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A study on relationship between morphological and agronomic traits, and seed
cotton yield and early-maturity in different cultivars

Dadashi, M.!, Kazerani, B.”

1. Department of agronomy, Islamic Azad University-Gorgan branch, Gorgan, Iran
2. Department of biology, Islamic Azad University-Gorgan branch, Gorgan, Iran

Abstract

The relationships between the seed cotton yield and early maturity with to traits of 8
cotton cultivars were studied at plant Institiute, Gorgan, Iran in 2004. The experimental
design was randomized complete block design with four replications The results of simple
analysis Variance showed that; yield, weight of yield in first harvest, height, length of the
highest monopodial branch, sympodial branch lenght had significant differences at
minimum probability level (0.05) and traits of weight of yield in second harvest and early-
maturity showed significantly difference (p<0.01) within cultivars, but, there were no
significant in trait of mean of weight of 20-boll in first harvest, number of boll in plot for
first and second harvest, monopodial branch number, sympodial branch number. The
means were compared with duncan method showed that cultivars Sub okra, Super okra &
H.A.R produced highest yield, and other cultivars in the B group. Cultivars of Sub okra,
Bract frygo & Deforme leaf the highest early maturity and cultivars of Sahel, Super okra,
okra”s red leaf & Smoshaleaf highest late maturity and cultivar of H.A.R in middle
maturity. The results of the experiment revealed that improvement in yield were associated
with yield in first harvest. Height and sympodial branch length a negative correlation with
yield. The correlation showes that height, monopodial branch length, number of simpodial,
yield in second harvest and 5 sympodial branch length a negative correlation with early
maturity. Traits yield in first harvest was high significantly related to early maturity.

Key words: Cotton, Early maturity, Yield, Yield in harvest
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The effects of different concentrations of NH;NO; and KNO;
on developmental-cellular variation of microtubers in
Solanum tuberosum L. var agria In vitro conditions.

Zare, Z.', Iranbakhsh, A.?, Ebadi, M.}

1. Department of biology Islamic Azad University, Science and research Branch, Iran
2. Department of biology Islamic Azad University-Garmsar branch, Garmsar, Iran
3. Department of biology Islamic Azad University-Damghan branch, Damghan, Iran

Abstract:

The potato (Solanum tuberosum L.) is one of the most important agricultural plants in
the world. Today, potato is the fourth most important food crop in the world after wheat,
rice and corn. It is propagated predominantly by asexual method (tubers and minitubers).
However, propagation by true seed is primarily used for breeding purposes (enhancement
of breeding populations) and genetic studies. The traditional methods for asexual
propagation of the plant face important problems including contamination of tubers and
plants and decreased crops. Therefore, the seed tubers can be replaced by micrutubers
produced by tissue culture. In this study solid and culture media used for produce of
sterile plantlets and microtuberization. The aim of this study is search about effect of
different concentrations of NH4;NO; and KNO; in media culture Invitro in histological/
cellular variations of the microtubers. The concentrations of 0, 1/2, 1, 3/2 and 2 times
more than standard concentrations of the above mentioned compounds in MS medium
were used in separate induction media. The results showed that the alternating light and
darkness is more suitable for the variety Agria and the samples kept in absolute darkness
demonstrated no microtuberization in this study. Sections for light microscopy were
prepared from microtubers in each sample after their dimensions were measured and
morphological studies carried out. The aim was to study the histological aspects of
samples. The number of cell rows, the dimensions of the cells and the starch content of
the parenchymal tissues of microtuber's pulp and the cortex were analyzed. The results
again showed significant variations in histological features of the microtubers developed
in media containing different concentrations of macronutrients. In this study, KNO; with
concentrations of 1.5 times more than standard concentration in MS medium yielded
maximum number of cell rows and maximum starch granules content which were
proportional to the average dimensions of microtubers. NH4NOs, with concentrations of
1/2 to 1 time more than standard concentrations in MS medium yielded a better
differentiation of parenchymal tissues than other concentrations.

Key words: In vitro, KNO;, Microtuberization, NHsNOj3, Solanum tuberosum, Tissue
culture
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Etude de la végétation de la Region Protégée de Sefid-Kuh
a Pouest de I’Iran

Asri, Y.!, "Ghorbanli, M., Mehrnia, M.}

1- Research Institute of Forests and Rangelands, Tehran, Iran
2- Biology Department, Islamic Azad University, Gorgan Branch, Gorgan, Iran
3- Animal Affairs Natural Research Center of Lurestan Province, Khorram-Abad, Iran

Résumé

La Région Protégée de Sefid-Kuh est située a I’ouest de I’Iran. Cette Région est 'un des
écosystémes inconnus des chaines de montagnes du Zagros. La végétation d’une partie de cette
Région a été étudiée par la méthode Braun-Blanquet. 86 relevés ont été faites dans les diverses
associations. Les données de phytosociologiques ont été¢ analysées a l’aide du programme
d’Anaphyto par deux methodes d’Analyse Factorielle des Correspondances (AFC) et de
Classification Ascendante Hiérarchique (CAH). Par cette base, 18 associations et 6 sous-
associations ont été distinguées. Ces communautés des foréts steppiques appartiennent au
Quercetea persicae et Quercetalia persicae. La zonation de végétation de la Région est influencée
principalement par les facteurs topographiques et edaphiques. Parmi les facteurs étudiés 1’altitude
par rapport a la surface de la mer, la direction et 1' importance de la pente, la teneur en gravier,
I’humidité, la texture et la profondeur du sol ont un rdle important dans I’installation des
associations dans les zones des différentes altitudes de la Région.

