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Introduction : Cnnsiderab]e work has been done on the
physiology of drought resistance in crop plants. Most of the work,
however, represents attempts to find some simple-index of measuring
drought resistarice by means of easily observable anatomical or
physiological characters. Studies of such physiological characters as
water i'e'qujIEment, transpiration rates, bound water content, osmotic
pressure and water balance are some of the popular aspects of
apprﬂaeh to the prohl&m of dmught resistance.

Among these chmacters, osmotic pressure and transpiration
rate have been studied in great detail by many workers.. Root
studies have not received adequate attention owing to the difficulty
in studying this vnderground part-of the plant. The ~present -studies
relate to the above three characters in rice varieties which differ in
their degree of drought resistance.

Materials and Method : ' Osmotic pressure : Variability in osmotic
pressure: of germinating seed of the different varieties was - studied by
immersion in sugar and salt solution of different concentrations.
Suecrose solutions of 0°10, 0°20, 025, 030, 0:35, 040, 045 molar
strength were used in the frials. The survival of the germinated seeds
in the sucrose solution was recorded until the sixth day which was
found to he the maximum period after which they tended to become
mouldy. Further germination tests in 0°25 molar sodium chloride’
solution, 3 percent solution of copper sulphate and 3 percent solution
of potassium chlorate were conducted. Seeds were soaked in the
above solutions for 24 hours and thée soaked seeds were germinated
in water using germination trays. Counts of germinated seed were
recorded everyday till the end of fien days.

Osmotic concentration of the plant sap and root extract of
twelve varieties of rice was determined by ‘cryoscopic’ method using
the 'Beckmmm app'-.mtuh The varieties were all grown in tl:e
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puddle under indentical conditions. Sampling: of :the. leafs :m'e{;'B'rIM.
was done when the seedlings were 60 days old in _mm bottles. ﬁttm'l'
with lids provided with rubber washers and kept ;in. a’ mixture ol'ice
and salt for pre-freezing for 14 hours and the meterial was 'thawe:{‘

The cell sap was extracted in a hydraulic press at an’ 11n1f0rn1
pressure of 12,000 Ib. per sq. inch applied for three minutes.. The

extracted juice was centrifuged for five. minutes to remove -the cell
debris and freezing point of the sap was determined with the
‘Beckmann thermometer’.

Relative Transpiration : Two variefies Co. 13, a wet variety and
MTU. 17, a dry variety were subjected to atmospheric drought as.
per the method evolved by Mallik (1946). Rice seedlings grown in,
galvanized iron drums at 40 percent moisture level by weight were,
kept in the enclosures when 30 days old.  Evaporation from the soil,
surface in the drums was prevented by covering with a sheet of
rubber cloth. The enclosures were provided with 10’ x 10° khus-khus.
screens on all the four sides to a height of six feet, with the top open-
One enclosure served as dry environment and thé other as a- humid
environment. The humid enclosure was kept wet throughout the
experimental period by rolling the screen frequently . through the-
column of water underneath.

The experiment was conducted for ten days during which
time hourly observations of evaporation and relative humidity were
recorded within the two enclosures from 07-22 hours to 17-22 hours
with ‘Piche evaporimeter’ and ‘Assmann. Phychrometer’ respectively
kept at the same level as that of the plants. . Everyday the loss by
transpiration was made up by adding water. to the pots thmugh a
glass tube running through the soil column. The Joss in w eight
recorded everyday in the evening is the loss due. to, transpiration.
from the plant during the day. Leaf area measurements were taken
in each plant during the experiment. |

