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EPIDERMAL AND VENATION STUDIES I N  THE INDIAN SPECIES OF POLYGONUM 
LINN. (POLYGON ACEAE)-I. 

~Valional Botanic Gurdens, Lucknow 

A B S T R A C T  

Epidermal chargcters and venation pattern of leaves of ten Indian species of Polygonum Linn. 
belonging to five sections vit., P. recumbens Royle ex Bab. (Sect. Avicularia Meissn.) ; P. &fine D. Don, 
P. amplexicaule Don, P. vaccinifolium Wall. ex Meissn. (Sect. Bistorta Tourn.) ; P. glabrum Willd., P. lupathi- 
folium Linn., P. serrulatum Lagasc. (Sect. Per~icaria Meissn.) ; P. chinense Linn., P .  nejalense Meissn. 
(Sect. Cephalophilon) and P. rumia~olittrm Royle ex Bab. (Sect. Aconogon Meissn.) have been inves- 
tigated for an appraisal of the extent of utility of these characters with regard to the taxonomy of this 
interesting grollp. The variability pattern in these features has teen found to be independent of the 
established pattern at sectional level as set by criteria of external morphology. However, these do 
serve as helpful data of diagnostic value. 

The genus Polygonzirn Linn. (Family : Polygo- 
naceae) with its about 300 species is of a cosmopoli- 
tan but especially temperate distribution (Willis, 
1966). About 80 species are known to occur in India 
(Hooker, J. D., 1886 ; Calder et al., 1926 ; Razi, 
1 959). 

The taxonomy of the Indian species of Polygo- 
num as based on gross morphology alone has p r s  
sented difficulties to the pioneer workers. Hooker 
(1886) observed, "A very troublesome genus, the 
Indian species of which have been much confused, 
and I cannot hope that I have finally settled the, 
limits of those especially of the Persicaria and 
Avicularia sections.. . . .." 

For an appraisal of the extent of utility of other 
morphological characters with regard to the taxo- 
nomy of Indian species of Polygonum the authors 
have presently undertaken a detailed study of the 
epidermis and the venation of their leaves. As has 
been concluded by Stace (1965), these characters 
are often of undoubted importance 'as further 
pieces of the jigsaw of complete systematic evidence' 
This study may also find use in determining and 
standardizing the crude drug material as sold in the 
market, for the leaves of several of the Polygonum 
species are employed in indigenous system of medi- 
cine or folklore for curing various ailments (Chopra 
et al., 1956, 1969). Some of the species of Polygonum 
have also been correlated with esophageal cancer 
(Morton, 1970). 

The present account includes ten Indian species 
of Polygonum belonging to five sections, viz., I. 

recumbens Royle ex Bab. (Sect. Avicularia Meissn.) ; 
2. P. a@ne D. Don, 3. P. amplexicaule Don, 4. P. 
vnccinrfol~urn Wall. ex Meissn. (Sect. Bistorta 
Tourn.) ; 5. P. glabrum Willd., 6. P. lapathifolium 
Linn., 7. P. serrulatum Lagasc. (Sect. Persicaria 
Meissn.) ; 8. P. chznense Linn., g. P. nepalense 
Meissn. (Sect. Cephalophilon) ; and 10. P. rumici- 
foliunz Royle ex Bab. (Sect. Aconogon Meissn.). 

Of the species investigated here, the ones num- 
bered above as I ,  3, 5, 8 and g have been studied by 
Inamdar (1969, 1970) but he has not worked out 
the various details of stomata1 index and size of 
stomata, the venation pattern and palisade ratio, etc. 
The observations made here will enrich the wealth 
of data accumulated so far. 

MATERIAL & METHODS 

The leaves of the species of Sect. Persicaria and 
of P. chinense were collected fresh at Lucknow and 
of the remaining species from herbarium specimens. 
In most of the cases one or two mature leaves of 
each specimen were examined and leaves were taken 
from at least 3 specimens. Dried leaves were soaked 
in warm water for sometime. These as well as fresh 
leaves were kept in 10% Nitric Acid for 24-48 hours 
and then washed in water. Epidermal peelings were 
taken from apical, middle and basal regions, stained 
with Delafield's haematoxylin and mounted in 50% 
glycerine. For study of venation, small pieces were 
cut from apical, middle and basal regions of mature 
leaves from portion between midrib and margin. 
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These were cleared with chloral hydrate, stained 
with safran.in and mounted in canada balsam. 

The stomatal index has been dcrived as follows: 
S 
+ x 100, where 'S' indicates stomatal index= - 

number of stomata per unit area and 'E', number 
of epidermal cells per same unit area. The palisade 
ratio has been obtained as follows: number of pali- 
sade cells within 'n' number of epidermal cells divi- 
ded by number 'n'. 

OBSERVATIONS 
Whereas the important data have been summa- 

rized in tables 1 and 2, and venation has been illus- 
trated in figures 13 to 22, the other interesting 
features are described below : 

Section : Avicularia Meissn. 
Polygonurn recumbens Royle ex Bab. 