Mot Clés: Braun-Blanquet, Forét-steppique des chénes, Garrique, Iran,
Phytosociologie, Région Protégée de Sefid-Kuh.

Introduction

Parmi les pays du sud-ouest de I'Asie, I’Iran
a la végétation la plus diversiée: des foréts
humides dans les parties plates de la cote sud
de la mer Caspienne et sur les pentes du nord
des montagnes de 1’Alburz. Des arbustes
adaptés a la secheresse dans les chaines de
montagnes du Zagros et du nord du
Khorassan, des formations d’épineux en
forme de coussin et des communautés
halophiles dans les regions salés, des arbres et
des arbustes dans les régions cétieéres du Golf
Persique. Tous concourent a la diversité de la
végétation de I’Iran. Cette diversit¢ de la
végétation correspond des differences de
climat, de I’histoire de la flore et du potentiel
de I’evolution (Frey & Probst, 1986).

La difference du climat cause la création
d’interessants écosystémes dont chacun est
riche de différentes plantes 1’un de ces

“e.mail: ghorbanli@yahoo.com
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interessants écosystémes est celui recontré
dans la Région Protégée de Sefid-Kuh. Cette
Région est située dans la chaine de montagnes
de Zagros. C’est la que prend sa source 1’'un
des plus grands fleuves d’Asie: Le Karoun.
L’ordonnancement de ces chaines est tel
qu’elles peuvent bénéficier au maximum des
précipitations venant de la mer mediterranée.
C’est ainsi qu’une grande partie de la plaine
Iranienne échappe a la desertification.

Parmi les plus importantes études sur la
végétation du secteur Kurdo-Zagrossien on
peut citer les travaux de Tabatabai &
Javanshir (1966) et de Zohary (1973) qui ont
fait quelques transects des chaines de
montagnes du Zagros et qui ont montré les
différentes zones de végétation. Mobayen &
Javanshir (1971) ont également effectué¢ une
classification générale des foréts ouvertes de
Pouest Iran.
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Dans cette recherche nous avons étudié la
phytosociologie d’une partie de cette Région
Protégée du Sefid-Kuh, et nous avons
present¢ les associations et les sous-
associations.

La région étudiée

La Région Protégée du Sefid-Kuh est située
a 67 Km au nord-ouest de Khorram-Abad a
47°43°, 48°18" de longitude Est et a
33°297,33°49" latitude Nord. La superficie de
cette région est de 69500 hectares. Elle
appartient aux chaines de montagnes du
Zagros. La Région de Sefid-Kuh est située au
Nord de Sarab-Doreh, au nord est de Kuh-
Dasht, sud de Nour-Abad, au sud-ouest de
Alashtar dans la province du Lurestan. Grace
a sa superficie, et a la diversité du I’habitat
qui est favorable a la croissance et au
developpement des plantes. Grace aussi aux
animaux sauvages, cette Région est Protégée
depuis 1990.

Nous nous sommes limité a une superficie
de 10000 hectares pour cette recherche. La
Région étudiée avec 48°27, 48°8" E et 33°40’,
33°42" N est limitée au nord par les villages
de Sarab-Sagha, Sarab-Chenar et Cham-
Talkeh et a I’ouest par les villages de Zasht et
Shineh, au nord par la montagne Korboy et a
I’est par le village de Ghavareh. Une grande
partie de cette Région est formée par des
montagnes dont la plus élevée est la cime du
Korboy, 2854 m d’altitude. La plus basse a
une altitude de 1500 m au dessus de la surface
de la mer.

Selon les données meteorologique de

(1970-1998) la moyenne des précipitations
annuelles de la Région est de 650 mm. Les
précipitations les plus fortes se produisent en
Janvier, Fevrier et Mars. La courbe
ombrothermique montre que ’année se divise
en deux saisons seche et humide, ce qui est la
caractéristique du climat mediterraneen. La
température de la Région varie entre
respectivement 35.1°C et -5.9°C.
L'humidité relative de l'air a Paltitude est en
moyenne 50.8 %. Les montagnes de la Région
sont couvertes de neige pendant 3 mois de I'
année (decembre, Janvier et Fevrier).

Méthodes
La végétation de la Région a été étudiée
entre les années 1998 et 1999 par la méthode

Braun-Blanquet (1932). L échantillonage des
communautés de plantes a été faite par la
selection des unités de végétation (stands). La
localisation des relevés a été faite sous forme
accidentelle-selective ~ dans  des  sites
homogenes.  Aprés  determination  de
formation principale et secondaire de
végétation a la base physionomique et la
distingtion des individus d’associations par
les critéres florestique-écologique. Dans ces
formation on a effectué¢ quelques relevés.

La taille des relevés a été determinée par la
méthode des plots helicoides et par le tracé de
courbe aire minimum (Mueller-Dombois &
Ellenberg, 1974). Dans chaque relevé deux
coefficients abondance-dominance et
sociabilit¢ pour toutes les especes ont été
enregistrés. En plus les caractéristiques de
milieu comme 1' altitude l'importance et la
direction de pente ont été notés.

Les plantes collectées ont été determinées a
l'aide des flores Komarov & Shishkin (1963-
1974), Rechinger (1963-1998), Davis (1965-
1985), Townsend & Guest (1966-1985),
Maassoumi (1986-1995) et Assadi et al.
(1988-2000).