Root Development: Development of the root in the seedling stage
at defferent levels of water below- the soil was studied with root
development apparatus obtained from the Director* of Agricultural
Meteorology, Poona. The apparatus consists of a metallic outer jacket
with a lid through which passes an inner cylmﬂm with a perforated
bottom. The outter jacket at the bottom has a bent outlet for glass
tube attachment on which readings to mcnrd levels of water inside
the apparatus can be measured, Water is poured into the apparatus
through an opening in the lid. The inner cylinderis filled with soil to
a depth of 37 inches and rice seedlings are grown in this soil column.
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- ‘Twé sets of éxperiments were laid ont to study the develop-
ment of the root system of different varieties -at flowering. One set
consisted of growing plants inside earthen rings buried in the field
undei dry as well as wet conditions. Twenty four cylindrical metallic
pots 12" deapth and 10" in diameter were each filled with 30 Ib. of air
dry black tank silt resting'on & layer of two inches pebbles at the
bottom. ~Water was added through'a glass tube ‘passing through the
soil and resting on the pebbles.. ‘Thirty percent level of moisture by
weight was maintained in all -the pots throughout the experiment.
One seedling of each variety was grown in each pot and 12 varieties
in duplicate were studied.

‘To study the root development in the field, three earthen rings
each of the dimension of 12 inches diameter and nine inches depth
were buried in the plots placing one ring over the other. The totfal
depth of the ring was 27 inches out of which three inches was kept
above the ground level, ' Pits were dug at three feet apar$ and earthen
rings were buried and filled with the same earth dug out of the pit,
care being taken to see that the bottom' soil was filled first and the
top soil added fo maintain the original condition of.the field, the
operation being done a month in advance of the sowing time for the
consolidation of the soil. Growing the plants in the ring facilitates
easy washing of the roots without otherwise tearing them.

~ Review of Literature: ~ Osmolic Pressure: A very important
charncfjenstm ‘of xerophytes &ﬂ’echmg their water relation, is the
osmotic ™ -egsure in the cell. Maximov {1929} has reviewed the early
work of Zalenski (1904), Fitting (1911), Iljin (1917) and others on the
important aspect of osmotic pressure in the plant cell. According to
Bolsunov (1927), Pavlov {1931} Snoep (1932), Timofeeva (1935),
Buchinger (1936), Semikin, (1938) (reviewed by Ashton, 1948) and
Bartel (1947), germination test of seed under conditions of limited
water availability induced by suitable concentration of salt or sugar
solutions, provided an usefull method of determining varietal drought
resistance. Aamodt and Johnston (1936) found a relative rapidity
of germination of drought resistant varieties of wheats in various
concentrations of sodium chloride, potassium chloride and sucrose
solutions. Lal and Mehrotra (1949) working on sugarcane found
that higher the concenfration of solution and osmotic pressure of cell
gap the greater was the possibility of the variety to exhibit resistance
to drought. Newton and Martin (1930) and Sankaran (1933) however.
did not find any relationship between osmotic pressure and drought
resistance in crops like wheat and cotton.
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Yamasaki (1929 a) in his experiment of seed ge:t mmatmﬁ of lmth
lowland and upland varieties of rice: in: three: percent . sr:;:-lut‘rmn of
]]o‘bﬂ_bbl'ﬂll'[ chlorate, three percent, copper sulph%e, ﬂ .JJ TI'IGIEI' Eﬂl[]ll'.l]]:l

¢hloride and 0'30 molax-sucrose found “that when. the, soaked séeds
were germinated in water the upland varieties gamun&ted &nd flouri-
shed better than the lowland ones, Hector: (1927) Yamasaki {1‘9‘“} )
distingunished the upland and lowland rice by determining the osimobic
concentration of the-cell sap-by the freezing point method shile
Onodera (1931) did not find any relation. .between.the osmotic
pressure of cell sap and drought resistance.

Relative Transpiration: Various investigators bave subjected
plants to atmospheric drought and the work has been adequately
reviewed by Ashton (1948). Atmespherm dmught tests have been
reported on sugarcane by Mallik (1946) and Lal and Mehrotra {1949}
Mallik tested the drought resistance of two varieties of sugureane by
studying their tmnspna.tmn Tates in ‘th:,r and ‘humid’ env:rcments
and compairing these rates with evaporation rates in the two
enviroments with * piche evaporimeter *. '

