi11,n Desert in west. The botanical, 

geological and meteorological results of this important tour were 
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published iu the Jouriials of B0111bay Natural History Socit:fy, 

of whieh Father Blatter was Editor for a number of years. 
This' Flora of tlze Indian Desert ' was published in two parts, the 

Part- I of which contained th e list of plants including some new 

specie3 and ecological and meeorological notes were given in part II. 

'l'hey have listed 507 spE:cirs, belonging to 69 families and 

272 genera out of which 440 are indigenous. Although the nature 

of Florn is mixed but vVestern elements are preponderant in 

the region. 

Blatter and Hallberg followed Schimper in describing the 
typrs of vegetation and cali it as formations on the basis of ednphic 
factors . Five m£Lin types of formations were recogni,,ed by them 
Aquatic, Sand, Gravel, Rocky and Ruderal. These formations 
were further divided into sm .dler units of associations ('Varming) 
and families ( Clemen ts) . 

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 wo, k on the vegetation of this area 

for some more years to come, it i,, only n. list of plants occuring in 

different habitats and localities . The absence of descriptions etc. 
render it unsuitable for identifying plants in a satisfactory manner. 

And, this, it is all the more regerettcd, as Fr. Blatter was, we 
believe, a systemat.i~t of a great promise, q11ite able to have deter­
mined the planls of the regions which he explored. Moreo,er, th9 

Indian Desert covers much more area than the places they visited. 
They did not visit the N. E. nnd the interior of the we~tern desert. 

S,ihnia ( 1919-21) who 11ccompnnied Bhitter and Hallberg 
studied physiological anatomy of the plants of the Indian ·Desert~ 

He selceteJ representative pl 1nts from different parts of the desert 

and e xan in eel 50 fa mi I ies, 125 gc :i crn n nd 1(35 Rpecies, and the 
endeavours of his results were p11blished in the Journ .1! of /ndi,rn 
Botanical Society . 

Agarkar ( H.120) studied the ml'ans of dispcrs :d and the present 

day distribution of xerophytes and sub-xerophytes of the N. \V. 

Indi« and traced their origin. A note on the ecology of the plants 

of the Indian Desert (SillCI) was published by Sllbnis in 1!)29. 
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Champion ( 1936) recognised the following types of vegetat.ion 
i~ Rajputana : 

5b, Cl Northern Desert thorn forest,. 

5b, 02 Nort.l1ern Acacia scurb forest in regions with 

rainfall between 20"-40''. 

5b, C3 Northern E11phorbia 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,i ou/li11e of tlze veget.rtiori of J;:clia' recognised the desert area 
under the "Indus plain region" one the of s0ven regions of vegeta. 
tion types of India whi0h he distinghuished. According to him the 

whole area attrads "physiological botanist and ecologist rat.her 
than as systcmati:lt . 

Y. Ramchandra R1to 11941) while studying the habits and 
ecology of the Desert Locust p blished a list of sorue of the more 

common plants of the desert area of Sind, Rt.luchistan, Kathiawar 
and S. ,v. Punjab. The local names of the plants, as they are 
known in different linguistic area.a, 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 indigineous 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 

Desert. It marked the period of renissance in the liistory of the 
study of vegetation of the Indian D ~sert. It is significant that to 
begin with almost all the papers came from within the boundary 
of Rnjasthan. The start was made from the Botany Department 
of Jaswant Colle~e, Jodhpur, and some papers on tl1e ecology of 
the desert vegetation were also contributed by the stnff of t.he 

Botany D epartment of Birla. Coll ege, Pilani. 

Shanti Sarup (1951) to start with published a preliruinary list 

of t.he plants of Jodl11rnr and it.s ne.ighbqurhood which was 
published in the Rajputann. Univnsity Studies. This has since 
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been revised and printed again (1954 a). Anr,ther list of pl:J.nts of 

N. "\V. Rnjputana was puulished by Sankhla (Hl51) in the same 
journal which ennumerated nenrly 500 species of flowering plants 
with their life forms. The ecologicu.l studies of the vegetation of 
the Indian Desert was renovated by the publication of the 
''Biological spectru11i of the Flora of tliio Indian Desert" by Dass and 

Shanti St1rup (Hl51 . A comparison was ma.de with the climates 
of the other deserts and the vegetation was characterized as 
Clwe1110JJl1:1,tes a11d Therop!,ytes. 

Mulny and Ratnam (l!l50) contributed a paper on the ecology 
of lhe vpgctation of N. E. Des?rt areas (Pilani) and classifi(~d the 
vegetation as Capparis-Prosopis formations. Ramchandaran (1950) 
studied the grasses of area round about Pilnni and pointed out that 
there are typical Psa111opr1ilo11s grnsses growing in the area. Only 
the abstrncta of this nppeared in the Prnceedi11gs of the /11dia,i 
Scie11ce Co11gress. 