Les données phytosociologiques ont été
analysés par la méthodes d’Analyse
Factorielle Correspondances (AFC) et de
Classification = Ascendante = Hiérarchique
(CAH) a l’aide de programme d’Anaphyto
(Briane, 1995). Ensuite on a preparé les
tableaux de phytosociologique.  Apres
determination de degré fidelité des espéces
dans chaque groupe, sont presentés les
espeéces  caractéristiques, compagnes et
accidentelles de chaque syntaxa. A 1’aide de
determination du niveau ces syntaxa a la base
de mise en code de phytosociologie (Barkman
et al., 1986), a été effectu¢ sous forme
d’association et sous-association.

Résultats

La figure 1 montre les résultats obtenus de
I’analyse des relevés par la méthode de AFC
sur les axes de coordonné 1 et 2. Sur ces axes
en tenant compte des autres axes de
coordonnés et en se referant aux résultats de
la methode CAH on peut distinguer 5
groupes. Dans un deuxieme stade, pour
obtenir des groupements plus complets, les
relevés ou le groupement des relevés qui
¢taient loin de l’origine des coordonnés ont
été supprimés. Ainsi les de plus grands
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groupements de relevés a cause des especes
communes ¢étaient regroupés a coté du centre
des axes des coordonnés et ils ne montrent
pas un groupement distingue ont ¢été
partiellement analysés.

A P’aide des résultats de la méthode CAH 5
groupes de relevés et especes ont été dissociés
sur les 5 axes des coordonnés (Fig. 2). Ensuite
deux de ces grands groupes de relevés ont été
analysés separement et dans 1’ensemble 11
autres groupes ont été dissociés (Figs. 3 et 4).
Comme la figure 4 le montre, le groupe
central peut étre dissocié¢ en d’autres groupes.
Pour cette raison par la suite les 3 groupes de
relevés du pourtour ont été supprimés et
I’analyse a ¢été faite sur les données
phytosociologique centraux.

Au cours de deux stades de 1’analyse
partielle de ces données nous avons distingué
un ensemble de 7 groupes. Enfin 24 groupes
de 6 stades d’analyse principale et partielle
des données phytosociologique ont été crées.
Selon les groupes obtenus par la méthode
AFC et les résultats de la méthode CAH le
tableau phytosociologique a ¢été construit
(Tab. 1). 18 associations et 6 sous-
associations ont été distinguées .11 s’agit de:

1. Quercetum persicae, la. smyrniopsidetosum
aucheri, 2. Amygdaletum orientalis, 3. Lonicero
nummulariifoliae-Amygdaletum  orientalis, 4.
Polygono luzuloidis-Astragaletum strictifolii, 5.
Astragalo microphysae-Acantholimetum
aspadani, 6. Phlomido Olivieri-Ferulaginetum
angulatae, 6a. colchico szovitsii-smyrnietosum
cardifolii, 7. Astragalo nervistipuli-Daphnetum

mucronatae, 8. Astragalo nervistipuli-
Amygdaletum orientalis, 9. Pyro glabrae-
Quercetum persicae, 9a. eremostachyetosum

pulvinaris, 9b. geranietosum pyrenacii, 10.
Ceraso microcarpae-Daphnetum mucronatae, 11.
Lonicero nummulariifoliae-Cerasetum mahaleb,
1la. rheetosum ribis, 12. Aceri cinerascentis-
Loniceretum nummulariifoliae, 13. Alhagietum
persari, 14. Astragaletum nervistipuli, 15. Aceri
cinerascentis-Quercetum persicae, 15a. phleo
boissieri-poetosum  bulbosae, 16. Aceretum
cinerascentis, 17.  Amygdalo  orientalis-
Daphnetum mucronatae, 18. Juncetum inflexi.

Discussion

Les zones de végétation relativement large
du secteur Kurdo-Zagrossien forment des
foréts ouvertes ou des garriques en Iran, en
Iraq et en Turquie. Selon Zohary (1973) cette
végétation de la forét-steppique des chénes
(oak steppe-forest) represente la classe

¥4

Quercetea brantii. Cette classe comprend des
communautés qui du nord a sud au point de
vue densité et du nombre des arbres devient
de plus en plus pauvre. La limite inferieure
des communautés arbustives de cette classe
est environ a 700 m d, altitude tandis que la
limite superieure se situe a environ 2000 m ou
plus.

En Iran ce secteur comprend des foréts
ressemblant a des parcs qui commencent au
nord -ouest du pays, ouest d’Orumieh et
s’etendent vers le sud le long des chaines de
montagnes irregulierés de Zagros et se
terminent aux alentours de Firouz-Abad en
province de Fars. La superficie des ces foréts
de chénes en Iran a été estimée a environ 5
millions d, hectares qui occupe les bandes
altidunales entre 1000 et 2100 jusqu’a 2300m.

Mobayen & Javanshir (1971) ont mis ces
foréts dans le Quercetea persicae et ont
present¢ deux ordres de Quercetalia
infectoriae et Quercetalia persicae. Le
premier ordre s’est etendu des foréts du nord
de Kermanchah jusqu’aux foréts de Orumieh
et les especes caractéristiques sont Quercus
infectoria, Prunus mahaleb et Sorbus
luristanica. Le deuxiéme ordre s’etend des
foréts de Kermanchah jusqu’ aux environ de
Shiraz et ses espéces caractéristiques sont
Amygdalus orientalis et Quercus brantii var.
persica. Il y a une difference importante du
climat entre ces deux ordres. Le premiér est
presque mediterranean et est install¢ dans les
endroits relativement temperes et forme la
plupart des foréts ouest d’Iran. Cet ordre est
¢tendu dans les pentes vers le nord qui sont
moins chauds. Tandis que le deuxiéme ordre
est installé une plus faible altitude sur les sols
fortement calcaire et il a des especes
resistantes a la secheresse.