Root Development: © Exact determinations by Rotmistrov. (1910)
and Modestov (1915) (quoted by Maximov '1929) in Russia and
Weaver (1926) have shown that crop plants such ag wheat and’ onts
have root system reaching a depth of one to two metres with an equal
spr ead. Miller (1916) found that corn and sorghum could mature
crops of grain when the upper two feet of soil was helow the wilting
coefficient a:md water was being absorbed from as ‘great a depth as
six feet. Sankaran (1933) found that the c]rﬂught reslstant herbaceum
cotton possessed a much longer and thicker root thsm the mndicum
type. Ostermeyer [1934} (quoted by Ashton 1948) has recurdud in onts

that the roots of more drought resistant plants penatmted deeper
into the soil, while Aamodt and Johnston (1936) found that drought
resistant wheat varieties possessed o more hlglﬂ:,r br anched primary
root system than the nou-resistant vauetles Root’ dew_,lﬁpmtmt of
wheat varieties in relation to dr ought 1&3151'-:111(33 has been referred to
by Udoljskaja (1936), Stefanovskii (1937'Db), Sokolenko (1938), Tvanov
(1939) and Ashhv zmrl May (1941) {revlewed b}' Ashtun, 19-18] -

Tvans (193!}] suggests that transpiring and absorhmﬂ surface in
sugarcane might give a coefficient for drought, resistance and. the total
water loss m:ght_ he related in some degree to the total leaf surface.
Lal and Mehrotra (1949) found the drought' resistant cane “ Rhecra’
to.show a diametrically opposite cffect to that of POJ. 2878 with
regard to shoot number, green leaf number and fotal root extension.
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A study .of branching -and depth of root system in rice
varieties was made at Coimbatore; (Srinivasdn; 1937), while Sethi (1931)
lias ‘studied:the root system of rice varieties both in pots and in fields.
Except.for the above references in rice, the root system has not been
studied in.connection with the drought resistance of this crop.

Observations: Osmotic Pressure of the Germinating Seed : Cane
sugar solutions of 025 molar and 050 molar strength were used and
it -was found that the drought vesistant varieties, PTB. 28 and
PTB. 30 liad the quickest growth-and better survival followed by
MTU, 17, MTU. 18; TKM. 2 and * Bairuvadlu, while the wet variety
GEB. 24 had the least growth in 0°25 molar cane sugar solution. In
0-50 molar solution, on the third day except TKM, 2, PTDB. 28,
PTB. 30 other varieties had started dying, and on the fifth day the
mortality was maximum in both the concentrations while the dead
seeds became mouldy. Plate I, Figure 1 shows the differences in
E[:I_l"‘{':'i"i"ll__l between the varieties PTB. 30 and GEB. 24 in the fwo
concentrations and it may be noticed that the wet veriety GEB. 24
succumbed in both the concentrations while the dry variety PTB. 30
showed survival in 0°25 molar solution.

The experiment was repeated with solutions of 0°10, ¢-20, 0-25,
030, 0°35, 0°40 and 0°45 molar:sucrose and the survival values of the
varieties recorded ‘on the sixth day are given in Table 1, and plate I,
Figure 2. In 0°10 and 0-20 molar sucrose solutions, germination and
survival of all the varieties were good and the growth of both the
radicle and plumule was guite normal. However, on the fifth day some
of the germinated seeds in GEB. 24 had died whereas the death in the
dry- varieties was comparatively few ranging from nil to 21 percent.
In 0:25 and 0-30 molar sucrose solution, differences between the wet
variety and dry varieties were noticed on the third day and the dry
varieties were able to'withstand the water deficiency better than the
wet variety. - In 0°35 molar solution death started on the third day
in all the varieties and development of germinated seeds that survived
was very slow, the growth of the plumule being 04 em. to 0°6 em.
whereas the radicle growth was quite negligihlﬂ.. In 040 and 045
molar concentration of sucrose the germinated seceds of all the

varieties were unable to withstand the amount of water deficiency
and death started from the second day onwards.

The results of seed germination in 0.25 molar sodinum chloride
solution, 3 percent potassium chlorate solution and 3 percent copper
sulphate solution (Table 1) showed that on the first dav after setting



34 ~ The: Madras Agricultural Jowrnal

for germination the seeds had started uniform : ‘germination in the
control while the germination in 0-25 molar sodium- chlm‘:de ﬂnlutmn
was delayed in general but the dry varieties ‘Bairuvadlu’, PTB: BB
and MTU. 17 had a better start. The total germination perténtage-
shows that the wet rice GEB. 24 had the poorest germination -of '79
percent whereas the dry rice varieties showed a range from 94 to 100
percent.

