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Abstract

Pollen morphological study of eleven taxa of the genus Capsicum cowprising vﬁve spcc1esc,’ viz., C. fn;te.scem
L., C. chinense Jacq., C. pendulum Willd., C. chacoense Hunz., and seven v.an'etles of C. ann(l;um ( e};‘aﬁfo’ml-’; LOREUm
1068, BOB, TNK, G3 (cultivated), glabriusculum and anligzuf (wild varletle§) }Tas been ofrle}.1 ollen gramls are
tricolporate, angulaperturate and psilate. Detailed qualitative and quantl.tatllve study of the various palyno-
logical characters has enabled meaningful separation of species and varieties. The polar equatorial mdeg
(PEI) and polar area index (PAI) were calculated for each taxon and con?parcd among .then'lsel.ves. C.
frutescens shows relationship with the two wild varieties of C. annuum, viz., glabriusculum and antigua in its PEI
suggesting that the two wild varieties may be assigned subspecific rank und.er C. frutescens, when PAI was
employed relationship with C. chacoense and C. annuum var. cerasifomis came to light. Palynology clearly rcvea}s
that all the species involved in the present investigation are quite distinct from each other. The cytogenetic
findings on the species and species hybrids of the present study support the findings of the palynological study.

Introduction

The recent trend among taxonomists is to adopt modern methods for the classifica-
tion of plants taking evidences from various disciplines, such as anatomy, cytology, genz-
tics, biochemistry, palynology etc., which would throw adequate light on the natural
affinities among them. The genus Capsicum has a wide range of species (27) and a large
number of varieties. Species differentiation and delimitation of the genus Capsicum still
appears to be uncertain. Though palynology of some members of Capsicum has been
studied by quite a few workers (Kessler, 1930 ; Erdtmans, 1952; Nair & Kapoor
1974; Basak, 1967; Murry & Eshbaugh, 1971; Rao & Shukla, 1975 and Raghuvanshi,
1976) these studies were either scanty or of a fragmentary nature. The present paper,

therefore, deals with various aspects of pollen morphology of eleven taxa of the genus
Capsicum for evaluating their inter-relationships.

Material and Methods

Genetic stocks of C. frutescens L., C. chienens
Hunz aad cultivars of C. annuum L., vi

fJva-, C. pendulum Willd., G. chacoense
&> Cerasiformis, longum 1068, G3, BOB, TNK

the just ope
about to open was collected from the ahovye eleven taxa ang

treatment of Erdtman (1969). The methodology employed by
sen (1962), Stone (1963), Lewis (1965), Skavarla and }I"
Reitsma (1969), Muller (1969), Murry anq Eshbaugh (
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was subjected to acetolysis
1sis similar to that of Clau-
urner (1966), Punt (1968),
1971) and Raghuvanshi (1976).
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The obscrvations were based on the study of both chlorinated and ngn-chlormated grams.
However, measurements were taken from fifty non-chlorinated grains per sample ran}-l
domly selected but excluding the deviating or abortive grains: VaTIOUS parametcrsjsucﬁ
as polar diameter (P), equatorial diameter (E) and apoCOlp_‘le d‘ametf:r (A) at SeEes
torial view and mesocolpial diameter (M) and equatorial diameter (E) at polar view
were measured with Carl-Zeiss moving scale eye-piece micrometer apd. later convertf:cll
into um. The size was measured along both polar and equatorial axis. .The Apoceipid
diameter was measured as the distance between the apices of the two colpi; polar equato-
rial index (PEI) was calculated by using the formula PEI=P/E x 100 (Erdtman, 1?52’
69) and polar area index (PAI) by using the formula PAI=A/E x 100 (Fae.grl' &
Iverson, 1964; Murry & Eshbaugh, 1971). The range, mean, standard devla.tlon,
standard error, the analysis of variance and ‘' tests were employed for comparisons
ol various categories of species following the procedures adopted by Snedecor and
Cocharn (1967) and Kapur (1971).

The terminology employed is thz t of Faegri and Iverson (1964) and the pollen des-
criptions encompasing shape classes, size and apertural positions are based upon Erdt-
man’s (1952, 1969) classification.