Stomata on lower surface almost erjually variable 
in length in middle and basal regions and less in 
apical, breadth equally variable in apical and middle 
regions and more in basal, average length maximum 
in middle, almost equalling in arjical and least in 
basal region, average breadth almost equal in api- 
cal and middle regions but maxiinum in basal, on 
upper surface length and breadth almost constant 
in apical and middle regions while both variable- 
though slightly-in basal region ; stomatcrl index on 
lower surface exhibits widest range of variation in 
middle, less in basal region, and least in apical, on 
upper surface widest range of variation observed in 
apical region, less in basal and nominal in the 
middle, average index on lower surface tends to 
rise from base ro middle and middle to apex while 
on upper surface it takes an almost equal leap from 
middle towards both apex and base. Vein islets 
more variable in number in middle and relatively 
less so in apical and basal regions, in last two re- 
gions almost equally variable, number per unit area 
tends to increase from base to middle and middle 
to apex. Vein endings follow same pattern of vari- 
ability as the islets. 

Section : Bistorta Tourn. 
P. effine D. Don 

Stomata more variable in length in basal region, 
a little less in apical and least i11 middle, breadth 
almost equally variable in apical and basal regions 
and a little less in middle, average Icngth and, 
breadth maximum in apical region, less in basal 
and least in middle, occasionally stomata may be 
as broad as long in middle and basal regions ; 

stornatal index exhibits widest range of variation 
in middle, less in apical region and least in basal, 
average index tends to rise from base to middle and 
from middle to apex. Vein islets almost equally 
variable in number in apical and basal regions 
while remaining almost constant in middle, figures, 
however, are quite high for apical region than for 
middle and basal regions, average number per unit 
area in middle and basal regions almost equal and 
the corresponding figure nearly doubled in apical 
region. Vein endings relatively more variable in 
number in middle, less in basal region and least in 
apical, average number per unit .area is more or 
less same throughout the leaf. 
P. ampkxicaule Don 

Stomata less variable in length in middle than in 
apical and basal regions (relatively more variable 
in basal region than in apical), breadth nearly 
equally variable throughout the leaf, however, the 
figures for basal region are lower than those of apical 
and middle regions, average length maximum in 
apical region, less in middle and minimum in basal, 
average breadth maximum in middle, almost equal- 
ling in apical region and least in basal ; stomatal 
index exhibits maximum variation in middle, and 
almost equal variation in apical and basal regions, 
average index highest in middle, lowering towards 
both apex as well as base but least in apical region. 
Vein islets vary most in number in middle and 
nominally in apical and basal regions ; average 
number per unit area almost same in three regions. 
Vein endings show maximum variation in number 
in middle, lesser in apical and least in basal region, 
the figures for apicai region are significantly low, 
average number per unit area in middle region al- 
most four times that of apical region and two times 
that of basal region. 
P. vaccinifolium Wall. ex Meissn. 

Stomata more variable in length in middle than 
in apical and basal regions, in last two regions varia- 
tion is quite restricted and almost equal, breadth 
nearly equally variable in middle and basal regions 
but more or less constant in apical region, figures 
are highest for middle, lower for basal and least for 
apical region, stomata tend to be slightly longer 
and borader in middle region ; stomatal index exhi- 
bits widest range of variation in middle and mini- 
mum in apical region, however, the average index 
in middle and basal regions is allnost same while 
in apical region nearly one and a half times more. 
Vein %lets show an almost equal variation in 
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number throughout the leaf, the number tends to 
increase from base to middle and middle to apex 
as indicated by the minimum, average and maxi- 
mum of the range. Vein endirsgs follow same 
pattern of variability as islets except that range of 
variation in number is nearly equal in middle and 
basal regions but wide in apical. 

Section : Persicaria Meissn. 
Polygonurn glabrum Willd. 

Stomata on both surfaces exhibit widest :ange of 
variation in length in basal region and restricted 
variation in middle and apical regions, in last two 
regions range of variation is almost equal, average 
length maximum in middle, breadth almost equally 
variable throughout the leaf on lower surface while 
on upper surface it is almost ecrually variable in 
apical and hasal regions and slightly more variable 
in middle, average breadth on lower surface maxi- 
mum in middle and minimum in basal region, on 
upper surface it is almost equal in basal and middle 
region, and lower in apical, r&rely stomata on 
upper surface may be as broad as long in apical 
and basal regions, twin stomata occasionally present 
on lower surface, these may be contiguous along 
the side walls (Fig. 5) or apex of one conjoined with 
side wall of the other (Fig. 6) ; stofnatal index on 
both surfaces exhibits minimum variation in apical 
region and maximum in basal, averagz index al- 
most qua1 in apical and middle regions and lowest 
in basal. Vein islets almost equally variable in 
number in apical, middle and basal regions, average 
number per unit area tends to increase from base to 
middlc and middle to apex. Vein endings too al- 
most equally variable in number throughout the 
leaf, average number per unit area highest in middle 
and almost equally falling towards both apex and 
base. 
P. lapathifalium Linn. 

