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. Introduction :  The principal rainfed cercals of South India are
 bhe Millets which during their growth pass through frequent failure
of rainfall. During droughty seasons they are found to withstand
drought in varying degrees. It is obvious that these cultivated
species have developed variations in adaptations which appear to
have servival value in coping with a varying water supply. The
earlier workers probing into the cause of drought resistance studied
the structure of the leaves alone instead of considering the other
component parts of the plant. In this work on the rainfed cereals,
‘detailed studies on the structure of the whole plant have been made
~and presented.

- Previous work: Under conditions of poor soil moisture and
high atmospheric temperature the plants are subjected to a
- complexity of reactions both from within the plant body and outside.
Maximov (1925). believed that the ability of the plant to resist
drought is due to a multiplicity of morphological and physiological
characteristics. It was generally assumed as expressed by Maximov
(1929) that the drought resistant plants wmust have developed
structural adaptations to enable them to transpire very slowly.
As such, importance was laid on the study of the leaves mainly and
to some extent on the stem, the organs concerned with transpiration
and water loss. Krishnaswamy ef al (1942) in their study on the
anatomical features of the leaves of the millets, have concluded that
the leaf anatomy did not give any clue to identify drought resistant
varieties. While the study of the leaf may be expected to show
certain characteristics, it, being the component part of the organism,
cannot explain the behaviour of the whole body. Viewed from this -
angle, the present approach has been made in trying to find out
the relation of the structure of the wvarious parts ol the plant
to drought resistance. Daniel Sundararaj (1950) has studied the
structure of five grasses and has shown definite corrclations of
structural adaptations in respect of root, stem and leaf to drought

resistance.
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Materials and Methods: The strains studied* m eaa’h nf trht
millets are presented in Table I. = Zea mays was also exa.mmcd 80 Ak
to get a comparative knowledge of the structural pa.ttﬁm nf Sargfmm
durra as related to the former so far as drcmght rﬁsmtmmé it

concerned.
Tanne 1.

Details of Strains Studied,

Nst;. Bpecies ﬂ_tﬁgi’.‘
A. Millets: .
1. Sorghum durra. Stapf, var. Coimbatoricum 3now Co. 1
9. Penniselum typhoides. Stapi. and Hubbard Co. 4
%. Setaria dlalica Beauv, | Co. 3
4. Pawicum miliacewm L. Ca. 1
5. JPaspalum serobiculaium Linn. Co. 1
6. IFleusine coracana Gaertn. ‘Ca. T
%. Hehinocloa frumentacea Link. Co. 1
8. Panicum miliare Lam. o1
B. Corn: .

Zea Mays Linn. " "Local strain

The plants were grown in a field of red loamy soil under
replicated conditions during  the main and suminer seasons of 1959,
The details of the plant part studied in relation to drought resistance
are presented below :— ' i '

Structure of the Nature of experimentation made
Plant parts studied at flowering stage.
R.ooti — (a)..- Morphology of the roots.:

(b) Transverse section of the nature root.

Stem — (a) Transverse section  of the 4th inter-
' node from the top, ‘taken at the
middle of the internode.

Leaf — (a) Transverse section at -the middle of
the 4th leaf sheath and
(b) blade.

(¢) Lower gapiq__ilérm'a] pi;al'_'af ‘the 4th leaf
at the middle.

The camera lucida drawing of the root was made on a grﬁph
sheet and the area of the stele was calculated as a percentage of
the total cross-sectional area of the root. The transverse sechions
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-'E'Wﬁrﬂ ta,kﬂn by hand sectioning and were stained with Safrannin 1%
'aquuua "solution. Camera lucida drawings of the sections were
made. at 45 ‘degrees at table level. Microphotographs were taken
with a _Zm_qu microscope.

