Rostaniha 24(1): 1-20 (2023) — Research Article ipghy e — (VF- V) V=Y (VDHVY Lo
DOI: 10.22092/BOT.J.IRAN.2022.360501.1332

*
O‘).?" )\) b.wau:dJY O)-;J &.A;’.LM vy
AARAIERTAR RSV IR L RRVARVATARAI PPN

(pakravan@alzahra.ac.ir) 1l oyl 5 ool ol8iils « s j pole oaSliily ¢ alS pole 09,5 [Lozils D 41 Sb 050

Al el s dym il olSasls ( tay pole 0aSails (LS (50581 5 Silaianmns a )| ousli IS a3 gal il 200 julrer > 042

Sl elesS epial olSadls o gt psle oaSald  gulidiuns 05,8 Letils iy WIE U pao yguaia

@s 9 Gipel woliis plejle (lindS il el qlie 5 5,5laS Gijeel 5 Slii S 5e (gl ol satlad anbls
Olnl o5 «ssplas

]

(el )y ol Slalllas | oslinul bl pl jo suwlbeddY 0,8 St glo gy b s sl o iog3 cnl o
o5l 5 3 ooli b wlibiary, el 3 odsl s 45 gloedls (g5 (gl (sl sy 3 Lol s g0 5 olosl oy s 5 solishon
W5y oSS oo el oo S 1 oo e Al Jsbo s . 4y Jsbo e (pgzmads lis 45 ol Lt Past Ver. 1.98 s SPSS Ver. 20
Orzpe 9.5 yad o5y edllas gy b (2 5 Dlalllas 1 (rizman il oo BAsS (s 50 Dlao ()5 yete ol (550 9 45 5 (20 4 Jobo Lo
ISt Bl § 5y (co 08 gy (9] loins s @il g Sy Lose 0 3S0] g g Wigl Caalbes Glao oS 0l askiie 0y LSl
a2 oo lid bisS 0 1) (6l Sme LS aBles 10 gl g Cudldus g 4l UMSJT Cualoes ygils u».ij Slxinwd Calbrd o5 pad o, o g

Sl 5 005l (alolid 0lS (5 Slio ol 4555 031 s, i 5 O sladshos JS5 & g g 0580 00 o (sla S
obid gwlidios § b w5 8 o) 0460 (b i sl Boerhavia elegans ¢ Commicarpus stenocarpus os 5 glaails o pwlidios 5
Sl iz S8 mhaw (o gig a5 wil o Shin b ol Sl 5 L (Oblate-spheroidal) (gg,S-c L (spheroidal) g9, oo 5 als a5 ol
ol 439y o g il Y Cudlis GilLST ow s Sl asile o piS Dlae (ald 0 09 e ple ol saiSal g dude adlllas 890 0,5

s 18 ol 5550 liome wiz g9 lsie 44 |, Commicarpus s Boerhavia ple ¢ cwliicsy, Olas fyuisres 9 S p

wledos,S GlLS o pid LS Le (oo )5 ) (a0 pla tgunlS slaojly

Systematic study of Nyctaginaceae in Iran
Received: 04.02.2023 / Accepted: 16.04.2023

Maneezheh PakravanlXl: Associate Prof., Department of plant sciences, Faculty of Biological Sciences, Alzahra University,
Tehran, Iran

Zohre Hajalizadeh: MSc Graduate, Department of Plant Sciences, Faculty of Biological sciences, Alzahra University, Tehran, Iran
Mansoor Mirtadzadini: Associate Prof., Department of Biology, Faculty of Biological Sciences, Bahonar University, Kerman, Iran

Fatemeh Fadaie: Assistant Prof., Golestan Agricultural and Natural Resources Research and Education Center (AREEO),
Gorgan, Iran