Ratnnm (1951) surveyed the vegetation in the hilly tracts of 
Eastern Rajputana (Lohargal) and arrived at the conclusion that 

the factors governing the growth and dcvelopement of vegetation 
are different in the two regions and consequently the vegetation 
of the hills differ from that of the plains cf Rajasthan. 

Shnntisarup (W52 c), contributed a paper to the 39th Indian 
Science Congress on 'The V l!getatio11 oj J odhpur mid its 11eighbo11rhood', 

which mainly deals with different ecological formations. 

Then came the most important event in the progress of study 
of the vegetations of the !nu.inn Desert. which renewed the interest 
and enthusiasm of t.hosc interested in the study of Indian Desert 
vegetation-a symposium on the R,1jpnta11a Dl'sert. The Govern­

ment of the country (and of various provinces) and its scientists 

realised that the condit-ions of Rajputana Desert, a.re deteriorating. 

Fear was expressed tlrnt the desert is spreading at a.n alarming 
rate; the Government of the provinces pbnne<l to arrest the spread 

of DesPrt and reclaim a part of it. A hove a II 1 he council of 
Nati'o11nl lnstit11te nf Scie11ces of India decided to ;1rrange a Scientific 

discussion of all aspects of India Desert Sciences .Geology Chima to . 

logy, Soils, ,vatrr, Archeology, Biology etc. A steering committee 

was appointed by the council to arrange 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 f:lympoaium were published in its 131111. No. l, 

Nat. Inst. Sci. India, September, 1D52. 

It is out of scope for nn article like the present to review all 

the papers presented to thias ymposium but we shall give short 
reviews of only those papers which are directly concern<"d with 

tbe study of the vegetation of the Ra,jputana Desert. 

Though the pape1s 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. Shant.isarup 
(1P52 a) in an extensive paper dealt with the extent and develop­
ment of the desert and the influence of climatic, edapbic and 

biotic fact.ors in the "Distribution of the vegetation of the area". 

Three ecological zoneil are .recognised:-

I. To the south and south east of the Region nenr the Arawalli 

hills but not strictly in the desert. Here some natural 

vegetation is found. 

2. Semi-arid region about JOO miles parallel to the first 
region where plan ls of the most xerophytic type nre fonnd. 

3. The arid region to the extreme north and west of the 
region. Here the vegetat iotJ 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 <l 

to be adopted in attempts to ttfforest t.he area. 

Prof. S. P. Agarkar, Director, Maharashtra Association, for 

the cultivation of Science, contrilrntecl a paper on the plant 
Ecology of the Rajputa,na, DesP.rt. Dr. K. Biswas, Superintendent, 
Indian Botanic Gard eris, Howrah, in a ahort paper on the '' Desert 

vege/alion" regards only a few places as true cleirnr t . He after 

discusaing the general aspects and problems of the India,n Desert 

concludes by pointing out the vast opportunities for studying the 

variou;i problemg a,asoci ,tted with the plant life in the de5ert areas. 
Dr. Hora, (19;32) president, Nat. Inst. Hr.i. of lncl;a, while reviewing 

these papers pre3entecl at the spmposi11 □1 observed that tha Flora 

of the region is not so poor l1nd tbut with suitable experimentation, 



ihnay be possible to find indigenous species, which may thrive, 
well in the arid and semi-arid regions to form a protective vegetable · , . . 
cover. 

~ _.!. ; 

Another symposium wns held at Jerusalem by the Research 
¢ouncii of Israel, in co-operation with the specialised . agency of 
ti. N. E. S. C. 0. on Arid Zone, in May 1952. Shantisarup (1952 b); 

~~11tributed a paper to this· sy'mp·osium on 'the Ecology of N. W., 
B:njasthan. . ' . 

' I . 

i ! "/ 

A sei·ies ·of contributions to the plant ecology then followed 
fr'om the Botany Inparlmetlt, of J11sw:.nt College, Jodbpur. 1 

Shantisarup and L. N. Vyas (1953 & 1954) undertook an ecologicaL 
survey of representative areas and habititts taking intp .con&ider~- .. 
t.ion the edaphic, climatic and biotic factors. Various plant 

, . .. . • : . . ; ; . . r 

communities were studied and their relationship pointed out. The 
animals exercise a very adverse' effect Oil the ·vegetation, destroy-' 
i1_1g it ruthlessly, ~!ian.tisarup and Kisha.n D11tt (1954) studied the 

. I " ' ! . , , . 