In 3% solution of copper sulphate the ﬁew]npmant ‘of the
radicle was very much arrested though the plumule had ‘cotne cmtr
earlier. The radicle started drying on. the third day crmng to the
toxic nature of the solution. - ¢Bairuvadlu’; ;'a~dry rice showed
maximum of 97 percent germination. MTU, 18 -and PTB. 28 had
quick germlna,tmn MTU. 17 though slow in germination, had better
percentage than the wet rice GEB. 24.  Germination in 3“‘:::} solution.
of potassium chlorate was comparatively quicker- than in copper
sulphate solution. Dry rice variety MTU. 17 showed the quickest
germipaﬁaﬁ and the germination was mostly complete on the “fifth
day. the maximum being on the second 'day. Tt was:found that the
radicle was drying owing to taxicity of the sohition, but the develop-
ment of the plumule was normal.

* Osmotic Concentration of Cell Sap: = The osmotic values of rice
tops range from 4'808 atmospheres to 6969 . atmospheles and’ that
of roots, from 0.478 atmosphere to. 1161 .atmosplieres. The sap
coneentration is highest in one of the most drought resistant variety,
MTU. 17. Among the five early duration varieties tested, all the dry
rice varieties show significantly higher osmotic concentration of tops
than the wet rice Co. 18. Next to MTU. 17, PTB. 28 and MTU; 18
have higher osmotic concentration followed by ‘PTB. 30.- The
osmotic values of the cell sap from roots show that the two dry
varieties PTB. 28 and MTU. 17 alone ‘have higher concentration
than the wet rice Co. 13. In the medium. duration group the wild
rice. T. 1702 and ‘Bairuvadlu’, a dry rice alone possess ‘higher
concentration of tops than the wet rice GEB. 24. “The other dry and
wild rice varieties have lower values. The osmotic values of the cell
sap from roots show that all the dry and wild rice varieties have
significantly higher values than the wet rice, GEB. 24,

Relative Transpiration: Temperature, relative humidity and
evaporation recorded in the two environments showed that the
temperature in the dry enclosure was higher than the humid enclosure

¥_A summary of this study was published in April 1957 issue of ‘Rice News Teller*
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by 1:9%C..on the aﬂr._remée.. Similary evaporation was about 2'16 times
greater and the relative humidity was:11 percent less than that of
the humid enclosure. Table'2 gives the mean- values - for-each day of
transpiration in grams per square centimeter of évaporating surface
from * Piche’ evaporimeter under humid and dry enviroments. The
relative transpiration for the two rice varieties under humid and dry
enviroments given in the table show that the ratios of Co. 13 and
MTU. 17 .in the dry enviroment are respectively 52 percent and
58 percent of those in the humid environment,

Root Development in Seedling Stage: This study, as mentioned
before, was made in four root development apparatus. Four leaves
of water 8", 67, 9" and 12" below the soil surface were maintained in
the four apparatus and two rice varieties were studied at a time, at
thie four different levels of water. Two seedlings of each variety
were grown in each of the apparatus. Both the varieties were grown
in all the four levels of water at the same time. The seedlings were
examined for their root development when 25 days old. Two wet
rice varieties GEB. 24 and Co. 13 were compared with the dry rice
varieties MTU. 17, PTB. 28, PTB. 30, ¢ Bairuvadlu' and T. 1702, a
wild rice type. The data are presented in Table 3.