Summary

In this research, biosystematics of some species of Nyctaginaceae in Iran were studied using morphological and
micromorphological characters for the first time. Statistical results using SPSS Ver. 20 and Past Ver. 1.98 softwares showed
that, the most important characters for determinating Nyctaginaceae species are length to wide ratio of achene, length of
filament, type of infloresence, number of flowers in peduncles, shape and length of bracts, style length, smallest leaf length, and
length to a wide ratio of bracts. Anatomical studies using cross sections of stems, leaves, petiole, and epidermis of the species
were also carried out. The main characteristics such as the thickness and number of the vascular bundle of leaf and stem, the
shape of the petiole in the cross section, the thickness of the secondary and primary phloem as well as primary xylem in the leaf
cross section showed significant differences. The diagnostic characteristics in the epidermis were the stomatal type and shape
of epidermis cells. In addition, an identification key is provided based on anatomical features. This is the first report on the
anatomical structure of this family in Iran. In palynological studies, the pollen grains of C. stenocarpus and B. elegans have
been investigated for the first time. Pollen grains were spherical to oblate-spheroidal with spinulose ornamentation and
reticulate. The present study proved that, pollen characters are mostly useful in determination at the generic level. Finally,
anatomical features such as the anatomical structure of Kranz, thickness of the parenchyma layer and stomatal type of leaf
epidermis as well as morphological features confirmed separation of Boerhavia and Commicarpus as two distinct genera.
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Table 1. Specifications of the specimens used in anatomical and palynological studies in Nyctaginaceae

. Herbarium
Taxon Locality Collector No.* Palynology  Anatomy
Commicarpus stenocarpus  Sistan & Baluchestan prov.: Chahbahar, Mirtadzadini BUH -1862 + +
(Chiov.) Cufod. Ghasr-e Ghand, 1200 m,
Sistan & Baluchestan prov.: Chahbahar Mirtadzadini BUH -1861 +
road, begining Goller
C. helenae (J.A. Schultes) Sistan & Baluchestan prov.: Ghasr-e Mirtadzadini BUH-1862 + +
Meikle Ghand to Jakigor
Hormozgan prov.: Minab Fadaie TARI-2511 +
Fadaie TARI- 2507 + +
Boerhavia diffusa L. Sistan & Baluchestan prov.: 42 km from
Iranshahr to Chahbahar, Pol-e Sarbaz
Sistan & Baluchestan prov.: 12 km from Mirtadzadini BUH-1865 +
Jakigor to Nikshahr
Sistan & Baluchestan prov.: 102 km from Fadaie TARI-2514 +
Iranshahr to Sarbaz
B. elegans Choisy Kerman prov.: Jiroft dam road Hajalizadeh ALUH- 37575 + +
Sistan & Baluchestan prov.: Nikshahr Mirtadzadini BUH-1863 +
Sistan & Baluchestan: Chabahar to Rask Fadaie TARI-2513 +
Bougainvillea glabra Kerman prov.: Jiroft, Park Hajalizadeh ALUH- 1034 +
Choisy
Tehran prov.: Taleghan Hajalizadeh ALUH- 37587 + +
Hormozgan prov.: Bandar-Abbas, Park Mirtadzadini BUH-1866 +
Mirabilis jalapa L. Tehran prov.: Vanak, 1200 m Hajalizadeh ALUH- 37580 +
Kerman prov.: Baft Hajalizadeh ALUH- 37583 + +
Golestan prov.: Ali-abad Hajalizadeh ALUH- 37582 + +
Oxybaphus nyctagineus Tehran prov.: Chitgar, Botanical Garden Ghahreman & TUH-s.n.

(Michx.) Sw.
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Fig. 1. Stem cross section in: a. B. glabra, b. C. helenae, c. M. jalapa, d. B. elegans, e. B. diffusa, f. C. stenocarpus

(Bar =200 pm).
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Fig. 2. Petiole cross section in: a. B. elegans, b. B. diffusa, c. C. stenocarpus, d. C. helenae, e. B. glabra, f. M. jalapa
(Bar =200 pm).
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Fig. 3. Leaf cross section in: a. B. elegans, b. B. diffusa, c. B. stenocarpus, C. B. helenae, e. B. glabra, f. M. jalapa
(Bar =200 pm).
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Fig. 4. Adaxial epidermis in: a. B. elegans, b. B. diffusa, c. B. stenocarpus, C. B. helenae, e. B. glabra, f. M. jalapa

(Bar = 30 pm).
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Fig. 5. Abaxial epidermis in: a. B. elegans, b. B. diffusa, c. B. stenocarpus, C. B. helenae, e. B. glabra, f. M. jalapa
(Bar = 30 pm).
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Table 2. Anatomical quantitative characters of stem, leaf and petiole (um) in Nyctaginaceae