-y,egetation of Jocihpm· in relation to the soil and analysed the 

Vja• ions edaph_ic factor~ and their role in detern.1ining the nature ' 

of \'.~getation •. , . 

Puri and Shant1sari1p (1954) have recen't.ly contribdted a, 
1\aper on thP Vegetation Types ·of the Raja.sthah Desert. ,,, 

•I . I 

The react.ion, of the indi\·idual species t.o .. its habit.at a11d., 
environment play an important part and more so, in the dry and 
liai·i-en {i.ren's, whe're t'.he · ·VPgetation lS ·Sparce. · ,vith this peint in 

view, Sbantisrtrup and S. P. Singh (l953J·Studied the autecology of, 
Tepl1rosia P111·pure<1·Pers.~'a very common pen·enial plant of the 
Indian Desert found in all odd hnbitnts. IL has been concluded , 
to utilize this· species in formulating ~chemPs for afforestation. 
Gy11andropsis Pentaphylla DC. was anothrr such plant. the autecology _, 
of which was studied by Shant.isarnp and Tandem . (1954) . 
.Aiiteco'logy•of A11isochil11s e;.ic,phalus Benth., llfollogo ,:11dica11lis 

Damk. ·and M11llttgo cen,£a,za Serr. have also been studied by Bakhsi 

(1952) and Bakshi and Kapil (1953, and (1954) respectively . 
. , 

Biswns and Rao (1953) dealt with the Rajputana Desert against 
the background of the desert:; of the world and divided it into 

three Zol')e8: Desert 5"-10", A_rid 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 been added. · ' 

Sha.ntisarup (1954b) observed that undulatiom1 play an, 
important part, in the water economy and hence the plant life of. 
the Eemi.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 buud:1 etc. could help utilize thia 
feature for afforestation of the region with Prosopis julifiora and 
other species. 

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

The systemc1,tic 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 d_esert. A 
start in this direction was ma.de by Dr. Sabnis (1919-21) who 
accompanied Blatter and Halfberg and worked out 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 
iii the plants of the arid and semi -arid areas. Ratnam and 
Kapoor (1953) corelated the morphological features in the tubersi­
zation of roots of some common Indian Desert plants with that of 
environmental factors. Ratnarn and Bh argava ( I 954 )studied_. the 
effect of photoperiod, and Ca, K and Mg on the physiology of some 
local plants. The study of trn.nspirntion of desert plants being an 
important phenomenon R1tnam and Daulal (1953) studied the 
transpiration of some comm_on Indian Desert plan t.s. The distribu­
tion, morphologr and anatomy of nine species of local plants have 
been corelated with the rate of their transpiration. These results 
reveal that in the affo~estation schemes common local plants like 
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Crofalaria b11.rl,ia, JJ 1rleria aca,rtl,oides, L ett ,1,/e ,,ia s/J~rli11111. 

A,rua pscudoto111 e11 tosa etc. are of great 1:1ignifica11ct•. Ratnam nnd 

Prithvi Singh (Hl54) studied the nbsorption of water by roots and 
their relation to the stomatal apertures in some of d1e Indian 
Desert plant.-;_ The physioecological status of these plants ha Ye 
been studied and it hn;, been concluded thn.t. these plants require 

scanty wn.ter and can Vl'ry well act as 1,a1Hl binders. 

The vegetation of the Indian Desert has been diYided by 

almost all the workers, on the baAis of ednphic factor3 into five 
formations-Sand, Gravel, Rocky, Aq1rnt.ic and Ru<lrral. In order 
to review the veget.af.ion types of the Indian Desert plunts, short 
review of t,hesc various types is ne:::cssary. 

DUNE VEGETATION 

The sand dunes of the Indian Desert constitute a, well defined 

ecologi~al and vcgct.ational entit,y. Blanford (l::iiu) who visited 

some parts of tl1e Indian Desert studied its physicitl geography 

wit.h special reference to the formation of sand hills. According 

to him three types-the longitudinal dnne:'l, the Barchans ,rnd the 

transveroe dunes,-occur in the Indian Desert. According to 

Oldbhm (1893, all these are due to the cburneterstic action of wind, 

but longitudinal dnnos occur where wind is stronger. Raychaudhuri 
and s~n (lO,B) are however of the opinion [.hat where the wind is 
stronger dun~s of transverse type occur. L ii Touche (ID02J obser­
ved that big trees occur on the )e3ward side of the transverse 
dunes: inclientive of stabilization for considerable time. Raychau-
1lhuri and Sen (l!l52) on this basis conclude that the dunes are 
generally establishec.l in the North-enst due to the encroachment of 
the vegetation. According to Blatter nnd Halibcrg (Loe. cit.) some 
t.imes these dunes nre formed with extreme rapidity in few hours, 
but when they aro.} in hollo ·.vs between f,wo hills they are f.tationary. 