Pot Culture Ewxperiments: A pot culture experiment with
_nma species of cereals replicated four times was conducted under
uniform conditions of soil and water. The size of the pot was
48 cms. in diameter and 65 ems. in depth. Two plants were grown
.in each pot. After 35 days, the watering was stopped and the
_observations on temporary and permanent wilting were recorded.
- The wilting experiment was initially laid out in the field with four
_replications. A regular grade in the degree of resistance to drought
was oObserved, the maximum in 8. Durre and the minimum in
P. miliare’ with the rest intermediate in the order of Z. mays,
P, typhoides, .S. italica, P. miliaceum, P. screbiculatum, E. coracana
and E. frumentacea the least but better than P. miliare. With
these  indications observed, pot culture studies were made subse-
quently to confirm them.

Microscopic measurements were made with the micrometer
scale and the rest with the centimeter scale and slide clipers
wherever necessary. All the measurements and counts presented in
each table are mean of readings recorded for fen plants in
each species.

Experimental Observation :
1. Wilting experiment : The data recorded on the nature of
wilting under pot-culture experiment is presented in table II.

) TamLe IL
Particulars of wilting noted in Pot Culture Studics.

No, of days ;
- Date on which after ivl.if:l. Day m:l wh 'f’h
Species Date of watering was temporary 11‘:3111..?:1 "&';R
showing stopped wilting n-::riid

commaenaeald

5. durra 15—12—50 - 20—1—060 12 16th day

Zea mays . do. ilo. 11 15 do.

P. typhoides dao, do. ] 12 do.

3. italica do. do. 8 11 do.

P. miliaceum do. do. 8 11 de.

P. scrobiculatum ido. - dla. G 85 do.

. coracana e dao. n 7 ilw.

E. frumentacen o, io. 4 0 o

P. miliare - - de. do. 3 5 do.
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A perusal of the data presented shows ' that “the water
nbsorbed by the plant has been sufficient for or in execss ‘of the
loss by transpiration up-to three and twelve® days in the, cate of
P. miliore and S. durra respectively. In S. durra there 'is more
officiency in confrolling the water loss :tor four days. These
ohsorvations on wilting confirmed the field studies. of drought
resistance tried under natural conditions. '

2. Rool studies : (a) Rool morphology : :Tﬂ.blﬁ:-III presents
the morphological charucters of the roots studied and the number
of roots produced per plant and per tiller.

Tannye TII.
Morphology of the rouote,

No. of rools o of roola Steift
por plant . Average portdon
e —— - s e T t% Jinthe
Bnoeics Thiel: Thin of 15" thick Branr,‘hmg
PR over lesss Total Average O 8 roots “hebit
1 mam. than per per ‘h ome, rom the
in din- 1 mm.in plant  tiller  *F " bamsein
meter " dinmoter oI,
5. durra a0 a1 L7 07 43.0 10°1 Thick rools
unbrancherd
Zon moys 8] 10 40 40 2640 on " .
I, tvphoides 20 11 a0 36 34-2 g1 unbranched
8. iialien 20 0o 5 1007 280 - G-0 Thin rools
with fow
branches
P. miliaccum 13 8 23 11°5 200 Bl Proiusely
branchard
\ thin roots
17, serobivu- a4 a4 115 253 -
Inlum
E. gorncann i 40 102 146 a5 10 Profusely
branched
thick roots
E. frumentncon 68 an 08 245 26°G 36 unbranched
I', miliaro [ i3 10 L 5 271 g -

8. durra which is the most drought résistant of the nine
species, has more number of roots per tiller, more stiffness in the
roots, and more number of thick roots. TFurther its roots are also
longer compared to the rest.  JI. frumentacea, although has more
number of roots per tiller, is soft without any stiffness and without
any branches. Similarly E. coracane has the poorest stiffness in
roots. In the case of P. scrobiculatum, although it is devoid of thick
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"rnots, all’ tlla thin roots unlike in the rest cd' the species, were found
“to be’ stlff to a length of 124 ems. The most susceptible P. miliare
. has faw roots per tiller with poor stlﬂ‘ness

- ['b,l Structure of the root: A consolidated picture of the
1mpurtant anatomical features studied in the root is presented in

table IV.
: TABLE IV,

Comparative Anatomical Features of the root.

