
Journal of Plant Biology, March 1999, 42(1) : 71-74 
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Mulberry (Morus spp.) leaf quality has a great role in silkworm rearing which in turn affects the overall silk yield. In 
the recent past, many varieties of mulberry have been evolved considering the morphological characters, growth, 
yield, and quality parameters based on bioassay. The present investigation was carried out on ten promising mulberry 
8enotypes viz. Tr-10, 1(-2, 5-36, S-54, S-1, V-l, Mysore local, S-13, S-34, and RFS-135 to characterize stomatal size and 
frequency, trichomes and idioblasts using SEM. These new parameters will provide useful information for cultivars 
identification as well as for selecting mulberry genotypes adapted to different eco-dimatic conditions and assessing 
the feeding quality of leaf for silkworm rearin~ 
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Mulberry (Morus spp.) is exploited for feeding silk- 
worms (Bombyx mori L.) which produce silk fibre. 
Mulberry is grown in various eco-climatic conditions 
of temperate and tropical countries like Japan, China, 
and India. India ranks second internationally in terms 
of silk production. The comparatively low production 
and inferior leaf quality is mainly due to the absence 
of mulberry genotypes suited for specific eco-cli- 
m.atic zones. 

The mulberry leaf surface determines the plant's 
adaplation to different environments, exchange of 
water vapour, CO 2 and 0 2 through stomatal pores, 
and palatability to the silkworm. The hairy cover of the 
trichomes on the epidermis determines the epidermal 
transpiration and the energy budget of the leaves. 
Peter et al. (1995) have reported that plant trichomes 
have a role in insect resistance, and growth and devel- 
opment of large-bodied insects may be retarded due 
to feeding hindrance. Many lepidopteran moths prefer 
pube~ent plant surfaces for oviposition, but early 
instar larvae may suffer higher mortality. The chemicals 
of glandular trichomes may impede an insets ability 
to feed. A dense pubescence of plant trichomes 
changes the optical properties of the leaf surface and 
may reflect or absorb certain wavelenbrchs of light 
(Southwood, 1986). Another possible physiological 
function is that by trapping a layer of air against the 
leaf surface, trichomes could conserve heat and mois- 
ture. The trichomes have been correlated with succu- 
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lency in mulberry genotypes by Raju et al. (1980). 
Fujita and U(-hikawa (1986) have used trichomes and 
idioblasts for identification of Japanese mulberry geno- 
types. Katsumata (I 972) found idioblasts to be a useful 
feature for the dassification of mulberry trees. 
Melikyan and Babyan (1971) found that idioblasts 
have a signifk~nt role in determining the feeding qual- 
ity of leaf to the silkworm. Though numerous mulberry 
varieties have been evolved, no attempt has been 
made to study the leaf surface. Therefore, the present 
study was undertaken with ten promising mulberry 
genotypes to determine variation in stomata, tri- 
chomes, and idioblasts using SEM. 

MATERIALS AND METHODS 

Ten promising mulberry genotypes viz. Tr-10, K-2, 
S-36, S-54, S-I, V-l, Mysore h)cal, S-13, S-34, and 
RFS-135 grown in red loamy soil of pH 7.35 under a 
pit system o( plantation were used for the study. The 
genotypes Mysore. local, S-13, S-34, and RFS-135 
were rainfed selections while K-2, S-36, S-54, S-1, 
and V-I were developed for irrigated areas. Tr-10 was 
a triploid genotype cultivated in hilly areas. 