Formation of wind ripples is another important feature of the wind 

on sand, tlie Inter due to constant forward motion make the gn­

mination uf src•ds more or le8s impos5iule according to the8e 

authors. They studied the charact.erstic n~soeiations !!.nd conasso­

ciutions of the dune pl :wts and pointed out tlrnt, Ca/ligo1111m poly­

gonoides, Aerua ton1enfosa and A- pscudoto111e •1fos ,, /11d1g, Jaa a, ~e,i· 

lea- Lept denia sp.Htium. Crotc1lciria brrrlrirz Citiull11s colocy11tl1is, 
Farsetia sps., Calot,opisc procera and many grasses particuhnly 
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Apecies of Padc11111-, Elcri sir:c, C.mclzr11s cal/iariic11-s and stoloniferous 

Cyperaccae piny an impor!ant, part in the fixation of these dunes 

nnd in I.lie prorcs3 of sn11tl binding. 

GRAVEL VEGETATION 

The grav6l is a co:us 3r type of sand and the \·ogetation 

peculiar to it is lrncwn ns the Gravel formation It covers a very 
lnrge nrca of the Indian Desert; this is because Indian Desert is 
not a true de1.>ert. The ,,· ind picks up and transports the grains of 

the gravely ,3oil, depositing them finally on du11es, 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 grnvel veget,tlion is effected to a lesser extent by the 

prevailing winds and the seed germination is generally easier in 
this habit and once the vcgctntion is estub lished, it checks to a 
considernble extent the loss due ta soil erosion and runoff. The 

typical gravel pl:tnts arc Fago ·1ia cn:fica, /3oirlzaavia diffusa, Cleome 

p.1pillosa, Eli11si11e sp, Aristi,l ,i sp, Trib1tlus terrestris, Corclzorus 

and Iwligofaa sps. l\Iost tre es and shrub:1 of the region belong to 

gravel formation, e, g. Gy111nosperia mo11ta11a, Capp.7ris, aphylla, 

Zizyphus sps, Prosopis sp icig1r,1, Ac.7cz'a arabica, Acacia se,iegal, 

S .ilvadora oleoidis ,;wd S. p irsic:i etc. An internsting ecological 
change has Leen reco rcle,l hy Bltittcr and Hullbarg of Callig ,11 1tm 

polyRai:oides a typical dune plants 'which coriously enough in such 
hnbitnts• has been report ed to become a lnrge climber. Bhandari 

(1!)5.J.) is however, of the opinion that the plant Eplze:irn foliata 

Boiss, a climber, has been mistaken as C<1l1igoiium polygo11oides, 

The typical gravel plant s may either have stif.h more or less woody 
branches and lie flat 011 tl1 e ground or have bushy lrnbits. Impor 

tant associations of grnvel plants have been studied by all tho 

above mnntioned authors. 

ROCKY VEGETATION 

Tlt e main rocks of Arnvullies are r\()chacan gacisses, mieaeeous 

-and hornhlends scl,ists, marble and qnarlzites. The soils here are 

shallow and unstable bearing a dry type of forest , (Puri 1952). 

Blatter ct al. (Joe. cit.) visited only three rocky areas (i) Kailana 

and ~[nndore near Jodhpm, (ii) Jnisalmer and (iii) Barmer. 

These three arel\s show distinct differences as regards the floristic 
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composition of th eir association. Though most of the species 
occur in ouly one or two a reas n11d many are common to all the 
t,hree yet ehowing striking vari:ttious in their frequency. The 

commonest plcint,s of such formations arc: E,,p!rorbia 11cri1joiia, 

Gr.: wia pop11lifoiia, B .uleri.i aca1tll1oides, A sp .-i ,·agus 1·acemos11 s , 

B .irleYl·:i prio ·riti :r, Pill"s1t i.1'm tc r.rntlrc :1 fc,v M .1l v,1ccae, L epidagatlris 

tri,ien •is , Teplrro si ,i f)l(rprirea, Oryzia d .;c1t 11t ''e 11s, Saisa/a Joe!i :ia 
and m :rny grns,ws. Th e xero phytic fern Acti .roPicris dicholoma 
is also comrn011 in crevices and shady places higher np on these 
hills and the evidence of cry ptoga mic life is also not uncommon 
after heavy rains p a rticulul'ly 2-3 sps. of ;_· ic,·i a , a mos!'!, many 
Lichens and sorno Blue gre e n Algae. 