-Ep@.cii'ﬂ:ﬂl- .I'iIil'emus Exodermal Cortical (%) Avea Endo. No. of

layer layer cells of stele  dermis = ylem
vessals
S. durra - lignified  4-0 celled Uncollapsed 4069, Well Big-20
epidermis  vory Lhick developed Small-3
Z. mays, thin 2-4 celled do. 37'8%, do, Big-22
e walled , Small-4
P. typhoides  do, 34 eelled do. . 19-1% do. Big-13
- R Small-2
8. italica. do. 4-5 colled do. 25'9% do. Big-10
: . vory thick Small-1
P.miliaceum  do. 2-3 ‘celled do. 26°6%, do.  Bigs
thick .
P. serobi-
culatum  do. 1-2 celled Collapsed 19°7%  Very well Big-13
lignified
E. coracana do. da, da. 21-2% Well Big-10
o developed
E. frumentaces  do. do. da, 12:89%, da. Big-8
P. miliare _ do. 2-3 eelled do. 11°7% do. Big-8

(*) ' Area of stele as a percentage of the total eross-sectional aren of root.

The stele is the biggest in §. durrae and the smallest in
P. miliare. The non-collapsability of the cortical cells with age in
S. durra, Z.mays, P. typhoides, S. italica and P.miliaceum is a
protective feature over the stelar region. Although the stele
volume is less in P, typhoides compared to P. miliaceum, S. italica,
P. scrobiculatum and FE. coracana, the well-developed exodermis in
the cortical region and well lignified sclerenchymatous cells encircling
the wascular tissues inside the stele favour better resistance to
‘drought in respect of P. Iyphoides. In P. serobiculaium the
endodermis and the sclerenchymatous cells enclosing the vaseular

tissues are better lignified.

3. Struclure of the slem : A comparative picture of the
important features studied in the stem strucbure in relation to
drought resistance is presented in Table V.,
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Tapne V.

Comparalive anatomical’ féalures o_f the' Hs-m

Vascular bundles  Vascular Total Thick- :
. along with bundles No. of nessof Pith:
Bpecics peripheral hypo- in ground  Vascular - Hypoder ~ '
dormal band tissue bundles  mal band.
Small Big bam‘l
8. durra 156 40 431 G677 e . Nodistinet
: ' pith
Zien mays 62 68 - 402 L1 ) cabin ar i do.
I, lyphoides Gd 72 120 256 do.
5. italiea 20 ‘14 41 B4 - 001 sam’  Small pith
1% milisveum 16 12 25 59 008, hollow pith
1. serobicultum 29 30 27 86 005 ,, do.
I, coracana 18 20 it 114 o1z ,. Em&l] pith
1. frumentacen 20 20 47 102 o006 ,, hiollow pith
P, milinre 40 1n 25 BO G 05 . do, '

The most drought resistant S. dwrre and Z.mays have a
large number of vascular bundles, the number becoming less -in the
less drought resistant species. In 8. durra and Z. mays the whole
ground tissue is scattered with vascular bundles without a distinet
pith region. In 8. durra, towards the periphery, the cells are very
small in size and the vascular bundles of the smaller size .cluster
together forming a protective layer to the tissues inside. Studying
from the periphery, the hypodermal thickening is very prominent in
the case of S. italica and P. miliaceum with highly lignified cell walls.
But in E. coracane though the width of the hypodermal band is
more, the lignification of the individual cell walls are too poor to offer
a better protection compared to S. ifalica and P. miliaceum.

4. Siructure of the leaf sheath :- A comparative picture of

the important features studied m the structure of the: leaf sheath
is presented in Table VI

TARLE 1’1.