Since the experiments were conducted during the different
parts of the year starting from March to December, the same
varieties grown during defferent seasons show variation in growth.
In the apparatus where the level of water was 12 inches below the
soil surface the wet rice Co. 13 showed symptoms of drying at the
tip of the leaf and wilting on the tenth day whereas the dry rice
variety MTU. 17 survived and looked healthy. On examination of
the root system on the 25th day the plants of MTU. 17 showed a
deeper and more penetrating root system, going to a'mean depth of
34'5 em., whereas the root length of Co. 13 was a meagre 3'5 cm.
The growth of the two varieties in the three inches water level was
normal and the wet rice Co. 13 had a better shoot development than
MTU. 17. As the free water level increased from three inches to six
inches in the apparatus the growth of the dry rice was better than
the wet-rice, the root also showing a maked increase in length and
development. . The growth was maximum in the nine inches water
level and here again the development of the root system of the dry
rice variety was three times that of the wet rices. The wet rice
showerd symptoms of wilting on the 15th day and died on the 196h
day. Similar results were obtained with two more dry rice varieties
PTE. 28 and PTDB. 30 and both showed inerease in root length over
the wet rice Co. 13 in all the four levels of water.
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Plate 1, IMigure 3 shows the root and hhﬂﬂ'[‘r dwcluprmen{: ‘of
GEB. 24, a wet.rice and Bairuvadln, a dry ride ‘belonging 6 “the
medium duration group. . The experiment with GEB. 24 and "T.71702
representing the wild rice Oryza salive var | sponlanen. showed that
the wild rice had delayed germination, and r.mnp’[ateﬂ its’ gehnmtmn
ouly on the fifth day after seeding whereas the wet rice had comp]eted
its germination on the third day itself. Growth obser vations -made
showed, that the wild rice hud a° quicker growth than the weh rice
and the shoot lengbh was more in all the four levels of water rs.s ean
be seen from table and the root development of the - WIld rite was
much more than the wet rice in all the fonr levels of  water. “Here

again, as in the previous cases the development of the root was e_quéi
to shoot development in the three inches and six inches levels of water
wherens it was more in the nine inches and #ielve inches. levels in
both the varieties. The dr y weights of root show that -the dmu eht
resistant types have more root weight than the wet rice in all ‘the
four levels of water revealing thereb} that even in the seec'lhng stage
these varieties produce more number of roots which ' mcmasﬂ the
absorbing surface of the root system. '

Root development af fiuwering phase'* I}evelnpment of the root
system of 12 varieties of ricewas studied by growing thcm in puts
at 30 percent moisture level.” The plants were ‘grown Btaﬂt]}' undm
identical conditions and their roots emnnned *when the last ear had
emerged out of the boot.

Growth observations were recorded at weekly ‘intervals and
the height of plant, the number of tillers -and the number -of leaves:
per plant were counted every seven' days and finally the leaf area
measured, = The drying and death of the leaves wag also noted to see
at what stage the plants suffered from drought. Fiualljr'" the roots
were washed and the number of roots and also ‘the total length of’
the root system were determined. The total dry wmght of the root
and shoot were also defermined to -ascertain the root/shoot ratio.
The data obtained are.presented in Table 4.

Observations made regarding the shoot development: are as
follows :

Height: The averaged height of two ‘plants ‘measured at
weekly intervals a fortnight aftier seeding, in the five short durdation”
varicties show that the initial height of the: varieties range from 16°7
em. to 25°8 em. Some of the dry varieties TKI. 1, TKM 2, PTB. 28
and the wet variety Co. 18-had « quicker germm'l.mnn “whereas the
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wild ‘rice Oryza sativa var. spontanca was slow in germination. The
short duration varieties had quicker growth than those of a medium
duration. Thé growth in the short duration varieties was continuous
and quick up to the sixth week after which it appeared to be slow
because of the cessation in the vegetative phase of growth before
flowering would start'when the growth must again be very rapid.
The short duration varieties attained their full height quicker than
the medium duration ones: ‘Though the growth was slow in the
begirning in the medium duration varieties it became continuous and
rapid as the plants advance in age.

Tillering: The data regarding production of tillers are presented
in Table 5. It was observed that production of tillers commenced
from the third week after sowing in all the varieties studied and there-
after it appeared to increase at a rapid pace. The maximum number
of tiller production was reached by the ninth week in the short
duration varieties and the eleventh week in the medium duration
varieties. In'the short duration varieties the maximum production
of tillers and starting of flowering almost synchronised and very few
tillers died away. The tillers started dying only after the tenth
week by which time these variefies had completed flowering. It was
found, however, that among the short duration varieties, most of the
tillers produced by the plants of dry varieties, survived up to the
completion of blooming while many tillers died in the wet rice.
The same observations were made in the medium duration varieties
also. Tt was observed that the death of tillers was more than
50 percent in the wet rice GEB. 24 by fthe fime it had completed
flowering, whereas, in all the dry varieties and wild rice this was
much less.