Description of Pollen Grains

L. C. frutescens var. tabasco L. Shape: Subprolate, triangular in polar view. Size:
24.33 4£0.32 pm (P) x 21.064-0.30 um (E); P/Ex100=115.32 41.30 pm and PAI=27.98
+1.00 um; Structure: Exine tectate 1.17 +0.01 pm thickness. Ektexine thicker than the
endexine. A general thickening noticeable near the apertures. In polar view the equa-
torial diameter 23.07 +0.21 ym, mesocolpial diameter 14.691-0.30 pm and apocol-
pial diameter was 5.84 1.0.22 cm in equatorial view. Apertures: Tricolporate, 1arely tet-
racolporate, angulaperturate, os lalongate, extends half width of the grain, and appears
to be deeply constricted, lateral ends slightly pointed surface psilate (Pl. 1, Figs. 1-3,
Table 1).

2. C. chinense var. mishme Jacq. Shape: Oblate-spheroidal, Subtriangular, in polar
view. Size: 25.69-+0.22 u (P)x26.5310.21 p (E) PEI=96.7510.86 p and PAI--
17.30 +0.33 u. Structure: Exine tectate, 1.13 +0.02 p thick. Ektexine thicker than end--
xine. Indistinct margos present. In polar view equatorial diameter 25.5940.17 4, apc-
colpial diameter 4.58 +0.08 x and mesocolpial diameter 21.8740.21 w. Apertures: Tri-
colporate, anguloperturate, os lalongate, extends half the width of the grain and appears
to be deeply constricted, outer ends rounded. Surfsce psilate (Figs. 4-6, Table 1).

3. C. pendulum: Shape : prolate-spheroidal, sub-triangular in polar view. Size: 24.77
£0.15 p (P) x23.53+0.21 p (E) PEI=105.60 +0.93 # and PAI=17.964+0.43 u. Struc-
ture: Exine tectate 1.15 40.01 p thick, Ektexine and endexine nearly equal in thickness,
slightly thickened margos present near the apertures. In polar view equatorial diameter
24.62+0.22 pu, apocolpia! diameter 4.214-0.09 # and mesocolpizl diameter 15.63 +0.38
w. Apertures: Tricolporate, angulaperturate, colpae distinct bordered by margos, os lalon-
gate, deeply constricted, extends half the width of the grain, outer ends slightly rounded.
Surtace psilate (Pl. 1, Figs. 7-9, Table ).

4. C. chacoense: Shape prolate spheroidal, triangular in polar view. Size: 27.54 4

0.22 u (P)<25.224-0.24 u (E).PEI=.1(.)9~45 +0.80 4 and PA1=20.2140.39 p. Structure :
Exine tectate 1.184-0.02 u thick, distinct Nargos present near the aperture. In polar

view, cquatorial diameter 26.13 4£0.24 g, apocolpial diameter 5.10--0.11 # and meso-
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colpial diameter 18.81 +0.47 . dpertures: Tricolporate, angula aperturate, or lalongate,

deeply constricted extends half the width of the grain, outer cnds slightly rounded. Sur-
facs psilate (Pl 1, Figs. 10-12, Table 1). . .

5. C. annuum var. cerasiformis: Shape prolate-spheroidal, triangular in polar view.
Size: 23.534£0.22 p (P) x 21.45-.0.26 (E), PEI=110.1610.95 p and PAI?QO'Slf
0.70 w. Structure: Exine tectate, 1.35--0.01 x in thickness. I'ktexine and endexine nea..l J
equal in thickness. A general thickening noticeable necar the apertures. In polar IS
equatorial diameter 22.864-0.25 w, apocolpial diameter 4.37-4+0.14 p and mesocolpial
diameter 16.0540.31 . Apertures: Tricolporate, angulaperturate, colpae bordered }DY
distinct margos. Os lalongate deeply constricted, extends half the width of the grain,
outer ends tapering. Surface psilate (Figs. 13-15, Table 1). _

6. C. annuum var. longum 1068: Shape prolate spheroidal, subtriangular in polai
view. Size* 23.454.0.15 . (P)x22.794-0117 (E) PEI=103.1140.77 p and PAI=18.15
+0.55 u.  Structure: Exine tectate, 1.194-0.02 p thick, Ektexine and endexine nearly
equal in thickness. A generai thickening present near the apertures. In polar view equa-
torial diameter 21.0340.21 y, apocolpial diameter 4.194-0.12 p and mesocolpial dia-
meter 12.854-0.17 . Apertures: Tricolporate, angulaperturate, indistinct margos. Os
lalongate, deeoly constricted, extends hal!f the width of the grain, outer ends tapering
(pointed) surface psilate (Pl. 2, Figs. 16-16. Table i).