Les résultats obtenus montrent que les
associations forestieres existant dans la région
protégées de Sefid-Kuh appartiennent a
Quercetea persicae et Quercetalia persicae.
La distribution de ces associations est
influencée par les facteurs topographiques
(I’altitude, la direction et 1, importance de la
pente et les facteurs edaphiques (la
profondeur, la teneur en graviers, la texture et
I’humidité). Avec 1I’augmentation de ’altitude
la profondeur du sol diminue, le taux de
gravier augmente et la texture du sol devient
plus legere. Dans les plus hautes montagnes a
cause de la neige presente quelques mois et
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fondent progressivement mettant de Leau la
disposition des plantes. L ensemble de ces
facteurs est la cause de I’installation des
communautés de plantes dans les zones des
différentes altitudes et orientation
geographique. La presence des sources dans
les vallées en produisant des microclimat a
I’humidité relative plus elevé a cause |1,
installation des communautés de plantes qui
aiment I’humidité.

La zonation de la végétation de cette
Région montre que Quercetum persicae
forme une ceinture entre 1500-1800 m et est
la plus basse des bandes des foréts-steppiques.
Dans quelques sites Pyrus glabra et Acer
monspessulanum Ssp. cinerascens
accompagnés de Quercus brantii var. persica
ont crée des communautés de plantes bien
caractéristiques. A la partie superieure de
cette bande a environ 1800-2000 m,
Amygdaletum orientalis s, installe.Dans cette
region en haute montagne (2200-2400 m) on
voit des Daphne mucronata accompagnés
Astragalus nervistipulus, Cerasus
microcarpa, Amygdalus orientalis. A
I’altitude plus élevée de 2200 m Lonicera
nummulariifolia forme des communautés de
plantes separées accompagnées d, Amygdalus
orientalis, Acer  monspessulanum  ssp.
cinerascens. Enfin aux plus hautes altitudes
de la Région on voit des bandes larges de
Phlomido olivieri-Ferulaginetum angulatae.

Dans beaucoup d, habitats les espéces
ligneuses arborescentes ont été detruites et les
formations en coussins et epineuses ont été
remplacées. Dans ces régions les associations
secondaires sont des arbustes et des coussins
epincux comme Amygdalus, Astragalus,
Acantholimon et Crataegus. Dans une partie
de cette Région la foréts-steppique est
completement detruite et est remplacée par
des terrains cultivés, seulement quelques
arbres sont restés pour créer des ombres, et a
la marge de ces endroits [’association
transgressive de Alhagietum persari est
remplace les associations naturelles.
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t8: 0099-0101-0072- £19: 0043-0046-

t9: 0070-0071- £20: 0079-0029-

t10: 0019-0018-0017-0016- £71: 0096-0094-

t11: 0008-0059-0058-0056-0057- t22: 0110-0097-

Fig.1: Résultats de Fanalyse preliminaire des relevés par la méthode AFC

sur les axes coordonnés 1 et 2.
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de AFFC sur les axes des coordonnés 1 et 3.
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de ATC sur les axes des coordonnés 2 et 3.
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Fig.4: Résultats de troisiéme d’analyse partielle des relevés par la méthode

de AFFC sur les axes des coordonnés 2 et 3.
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Tableau 1.

Nunéro des associations & subassociations

Nuréro des releves

Especes caractéristiques de 1'associations:
Pyrus glabra Boiss.
Crataequs aronia (L.) Bosc. ex DC.
Quercus brantii Lindl. var.persica(Jaub.k $p
Scilla persica Hausskn. 0
Bosa elymaitica Boiss. & Hausskn.
Scorzonera pseudolanata Grossheim
Cerasus microcarpa (C.A.Mey.) Boiss.
Daphne mucronata Royle
Anygdalus orientalis Duh.
Parietaria judaica L.
Anygdalus scoparia Spach
Salvia bydrangea DC. ex Bentham
Lonicera nummulariifolia Jaub. & Spach
Cerasus mahaleb (L.) Miller
Acer monspessulanum L. ssp. cinerascens (Bol
Salir alba L. falt
Fraxinus rotundifolia Willer ssp. rotundifol
Vitis vinifera L.
Astragalus nervistipulus Boiss.
Tulipa micheliana Hoog
Taeniatherum caput-medusae(L. )Nevski ssp.cri
Astragalus strictifolius Boiss. {Schr
Polygonun luzuloides Jaub. & Spach
Acantholizon aspadanum Bunge
Astragalus microphysa Boiss.
Bryonia aspera Stev. ex Ledeb.
Phlomis olivieri Bentham
Ferulago angqulata (Schlecht.) Boiss.
Juncus inflexus L.
Rosa canina L.
Alhagi persarum Boiss. & Buhse

Espaces differential de 1'"subassociations:
Eremostachys pulvinaris Jaub. & Spach
Marrubium vulgare L.

Geranium pyrenaicum Burm. fil
Smyrniopsis aucheri Boiss.
Arenaria persica Boiss.

Rheun ribes L.

Poa bulbosa L.

Phleum boissieri Bornm.

Fableau phytosociologique du Région Protégée de Scfid-Kuh.
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Centaurea phlomoides Boiss. % Hausskn.

Tanacetum chiliophyllum (Fisch. 4 C.A.Mey.)

Cotoneaster luristanicus Klotz
Ferula ovina (Boiss.) Boiss.
Crataequs sakranensis Hadac & Chrtek

Tableau 1.