Stomata on lower surface show wider variation in 
length in middle than in apical and basal regions, 
in last two regions length almost equally variable, 
on upper surface length more variable in apical 
than in middie and basal regionh, in last two re- 
gions range is almost same, average length on lower 
surface almost equal throughout the leaf while on 
upper surface it is almost equal in middle and basal 
regions and slightly less in apical, breadth on lower 
surface most variable in middle and least in basal 
regions, average breadth on lower surface maximum 
in middle, slightly lower in basal region and mini- 
mum in apical, on upper surface it is lowest in 

apical and almost equal in middle and basal re- 
gions ; stomata generally tend to be slightly bigger 
on upper surface than those on lower surface, on 
upper surface in middle region they may rarely be 
almost as broad as long ; stomata1 index on lower 
surface exhibits almost equal variation throughout 
the leaf, on upper surface it is highly variable in 
middle where occasior~ally stomata are very much 
unevenly distributed, average index on upper sur- 
face highest in middle, s!ightly lower in basal region 
but quite low in apical. Vein islets show almost 
equal variation in number throughout the leaf, 
average number per unit area highest in apical re- 
gion and almost equal in middle and basal regions. 
Vein endings too show equal variation in number 
throughout the leaf, average number per unit area 
increases from base to middle and middle to apex. 
P. serrmlatum Lagasc. 

Stomata on lower surface showing relatively wider 
range of variation in both length and breadth in 
basal region, in apical and middle regions almost 
equally variable, average length 2nd breadth maxi- 
mum in apical region, on upper surface range of 
variation in length although quite restricted, yet 
it tends to be more restricted in apical region, varia- 
tion in breadth nominal in apical and basal regions 
but quite significant in middle, average length 
maxinium in basal region, almost equa!ling in mid- 
dle and least ir, apical, average breadth almost same 
in apical and basal regions and a little less in 
midd?e ; stomatal index on lower surface exhibits 
widest range of variation in apical, lesser in mid- 
dle and least in hasal region, maximum average is 
observed in basal region and minimum in middle, 
on upper surface stomata are highly unevenly dis- 
tributed, non-stomatiferous areas are frequently met 
with. Vein islets more variable in number in mid- 
dle as compared to the apical region, average num- 
ber per unit area is higher in middle than in apical 
region. Vein endings follow same pattern of vari- 
ability as islets. 

Section : Cephalophilon Meissn. 

P. c h i  Linn. 
Stomata on lower surface show nominal variation 

in length in middle region, wider in basal region 
and widest in apical, breadth varies least in basal 
region, more in apical and most in middle, average 
length and breadth maximum in middle, stomata 
on upper surface significantly bigger ; s t o m t a l  in- 
dex on lower surface exhibits widest range of varia- 
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tion in middle, lesser in apical region and least in 
basal, average index in apical and basal regions al- 
most same and liigher in middle, on upper surface 
stomata are rare, almost absenr towards the base. 
Vein islets relatively less variable in number in 
basal region than in apical and middle regions, 
average number per unit area is. however, the same 
throughout the leaf. Vetn endings highly variable 
in number in middle, much less in apical region 
and almost constant in the basal, average number 
per unit area highest in apical region, much less 
(nearly half) in middle and further reduced in basal 
(nearly half of the figure as in middle). 
Polygonurn nepalense Meissn. 

Stomata highly variable both in length as well as 
breadth, on an average almost double in size than 
those of P. chinense, which belongs to same section ; 
stomata2 index exhibits widest range of variation 
in iqiddle, less in hasal region and least in apical, 
average is maximum in apical region, less in middle 
and least in basal. Vein islets almost equally vari- 
able in number in middle and basal regions and 
more so in apical, average number per unit area 
is almost same in middle and basal regions and 
pbigher in apical. Vein endings show a much res- 
tricted variation in number in basal region as com- 
pared to that in apical and middle regions, average 
number per unit area is, however, almost same 
throughout the leaf. 

Section : Aconogon Meism. 
P. rdcifolilnn Royle ex Bah. 

Stomata highly variable in length, breadth also 
variable, occasionally stomata may in the apical 
region be almost of the same length and breadth ; 
stomatal index highly variable in apical, relatively 
much less so in middle and least in basal region, 
average index increases from base to middle and 
from middle to apex, at apex it is almost double 
of the average at base. Vein islets with restricted 
and almost identical range of variation in number 
throughout the leaf, average almost the same 
throughout. Vein endings more variable in number 
in middle, less so in apica! region and almost cons- 
tant in the basal, the number incleases from base 
to middle and from middle to apes. 

Of the species investigated here, P. nepalense 
possesses distinctively large stomata (50.3 x 39 .5~  ), 
followed by P. rumicifolium (38.7 x 25.5 Within 
a species the maximum variation in stomata1 length 
on lower surface is observed in P. nepnlense (over 

10 

zop) followed by P. rttmicifolium (18.5~ ) ; P. 
amplexicaule also exhibits wide variation in stomatal 
length ( 1 0 ~ ) .  The width varies maximum in P. 
nepalense followed by P. arn$dexic;atrle (variation 
around lo p or morej. 