Taxon Tpph Tpx! Tpph/  Npa Nvbs Tsvb Tsx Tsph ::lr: NChs Npal Nvbl Tvbp Nclp I:;p/ Nvbp Nchl
Tpx
Boerhavia 34- 39- 0.62 2-3 1-3 33- 27- 13- 1.3- 2 2-4 7-10 65- 1-2 1.42- 3 1-2
elegans 50 65 -0.82 64 42 23 2.3 107 1.8
B. diffusa 39- 46- 0.87- 2-3 1-4 35- 17- 13- 0.99- 2 2-3 6-8 67- 2 1.8-2 3-5 2
42 47 0.89 40 29 22 1.6 75
Commicarpus 37- 62- 1.6- 2-5 1-5 119- 85- 21- 3.4-4 1 2-5 7-8 120- 3 2.1- 3-10 3
stenocarpus 47 80 2.2 146 98 28 141 2.3
C. helenae 42- 68- 1.38- 4-5 1-2 99- 63- 21- 2-5 1 4-5 7-8 93- 2 1.2- 3-5 2
63 93 1.96 191 151 28 117 2.4
Bougainvillea 27- 50- 1.96- 5-6 1-6 96- 59- 26- 1.9- 1 5-6 10- 153- 3 1.6- 5-6 3
glabra 30 55 2 97 60 30 2.2 15 197 1.7
Mirabilis 18- 25- 1.2- 3-5 6 100- 76- 27- 2.5- 3] 6 23- 57- 3] 0.98- 10- 8]
jalapa 31 35 1.36 109 99 39 2.8 25 80 1.49 12

Tpph: Primary phloem thickness in the cross section of the stem, Tpxl: Primary xylem thickness in the cross-section of the stem, Npa: Number of
parenchyma layers in the cross section of the stem, Tsvb: Thickness of second vascular bundles in the cross section of stem, Tsxl: Secondary xylem
thickness in the cross section of the stem, Tsph: Secondary phloem thickness in the cross section of the stem, NChs: Number of collenchyma layers in
the cross section of stem, Npal: Number of collenchyma layer in the cross section of leaf, Nvbl: Number of vascular bundles in the cross section of leaf,
Tvbp: Thickness of vascular bundles of the cross section of petiole, Nclp: Number of collenchyma layers in the cross section of petiole, Nvbp: Number
of vascular bundles in the cross section of petiole, Nchl: Number of collenchyma layers in the cross section of the leaf.
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Table 3. Anatomical qualitative measurements of stem, leaf and petiole studies in Nyctaginaceae

Taxon SH.s SH.bun Tcol AK Thr.s Sh.p Thr.p Sh.bun
Boerhavia Circular- Elliptic Continuous + Pilose Reniform Short Discontinuous
elegans sinusoidal ring simple & crescent
glandular
B. diffusa Circular- + Circular Continuous + Pilose- Winged - Long Discontinuous
sinusoidal ring glandular dentate glandular crescent
hair
Commicarpus Circular- Circulr- Continuous - Glandular Rectangulate Short Discontinuous
sinusoidal elliptic ring hair simple & crescent
stenocarpus glandular
C. helenae Circular- Circulr- Continuous - + Pilose Concave- Short Discontinuous
sinusoidal elliptic ring canvex simple & crescent
glandular
Bougainvillea Circular- Elliptic Continuous - Pilose Circular Short Discontinuous
glabra sinusoidal ring simple & crescent
glandular
Mirabilis Polygonal Circulr- Corner - + Glabrous Semicircular Short Discontinuous
jalapa elliptic simple & ring
glandular

SH.s: Stem shape in cross section, SH.bun: Shape of vascular in the cross section of stem, Tcol: Thikness of collenchyma, Thr.p: Petiole indumentum,
Thr.s: Stem indumentum, A.K: Presence of Kranz anatomy, Sh.bun: Shape of vascular bundles in the petiole cross section, Sh.p: Petiole shape in cross
section.
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Table 4. Anatomical qualitative characters of stem, leaf and petiole in Nyctaginaceae