Schultz Bip. ......ovvue. RN, ;. ORI [, (NS, ORI S P

.................................

Astragalus fasciculifolius ssp. arbusculinus [Boram. & ................... FH e e e e e L J—

Bupleurun falcatum L.

Gundelia tournefortii L.

Onosma stenosiphon Boiss.

Silene ampullata Boiss.

Lactuca scarioloides Boiss.

Rlcea koelzii Riedl

Nentha longifolia (L.) Huds.

hrum giganteun Ghahreman

Campanula reuterana Boiss. & Bal.
Orobanche coelestis {Reuter) G.Beck

Cruciata taurica (Pallas ex Willd.) Ehrend.

Dionysia gaubae Bornm.

Dianthus libanotis Labill.
Stachys kurdica Boiss. & Hoben.
Sedum hispanicum L.

Allium elivieri Boiss.

itres especes:

Geranium tuberosum L.
Carthanus oryacantha N.B.
Bromus tectorum L.
Euphorbia ayrsinites L.
Hordeua bulbosum L.

Alliua icngisepalun Bertol.
Bromus danthoniaa Tran.
Suphorbia peplus L.

Yeslia apiculata Fisch., C.A.Mey. % Ave-Lall.

Anthemis altissima L.

ktripler hastata [.

Salvia sclares L.

Iriclirion tataricum (Pallas) ¥erb.
Cynosurus elegans Dasf.

.................................

.....................................................................................

o

1.Pyro glabrae - Quercetun persicae, la.eremostachyetosum pulvinaris,ib.geranietosun pyrenacii, 2.Quercetum persicae,2a.smyrniopsidetosun
acheri, 1.Cerasoc microcarpae - Daphnetum mucromatae, 4.Anygdalo orientalis - Daphnetum mucronatae, 5.Amygdaletum orientalis, 6.Lonicerc
nurnulariifoliae - Amygdaletum crientalis, 7.Lonicerc nummulariifoliae - Cerasetum mahaleb ,7a.rheetosum ribis, 8.Aceri cinerascentis -
eniceretun numnulariifoliae, 9.Aceri cinerascentis - Quercetun persicae,da.phleo boissieri - poetosum bulbosae, 10.Aceretum cinerascentis
11.Astragalo nervistipuli - Daphnetum mucromatae, 12.Astragalo nervistipuli - Amygdaletum oriemtalis, 13.Astragaletum nervistipuli, 14.
felygono luzuloidis - Astragaletum strictifolii, 15.Astragalo microphysae - Acantholimetum aspadani, 16.Phlomido olivieri - Ferulaginetum
anqulatae, 16a.colchico szovitsii - smyrnietosum cardifolii, 17.Juncetum inflexi, 18.Alhagietum persari
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Vegetation of the Sefid-Kuh Protected Area, W. Iran

Asri, Y., Ghorbanli, M.%, Mehrnia, M.}

1- Research Institute of Forests and Rangelands, Tehran, Iran
2- Biology Department, Islamic Azad University, Gorgan Branch, Gorgan, Iran
3- Animal Affairs Natural Research Center of Lurestan Province, Khorram-Abad, Iran

Abstract

Sefid-Kuh Protected Area is situated in the west of Iran. The Area is one of the
unknown ecosystems of Zagros mountain system. The vegetation of part of the
Area was studied by Braun-Blanquet method. Phytosociological data analyzed
with Factorial Correspondence Analysis (FCA) and the Hierarchical Ascendant
Classification (HAC) methods by means of Anaphyto software. 18 associations
and 6 subassociations were distinguished in the Area. These steppe-forest
communities belong to Quercetea persicae and Quercetalia persica. The zonation
of vegetation is mainly affected by topographic and edaphic factors. Altitude,
slope, exposure, percent of gravel and moisture, texture and depth of the soil are
the important factors to establishment of associations in the different elevation
zones.

Key words: Braun-Blanquet, Oak steppe-forest, Phytosociology, Sefid-Kuh
Protected Area, Woodland
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The effect of aquatic extract of canola (Brassica napus L.) on chlorophyll content,
nitrate reductase, catalase and peroxidase activities enzymes
of soybean (Glycine max L.) seedling in hydroponic culture

“Niakan, M., Tajari, M

Department of biology, Islamic Azad University. Gorgan-branch, Gorgan,Iran

Abstract

Canola contains allelochemicals that effect on metabolism of weeds and crop plants.The aim of
this research was to study the effect of aquatic extract of canola (Brassica napus L. cv Hyola 401)
on chlorophyll content in cotyledon, nitrate reductase, catalase and peroxidase activity in root, stem
and cotyledon of soybean seedling (Glycine max L. cv Gorgan 3) in Hoagland culture. The seeds of
canola (Brassica napus L.cv Hyola 401) was planted in pot and provided aquatic extract of total
plant in 5 leaf stage.This extract was added to Hoagland culture and catalase,peroxidase and nitrate
reductase activities in leaf, stem and root and chlorophyll a and b content in cotyledons in soybean
seedling (Glycine max L.cv Gorgan3) after 9 days were evaluated. The results showed that
chlorophylls (a and b) amounts in cotyledons and catalase and peroxidase in root and stem and
cotyledon decreased in comparison with to control (Hoagland only) in while nitrate reductase
activity reduced in cotyledon and in root and stem increasd.