Comparalive anotomical features of the leaf sheatl,

No. of vascular bundles

. . # :
Species in Lhe leaf 3heﬂ.t:h Patchos of ?2?2{;‘;3:“
e e s selorenchyma —
Blg Medmm Small Total o ETIpS the‘ou’m
8. durra 28 - 929 52 .1(}2 "Prominent ' Ver}‘ tightly
. % ) .. _gripped
Z. mays - 20 16 46 88 do. do.
P. typhoides 24 C 16 28 Gs not prominent. do.
5. italico 26 34 60 small patches do.
. milinceum cee 20 2% 42 ' do, do.
T. serobionlatom - ... 13 10 23 Very poor-. Loosely held
Ii, coracann 15 23 48 do. ' do.
L, irnmontacen 14 18 a2 L. de. do.
I'. miliare T 27 34 Very. very poor « do,
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«... . The outer surfaces of the leaf sheaths in . durra and Z. mays
‘have conspicuous patches of sclerenchyma which give protection to
{:hifl :}flilx'scﬁlar bundles, thus reducing the adverse effect of heat on
.j;he'. ﬂha}n{_t-h as well as the enclosed stem. As in the case of the stem,
-the ‘nimber of the vascular bundles are maximum in S. durre and
Z.mays and minimum in P. miliare and B. frumentacea.

5. (a) Structure of the leaf : A consolidated picture of the
-anatomical features studied in the leaf is presented in Table VII,

Tavne VII.

Compurative anatomical features of the leaf.

Ko. of vascular Motor - Protective

Presenco of FPrescnee

 Bpecies bindleg - seleren- of motor "igﬁgl;’il‘? tilirfgtlil;:‘:is
Big Small Tota]  chyma colls  ‘Gideh  midrib
8: durra il 208 324 Plenty Upper- 54f54  Well deve-
e aat _ surfneo laped
Z. mays ] 40 284 a3a do. . do. 78/48 do.
P. tyvphoides -+ 28 1006 134 foew both sur-  62/62 developed
‘faces _
S. italien 14 78 86 Plenty da. 4440 Well deve-
lopad
I’. miliaceum i} 20 20 do. do. 76/80 do.
. scrobiculatam 8 21 249 Poor Upper 80/50  Very poor
, o surlaeo
E. comﬁung i1 14 AR ido. do. 92/82 Toor
E. fromontacea © 22 - 60 0l do, do. 104 /80  Very poor
P. miliere 11 17 28 do. do. a0/52 do.

8. durra, Z. mays. S. ilalica and_P.miliare have prominent
patches of - sclerenchyma profecting the vascular bundles both in
+the leaf blade and in the. midrib.- Further, the central portion of
the midrib -in P. scrobiculatum, [. coracantd, E. frumeniacea and
P. miliare are occupied by big cells. of thin walled parenchyma and
in the case. of P. scrobicvlatum the cells get torn off easily and a

big vacuole is formed.

(b) Structure of the lower epid_er-mis of the leaf:  The
iinportant features studied in the lower cpidermis of the leaf arc
presenfed in Table VIII.
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TANLE 1||.":[_I_I.

® ¥ v [ - g
Clamnparative atructure of the lower enidermina,

Epi"'l . LPI- -'.".-""'-".-' :""'-:"'-' |. s}_ﬂﬂﬂﬂ

Thickness ’
‘of broad. - Stomasa 0cTmal  durmal vu:mllulnr “dent or
: % long «ghort” rrounded
. layer of No. per cells eolls Chairsin o mn;llﬁm
Specica Csilieatod  uniL iRl g oty S MIEION D e
long colla noh width width .-Hm’l}'}‘:5 ﬁq}]d thie epi-
HE. H. i f4 g ¢ 'dermis
8. darra 017 17 106/28 8430 6 11
%, mays - 013 14 134/32 50/44 1 4
P. typhoides 0-10 12 17440 134/44 2 2
8. italica 007 18 160/16 64/18 12 23
P. miliaceum 010 12 200/18 100_}2!3 B 15
P. scrobiculatum 008 0 15426 02/20 a 4
E. coracana _ 0°10 10 100/22 84/20 a
E. frumentacen 007 ] 100/22 72/30 -0 3
P. miliare 0-03 10 174 /24 74 /32 4

S. dura has the thickest layer of silicated long cells while
P. miliare has the thinnest with the other species. intermediate in
thickness. More number of stomates are found -in the drought
resistant species. The tendency of the epidermal cells becoming
smaller in size towards the more drought resistant species is noted.
The walls of the epidermal cells are more wrinkled due $o cutinization
and greater nuinber of hairs, spinescent and other rounded modifica-
tions are noted in the drought resistant cereals.