Stomata on upper surface, where present, tend to 
be slightly larger than those on lower surface ; in 
P. chinense upper surface stomata are much larger 
than lower surface ones. 

The orientation and arrangement of stomata do 
not show any definite pattern. 

The stornatal size in a particular species in the 
apical, middle and basal regions does no: show any 
remarkable variation. However, on the lower sur- 
face, the stomata tend to be longest in the apical 
region in P. afine, P.  amplexicaule and P. serrula- 
tum ; and in the middle region, in P. recumbens, P. 
vaocinafolzum, P. glabrum and P. chinense (enough 
readings could not be taken for P. nepulense and 
P. rumicifolzum). They are shortest in length on 
lower surface in middle region in P. afine and P. 
serrulatum and in basal region in P. recztmbens, 
P. amplexicaule, P. vaccirlifolium and P. glabrum. 
The width also does not show much'variation in 
the three regions although it tends to bz maximum 
in apical region in case of P. afine and P. serrula- 
tum, in middle region in case of P. vaccinfolium, 
P. glahru?n, P. lapathifoliu~n and P. chinense; it 
tends to be minimum in apical region in case of P. 
vaccinzfolium, P. lapathifolzum and P. chinense and 
in middle region in case of P. ofline. 

Tbc lower epidermal cell wall is distinctly sinuous 
in P. glabrum (Figs. 5 & 6), P. la#mthzfolium, P.  
serrulatum (Fig. 8)-a]1 belonging to the same sec- 
tion, P. nepalense and P. rzcmioifoliirm ; in remain- 
ing species it is straight or arched (in P. afine may 
be slightly sinuous also). The upper epidermal cell 
wall is in almost all the species straight or arched 
[only in P. rumicifolium (Fig. lo) it may also be 
slightly sinuous]. 

The cell wall on lower surface is distinctly striated 
in P. recumhens, P. vaccinifolium and P. chinense 
but in the latter the striations are radiating irom 
stomata (Fig. g) or glands and in the two former 
ones they run parallel to stornatal axis (Figs. I & 3 
respectively). The cell wall on upper surface is 
striated in P. recu~nbens (faintly so in this case), P.  
afine, P. chinense and P. nepalense but while the 
striations are irregular in case of P. afine (small too 
in this) and P,  nepalense, they are parallel to stoma- 
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FIGS. 1-12 : Epidermal peelings: 1 .  Polygonurn recumbcns (lower) ; 2. P. affine (lower) ; 3. P. uaccinifolium (lower) ; 
4 .  P .  glabrum (upper) ; 5. P. glabrurn (lower) ; 6. P. glnbrwn (lower); 7. P.  m h t u m  (upper) ; 8. P. serrulaturn (lower); 

9. P. chinense (upper) ; 19. P. nepalense (upper) ; 1 1 .  P .  rumicifoliurn (upper) ; 12. P. ruwicifolium (lower). 
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Fras. 13-22. Venation : 13. Polygot~urn recumbens ; 14 .  P. affine ; 19. P. nmilexicaule ; 16. P .  vaccinifolium ; I f .  P. 
glabrum ; 18. P .  lnpntlriflium ; 19. P. scrrulatum ; 20. P. chinense ; 21. P. nepaknse ; 22. P. rtdmicifo[ium. 

FIG. 23. Trichome : P. rumicfilium. 
Fror. 24-27. Sessile glands (lower surfaces) : 24. P. rumic~olium ; 25. P. vaccinfdiua ; 26. P. rcctm~bmns ; 27. P. scrrulafum. 
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tal axis in P. recumbens and radiating from stomata 
or glands in P. chinense. 

In all the species sessile glands are present on both 
the surfaces of leaves mainly on or near midrib and 
main veins ; however, they are relatively sparser 
on upper surface. In most of the species glands are 
2- to many-celled( Figs. 24, 25 & 27) except P. affine, 
in which they are only ]-celled. In P. reczcmbenr 
(Fig. 26), P. amplexicaule and P. vaccinifolium also 
I-celled glands have been observed alongwith 2- or 
more-celled ones. 

DISCUSSION 
One of the major contributing factors towards 

fruitful taxonomic research is the understanding 
that only a synthesis of all evidence-n~acroscopic, 
microscopic and other-will provide anything ap- 
proaching a complete picture of any taxon. Epider- 
mal features including stomata and trichomes, and 
venation have found a prominent place among the 
parts of the plants which have bGen studied for this 
purpose and have frequently provided valuable 
supplementary evidence (Hall & Melville, 1951 ; 
Carolin, 1954 ; Watson, 1962, 1965 ; Ahmad, 1964 
a, b, c ; Stace, 1965 and others). The genus Poly- 
gonum remains yet to be thoroughly studied with re- 
gard to these characters and their systematic value. 