Key words: Canola, Catalase, Chlorophyll, Extract, Growth, Hydroponic, Nitrate

reductase, Peroxidase, Soybean

Introduction

Allelopathy is derived from the Greek words
“allelo” and “pathy” meaning reciprocal
sufferings of two organisms, also known as
biochemical interaction, among plants,
describes any direct or indirect (harmful or
benefical) effect of a plant on another plant
through the relases of chemical that escape into
the environment (Rice, 1984). Allelochemicals
are the small molecular weight compounds
excreted from plants during the process of
secondary metabolism. Allelochemicals may
affect different physiological process in plants

point on the cytolema to affect the adsorption
of incretions and ions (Khalid et al., 2002).
Many of species of Brassicaceae (as canola)
contain a group of secondary metabolites called
glucosinolates. ~ The  glucosinolates  are
allelochemicals that may be a sink for nutrients
like nitrogen and sulphur and the products of
hydrolysis may have important roles in the
defence system the myrosinase mediated
degradation of glucosinolates gives rise to an
unstable thiohydroximate-O-sulphonate which
on release of sulphate can result in the
production of isothiocyanates, thiocyanates,

such as photosynthesis, respiration, cell nitriles and elementary sulphur. These
division and nutrient uptake (Rice, 1984). It has compounds have alleopathic potential (Rice,
been reported that allelochemicals affected the 1984).

mineral uptake, pigment synthesis, It has been reported reported that
photosynthesis, protein synthesis, electron allelochemicalls effect on growth and
transport involving cytochrom (Rice 1984., photosynthesis by chlorophyll degredation

Rizvi & Rizvi, 1992). Allelochemicals first
damage the cytolema and then send the stress
information into the cell through the target

“e.mail: mnniakan@yahoo.com
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(Ervin & Wetzel 2001, Zeng et al., 2001). Also
allelochemicals inhibit activating enzyme such
as peroxidasa, catalase and amylase (Williams
& Hoagland, 1982).
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There is a little information about
allelopathic effect of canola on growth,
chlorophyll, antioxidant enzyme and nitrate
reductase activity.The aim of this research was
to study the effect of aquatic extract of canola
(Hayola 401 cultivar) on chlorophyll a&b
amounts, catalase, peroxidase and nitrate
reductase activity in soybean seedling (Glycine
max L. cv Gorgan 3) under hydroponic culture.

Methods & Materials

Canola planted and extracts preparation

Seed of canola (Brassica nanus L.cv Hayola
401) was planted in pots.Each pots include Silt-
Clay soil tissue.After 65 days in 5 leaf phase total
plants harvested and was dried in dark and
griaded.5 g of this dried sample was added to 150
ml distilled water and was shaked to 12
hours.These mixture was passed of Wathman
paper (number 2) and micropore filter (0.2
micron) (Narwal & Tauro, 1996). Of this extract
(%100  concentrations) solution to %70
concentrations was prepared.

Seed preparation

4 plats sterilles includes 10 seed of soybean
(Glycine max L. cv Gorgan3) among of two
Wathman papers (number 2) was placed in
germinator in 24°C and %70 humidity. Seeds
daily were irrigation with distilled water. After 5
days seedling was transferred to special dishes
includes hydroponic culture. In special dishes 70
ml solution (includes 20 ml Hoagland solution
and 50 ml extract of total plant) as treatment and
70 ml Hogland solution as control was added in
each of special dishes and 4 soybean seedling
were placed in them.

Biochemical assay

Chlorophyll assay

Amounts of chlorophyll a and b in cotyledon
of soybean seedling treated and control plants
were evaluated by Bruisma (1963). At first
cotyledon were weighted and abrade in S5ml
acetone. Then in 3000rpm at 15 minute were
centrifuged and supernatunts were separated and
rate of their wave length absorbtion according to
method of Bruisma (1963) in 645, 652 and 663
nm with spectrophotometers was used.

Peroxidase activity assay
Peroxidase activity in cotyledons stem and root
in soybean seedling was assay to down form:

Yo

1-Solution extract

For preparation solution extract 1.2g tris and 2g
ascorbate, 3.8borax, 2g EDTANa,, 50g PEG were
mixtured and distilled water was added to them
(100 ml volume)

2-Enzyne extract

lg of sample (soybean cotyledon, stem and
root) of treated plant and control was placed in 4
ml solution extract for 30 minute. The samples
were keeped in 4°C temperature for 24 hours. 2ml
acetate buffer (0.2 M concentration, pH-5), 0.4 ml
H>0,%3, 0.2ml benzedin was mixtured and added
to 0.1 ml enzyme extract of samples and their
absorption was readed in 530 nm by
spectrophotometer (Koroi, 1989).

Catalase activity assay

1 ml of enzyme extract to 5 ml solution
includes 3000 UM phosphate buffer (pHS8), 100uM
H,0, were mixtured. For inhibition of enzyme
activity 10 ml sulfuric acid %2 was added.This
mixture  was  titration  with  potassium
permangenate 0.01N. Enzyme activity was assay
base on indissolved 1puM of H,0, in minute
(Chance & Maehly, 1995).

Nitrate reductase activity assay

Nitrate reductase activity measured according
to Sym (1984) method. First samples (soybean
cotyledon, stem and root) was weighted and used
of solution encubate includes K,Nos, propanol and
phosphate buffer and Gris I and II agent. Sample
absorbtion was readed in 520nm. For assay nitrate
reductase activity of standard curve of nitrite in
different concentrations was used.

Statistic calculation

Statistical analysis were conducted in a
completed randomized design (CRD) with four
replications and mean values were compared by
Duncan test at P<0.05 and P<0.01.