No. Symbol Character state Qualitative character
1 SH.s (0) Ovate, (1) elliptic, (2) spherical, (3) ovate-elliptic Shape of stem in cross section
2 SH.bun (0) Ovate, (1) elliptic, (2) spherical, (3) ovate-elliptic Shape of vascular bundles in
stem cross section
3 Thr.p (0) Hairy, (1) glabrous Petiole indumentums
4 Thr.s (0) Hairy, (1) glabrous Stem indumentums
5 Thr.L.L (0) Hairy, (1) glabrous Indumentums of lower surface
of leaf
6 Thr.U.L (0) Hairy, (1) glabrous Indumentums of upper surface
of leaf
7 AK (0) Present, (1) absent Presence of Kranz anatomy
8 Sh.bun (0) Open arch, (1) circle Shape of vascular bundles in
petiole cross section
9 Sh.p (0) Crescent, (1) spherical, (2) hemispherical, Shape of petiole in cross
(3) polygonal section
10 Tcol Continous ring, (2) corner Thikness of collenchyma
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Table 5. Anatomical quantitative characters of stem, leaf and petiole in Nyctaginaceae

No. Abbreviation Quantitative character

Tpph Primary phloem thickness in the cross section of the stem

2 Tpxl Primary xylem thickness in the cross section of the stem

3 Tpph/ Primary phloem thickness in the cross section of the stem/primary xylem thickness in
Tpxl the cross section of the stem

4 Npa Number of parenchyma layers in the cross section of the stem

5 Nvb Number of vascular bundles in the cross section of the stem

6 Tsvb Thickness of second vascular bundles in the cross section of the stem

7 Tsxl Secondary xylem thickness in the cross section of the stem
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Table 5 (contd)
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8
9

10

11
12
13
14

15

16

17

Tsph

Tsxl/
Tsph

NCls
Npal
Nvbl
Tvbp
Nclp

TxlIp/
Tphp

Nvbp

Nchl

Secondary phloem thickness in the cross section of the stem

Secondary phloem thickness in the cross section of the stem/secondary xylem
thickness in the cross section of the stem

Number of collenchyma layers in the cross section of the stem
Number of collenchyma layer in the cross section of the leaf
Number of vascular bundles in the cross section of the leaf
Thickness of vascular bundles of the cross section of the petiole
Number of collenchyma layers in the cross section of the petiole

Xylem thickness in the cross section of petiole/phloem thicknes in the cross section of
the petiole

Number of vascular bundles in the cross section of the petiole

Number of collenchyma layers in the cross section of the leaf

and petiole.

Bo. glabra/HoZ
Eo. glabra/Ta
Eo. glabra/Ee2
M jalapaTel
M jalapa/Te?
M jalapa/Ee3

C stenocarpus/B. char
C stenocarpus/Chad
C. stenocarpus/Chal

C. helenae/Gha
C. helenae/Min
C helenae/Jak
E. diffusa/fran3
E. diffusa/Ne?
E. diffusa/frand
E. diffusa/Trand
E. elegans/Hol
E. elegans/Eel
E. elegans/Chal
E. elegans/iChal
E. elegans/franl
E. elegans/Nel
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Fig. 6. The dendrogram of cluster analysis by WARD method on the quantitative anattomical characters of stem, leaf
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Table 6. Matrix of Eigen values of the principal components for anatomical traits of leaf, stem and petiole

Component

Initial Eigen value

Variance %age

Cumulative %age

78.7
17.2
25
11
0.4

O wWN -

78.7
96.0
98.5
99.6
100.0

@

Boerhavia

78.7

‘9

Function 1

-257

50—

Bougainvillea

Commicarpus

Species

+* B diffusa/fran3
% B diffusa/frand
7 B diffisalfrans
<] B. diffisa/Nc?
[ |B elegans/Chal
# B elegans/Chal
(] B. elegans/Hol
tEB. elegans/fran]
=1 B elegans/Eel
O B elegans/Nel
Eo. glabra/HoZ
Eo. glabra/Ee2
Eo. glabra/Ta
I C helenae/Gha
% C helenaeiTak
[= C helenae/Min
O C stenocarpusB.char
() C stenocarpus/Chal
O C stenocarpus/Chad
{0 M jalapa/Fe3
+# M jalapa/Tel
[l M jalapa/Te2