Plots of 3 x 5 m were laid out in RBD with 60 x 60 
cm spacing in between the plants. The tenth leaf from 
the first fully opened leaf from the top of different 
genotypes was cut into pieces 3 mm 2 in size and fixed 
in 2.5% glutaraldehyde (prepared in 0.2 M cacodylate 
buffer, pH 7.2) for 2 h, then washed twice in buffer, 
posffixed for 3 h in 2% osmium tetroxide, and dehy- 
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( I ra led i l l  , in ,lh ( ~hol-, icetonl,  ~ r i e s  at Io~ )n~ l~'r]lp('r,i- 
lure.  rh~, dehTdra ted  maler ia l  was dr ied  in a crit i~, l l-  
t .xl inl drk,  r ( E M S - S S ( ) )  using (71. ) ,  ,b l he  Ir<nisJlil)li 
I ]uid. rhe  d r ied  -~unph:,.~ were  n l ( i t i l l l t , ( I  (ll l l(> COl)per 
,; lubs keep ing  lhe  abaxia l  leaf sur l , l te  up  t)y u>irlg 
c loul) le- : , ided s l icky hll)~', ,m(I lh t ,n  (~kl l ( ,d vvi lh g~)l(I 
120 11111 lllic;kn(,~,,0 i l l  ,i spu l l t ' r  (o ,  l l ( ' r  (EMSqir ; l l ) .  l J l e  

(()ate(I  sdnll)le.~ w(, re (,x, ln l ine( I  t ind( , r  ~,le(:11"llrl 

micros(:~l:)e ( IE()L 1(iO (TX I I -ASII)  41)i  ,il 211 kV. .N~-  
mala l  size and [ro(jUt~ll('V, , l l l ( I  I t ,ng lh ,  iI h i d l t  i l l les ,inlJ 
i ( l iobl, ls ls we re  measured  in 25 f ields each f , ,  10  di f -  
ferenl  h'af salnl i le~ f rom (l i l l i ,e1~i l)l, lnlS for each gen-  
o lype .  Means  and  s tandard er ror  we re  cah ul<11ed. 

R E S U L T S  A N D  D I S C U S S I O N  

Ba~(.I on  the SCdllll i l ' ig ( ' lec l ron i l l i (  roscol) ic  ol)ser- 
v i l l ions,  ihe  SlOlnatal size ~,1 <ill ihe  :./erlotypes s lu( l ied 
t:ail be ~roui-~( I  in to  Ih ree calegorio~: 1. l , i rges l -s ized 
s lon l i i ta  d 3 . 2 b l  ~-().()()5 l i ra  h,nl,Jh and  s..527 :t 
II.OOli l i ra  w i d l h l  in geno ly l )e  l i ' - i l i ,  2. m~,d ium-s i /ed  
s lomata ( r i ng ing  I)e. lwel,n l l i . O l l ) -  I ( I . l )14 t.l l l l lenglh 
and  4.5 13 - 5.1147 I.Im w i l l l h l  in ,qf,li~)lyl)t,s K-.2, .S-$6, 
S-54, ~ 1, and  V - l ,  and  .I. smi i l l -s i / i , ( I  .qoil~,lhl (r, i l l~- 
ing I )e lween  8Ai21 - I L 5 1 I  t l l n  h, l lg lh , l l ld  I .O46 ll~ 
5 .753 j.111"1 w id lh )  in ~(,llOlyi)t.,~ My~l iro local, .S-13, S- 
3 4 ,  an(l  RFS-I / 'S  Clhl)h' 1, Pl,l le I, Fig.~.' l- l ib. 

Fur lhel ;  based ()n the n u l n l x , r  (~t st~ ~m,lhl in arl ,11ea 
of  "I ; /3;; .2 Iron '' the ge11()lypes (.an , lgain t)~, gr()t l l )ed 
in to  .I ~, l legories: 1. ( ; en~ l ypes  lr : l i ) ,11~(I V- I  w i l h  3 
tlJ 4 sl( imat,  i, 2. gt,nolyl: l t ,s 1<-2, Mys( i l t ,  Io(, l l ,  5-1 I, S- 

;10, .~-.]4, 5-54,  ~.llld 5-1 w i l h  7; I~> - stomata,  and  3. 
geno l y l i e  RI:S-13S w i l h  ,111 ,IVl'l 'd~l' ()J [l ~lOIl l , lhl  
(Tat)le "1, Plale II, Pig~. 1 - I IIL 