Number of leaves: The leaf production steadily increased from
the second week onwards and it was observed that older leaves
started dying off from the sixth week. Thereafter the number of
healthy leaves, as well as the dried leaves were recorded. Though the
death of the leaves went on increasing, the maximum production of
leaves was, however found to coincide with the maximum production
of tillers. The drying of the leaves increased from the appearance
of the shot blade. Again it was found in the short duration varieties
stucied that the percentage of dried leaves is 50 perecent of the total
wumber of leaves produced in a wet rice like Co. 13, whereas it was
found to range from 28 to 43 percent in the drought resistant
rarieties.  This is naturally due to higher rate of death of tillers in
Jie tillers in the wet rice, Co. 135 than in the other varieties studied.
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Leaf area: This was measured n. few days before fhe. plants
completed flowering and when the number of leaves was - maximum,
The length and breadf.h of a leaf varies in the same pla.nt tleﬂm:c‘]mg
to its tropic alignment and spatial ﬂlS]_’lOSlf.‘rH}ﬂ and hence fhe: tatal
area of the leaf lmmna itself is subject-to variation from leaf 1o, lc-.a,f'
The actual area of bottom leaves of o tiller is less than thaae in the
central region and then again the area of the top most Jeaf is  also
Jess than those of the mid region. In the blooming. stage when the
boot leaf appears the area of the leaf fluctuate again as the h_l_gadtrh
of the boot leaf is always greater than fthe other leaves though its
length is somewhat less in comparison with the others. The area. of
the boot leaf is, however, less than that of the leaves: in - ‘the mid
region though it is conspicuously the broadest leaf in a rice: plant.

Length and breadth of t]ze le&f 15 a varietal character and
some of the varieties like PTB. 28, T. 1702 and ‘Bairuvadlu’ have
long flowing leaves with a length of 37 fto 40 em., i#harea-s .other
varieties like MTU. 17 and MTU. 18 have but short leaves with a
mean length of 23 to 25 em. The breadth of the leaf varies from
058 ¢m, to 0°81 em., and the leaf area varies from 340 sqg. em. fo
59-1 sg. cm. The tofal transpiring surface of a plant. does depend
upon the area of the leaf lanina and the number of leaves in a plant,
but the differences noted between the varieties in their total transpi-
ring surface do not appear in any manner to be associated with the
drought resistance or a wild habit as seen from Table 6

Root characters: The root system in the pots was massed
together and as such the depth of penetration and spread of the root
of the defferent varieties could not be studied, the roots being found
to be spreading and tounching the sides of pots as well as the bottom.
But some of the dry wvarieties possessed 'a large amount of root
system, completely filling the pots and making it difficult to wash
the soil from the congested mass of roots seen entangled and matted
together at the bottom of the pot wereas the wet rice showed
comparetively fewer roots with lateral branches (Plate 1, Figure 4).

Observations were made after the completion of flowering in
all the varieties and they show that the least number of 204 roots
was met with in the earliest variety MTU. 17 and the maximum
number of 556 and 612 in the med:um duration verieties GEB. 24
and T. 129 respectively. T. 129 also possessed the maximum number
of 63 tillers followed by GEB. 24 with 53 tillers. Though there are
a few exeptions, the general trend is, the more the number of tillers
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and longer the duration the larger the number of roots in the rice
plant. Production of roots was almost complete in the medinm
duration varieties but few new young roofs were met with in the
short duration varieties at the time of completion of blooming.
I't was noficed that the dry rice varieties had more of thick roots
than thin ones as can be seen from Table 4.

The total length-of the root system depends to a large extent
on the number of roots in the plant. But the mean length of the
root system of all the dry rice varieties are longer than that of the
wet rices. For example Co. 13 and GEB. 24, the wet rice varieties
have 24'9 and 24'8 em. of mean root length respectively, whereas in
the dry rice it varies from 254 to 305 em. The wild rice variety
T. 129 has, however, a slightly lower value than the wet rice. The
root,'shoot ratios determined afte recording the dry weight of root
and shoot show that the dry- and wild rice varieties have usually a
greater ratio than the wet rices, except in the wild rice, T. 129.