Mirabilis

20 -10 0 10
17.2

Function 2

Fig. 7. CVA of the first and second factors based on anatomical characters of stem, leaf and petiole.
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Fig. 8. CVA analysis based on main qualitative micromorphological and morphological characters of stem, leaf and
petiole (Past Ver. 1.98).
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Table 7. Characteristic of of leaf epidermis, stoma, and trichoms in Nyctaginaceae

T Type of stoma on Shape of cell wall in Type of Shape of cell wall in
axon . . " .
both sides abaxial surface trichom adaxial surface
Boerhavia elegans Anomocytic Pentagonal * Pilose Pentagonal
B. diffusa Anomocytic Pentagonal Glandular hair Pentagonal
Commicarpus Anomocytic- Pentagonal Dense glandular Pentagonal
stenocarpus anisocytic hair
C. helenae Anomocytic Pentagonal- Glabrous to Pentagonal-
polygonal * pilose polygonal
Bougainvillea Anomocytic Pentagonal Glabrous to Pentagonal
glabra * pilose
Mirabilis jalapa Anomocytic Polygonal Pilose Polygonal
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g B. glabra ;¢

Goldaw Oye0 4 Bl glabra aiss jo 00,5 ails g4
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Table 8. Pollen characters of Nyctaginaceae in Iran (um)

Average Average
Taxon Pollen size Exine Spine lenath Pore distance distance
thickness P 9 diameter between between
spine pore
Boerhavia 51.62-62.26 3.55-5.32 0.83-2.14 2.90-3.46 4.83 16.58
elegans
B. diffusa 64.02-72.25 3.73-4.80 1.97-4.89 2.76-3.7 3.83 19.02
Commicarpus 89.93-64.55 2.28-3.72 0.95-3.26 4.50-5.71 5.44 17.86
stenocarpus
C. helenae 54.53-65.70 3.354.51 0.57-3.03 2.40-3.10 2.70 12.23
Bougainvillea 26.42-29.74 2.31-3.58 0 0 0 0
glabra
Mirabilis 136.63-157.95 7.16-9.78 0.42-2.9 3.97-5.97 1.77 13.52

jalapa
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B. diffusa b, ¢ B. elegans a, d . coled¥ 0,5 Jlpl sbaisS 05,5 slaails 51 (SEM) 0,55 S¢Sl eSwg Koo -4 S0
M. jalapa k, | B. glabra i, j .C. stenocarpus (g, h .C. helenae e, f

Fig. 9. Scanning electron microscope image (SEM) of pollen grains of Iranian taxa of Nyctaginaceae. a, d. B. elegan,
b, c. B. diffusa, e, f. C. helenae, g, h. C. stenocarpus, i, j. B. glabra, k, I. M. jalapa.
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Fig. 10. Fruit micrograph in: a, b. B. elegans, c, d. B. diffusa, e, f. C. stenocarpus, g, h. C. helenae, j. B. glabra,

k, I. O. nyctagineus.
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Table 9. Quantitative characters used in morphological studies (pm)

Symbol Qualitative characteristic Symbol Quantitative characteristic
Hs Habitat Lma Length of largest leaf
Sc Stem condition Lmi Length of smaller leaf
Sr Stem ramifiction Wma Width of largest leaf
Sc Stem color Wmi Width of smallest leaf
Sin Stem indumentums Al Achene length
Ls Leaf shape Aw Achene width
Shl Shape of leaf blade FI Flower length

- FW Flower width

La Leaf apex PI Pedicle length
Lm Leaf margin Nrf Number of fruit ribs
Lb Leaf base Lbp Length of basal leaf petiole

Is Inflorescent condition Ns Number of stamens
Fp Fruit papilae Fil Filament length
As Achene shape Sl Style length

Ag Achene gland Anl Anther length
Ain Achene indumentum Anw Anther width
Aap Achene apex BI Bracte length
Ssh Stigma shape Bw Bracte width