Discussion ¢+ The indications from the wilting experiment on
the degree of resistance to drought have been confirmed by the
structural adaptations noted in both underground and aerial parts
of the plants.

Root studies and drought resistance : Studies on. the morpho-
logy of the roots show that the cereals having more number of thick
roots with stiffness to a greater length, resist drought to -a  longer
period. Turther long roots in the drought resistant species show
deeper penetration in the soil. These observations are in conformity
with those of Weaver and Clements (1938) who have recorded better
developed, longer and thick roots in theé drought resistant grasses.

As for the structure of the roots, the vn_luina of the stele is
one of the major factors determining the resistance to droughf.
The non-collapsability of the cortical -cells noted in S. durra and
Z. mays is a distinet protective feature to the root asainst the
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adverse soil moisture and temperature. = The well packed cortical
“cells with the exodermal layer form an efficient covering over the
stele keeping it free form dessication. These observations are in
_conformity with those of Daniel Sundararaj (1950) who has recorded
~ better drought resistance in the grass P. antidotule as due to more
volume of stéle with un-collapsed cortical cells in the root.

Acrial vegetative parts and drought resistance : In -the case of
the stem structure more number of wascular bundles with well
developed tissue systems favour better drought resistance., Next in
importance are the well developed hypodermal layer and the
compactness of the parenchymatous cells in between the epidermis
-and the hypodermal layer. It is possible that the larger number of
vascular bundles have a large amount of water in their protected
vessels and this keeps the tissues of both stem and leaf from wilting
for a long period. As in the case of the stem, the vascular bundles
in the leaf sheath are also more in the more drought resistant species.
The water loss from the exposed surface of the leaf sheath by
transpiration is probably reduced by the sclerenchymatous patches
seen in the outer surfaces in 8. durre and Z. mays and to some
extent in S. italica and P. miliaceum. As stated by Tames and
MacDaniels (1947) the sclerenchyma may also act as a partial screen
against intense light, besides preventing water loss and aiding in the
support of the plant tissues in the drought resistant species. The
presence of an extra covering in the form of leaf sheath gripping the
stem adds protection against excessing abtmospheric temperature.
The anatomical characteristics of the leaves do not give definite
relationship to drought resistance. The structural adaptations
noted in the aerial vegetative parts of the plant in these cereals are
also in line with those of the drought resistant grasses recorded by
Daniel Sundararaj (1950). The findings on the lower epidermal
structure of the cells are in agreement with the views recorded by
Walter (quoted by Parker—1956). The drought resistant S.dwrra
has the thickest Jayer of silicated long cells below the vein on the
lower surface of the leaf, more number of stomates per unit area and
hetter cutinization of the cell walls,

Summary: The structural characteristics of the ront-s,' st':em
and leaf of the eight millets i. e., 5. durra, P. typhoides, S. ilalica,
P. miliaceum, P. scrohiculatum, I, cordcana, E. frumentacea,
P. miliare and corn i. e., Zea mays have been studied in relation to

drought resistance.
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S. durra is more efficient in resisting the drought and
controlling the water loss while P.miliare is the leatsi_::éﬂiéiéﬁt:_huﬁ_
of the rest. Adaptations in the structure of the roots, stem ond
leaf and in the morphological characteristics of the roots, noted in
varying degrees in the above species are discussed. - +8. durre has
long and thick roots with stiffness to a greater ,lengt_]:_t._ The__ruu{j_s
have more volume of stele protected by a well developed exodermis
and uncollapsed cortical cells. The stem is provided with more
number of vascular bundles and well-developed tissue systems.
The leaf sheath also has more number of vascular bundles . protected
by sclerenchymatous patches on the outer surface. In the Iﬂiirf
blade the lower epidermis is well-cutinized. So far as structure 1s
concerned these are the indications of the basic causes of drought
resistance in S. durra. It is confirmed, therefore, that the structure
in every part of the plant contributes either to the over-all or to
the vital drought resistance in these cereals.
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