Development of root system in a wet field: Nine varieties in
duplicate were studied for their root development in a wet field to
find out the depth of penetration and spread of the root system.
Seedlings were transplanted in earthen rings buried in the field and
short duration varieties were examined on the 50th day and the
medinm duration ones on the 65th day after transplanting. The
data obtained are presented in Table 7.

A general study of the root system of the rice plant in the
field reveals that most of the thin branched roots are concentrated
in the top soil alone. Starting from one to two cm., from the soil
surface the roots ramify to a maximum depth of 15 em. These thin
and many branched roots are to be seen running rather horizontally
upto 15 em. along the surface. In marked contrast to this, the more
thick and brownish roots are going obliquely as well as vertically
downwards from the base of the plants, occupying the central column
of the soil and penetrating decper. Most of these roots are free from
any lateral roots in the top 6 to 8 em. after which numerous lateral
roots are met with along the length of the root except the growing tip.
A few, very thick, white, smooth roots are also found and these do
not have any lateral branches rior do they go deeper.

Depth of penetration: The depth of penetration of the root
gvstem varies from 39 to 55 em. in the short duration varieties while
it is found to vary from 48 to 72 em. in the medium duration
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varieties. The data show that the wet vice; Co. 13 has a’depfh’ of
penetration of 393 cm., whereas the dry rice varieties. have .a depth
of penetration ranging from 50'8 em. to 552 em., “the maximuom’ hmng
in the case of the dmught resistant variety - MTU. 17 {Platga 1,
TFigure 5). In the case of medium duration varieties studmﬁ ‘the weﬂ
rice GEB. 24 has a root penetration of 48.9. cm., while flie dry-rice
and wild rice show a much deeper penetration, ranging from 552 to
71'6 em. Tewer roots are found in the top 10 to 15 cm. . of the soil
in the case of dry rice and thick brownish roots withi- lateml_braﬁche*-;
are found growing deeper into the soil.

Spread of the Root: The spread of ‘the root system varies it
different depths. In a wet rice. the spread of roots ‘at two to ‘three
em. depth is about 10 to 12 em. At a depth of alout six em. o ten
em. below soil surface, the roots are found touching - t]xe sides of
the earthen rings with a maximum spread of 30 em. The thin
fibrous roots arising below the base of the node; travel hor mnntnlly
and are often seen touching the sides of the rings and then going
vertiedlly down to two to three em. A few roots in the _uentra_{_l region
again are found going obliquely and touching ‘the sides of the rings
at about 16 cm. depth. The root spread below the 16 cm. level is
much less, i. e. about 20 em. and very few roots are met w ith in Lhe
central region of the 3 ung whicli veach a depth of about 40 em. In
the case of the ‘dry rice’ the spread of the roots about two_three cm,
helow the soil surface is similar to the wet rice, but below this depth
upto 15 em. the spmad is cmnparat-we]y less than that Jof the wet
vice, Unlike in the wet rice, numerous roots are found cﬂncentmtﬂd.
in the central region which after starhng from the base of the plant
are found going at an angle of 45 degrees with a maximum spread of
30 em. Most of these roots whmh peuetrate deep into the soil -are
found in the central region of the ring in a_space, (}f about 25 em.
This kind of arrangement enables the  roots _to mmlmlse their
" transverse spread and to go deeper.

Develupment of root System in a Ury Field: Plants grown in ear-
then rings in a dry field under extmma!'g dry wndthmns were
examined at the stage when they showed 'aympmms of wﬂtlng The
growth of the rice seedlings in this condition. was. poor: and stunted
except for some of the dry rice varieties which managed to Ww ithstand
the early drought.. Symptoms of drying of the leaf tips were noticed
in the wet.rice Co. 13 and wild rice T. 740 on the 506h day and they
wilted beyond recovery on the 65th day while the dry rices, MTU. 17