Sc Stamen condition - -

Pc Perianth color - -
Lphi Leaf phylotaxy - -

lab Indumentum of abaxial side - -

lad Indumentum of adaxial side - -

5 Mirabilis Bougainvillea Commicarpus [Boerhavia
z bl (ol cd )8 & 90 "CVA" (y5e;5] Oxybaphus
4.5.}9.0 99 U“’L""“)" W) o ) 6.\.\.34.»..») )‘.)5.03 LA uaM
adlas slociaa> 251 L Soo5 oo ,SLe (CVA) Lol
AS s )5,»5[.9 (\Yl Jiw) ..\.wl;sa 4.&]9.@ 99 U"‘ uuLw‘).v 0
Comnd Bl gligy Slao Jols aos oo lis 1) o5 LYFIV
i po 9039 A1y Job g o2 0 aAlee Jobo aBaid (e 4 Jobo
Job Olas oo o las ],y £55 7V VT a5 pg0 ;5051 ail oo
Jols 1 48033 sligy 5 450 (255 oS5 (5SS Job wadls
2 ass (o5 (wlididn,h ) g (wlbibisn, (o5 Slao

OF JS8) s oo las |y i 2

Slio (nyiegn (o908 paide g (plulid joliie 4
Eygo "CVA" g0l ot asllas clotiss olo ,5 i
ol |y £55 S 51 7AUA legazme a5 s 535 gz b 5
Soged il Ol gam b gwyn Sz S oo
Sl (CVA) ol addge g0 (bl 00l p; omain,
) oolsly ot dalllas glocomes ol5Ts b (5305 olsme
Sy 29) gl (9SS Jold LS (pl ol oo adlge 90
Ky Sp i gl S5 g easl o Alle by
it o oaeld )3 aSle bgy g (BealS 5B (SelS

S Slio Lol ailge o5 ululy ond pesy loges
SadsS 5 bz gl (wlidisy)n,; 5 wldos,
Obis (o5 Slao bl 0ad ous) Jloges alie |y (o) 2 9590
OF JS8) aos o0

O (o9l atie g olulid el @
o g )l el Al aiS Cas le jo S oles



VEY WOOVE il i [ o olisal¥ o8 Sl s/ L0 5 a5

16/\#

by Gl o) p o b, 5 4 (oS Slao Ve Joua
Table 10. Quantitative characters used in morphological analysis

Taxon Lma Lmi Wmi Wma Al Aw Al/Aw Lbp Fl Pl FW Sl Bl Bw
Commicarpus 20-22 12- 10-17 19-27 5- 1- 3.26-5 10- 4.36- 2.50- 2.12- 256- 1.94- 0.28-
Stenocarpus 15 5.89 1.63 20 5.90 3.12 331 5.70 261 0.63
C. helenae 34-50 10- 10-17 28-40 3.1- 1.03- 2.05- 18- 2.56- 1.21- 1.26- 1.10- 1- 0.27-
18 4,94 1.64 3.24 25 3.34 2.50 1.84 1.97 1.83 0.42
Boerhavia 18-46 10- 3-6 3-15 1.73- 0.76- 1.71- 1-25 1.93- 15- 0.69- 1.10- 0.61- 0.26-
elegans 23 3.37 1.64 3.43 3.80 20 1.79 211 1.07 045
B. diffusa 14-24  6-15 2-8 6-12 2.55- 1- 2.07-3 6-20 2- 0.51- 0.77- 0.76- 1.27- 0.38-
3.39 1.50 3.35 0.77 1.46 1.52 5.42 0.76
Bougainvillea 50-55 33- 23-27 25-29 8-10 1.50- 5-5.33 10 10- 5-12 7.88- 4.1-5 17- 12-
glabra 38 1.59 14 10 35 27
Mirabilis 27-57 19- 1-15 10-30 6.30- 4.5- 1.23- 15- 22- 1.50- 18.50- 20- 13 2.50-
jalapa 57 8 5.50 1.66 25 39 2.50 21 35 450
L ma: Length of largest leaf, Lmi: Length of smaller leaf, Wma: Width of largest leaf, Wmi: Width of smallest leaf, Al: Achene length, Aw: Achene width, Lbp: Length of

basal leaf petiole, FI: Flower length, PI: Pedicle length, FW: Flower width, SI: Style length, BI: Bracte length, BW: Bracte width
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Fig. 11. The dendrogram of cluster analysis by WARD method on the qualitative morphological characters.
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Fig. 12. The dendrogram of cluster analysis by WARD method based on the quantitative morphological characters.
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Fig. 13. CVA analysis based on main quantitative micromorphological and morphological characters.
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