AQUATIC AND SEMC AQUA TIC VEGE r ATIUN 

Water is very sca rc e in th e D ese rt ureas and th ere fore where 
ever possible artificial water resen·o:rs ha ve Lee n constructed 

preferably with rocky basins . Blutler and l:falluerg ( loc. cit. ) 
hnvc enumerated some aquatic and semi aquatic species occuring 

in these reservoirs. ponds, pools and puddles. Acconling to them 
the submerged flom is rnthe1· poor and very local. On the other 
hand the semi-aqu a tic flora is well d eveloped. The absence of 

Hydroclzaritace~t, R,,t,ila and aquatic grass es is co nspiuou;; but the 
occunence of two spec ies of Natas, N a,.-slrah s aud N, wdwifschii 
both of which arc n ew to Indi,t is very iutcres ling. 

Biswas a.nd R ,io (l!J.33) .listed 27 species of aq uat ic and semi­

·aquatic plants in the desert, lakes and JH,nds, which h ave berm 

r eported in the previous literature. In these papers there is 

a mention of only on e species of C!rara forming aqurdic algal 
vegetation. Bhandari ( W.:i2) in n preliminary report on the algal 
florn of the w,1ter rc:n r vo irs, other sem i- aqu atic a nd subaerin,l 

habitats. has rcp J rted 109 sp ~cies of algae occuring in Jodhpur 

and its environs and out of those th ere a.re 6 sp . of Gt,ara. 

Sb.antis,irnp (195-! J h as studied the aquatic and seminquatic 

vegetation from the wa te r reservoirs of Raj as th a n and bas reported 

57 species belonging to 17 famili es ttnd 40 genera b esid es speei1 s of 

Chara and Marsif.:a. Some nquatic associations found in the area 

are mentioned. The di striunt,itn of the wa ter plants of Jodhpur 

throw some light on t.he origin of t he Hurn of th e desert area. 
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SALT PROJ3LEM AND HALOPHYTES 

Salts of \"'ario11s types occure in the soils, surfnce and under­

ground water of Rojasthan Desert, l\f;,jor Hacket (1881) was the 
first to examine it in details. Holland and Christie (]!)01) propof,(ed 
a wiud bronc theory for the origin of salt in Rajputana Desert. 

This theory has come 11nde1· s e vere criticism by Godbole (1U5l). 

Auden. (l!J-!9-l!l52) raises some tldfi :1dtics in supposing that the 

present salt lnkes have any connect,ion with l\Iesnz ,ic and Eocene 
seaR. He ha!:1 listed n~wber of 1,oi11ts which nre not understandable 

on Gudbole's hypothesis. Various arguments have ken given for 
and against these theories. 

This salt problem hrrs been littln studied in relatic,n to vegeta­

tion. Aquatic vegetation particularly the algae has been atudied 

from t.ime to time and important conclusions derived regarding the 

origin of saiinit,y of R a jasthan from these studies. 

Blatter and Hallberg (loc . cit) have mentioned a few halo. 

phytic species. Recently 13iswas and Rao (Joe. 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 d•itailed analysis of the soil­

plant-communities bttve bzen recorded. Shantisarup and Vyas 

studied the salt plants occuring in Jodhpnr Tehsil. According to 

Sliantisarup (19,,-!) Ta11urix dioica, and Tcrniarix &illica, gregarious 
trees are common on the banks of the saline depressions. 'l'he 

other c:.immon phnts arc: l-Ja!rixylon sali:or11 ic 11111. Bge. S:ilsola 

Juetida Del, S11aeda. Jrnticos .1 Forsk, At, ipl~x crasszjolia Ctulay. 

Plucheala11ceolata. etc. These areas represent another ecological unit 
with sranty yet distinetin! type of vegetation. He has now under 

taken a system a tic :;tudy of the halophytes of PaeLpadrn, and 

other snline areas of the desert. 

The salinty of Riljp11tn11a desert ill wid e spr ad and extensive. 

The causes of its origin still r e main to ho explainer! . They are 

r esporn-ible for the formation and expnnsion of the desert. 

SOILS AND VEGETATION 

The systc urnt.ie 8tudy of the soils of lL1j c1 sthan Desert is 

sca nty "\,Vadia, Kri~hrwn and l\Iuke rj ee ( 1!)35) d esignate the .Desert 
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soils Lo be mainly composed of wind blown and locally disintegra­

ted sandy soils of ullrnlinP- and salty nuture. In a map accompaning 

their paper, they rccorcl saline sn.nd, slit and muds, saline and 

alkaline soils and blown sand in the <lesert. In the first soil map 

prepared in 19-!3 much of the soils of Indian Drsert ha.Ye been 
classed as coarse alluvium. Raychaudhuri n.11ll l\Iukerjee (19-!7, in 

a recent map have named them as Desert Soils. The drnert sands 
of .i\f irwar were ex: .imi1ud by Prnof, G. R. JfoC.uthy ( 1935) of 
North Carolina, who comp1red these soils with the soils of the 
desci·t regions of different parts of U.S. A. and Algeria. According 
to his findin5 they ,ire l)f eolian type-a type which could 11ave 
easily rolletl along the ground rather than blown through the 
agency of wind. These sandd contain Yariable qu,tat-ity of lime. 