Metcalfe & Chalk (rg~o) recorded that the sto- 
mata in Polygonaceae are nearly always ranuncu- 
laceous (anomocyticj, except in Coccoloha, species 
of which have distinct subsidiary cells and in Oxy- 
theca and Triptaris, which have rubiaceous stomata. 
*Husson (1966) observed that Polygonaceae stomata 
are fundamentally anisoc~tic (cruciferous) as seen in 
Erigoneae and less clearly in Rumiceae ; they may 
also be paracytic (rubiaceous) in P. hydropiper and 
pseudoanomocytic, e.g. in Rumex ; Coccolobeae have 
several narrow flat cells around the guard cells. In- 
amdar (1969) reported cruciferous (anisocytic), rubia- 
ceous (paracytic) and ranunculaceous (anomocytic) 
stomata in the leaves of Antigonon leptopus as well 
as Polygonum glabrum. He, later (Inamdar, 1970)~ 
found all these three types of stomata occurring in 
Polygonum plebeium, P. amplexicaule, P. amphz- 
bium, P. barbatum var. gracile, P. capitatum, P. 
chinense, P. dumetorum, P. lanigerum, P. nepalense, 
P. recumbens besides Fagopyrum cymosum, 
Mtrehlenbeckia platyclada and Rzrmex hastatus. 

The authors could not confirm the occurrence of 
rubiaceous stomata in P. chinense and P. reczimbens 
in which only ranunculaceous and cruciferous ones -- 

'Original not seen. 

have been seen. In P. algine cruciferous ones have 
not been seen ; only rubiaceous and ranunculaceous 
have been observed alongwith a modification 05 
tetracytic type in which the pair of polar subsidiary 
cells are of different size than the !atera1 ones (Fig. 
2). In P. nepalense the cruciferous type is present 
though rare, alongwith ranuncalaceous and rubia- 
ceous ones. In P. vaccinzfolium rubiaceous type is 
rarely present alongwith ranunculaceous and cru- 
ciferous ones. Only in P. ltzpathifolizrm all the three 
types are frequently present. P. serrulatum shows 
only rubiaceous type (Figs. 7 C(r 8) and P. rumici- 
folizcm only ranunculaceous ones (Fig. 12). Where- 
ever the rubiaceous type of stomata are present, in 
most of the cases the two subsidiary cells are un- 
equal in size (Figs. 2, 4, 7, 8). 

With regard to the stomatal index as based on 
random readings taken throughout the leaf surface, 
a wide range is observed within a species. This is 
because of haphazard grouping of stomata in various 
but indefinite areas in most of the species investi- 
gated here. This tendency is most highly pronounced 
in P. rumzcifolium in which the range of stomatal 
index for the lower leaf surface is 8-36.6. The varia- 
tion in stomatal index of lower leaf surface is of a 
considerably high order in P. vaccznifolium ,(8.7-26), 
P. nepalense (18-33.5) and P. recumbens (1e25). P. 
affine exhibits least variation (14-21.8). Taking into 
account the average stomatal index for the lower 
leaf surface, P. amplexicaule (25.6) and P. nepdense 
(25.4) come closer to each other ; on the other hand 
P. vaccinifolium (19.7)~ P. glabrum (19.5) and P. 
rumzcifolium (19.8) come closer together ; P. afine 
(17.2) and P. lapathifolium (17.3) form another 
group. P. chinense stands out for lowest average 
stomatal index (12.3) and for lowest minimum of 
the range (6). 

The stomata are absent on rlpper surface in P. 
afine, P. amplexicaule (Inamdar, 1970 reports pre- 
sence), P. vaccinifobzim, P. nepalense (Inamdar, 
1970 reports presence) and P. rumicifolium; in P. 
chinense these are rare with tendency to disappear 
towards the base. In the remaining species they are 
present but sparser when compared with the lower 
surface in the same species. Here too the variation 
in the stomatal index is of a high order reaching 
widest in P. lapathifolium (6.2-23.5) ; it is narrowest 
in P. glnbrzim (9.~16.7)~ which incidentally belongs 
to the same section. 

The ranges of stomatal index in apical, middle and 
basal regions of a particular species indicate, some 
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interesting features. In P. recumbens, P, afine, P. 
amplexicaule, P. glabrum, P. lapatkzfolinm and P. 
chinense the minimum of the range on lower sur- 
face does not vary much in the three regions, while 
in P. vnccinifolium, P. serrulatum, P. nepulense and 
P. rumzcifolium it varies considerably ; in maximum 
of the range in the three regions there is a consi- 
derable variation in case of P. nepnlense and P. 
rumicifolium. 

In matters of pubescence, P. rumiczfolium is dis- 
tinct in having on the margin of the leaf and both 
the surfaces multicellular papillae like swollen bases 
supporting long unicellular hairs (Fig. 23) ; P. 
amplexicaule, P. lapathifolium and P. nepalensd 
possess simple, unicellular, filiform trichomes ; in 
1-' am#dexzcaule and P. recumbens the margin of 
the leaf is papillate (in the latter such papillae are 
present on the midrib also). In remaining species 
the leaf surface is glabrous. 