7. C. annuum var. BOB: Shape suboblate,semiangular in polar view. Size: 23.274
0.31 u (P)x23.4940.33 u (E), PEI =99.53+1.30 p and PAT=17.61+0.53 . Structure:
Exine tectate, 1.06 +-0.01  in thickness, Ektexine and endexine nearly equal in thickness.
A general thickening noticeable near the apertures. In polar view equatcrial diameter
21.0840.17 u, apocolpial diameter 4.14+0.14 p and mesocopial diameter 12.540.19
. Apertures : Tricolporate, angulaperturate, colpae bordered by distinct margos. Os lalon-
gate, deeply constricted, extends half the width of the grain, outer ends slightly rounded.
Surface psilate (PI. 2, Figs. 19-21, Table 1). ‘

8. C. annuum var. TNK: Shape oblate-spheroidal, subtriangular in polar view. Size:
23-06j:0-27g (P)Xx23.70+0.36 p (E), PEI=98.2141.68 . and PAI=18.37+0.65 .
Structure : Exine tectate 1.31 4-0.09 p thick, ektexine and endexine nearly equal in thickness.
(A generz1 thickening present near the apertures. In polar view, equatorial diameter
22.6340.30 g, apocolpial diameter 4.3540.17 y and mesocolpial diameter 13.90 +0.32
g; t‘:p;’tf:’el" : Trlco}POI'ate, angulaperturate, colpae bordered by distinct margos, os lalon-
mun’ded_psyui(f);lcs(:m:s:d’ cxlt)fl:nds more than half the width of the grain; outer ends slightly

9. C. annuum vlz)ir a(t;e?:? Sili’ (I:lgs. 122t-24,hTa}?le X i i
25.08£0.17 , (P) x93.86 0.213 prolate ?p —CrOIdal, subtriangular in polar view. Size:
Structure: Exi +0.21 p (E), PEI=106.07 +1.01 uand PAI—=23.62 .1 0.20 (.

ucture: Exine tectate, 1.044-0.03 p thick, ektexine thicker tha the endexi ;LX
thickening present near the apert | , lar vi ’ n iy _general
k> apocolpial diameter 4 41 PO ures. Ian polar view, equatorial diameter 23.86 40.21
bordered by distinct o és + l. 114. . Apertures : Trlcqlporate, angulaperturate, colpae
width of the gram lat'erga] ,-COSd a nlx}g}z:te deeply Const‘nCted, extends more than half the
Table 1, = nds shightly pointed. Surface psilate (PI. 1, Figs. 25-27,

29‘1;1025 armzz}r)n var.Qilalb;zusculum: Shape subprolate, triangular in polar view. Size:
o .'E v (P) x 23.1740.22 (E?, P];I=125.93i1.51 p and PAI—8.1741.12 .
ruc ur{z. .xme.‘tectate,. 1.294-0.01 # In thickness, ektexine thicker than the endexine. A
ginera thickening notlc‘eabl? near the apertures. In polar view the equatorial diameter
03 +:0.20 y, apocolpial diameter 1.8940.26 1 in cquatorial view, and mesocolpial
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ate, rarely tetracolporate, angulaperturate,

diameter 15.684-0.32 p. Apertures: Tricolpor .
ate deeply constricted extends half the width

colpae bordered by distinct margos. Os lalong

of the grain, surface psilate (Pl. 3, Figs. 28-30, ’Fal?le 1). ' ‘ ‘
11. C. annuum var. antigua: Shape subprolate, trizngular in polar view. Size: 18.10

0.26 u (P) x15.52+0.29 u (E), PEI=1 18.09 +2.78 p and PAI= 1.4.60:}31.59 . Strzfcture:
Exine tectate 1.124+0.01 p thick, ektexine thicker than .l’hc t?ndexlnc- A general thicken-
ing noticeable near the apertures. In polar view equatorial diameter 11‘?.64;]:0.21 p, TESO-
colpial diameter 9.144-0.25 p and apocolpial diameter 2-26i0-.24. p in equatorial view.
Apertures : Tricolporate, angulaperturate, colpae bordered by distinct margos, os lalon-
gate deeply constricted, extends half the width of the grain, otuer ends slightly rounded.