Thor l ,  seems I i i  t)P dl l  adaptive, ( o r re la t ion  I)elw(..,i,i-i 
size ,in~l lhe  ni l l r l t ) t , r  ( iI sh imah l  a l l / l ) l lg  (lifh,r(.,nl gt 'n- 

~,lyl)(,.~. ( . ;en~ltyl ie rr.. IO h,u l  the I,ngesl s tomata but  
f i le Iewesl  in nun i t xu ;  This gt,nolyl)t. ,  is ,i trit)lokl and 
il is rept ) r led !h,i l lh( '  largl '  size ~lf Ih(, ~,l(in-iala is dl l  
i l uhca l i lm  ~lf Iht, h igher  i)h >i~ Iv h,w,l in mulbern, :  ( / l in-  
ver,,el\; Ihe nunfi ,cl  g t ,no lv i ) l ,  R i S - 1 3 5  had l i l t ,  smal l -  
1,~;1 ~,li i l l ldht  I~til l he  highesi  it1 I l l l l l~ber. ( ; en l l l ype  S-1 
lt<l~l rn t ,d ium-s i /e f l  ,is well ,~s ,i i l l ( , l l i t lm n t in lb l , r  (li" 

sh)ii ldl<l. I h)~'~t,v(,r, in gen, l ly l )o  V I, l h l l ugh  Ihe slO- 
Il l , i ld wi,rL, i l i ( ' l t i um in ~ize, IIl~'r~. were  l~,wl,r .qonlahl  
l le i  un i l  , l ro,  i. ( a , i l l l l V l ) t ,  ~ 1 i had Vel T ,~il1,tll s lon lah i  
, in ( l  ,lls~ i a ITl~ ,( l( ' r i l l l '  r l t ln l l  i t ' r  i ) ( ' r  i in i l  , i re& Ibis gen- 
~il~l ie is re l io r led  Io l ie i l t i l l ( '  , l i l i lp t iv l '  for ra in ied  
,m.',is Ibushee lamlna  and  l )a lh l ,  19931 and may  I~, 
l i l i l iz l , i l  f i l r  fu r lher  e• in d i l l e ren l  ec<i-cl i-  
Ina l ic  zone.<., l h e  highe>l l)h~i l~,. ;ynlhel ic rate has 
lleon n,c~lrde~! in thN gorlOlYl i l ,  I)'< ( h i i k ra l ) l l r l i  el al.  
I191}fl). B,tneq~,e ( l l)(J I )  h li.li'Ul Iho highesi IT , )u l l ing  
i )e lcenh ige  in rn l l l l iw ) l l i l ~ t , -and  I ) iw l l l ine-hy l ) r i ( I  ~ilk- 
W( ,ri l l  I'd( oh led w i l h  I(,avl,s l lf Ihi> ~Oll~ltyj)e. 