According to Raisinghaui and Pithawalla (Hl43, the alluvial 
soils of valleys are definitely richer than that of the hill surface 

and the silt content of the former is also greater. Pitbawalla 

(1937, '42, '41, '52) observed that these desert sands have been 

derived from (a) Subacrial denudation of rocks (b) Aeolian sources 

(c) Ancient coasts of estuaries, (also mentioned by Oldham, 1893). 

_Most ly they have been derived from rocks and transported 
by mighty rivers in the pnst ngcs, 

1
Pithawallo. 1935). Ghosh (1952) 

adv~cated the study of Desert sands since it- Jrns nn important 
beanng on the question of its movement and prevelance. 
Rnychau<lhari ·1.n<l S (19- 9 c1 · d I b · d ·1 f R · ' en a .. )stu 1e tie urr1e soi so ttJputuna. 
Tharnne (1959) c 'b · f 1~ · d 

. ~ 0 ntn ute<l a paper on the s01ls o .. aJputa.na an 
Smd deserts to ti R . · H d' ·u <l . ie ttJpntan,l Desert Symposrnm. e 1v1 e 
the soils of R tJ. t . 

pu ana lll two regions: those to the North west of 
Aravalies are wl ll . · . 10 Y s:i.ndy 1\lwa,tered and unproductive but are 
more fert.ile in tb E '. . 

. e • ,,sterns1dcs.where they clrnnge from sandy to 
clayey 111 chnr·:tct 
. f ·t·i 1, ' er. The second re11ion lying S.E. of Aravalies is e1 l c. ·"-ant ·1 o 

I., .J·putana in 
I 

c~r ( l052J observes that the soils of ·western 
..,n, partic I· . . . . . 
id phosphoric . 11 

' 11 are cleficrnnt 111 orgamc matter, mtrogen a1 ttcid b t 
roper method:,; u all these deficiencies o,i n be made good by 

P of cutt· t· , . 
I uclhari ( HJJ •) i'. iva 1011, rotat10n and rnnnurrng. Ray, 

c 1a. -_. II another • , 
ln 5sified J1•S of thn t a_rtitJ!c Desert soils a11d Desert Jarmini( 

c " '' ot•I( I · • 
l·nht loar..1s and I .' cu t1vatablc land occupied Ly Desert soils 

us lo ll' ,t-vy Jo · 'l'l · . t. nd ti . .11ns. icre JH a gn!at depth of loose scd1!.llCll ,l te aiuuunt f I • • 
_ , . 

0 e; ay 1:-; less Ill surfac.:c Lut may reach 
ubout 40"o Ill the lower la.,·crs Tl . . I I 

' 'J •• 11s 1a proJaJ!y clu e lo erosion 



112 

and runoff. On the basis of the ffnal report of all India soils 
survey schemes (1948 :he has grouped the Bik~ner soils nnder grey 

soils.which develop salinity nn<l alkalinity due to low rainfall and 
high evaporation. 

These soils have poor water holding capacit-y n fact which 

has a profound eliect upon the vegetation and the development 
of the plants. Little work if a.ny ha.3 so far been done as regards 
the nature of soils in reLttion to its vecietation. Blatter and 
Hallberg (loct: eit) 011 the b ,1sis of ed ,1phic fact-ors classified the 

vc·getation of the desert under various formalions Soils types is 
one of the important factors influencing and det,~rmining the 
vegetation of the desert area (Shantisilrnp 1952). The subsoil 
water supply is very poor because in the major part of the desert 

it is derived from the precipila.tion wliieh is low. The only source 

is the subsoil water. The subsoil water of Lnsins being hi~h they 
show better g.owth a:1d freq11e11cy of vegetation. The presence 

of salt in the soil is another importont factor which determines its 

vegetation. Puri (l!J;32) also divided the vegetation on the basis of 

the nature of soils as has been done by Blatter and Hallberg. 
Ratnam and Kapoor (lfl53) studied the physical an<l chemical 

aspects of locnl E'oil~ in Jodhpur and corelated them with the 

morphological features an<l tuberis,it.ion of the roots of some of the 
Indian Desert plants. Shnntisarup and Singh (19531 & Shantisarup 
and Tandon ( 19iH) sl,1;died the soils of diff0rent regie,ns round 

about Jodhpur in connect-ion with their studies 011 the autecology 

of two loc,d plants. Shantis ,1rup and Dutt (1954) studied 

the soils iu relation to the vegetation of some parts aft-he India 
Desert. 