Sw face psilate (Pl. 3, Figs. 31-33, Table 1).

Taxonomical considerations and evolutionary significance

The present study reveals that pollen morphology of the species and varieties of
Capsicum by and large is homogeneous; however, in respect of certain features they differ
which facilitates categorising them as distinct species and varieties. The shape of the
pollen grain is determined using the polar equatorial index. The pollen grains of Cap-
sicum are generally subprolate to prolate-spheroidal (Erdtman, 1952; Basak, 1967; Murry
& Eshbaugh, 1971; Nair & Kapoor, 1974; Rao & Shukla, 1975; Raghuvaashi, 1976).
But in Capsicam baccatum, C. cardenasii and C. chacoense the pollen grains are prolate (Murry
& Eshbaugh, 1971). However in the present study three types of pollen grains are re-
corded, viz., subprolate (C. frutescens, C. annium varieties glabriusculum and antigua)
having a mean PEI of 115.3241.30 pm, 125.934-1.51 um and 118.0942.78 um respec-
tivel?l). Prclate-spheroidal (C. pendulum, C. chacsense and C. annuum. cultivars, viz., cerasi-
JSormis, longum 1068, G3 having a mean PEI of 105.6040.93, 109.454-0.80, 110.1840.95,
103.11 +0.77 .a.nd 106.07 +-1.01 pm respectively) and oblate spheroidal (C. chinense,
gé.l;ﬂlnuiuinecgdn;ars BOB .anii TNK .having a mean PEI of 96.75 i'0.86, 99.53 4-1.30 and
(1967) dt;scriged t‘”}‘:SPCClthC y)- Bésmg on the 1‘:)ollcn morphological characters, Bz?sak
the st e pollen types in Capsicum as So¥anum type’. The size, shape, besides

S.!‘uCture o‘F the wall, aperture and os are considered to be of diagnostic value and
::ﬂi;?n due. lmportance in tl.le classification of pollen grains. In polar view the shape
also app};i:: l;:iss ‘:ltth .the SPECIE anfl is considered to be valuable. Muller (1969) has
the: polles piais :r ;rlor}fm his Stl.ldlCS on Sonneratia species and hybrids. In polar view
the 11 taxa of the rel::l t"rinly triangular to sp.btriangular and angulaperturate in all
N i S aF;)zti nt}f uly. In tho'a two wild varieties of C. annuum, viz., var. glab-
a feature also meé i hg‘;)“ Re pollen grains are mostly irregular due to reduced fertility,

Structural and syl \tl alghuvanshl (1976) in his wild varieties of C. annuum.
tions between the s eclf pHE Cht?l‘a.cters visible with light microscope show slight varia-
and 1.04-1.35 thI;CkIC;ind ,Va”?tles’(’fca/’-ficuﬂv. In all the 11 taxa the exine is tectate
C. chinense, C. anmuum v.ari‘e t‘f’x‘?;c 15 llll§ker than the endexine in six taxa (C. frutescens,
Fktexine and endexine are rxi:*e ogr’ l‘ii‘fbr;mhculum Z‘H’J.antigua) while in the remaining five,
ing of the ektexine near the apertyr >0 ﬁt ciame thickness. In all taxa a general thicken-

pertures was noticed except in C. chinense. This may be due

to the furrows com
pletely bordered b e .
and Il;lsixlbaugh (1971) in the Solaninya;nsgi);ieilmllar findings were recorded by Murry
ollen size is consi ) _ .
idered to be an mportant diagnostic character in Capsicum as evi-