The venation pattern of the species investigated 
so far, yielded some encouraging data. The vein is- 
lqts per sq. mm, considering the averages as based 
on random readings taken throughout the !eaf sur- 
face, have yielded rhe distinctly high value (21.3) 
for P. recunvbens; the corresponding va!ues for P. 
vaccinifol~um and P. serrutatum are also of a high 
order-! 7.9 and I 6.5 respectively. These values are 
quite low for P. chinense and P. nepalense-2.8 and 
3.7 respectively ; in the remaining species it ranges 
from 6 to 10. However, the minimum of the range 
of variation in number of vein islets per sq. mm of 
one species overlaps with that of i-he maximum of 
the other species. 
The vein islets per sq. mm in the different regions 

of the leaf, i.e., apex, middle and base, of a parti- 
cular species may also he compared. The minimum 
of the range in apical region as compared with the 
corresponding figure for middle and basal regions 
of the same species is highest in P. recumbens, P. 
,fine, P. vuccinzfolzum, P. glabrum (in this case the 

of the middle region is same) and P. 
lapathifolium; apical region shows the lowest mini- 
mum of the range in P. chinense which itself is 
distinctive for the lowest order of the number of 
vein islets per sq. lnm. The minimum value in the 
three regions of the leaf of a species is sarne in case 
of P. amplexicaule, p. nepalense and P. rumici- 
fojium. The average figures and the maximum of 
the range in apical, middle and basal regions follow 
the same pattern as the minimum value in the three 

in case of P. rt.cumbens, P. v~ccznifoliurn 

and P. glabrunt (in this case the maximum is same 
for apical and middle regions). The average figures 
and maximum of the range show higher values in 
the middle region as compared to the apical and 
basal regions in P. amplexicaule and P. serrulatum 
(range for base could not be worked out for -the 
latter). 

The average number of vein endings per sq. mm. 
is recorded highest in P. vaccin~olium (19.8) 
followed by P. recumbens (13.4). In P. a f i e ,  P. 
am~lexicaule, P. glabrum, P. lapathifolium, P. 
serrulatum, P. chinense and P. ru~icifolium the 
number ranges from 4 to 7.5 while in P. nepaknse 
it is lowest (2.5). The number is, however, highly 
variable particularly in P. amplexicattle (2-IS), P. 
vaccinifolium ( I  2-33) and P. chinense (1-8). 

In a particular species the number may or may 
not be significantly variable in apical, middle and 
basal regions. The average for the three regions is 
nearly same in P. afine and P. nepalense, nearly 
same in apical and basal region but higher in 
middle region in case of P. glabrurn and P. arnklexi- 
caule, in latter the reading for basal region is much 
higher, gradually increasing from base to middle 
and middle to apex (i.e. apical region having the 
highest reading) in case of P. recumbens, P. vaccint 
folium, P. lapathzfotirrm, P. chinense and P. rumid- 
foliym. 

The average palisade ratio shows highest figure 
in P. rumzcifolium (15). In P. vaccmifolium and P. 
amplexicaule the maximum value reaches 13, other- 
wise the average is much less in the former (9) and 
still much less in the latter (7). In P. nepalense the 
average is 8. In P. recumbens, P. aflne, P. gtabrum, 
P. lnpathifoliunz and P. serrulatum average is be- 
tween 46. Lowest average is recorded for P. clzinense 
(z), range of the palisade ratio being 1-2-3. 

The pattern of stomata1 index (lower leaf surface), 
vein islets, vein endings and palisade ratio as based 
on random readings taken throughout the leaf sur- 
face is presented in Fig. 28 indicating the average 
also to facilitate comparison. 

Since the epidermal and venation characteristics 
of leaves are generally subject to variation by 
numerous factors, a statistical analysis of these 
features is given in table 3, indicating averages, 
number of observations made, standard deviations, 
and fiducial limits. This statistical analysis seems 
to suggest that the differences in the characters 
studied are by and large significant and the varia- 
tions detected are of diagnostic value. 
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T A B L E - 1  

SPECIES INVESTIGATED S T O M A T A  EPIDERMAL CELL 

- 
TW Stomata1 Index Size range in f i  Cell wall and Striation 

Lower upper Lower Upper Lower Upper 

h t i o n :  Bistorta Tourn. 
P. 6 %~ D. Don 

P. md&olium Wall. 
ex W i n .  

&dm: Paricaria Meinsn. 
P, &hw Willd. 

P. lapatliifdiunt Linn. 

Secl*: Cbgdplophilon Mciasn. 
P. &WI.SI knn.  

Ru & Ra 14-17.2-21.8 Absent 20-23.1-26.7 
X 

16.7-18-20 

Ra & Ru 20-25.6-31.5 Absent 25-31.7-36.7 
& Cr x 

18.3-23.7-28.3 

23.3-26.336.7 Straight St'raight - 
x or or 

18.3-18.7-20 Arched Arched 
Prominently Faintly 
striated striated 
[Str. parallel to stnmatal 
axis] - 

Absent Straight Strai~ht 
or or 

Arched Arched 
or Str. small 

Slightly irregular 
sinuous 

Absent Sinuous Straight 
or 

Arched 

Ra & CT 8.7.19.7-26 Absent 25-26.7-30 Absent Straight Straight or 
& m l y  x or Arched Arched 
Ru 16.7-1 7.8-20 Prominently str. 