CLIMATES 

Ciimate of un urea plays an im1nrtant part in the formation 

and maint.enance of arid a11d semi.arid conditions. l\letrological 

data particularly with reference to rainfall and temperature of the 

arefl have been re~orded since the last quarter of the last century. 

(Adam~. 18!)!); Imperial Gaz:.rnte1· 1907; BL1nford 18991. Blatter 

and Hallberg also gave certain mcterological data of the parts of 

Jo<lbpur and Jaisalmcr. But it is in the recent years that :he 

climates of Rajaslhan !Jave been studied in details; though much 

remains to be <lone CVL'll 110w. Il;inerji lfl52) studied the wcatl1cr 
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factors in the crcn.r-ion ancl maintenance of the Rajpnt-a.na Desert­
,~- desert which occupies n worst positio11 in th e Hut D(•scrts of the 
world. He stutlicd the clim:itic vari::d ions, rain full and its 

dist.rilrntion in spacr, aridity fact-or wit-h precipitntion ratio; 
isolation, thPrmals, solar energy and t.h e probabl e fa cto rs affecting 
the minfall. Prnmanik and I-foriluran (l032J studied the rnnin 

climatic features of Rajasthnn by examining the mcterological dnla 
of the observatory s tntio11s is Raj ,1stlrnn . Rainfall, tcmperaturP, 

humidity , wind, thund er storms, dust storms, hail and fog etc. of 
the area have been sturlicd a nd notewort,hy features have been 
brought out.. In another paner Prauwnik, Harihuan and Ghose 
( l!J52; stur1 ied the metcrolo~i ca l con cl i Lion-➔ in the ex tension of the 
Rn,jns than Desert. In a separate paper R ·tmrdutt,han (10.32) studied 
t,hc atmospheric conditions o\·cr the Rnjputana Desart. Pr11m a nik 

(1952) stndied the Hy lt-ology oj R ,1jastlwn Desert including Rninfall 
humidity and evaporation, th e last of whi ch being many times the 
rainfall, Jtnq a~s•> been est.irn,itecl, Ev:,poration has b ee n studier} 
at cliffornnt pl :1ccs in the reg ion by Fergusso n (i!)-!-1), R ·.1m11n and 

Sata.kopan (19-18) etc . Ramdas (1952) in an article on D :! sert.. 

Hydrology studied the condensation and evaporation phenomenon 

in the Rnjastlrnn Desert. The hydrology of the Rajastha.n has 
also been studied by Dhir anrl Krishn a mnrty ( I 052). According to 
Stampe (l!)!O) the reg ion is cut off from the north by crustal 
upwarps . Suhsoil watrr i!'l th erefore not received from the plains 
of the adjacent nren!l. 'l'.1yl or (1052) stndi r cl the occurence of 
ground water in rocks of wes tern Rnjputuna. 

ARECHEOLOGY 

The areclieology of t,hc Rnjastlrnn Desert has always had an 

important bearing on the geology and geogrnphy of the Indian 

D esert. Important contribut,ion h ave, been made to this aspect, 

by m any arccheologists-Bhnford (I87G-'i7,; Oldham (1874-1893,; 

Setin (H)-12: Vats (}!)5~: Kri shnr1murlhy (}!)52); l\litra (1952 ;; 

Sankhlia (1952) etc. 

Afforestation and immobilization of the Indian Desert 

'l'he recPnt survey of t.hc India Desert shows soil eros ion 111 

the area is wide spread. It ha,q been rea lise ll that afforest.a of 

these tracts is an importaut proble m demanding immectiatc 

ettention. Bhndwar, Dey uncl Griffith (l!J48) have advocated the 
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introduction of some indigenous and exotic species for thispurpoRe. 
Recently, howe\""er, the problem hlls Leen stressed more than once. 

Banerjee (1952); Chatun·edi (1 95:?); Gamuhir Singh ( ]952 a & b); 
Puri (1952; Ganguli ]95l): Khosla (1952); :111d Shantisarnp (195 '}). 