lh t ,  Iri~ li()l-~l(,y, an(I  i(li(ll)l,i.q.~ ()I all I i ,n gi,n(ilvi)(,.~ 
, i i l .  t ) re~,n le( I  in lahle "1, I)lah , III. Figures 1-1i).  In <ill 
Ihc  ~(.,l~lll.vp(,s qudic~ l ,  l he  Ir i~'h(i l l l l ,s IOUl"id \vt, i~, 
gl,ul(hJI,ir ,n ld  lh l ,  I r i ( homi , s  ~)1 g,,not.vpe S-54 w e r e  
h)ltg(,sl al 21 t l i . f ) f l  l l r l l .  In alI, Rl ler ( , i teg(irv. Ir i- 
t l l l l l i l l ' s  \.V('fo I l l e ( l i un l  i l l  h'llL,~lh, i , l l ig ing lr() l l l  
20  Oq i- ().2'" I,~ 23.21 • li.~V7 I.inl in gerlolyl)PS b-'14, 
.M\',411r(, lucal, 5.1,  R IS- I  I ' i ,  dn l I  [ r - l l ) .  I l l  ,I Ih i rd  (a l l ' -  
g l ,y ,  I r i ch lmlo~ h,ng lh r,ulgt,d I ,e lvveen lf l .(>-I • 11.4.l 
I~> I 'L.47 J (I..1 / J J i l l  in lh(,  g(..,n~llyl)e.~ K-2, 5.. I l ,  .~-3fl, 
,in, I V - I .  I tu is.  gen~>lyt)e REF,-I'~,S h,l~t the sn~allesl 
t) l l l  lhe  m~si  ~h)i11,il,t and  Ihl ,  t l ighesl aver, ig(, Ir i- 
ch, ln l l ,  h,nglh.  ( k , n o l y l ) e  I r - l ( i  had l he  largest shl-  
m, ihl, d ie  lew~..,l i l l  numl )e l ,  ,,n~l ,m average t r i chome 
le i lg lh  ~il 23.21 . ! :0.37 p in .  ( ; i ,n,  i l ype  5 -54  had the 
hi!.hesl aw,r, lgl, I r i chome le l lg lh  ~I 2h.21 • () .66 l lm .  

k l i~ l ) lasls va, re henf ispher ica l  w i l l l  n~i ( ro lub( , rc les 
<ill a round  ll~i, surface, hli~l)l,.i~Is f i ,und  we re  e i ther  

Table 1 . 5 t o i n a h i l  size, #eqti l 'ncy, s ize  ,~1 Irich~ln/(,~ and i(li(,l)lasl~ in diffl-,rl,nl gonot$.lleS of nltllll~,lr~; 

N a l l l l '  () f  
g~,nl , lyl )e 

r r - l O  I ; / .2S I :. O.OliS 
1<-2 I().111 I ~ ( i . ( i lM 
5 - 3 6  I l l .J i l l )  ! ().(lOfl 
5 - 5 4  I I1.O 1 .l ~- {i.l i l if) 
5-1 I[).(ri I . t l i . l i l l :~ 
V I I ().O 12 .t I).O()(~ 
M y ~ l r e  local 8.O67.'- II.OO.1 
5-13  I1.1) 14." (i .()(i . l  
5-34 II.S 1 I + ll.()(i~t 
RFS- 13'; II.I i21 "L" ( i.(.ii)fl 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  / ; ; i g - t i , ; i i  . . . . . . . . . . . .  , , ,  

. . . . . .  -i~,iigd~ ...................... ~'i-71iii . . . . . . . . . . .  7',iu mJ;fir i~].,,: ...... !,i( horn,.., idi,,hl,,sh 
I [ l l l l l l  (J.l l l l l  "I I ; {...) J.l l l l" ,11"O,i I~1111t I l l l l l l  

. . . .  ~"g:)=; -, . . . . . . . . . . . . . . .  , t Z~ - :~i . . . . . . . . . . . .  T;;":~i-;T " ,::-+ . . . . . . . . . . . . . . .  ~-:-:+T: . . . . . .  j .)., O.O118 ,.,I I () ._.I  .~ ,._1 _1). ~, th .6 .  l i .Mi  

.,z :,..SI,, ~(lard Em ~r 

5.1147-~ t).l)(}h '.(t*) : I).2fl l~Lfl4 ' (I..l ; 24.67.LI1.41 
4.5b I ', I).()()h ,A;~) + ll..1.,t I'L4() ! (i.-I ; 17.I 7-t ().fl(i 