rences s i R
between the species and varieties of the present study.
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The size was measured along the polar axis. Based upon the size, the pollen grains are
classified into two types; small (10-25 x) and medium (25-50 ) classes (Erdtman, 1952;
Murry & Eshbaugh. 1971: Lydia Prasad ef al., 1984). Accordingly the pollen grains of
C. frutescens, C. pendulum, C. annuum varieties. viz., Cerasiformis longum 1068, BOB. TNk
and antigua belong to the small class (mean range veried from 18.18 to 24.77 n) while
C. chinense, C. chacoense. C. annuum var. G3 and var. glabriusculum belong to the medium

class (mean range varied from 25 to 29.19 u).
The relative size of the polar area based on pelar area index (PAI) has been sugges-

ted as an important tool for the purpose of species separation (Faegri & Iverson 1964;
Murry & Eshbaugh 1971, and Lydia Prasad ef al.. 1984). Based on the polar area index
Murry & Eshbaugh, (1971): established discrete size classes for the genera of the Solani-
nae complex and Capsicum. According to them C. baccatum, C. cardenasit, C. chacoense and
C. eximurum, whose PAI varied between 20.71 and 27.08 were placed under medium class.
Higher polar area index was reported in €. pubescens (Murry & Eshbaugh, 1971) and
in C. microcarpum (Raghuvanshi, 1976) For members of Capsicum of the present study the
following classes depending upon PAI arc suggested. (1) small polar area index (PATI)
between 0-10 u (C. anmuum var elabriusculum . (2. intermediate PAT between 11-20 p
(C. chinense, C. pendulum, C. chacoense and six varictics of €. annunum, viz., cerasiformis, longum
1068, BOB, TNK. G3 and antigus 3 larger PAL (i. ¢. more than 20 u eg. C. frutescens).

The endoaperture (0s) is found to be lalongate in all  the species and varieties of the
present study and the differences lic only i its constricted or non-constricted nature; os
extended half or three fourth of the width of the grain. In seven taxa (C. frutescens, C.
annuum varieties, viz.. cerasiformis. longum 1068, BOB, TNK, G3 and glabriusculum), Os is
constricted and lateral ends tappering to poimnted and circular, os was observed in the re-
maining four taxa (C. chinense, C. pendulum, C. chacoense and C. annuum var. antigua) of the
present investigation. Among the constricted or non-constricted, Os, only the tapering or
pointed ends were reported in some species of Capsicum by Murry and Eshbaugh (1971)
and by Raghuvanshi (1976' in some species and varieties of Capsicum. However, in the
present study both tapering and circular type of os were met with.

Analysis of variance was applied to test the various categories of quantitative measure-
ments for each species and the varieties. The ‘F’ values indicate highly significant diffe-
rences showing that the characters are reliable for separating the species and varieties
(Table 2). Apply‘ng the same statistical test Murry and Eshbaugh (1971) found that
the ‘F’ values were highly significant, delimiting C. baccatum from C. pubescens in respect
of equatorial diameter. They stated that the need for more characters be taken into con-
sideration for species delimitation. In the present study the same statistical test was applied
to all the five species and varieties of C. annuum. These studies revealed that therc are
enough differences between the five species prompting them to be 1ecognised as distinct
species. Similarly significant differences were noticed between the varieties of C. annuum.

Inter-relationships among 11 taxa have been studied employing the PEI and PAIL
When PEI and PAI were taken together similarity was observed between C. chinense,
(. pendulum, C. chacoense and five cultivars of C. annuum, viz., cerasiformis, longum 1068, BOB,
TNK and G3. However, when PEI alone was employed as a parameter marked similarity
was noticed between C. frutescens and two wild varieties of C. annuum, viz., glabriusculum
and antigua. This view point was further augmented by the evidence obtained fromn crossa-
bility relationships bstween C. frutescens and wild varieties of C. annuum which yielded
rather highly fertile hybrids indicating closer relationship among them (R. C. lfanda\ un-
publbished . When PATL alone was taken C. frutescens showed similarity with . anuuum
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var. glabriusculum and C. chacoense. However, when PEL and PAT were taken together all
the cultivated varicties of C. annuum resemble each other more closcly, but differ from that
of wild varieties. This view is also supported by the fact that highly fertile hybrids with
heterotic  vigour were obtained between the cultivars of €. annuum while the hybrids
between the wild and cultivared varieties of ¢, annuum yielded partially sterile hybrids.
Similar studies were also made in the species of  Physalis (Lydia Prasad et al., 1984 to
deduce relationships among them.