Results and Discussion

Our results showed that soybean growth
reduced in water extract of canola. It is reported
that the beneficial effects of retained crop residues
for erosion control has been well documented,
however the yields and growth of crops can be
reduced (Fettell and Gill, 1995; Malinda, 1995).
Retained wheat residues have been shown to
reduce yield and growth in several studies (Purvis,
1990).
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Several factors may contribute to the poor
growth of canola into wheat residues including (1)
nitrogen immobilisation and (2) increased
incidence of root disease. According to our results
radicle and epicotyle length in soybean seedling in
Hoagland solution and aquatic extract of canola
decreased to comparision with control (Hoagland
only) (tablel).It is reported that growth of root to
allelochemicals is more sensitive than shoot (Peng
and Shao, 2001).

It has been reported that root at first absorbe
allelochemicals of environment. Some of the
hormones such as GA3 and [AA effects on
seedling elongation. Inhibition of functional these
hormones can reduce elongation of seedling.
Allelochemicals such as flavonoides stopes polar
transport of IAA and their function and cause
growth reduction (Brunn et al, 1992). As it is
reported allelochemicalls inhibit respiration and
decrease of the ATP production those effects on
germination and growth (Jimenez & Gliesman,

1987).

Our results showed that amonts of Chla & b in
cotyledon of soybean seedling in treated samples
to comparison with  control  decreased
(tablel).Rice (1984) showed that allelochemicals
such as phenolic acid inhibit biosynthesis of
chlorophyll precursors.Decreasing of chlorophyll
by allelochemicals result of inhibition of
chlorophyll biosynthesis or induction of their
degredation pathway..There are two pathways for
chlorophyll degredation: 1) Chl dephytlation that
by chlorophyllase was catalyzed and 2) Mg
dechelation that by Mg-dechlatase was catalyzed
(Matile et al, 1996). It is thought that
allelochemicals such as phenolic acid induce
activity of chlorophylase and Mg-chlatase (Yang
et al, 2004).

Aquatic extract of canola caused to decreased
peroxidase and catalase activity in cotyledon,
stem and root of soybean seedling (fig 1,2).

It is reported that allelochemicals effects on
some of the enzyme activity for example enzyme
activity such as catalase, peroxidase (POD),
polygalactoronase, super oxidedismutase (SOD)
and amylase in presence of allelochemicals reduce
(Williams & Hoagland, 1982., Rizivi & Rizivi,
1992). Reduction of SOD and POD activity
caused the reactive oxygen species (ROS)
accumulation in leaf that resulting to lipid
peroxidation in membrane and their destruction
(Bais et al., 2003) and DNA degradation (Appel,
1993).

Y

Table 1. The effect of aquatic extract of canola (Brassica
napus L. cvHyola 401) in Hogland solution on length of root
and epicotyl, amount of chl a & b, activity catalase and
peroxidase in cotyledon, shoot and root of soybean (Glycine
max L. cv Gorgan3) seedling in comparision with to control
(Hoagland only) (X + SE).

Control Treatment
assays organ (Hoagland+
(Hoagland) canola extract)
Length root 5.12+0.075 2.77 £ 0.085
(cm) (a (b
Length . 7.07 £0.04 3.15+0.01
(cm) epicotyl @ ®
chla cotvledon 0.136 +0.001 0.122 £ 0.001
(mg/g FW) | %Y @ (b
chlb cotvledon 0.0637 £0.001 | 0.0625 +0.0003
(mg/g FW) | *°¥ (a ®
Also ROS chloroplast and mitichondria

desintegrate and photosynthesis and respirartion
decrease and following ATP production in plant
drop (Shiming, 2003).
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Fig 1. The effect of aquatic extract of canola (Brassica
napus L. cv Hyola 401) in catalase activity (/J.MHZOZ

destroid/min) in cotyledon, shoot and root of soybean
(Glycine max L. c¢v Gorgan3) seedling. C=control
(Hoagland), T=treatment (Hoagland+extract) (X £ SE).
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Fig 2. The effect of aquatic extract of canola (Brassica
napus L. cv Hyola 401) in peroxidase activity (OD g~', FW

min-) in cotyledon, shoot and root of soybean (Glycine max
L. cv Gorgan3) seedling.

Our results showed that nitrate reductase (NR)
activity in stem, cotyledon and root in soybean
seedling in presence of aquatic extract of canola
change. In cotyledon, enzyme activity in
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Hoagland solution with canola extract decreased
while in root and stem increased (fig3).

It is reported that stress effect on NR activity.
Salinity stress increased NR activity in root of Zea
mays L. while decreased their activity in leaf of
Anacordium occidentale L. (Katalin et al., 2000).
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Fig 3. The effect of aquatic extract of canola (Brassica
napus L. cv Hyola 401) on nitrate reductase activity
(#MNo~yg™".h™) in cotyledon, shoot and root of soybean

(Glycine max L. cv Gorgan3) seedling.
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Abstract

Dianthus caryophyllus is one of the most important species in Dianthus genus. In order to
propagation virus-free plant material, in vitro culture of this species var cerise royallette were
studied. Explants were cultured in Anderson medium containing 1 mgl” 6-benzylaminopurine. 6-
benzylaminopurine alone induced callus in nodes and internodes explants. To achieve
organogenesis, calli subcultured onto Anderson medium with or without plant growth regulator.
The highest shoot length was obtained in medium without any hormone. The most suitable
adventitious shoot regeneration medium was Anderson medium supplement with 4 mgl™ Kin and
0.1 mgl! NAA. Root regeneration was observ ed in medium with 0.5 and 1 mgl™" naphtalenacetic
acid. Rooted plantlet transferred into pot with perlite and irrigated by different nutrient solution.
The effect of different nutrient solution (An, OM, MS, MC) on growth and development of
plantlet were compared. The results showed Anderson medium was more effective than the others.
Acclimatized plants were transferred to soil. All plants were survived in field condition and
produced flower after 4 months.