[Str. parallel to 
stomata1 axis ] 

Ru & Cr 13.9-19.523.1 9.5-13.0-16.7 26.7-32-35 30-34.3-38.3 Sinuous Strai ht or 
& Ra x x ~rcFfied 

20-24-28.3 23.3-25.7-28.3 

Cr & Ra 12.517.3-21 6.2-1 1.5-23.5 25-26.3-30 23.3-27.7.30 Sinuous Straight or 
& Ru x x Arched 

16.7-19.7-21.7 16.7-21-26.7 

Ru 12.Sl8.1-22.2 7-13.8-17.6 23.3-26.3-30 26.6-29.3-31.7 Sinuous Straight or 
x x Arched 

16.7-19.7-21.7 16.7-20.7-21.7 

Rare (almoat 23.3-28.3-31.7 35-37.7-40 S!ightly Straight or 
Ra & Cr 6-12.3-19 absent towards x x sinuous Arched 

base) 16.7-18.3-23.3 23.3-26-28.3 [Striated on both surfa6~s. 
Str. radiating from stp- 
mata and glands.] 

Ra Q Ru 18-25.4-33.5 Absent 37.450.3-60.3 Abesnt Sinuous Almoat str- 
rarely Cr x ai ht. Stria- 

3 1.2-39.545.8 te$. ~ t r .  
irregular 

h i o n :  Aoanogon Mctrn. 
P. fWtak#diUm b~rIs wt 3ab. Ra 8-19.8-36.6 Absent 28.7-38.7-47.2 Absent Sinuous Straight or 

x Arched or 
23.3-25.128.7 slightly 

ainuour ar., ~triation ; Ep, Epidermal ; Ra, tanuncutaccow ; Ru, rubiaceow ; Cr, curciferow. 
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VENATION 

--- PALISADE R E M A R K S  
Vein islets Vein endings RATIO 
per sq. mm per sq. mm 

1591.529 10-13.4-17 3-6-9 Ep. cells poly-hedral (5-6-walled) ; leaf margin and midrib beneath papilktt, 
sessile glands on both surfaces, relatively sparser above, 1 to many-celled. 

Ep. wlls poly-hedral (5-7-walled) ; sessile glands on both surfaces, relatively 
sparser above, I-celled, 

3-7- 13 Ep, cells poly-hcdral (5-7-walled) ; leaf margin papillate, trichomes simple, 
unisaiate, filiform ; sessile glands on both surfaces, relatively spancr above, 
beneath usually I-2-celled, rnanytelled above. 

6-9- 13 Ep. cells poly-hedral (5-8-walled) ; sessile glands on both wrfeeee, mostly 2- 
celled or occasionally 1- or 4celled beneath, 2 to many-eelkd above. 

2-4.5-7 Ep. cells poly-hedral (58-walled, rarely 9-walled), occasionally tetra-hedral ; 
sessile glands on both surfaces, mostly near midrib and main veins, many-celled. 
Rosettes of calcium owlate crystals in mesophyll. 

3-5.3-9 Ep. cells poly-hedral (5-'/-walled) ; shaggy trichomes on both surfaces ; sessile 
glands on both surfaces, many-celled. Rosettes of calcium oxalate crystals in 
mesophyll. 

2-5.8-9 Ep. cells tetra- or poly-hedral (5-7-walled, rarely 8-walled) ; sessile glands on 
both surfaces, more abundant near main veins, wually 2-4-celled. Large rwttcs 
of calcium oxalate crystals in mesophyll. 

Ep. cells ply-hedral (5-7-walled, rarely &walled) ; sessile glands on both sur- 
faces, 2 to many-celled. Large rosettes of calcium d a t e  crystals in mcsophyll. 

5-8- 10 Ep. cellz poly-hcdra! (5-7-walled), rarely tct~a-hedral ; long unicellular haira 
alongwith shaggy tr~chomes on both surfacer ; sessile glands on both surbccs, 
mostly near main veins, 2 to many-celled. 

12-1 5-20 Ep. cells r l y - h b . 1  (5-7-walled), o ~ i o n a l l ~  tetra-hedral ; leaf margin ppi l -  
late, unice lular haiics with mdticcllular swollen b8\rcs on both autbces ; sessile 
glands frequent beneath, occasional above, mainly'on or near main wins, 2 to 
manyelled. 
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NAME OF SPECIES 
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S T O M A T A  V E N A T I O N  -- -----a- 

Stornatal Index Size range in p Vein islets Vein end- -- per sq. mm lngs per 
Lower Upper Lower Upper sq. mm 

Polygonurn recumbens Royle 
ex Bab. 