For the purpose of demarcating the various species in Capsicum, two parameters such
as PAI'and PEI were employed. Significant differences have been recorded between the
five species thus implying the distinctness of each species (Table 3). Cytogenetic analysis
of these five species also suggest them to be distinct species, further supporting the paly-
nological evidence (Aniel Kumar, 1984). However, when other parameters were employed
the differences were insignificant among them. Similar differences were noticed hetween

the varieties of C. annuum, when the above two parameters (PEI and PAIL) were emp-
loyed suggesting that these are distinct varieties.

Table 3— Comparisons of polar equatorial index and polar area index in the species of Capsicum L.

Polar equatorial index Polar area index
Species compared

‘t’ values ‘0’ values
C. annuum —C. frulescens 3.42 8.83
C. annuum —C. chinense 7.18 0.82
C. annuum —C. pendulum 1.84 .50
GC. annuum —C. chacoense 0.44 +.00
C. frutescens —C. chinense 11.92 10. 14
C. frutescens —C. pendulum 6.09 9.19
C. jrutescens —C. chacoense 3.85 7.22
C. chinense —C. pendulum 8.85 1.22
C. chinense —C. chacoense 10.77 5.68
C. pendulum —C. chacoense 3.13 3.86

Table value 1.98 at 0.05,

The study of the pollen of Capsicum highlights that features such as size, apocolpial
diameter, endoaperture and PAT are useful in assessing and evaluating the taxonomic
relationships between the species. Such studies have prompted the authors to postulate
that probably the two wild varieties of C. annuum, viz., glabriusculum and antigua may be
elevated and assigned a subspecies rank under C. frutescens. 1t is pertinent to note that
exomorphological aad cytological findings also indicate considerable differences hetween
the wild varieties of €. annuum and the cultivated varieties of this taxon.
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Explanation of Plates

Plate 1

(For all figures magnification bar represents 10 w.)
1-3.  Pollen grains of C. frutescens var. tabasco.
I. Equatorial view showing “Mesocolpium” bounded by two adjacent colpac

2. Equatorial view showing deeply constricted os
3. Polar view showing tricolporate condition

4-6. Pollen grains of C. chinense var. mishme

4. Equatorial view showing colpac
5. Equatorial view showing deeply constricted os
6. Polar view showing well developed margos

7-9, 7-9: Pollen grains of C. pendulum

7. Equatorial view showing colpac
8. Equatorial view showing constricted os
9. Polar view showing well developed margos
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10-12. Pollen grains of C. chacoense

10. Equatorial view showing colpae
11. Equatorial view showing deeply constricted os
12. Polar view showing well developed margos

Plate 2

(For all figures magnification bar represents 10 #,)
13-15. Pollen grains of C. annum var. cerasiformum

13. Equatorial view showing colpae
14. Equatorial view showing constricted os
15. Polar view showing tricolporate condition

16-18. Pollen grains of C. annumum var. longum 1068.

16. Equatorial view showing colpac
17. Equatorial view showing constricted os
18. Polar view showing tricolporate condition with margos

19-21. Pollen grains of C. annumum var. BOB
19. Equatorial view showing well separated colpae
20. Equatorial view showing constricted os
21. Polar view showing ill-defined margos

22-24. Pollen grains of C. anmmm var. TNK

22. Equatorial view showing colpac
23. Equatorial view showing deeply constricted os
24. Polar view showing margos

Plate 3

(For all figures magnification bar represents 10 w.)
25-27. Pollen grains of C. annuum var. G3

25. Equatorial view showing syncolporate condition
26. Equatorial view showing constricted os
27. Polar view showing tricolporate condition with margos

28-30. Pollen grains of C. annuum var. glabriusculum

28. Equatorial view showing colpae
29. Equatorial view showing constricte dos
30. Polar view showing well developed margos

31-33. Pollen grains of C. annuum var. antigua
31. Equatorial view showing colpae

32. Equatorial view showing deeply constricted circular os
33. Polar view showing margos
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