PRACTCCAL STEPS TOW ARDS IMMOBILIZATION 
OF THE DESERT 

The Ministry of Food and Agriculture estahliehed a Desert 

Afforestation Research Station, undrr the aegis of F. R. I. 
Drhrudun at Jodhpur to study, i•iler alia:-

1. The silvicult-ure of indigenous s11ccics 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 rstablish rnent. 

2. The possibilities of introducing exotic drsert species from 

other countries and from other parts of India, snch as indigenous 

/(o:;lii(l i11dica, Prosopis j11lifiorn, ( an Arizo11a, U.S. A. e111111ign111t) 

Agat•e a,11erica11a; Acacia greRVi (from America) /1Iese1111rya11lhe11111m 
ed1tle (from NcwzealandJ, Russian olive from Afghanistan and 

others. 

3. rho edaphic factors especially the problem of salt in 

the soil. 

4. Hydrological condition!!, rainfall and wind velocities u.nd 

the nature of aeolian deposits. 

I. The etntion maintains a large store for di8trib11tion, free 

of cost, of seeds of various desert species that are comparatively 

immune from browsing. 

II. The station has also organiccl-
(a; The creation of oases of VC'getati,,n around various 

public institutions and stations. 

(b) Creation of a belt approximately 400 miles long and 
5 miles wide, parallel to the Pllkistan boundry and 

located about 5 miles, inwards the western boarder of 
Rajusthun. Jodhp11r, Jaisalmer strip is the first phase 

of 400 miles long, five mile wide shelter belt that will 
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ultimately fringe the entire Bokbasar- Gnngapur arch, 
streching from the Runn of Cutcb to PEPSU. 

(c) Establii,,hing shelter bPlts ulong selected roads (P1Lli-road. 
Jaip11r-Alw!lr, Ch11r11 and !lt other roads) and railway 
lines, (Jodhpur-Pali, 15 miles north of Bikaner, Ja,pur, 

Sik!lr, Futehp11r and other places) running transversely 
to the direction of winds . 

(d) A. nursey at Jodhpur nnd eight other centres-G11dra 
Road, Bnrmer, Poknrnn , Pali, Beriganga., Jh unjhunu, 
Snrdarsahar, and Chirnwa and an arboretum at Berigango.. 

(a) Afforestation of .3ome blocks of not less than a thousand 
acres each on different types of soil and rocky area­
Jbunjhunu, K.t1ilana, P,Lli, a semi-arid piece at Shekawati 
and a shifting sand site at the Rural University at 

Sardarsahnr. 

(f) Wide publicit,y indicating. 

(i) Harmful effects of cultivation on dunes. 

(ii) A.cl vantage of creating wind-breaks;around each field. 

(iii) Correct Agricult.ural practicrs. 

(iv) Improved methods of lopping. 

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

The UNESCO has sa>.1ctioned, under its Arid Zone Research 
progrnmme (1) a scheme by Professor Shantisarup for the study of 
the Flora of the Rnjosthan Desert and the preparation of a 

herbarium thereof (2J a scheme by Dr. F. R. Barucha for n. 

Phyto-siological study of the vegetation of the Rajasthan Desert, 

Some positively good work on these lines is being done. 

A project fi1rnnced by UNESCO is already under headwuy 

under the supervision of Dr. D,Lya Krishnn'1, Professor of Zoology 

Jaswant College, JoJhpur to study the role of Vertebrate Animals 

in the creation and maintenance of the desert conditions. 
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SOME PR ':>BLEMS 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-(l) the Relection of species 
for perennial cover and the scleclion of species for cove1· during 
the rainfall of the local perennial spc,ies, Prosopis spicigera Li,m. 
a,i_d Calligo1111111 pol),go11oides Linn. might be used to some extent. 
Prornpis gla11d11losa which is les!:I woody and grows more rapidly, 
however is more suited than the native species. It coppices well 
a.nd regenerates naturally. Its water requirements are also not so 
great as that of the other species tried in others deserts:o( the world. 
It is also suitable for covering the rocky areas and some partii 
have been successfully afforest~d with it. Calligo,mm polygo110£des 

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 p11rp11pea 

Per<'. 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 placeti Saccharum sfto!lfa11wm 
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 wit-h prob­

lems of their own, are :-

I. The improvement of grazing lands by rotation, enclosure 

and U10 introduction of lP-gnmes. 

2. There is conAiant breeze in the desert for major part of 

the year which could be used : 

(a) for wind mills for drawing water and as a source of 

P.ngcrgy 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 bells, etc. to minimise wind 
erosion and dessication and mrirch of the desert. 

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

4. The control of destrnction of vegctat.ion and deterioration 
of the area. 

5. Co-ordination of studies and afforestation work done by 

the various agencies and the public sectcr and formation 
of an Ov er-all-organization . Some of these problems in 
the immobilization of t:1e Indiiin Desert have been 
outline by Shnntisarup (1054). 
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