P .  affine I). Don 

P. ampleeiouule Don 

P. uuccin~folium Wall. ex 
Meissn. 

P. glabrua Willd. 

8.3-14.1-20 25-25.8-26.7 
X 

16.7-17.7-18.3 

8.3-9.1-10 23.3-26.3-26.7 
X 

16.7717.7-18.3 

9-13-18.1 23.3-23.7-26.7 
X 

16.7-18-20 

Abselit 21 -7-24-26.7 
X 

16.7-18.7-20 

20-2.3-23.3 
X 

16.7-17.3-18.3 

20-22.7-26.7 
X 

16.7-18-20 

Absent 28.3-32.7-36.7 
.x 

20-24.528.3 

28.3-31.2-33.3 
X 

20-?4.7-28.3 

25-30.7-33.3 
X 

18.3-22.2-26.7 

a 22-23.9-25 Absent 25-26.3-26.7 
X 

16.7 

Absent 

Absent 



19711 KAPOOR et al.: EPIDERMAL AND. VENETION STUDIES IN THE IMDIAN SPECIES OF POLYGONUM 255 

NAME OF SPECIES S T O M A T A  V E N A T I O N  
-PA- ------ ---a- -- 

Stomata1 Index Size range in p Vein islets Vein end- --- ----.-- per sq. mm ~ngs per 
Lower U P F ~  Lower Upper sq. mm 

P. 1apathiJoliw11 Linn. a 14.3-17.9-21 6.2-8.2-1 1.8 25-26.2-28.3 23.3-26.7-30 10-12.6-14 5-6.5-8 
X X 

16.7-19.2-21 -7 16.7-19.8-21.7 

P. ssrrulutum Lagasc. a 12.5-17.1-20 11.5-14.6-17.6 26.7-27.530 26.798-30 13-14.8-17 4-5-6 
X X 

20-20.7-2 1.7 20-20.7-21.7 

P. c h i m e  Linn. a 6-10.6-15 Rare 23.3-27.330 Rare 1-3-4 87.34 
X 

16.7-1 8-20 

Absent 2-4.8-8 1-2.54 
37.4-50.3-60.3 2-3.3-4 1'-2.8-4 

P. rumiciflium Royle ex Bab. a 16,G-25.1-36.6 Absent Absent 5-6.3-7 6-7.34 
m 16.6-21-25 28.7-38.7-47.2 5-67 45.3-8 

7 - -- --- --- - 
a = apical region ; m = middle region ; b =. basal region. 
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TABLE 3 : Stati3tical analysis of various epidermal and venation charactm~owing average, standard 
deviation (S.D.), lower (L) and upper (U) fiducial limits (F. Lim.) 

SPEC1 ES INVESTIGATED S T 0 M A T A (lowef surface) 

Size in p Stornatal Index -- ------ --- 
Average S. D. F. Lim. Average S. D. F. Lim. - ---- 

L. U. L. U. 

Po~vgomrn rccwnbcns Roylc ex Bab. 1 25.26(20) 1.59 24.56 25.96 15.44(12) 
1, 17.75(20) 0.95 17.34 18.16 

P. dine D. Don 1 23.09(20) 1.97 22.23 23.95 17.18(12) 
b 18.00\20) 1.26 17.45 18.55 

P. mnplcxicaule Don 1 31.49\30) 2.64 30.55 32.43 26.08(12) 
b 23.77(30) 2.93 22.72 24.82 

P. t,occin~$o~ium Wall. ex Meirsn. 1 26.78!19) 1.29 26.20 27.36 20.46(12) 
b 17.82(19) 1.35 17.21 18.43 

P, glabrum Willd. 
*I 
1 ' 31.83(30) 1.96 31.13 32.53 19.81(12) 
b 24.49(30) 2.15 23.72 25.26 

P.. lapcthifolum Linn. 1 26.40 30) 1.32 25.93 26.87 17.18(12) 
b 1 9 . 7 2 k  1.18 19.30 20.14 

P. sewulatum Lagaac. 1 26.39(35) 1.43 25.92 26.86 1787(13) 
b 19.52(35) 1.20 19.12 19.92 

R chinense Linn. 1 27.95(26) 5.19 25.96: 29.94 12.05(12) 
b 18.53(26) 1.77 17.85 19.21 

P. r u n i c ~ o l i q  Royle ex Bab. 

- ,  , 

Note r The number of observations on which the average is based an given in parentheses ; 
1 denotes length and b denotes breadth. 



197 11 UPOOR et al.: EPIDERMAL AND V E N E ~ O N  STUDIES IN THE INDIAN SPECIES OF P O L ~ O N U M  257 

V E N A T I O N  P A L I S A D E  R A T I O  

L_.CI-----.. - 
Vein. islets per sq. mm Vein endings per sq. mm - 

Average S. D. F. Lim. Average S. D. F. Lim. Average S. D. F. Lim. 
d 

I.. u. L. U. L. U. 
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From what has been stated and discuesd in the 
foregoing pages it is quite evident that the chrirac- 
ters of epidermis and the venation and their pattern 
of variability do provide helpful data of diagnostic 
value with regard to the species investigated here. 
It may also be pointed out that the variability 
pattern in these features is independent of the 
established pattern at sectional ievel as set by cri- 
teria of external morphology. Although, a combi- 
nation of all these characters as investigated here 
as well as those already known, may provide a 
sounder basis for the delineation and delimitation 
of the species, yet one may avoid drawing hasty con- 
clusions before more species of the genus have been 
investigated. 
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