4 . 7 5 2  �9 11.(1(1.1 ,.ql).4 I).22 d6.21  :tll.t,(~ 19.8/-~ 11.5" 
4.333 , O.(HI7 f l .qI), l).22 2U.45" 11.4.; 21.62-' 11.79 
4.541i ~ 1).I)(14 .I.(~I) -y I).2-I I t).47 t (L4 ~ 12.84.' 11/12 
3.1)41,.~ ().I)()7 ',.l ~I) ~ 11.211 2(l.23 .~ 11.;;," 1 i>.45 _~ ().S I 
,1.73 1 , 1).(){)7 ,.' ~.t) .!11.22 18.2-1 ,.1 t..I. '  2.%.2fl • O.fl v 
rL75 ; ' 0.0(}-1 I,.(ll).* 11.2.1 21).119, 11.2"" 41.24_+.(I.h I 
4.STiff : O.O()'I ~$.1'0-" I).211 .? 1.21 ' 11.;7 2 I.OB+O.6 { 
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Plate I. Different size of stomata in the mulberry genoty|x~ 
Tr-10 (Fig. 1), K-2 (Fig. 2), S-36 (Fig. ~), S-54 (Fig. 4), S-1 (Fig. 
5), V-I (Fig. 6), Mysore kx'al (Fig. 7), S-I 3 (Fig. 8), S-~4 (Fig. 
9), and RFS-135 (Fig. I0). Scale bar :.: 5 IJ.m. 

Plate U. Numlx~r of stomata in the mulberry genotypes Tr-lO 
~Fig. I), K-2 (Fig. 2), S-36 (Fig. 3), S-54 (Fig. 4), S-I (Fig. 5), V- 
I (Fig. O), Mysore local (Fig. 7), S-13 [Fig. 8), S-?,4 (Fig. 9), 
and RFS-I 7,5 lFig. 10). N~lle l)ar =- I0 p.m. 

long- or short-notched. In this regard, genotype S-34 
displayed a very long idioblasl (31.24_+0.61 l.tm) 
while short idioblasts of 12.84 +_0.32 to 19.83 +0 .57  
l.tm were observed in genotypes V-I,  My.~)re local, Tr- 
I0,  S-36, and S-54. The idioblasls in genotypes S-I 3, 
K-2, S-I, and RFS-135 were. inlermediak' in length 
(21.08 + 0.63 to 25.26 + 0.67 lure) (Table I ,  Plate III, 

Figs. 1-10). Fujita and Uchikawa (1986) found varia- 
tion in trichomes and idioblasts of many Japanese 
mulberry cultivars and so used trichomes and idio- 
blasts as a tcx~l for cultivar identification. Shah and 
Kachroo (1975) expressed the opinion that the infor- 
mation about trichomes may throw light on the pref- 
erence for (ertain foliage by the silkworm. Idioblasts 
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dffh,renI eco- t l imat i t  condili~)ns and the assessment 
of lhe feeding quality of leaf fi~r .,,dkw~.~rm rearing. 
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Plate III. hliol~l,v,I!, ,u)(l Iri( h(~u. ", in II:~. mull)err!,, g~.n~,l\'l)4..~ 
17- I (I iriy I i. K- 2 iFig. 2 i. S- {(, : I ig. ',i..h- r,4 d:ig..i ), "i- I ~ Fi?,. 
5i, V- I (I ~g. ~, ! ,Mvsor(, h)( al ~I ig. 7L ~,.. I ~ d:ig. 81 5- ~4 ,.fig. 
UL ,111,1 l<l:S-I ~'~ dig Ill). ',(ah' [h. I I  : .'I) UIII. 

have a l ~  I)e(,n [(~tlll(I 14) hay(, a ~ignili(:anl n)l~, in 
determining the fee(ling tlualily ~,I h,af 14~ lh(, ",ilk- 
worm I~v Melikyan and Bal)y,m ,1971J. h,~w<,vel, 
early in~lar larv,le may ~,tlll'er lr~lm higher morlal i lv 
(Pt,ter t,I ,If., 19951. 

lh~. l),'e,~enl inw,sligali<,u may I)~. u.,,elul in ,ullivar.,, 
i(h.,nlifi~ alion, Ihe s(,lecli(~n ()f g4.,~l(,types a~lal)led 1,~ 
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