Key words: Dianthus caryophyllus var cerise royallette, Micropropoagation, Nutrient
solution, Plant growth regulator

Abbreviation: BAP: 6-benzylaminopurine, 2iP: 2-Amino purine, IBA: indol-3-butyric acid, IAA: indol
acetic acid, Kin: kinetin, OM: Olive Medium, NAA: naphtalenacetic acid, An: Anderson (1975), MS:
Murashige & Skoog (1962), MC: Misra & Chaturvedi (1984), min: minute, PGR: plant growth regulator.

Introduction

Carnation is one of the three important cut
flower in the world. Conventional propagation of
this plant is cutting of auxillary shoot and seed.
These methods are not only practical in all
carnation cultivar but also plant material have
viral and fungal contamination. Micropropagation
provides much more rapid cloning from selected
cultivar than would be expected from seasonally
limited conventional propagation (Hammatt et al.,

reported plant regeneration of four cultivar in
carnation from petal explant. Miller et al. (1991)
used MS basal medium supplement with 4-8 uM
naphtalenacetic acid and 6-benzylaminopurine for
adventitious shoot regeneration of carnation.
Miller et al. (1991) showed adventitious shoot
regeneration from auxillary buds explants of 15
carnation cultivar. They indicated that auxillary
bud size and the type between subcultures of
source material influenced the production of

1997). However its more widespread use is adventitious shoots. Jethwani et al (1996)
restricted by the often high percentage of plants demonstrated  that phenylacetic acid in
lost or damaged when transferred to ex vitro combination with 6-benzylaminopurine was

condition (Pospislova, 1999). Nugent et al. (1991)

“e.mail: ghorbanli@yahoo.com
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essential to trigger shoot regeneration from
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cultured leaf callus of Dianthus chinensis. Fal et
al., (1999) showed ethylene improved the quality
of cv. BarbaretTanga explants, decreasing
hyperhydricity and increasing the number of
shoots, the length of the main shoot and the
multiplication coefficient. Majada et al. (2000)
concluded vessel ventilation promoted in vitro
hardening of micropropagated carnation shoots
and pushed the culture-induced phenotype closer
to that of ex vitro acclimatized plants.
Nontaswatsri et al. (2002) Reported shoot
regeneration of leaf and nod explant of 38 cultivar
in carnation. They indicated correlation
coefficient between shoot regeneration percentage
of nod and leaf explant was significantly positive.

There is no published protocol on in vitro
culture of Dianthus caryophyllus var cerise
royallette. One aim of these experiments was to
invstigated the effect of PGR on organogenesis of
carnation var cerise royallette. Another aim was to
assess wether the effect of nutrient solution on
growth and acclimatization of plantlet in green
house condition.

Materials and methods

Explants were taken from plants without bud
dormancy, bacterial symptoms and water stress.
Leaves, nodes and internodes segment, 5-10 cm
long, rinsed in tap water for 30 min and washed
with water and detergent. Then, explants were
surface sterilized by dipping them in benomile
solution (0.5%) for 20-30min, ethanol (70%) for
20-30 S followed with immersion them in
hypocholorite solution (5%) for 20-30 min. Then
explants transferred to laminar air flow cabinet
and rinsed three times with sterile distilled water.
The resulting explants were cultured on An
Medium (Anderson, 1978-1980) containing
Imgl" BAP, 30gl" sucrose at PH 5.7+0.1 and
solidified with 8gl"' Agar. After callus induction,
Calli transferred on An Medium supplement with
different concentration of BAP, 2iP and kin (0, 1,
2, 3, 4, Smgl™") with combination to NAA (0, 0.1,
0.5, Imgl™). After six weeks shoot length, shoot
number, internodes number, Root number and
root length were recorded. Cultures were
subcultured at six weeks interval. They
maintained at 25+2 with 16 photoperiod provided
by Double cool fluorescent tube with 1000 lux
intensity.

Plantlet with normal and healthy roots was
carefully washed by water. Then, plantlet
immersed in 0.5% benomile solution for 20 min to

v

avoid fungal infection. Rooted plantlet inserted in
pot containing sterile Perlit. Pots were kept in the
shad and high relative humidity. Plantlet were
irrigated by nutrient solution containing macro
and micro nutrient of An, OM (Olive Medium),
MS (Murashig and Skoog, 1962), MC (Misra and
chatuvedi, 1984) and water (control). Irrigation
was done 3 days interval during three weeks.
After this period growth and development of
shoots and roots were evaluated. Acclimatized
plantlet transferred to soil and exposed to long day
and 20- 25¢ temperature.

All treatments were conducted in complete
randomized design. For each trait means and
standard error of means were calculated. Analysis

of variance was done at P<0.05. Means
comparison was made by least significant
difference (LSD).

Results

Effect of BAP and NAA

The highest shoot length was observed in
hormone —free medium (table 1 and figure 1). In
this medium shoots had dark green leaves and
internodes length were lcm. The average of
adventitious shoots and shoot length decreased as
the BAP concentration increased (table 1 and
figure 1). The highest shoot proliferation (4.62)
was observed in Ay In medium containing BAP
alone,. In culture with 0.1mgl” NAA and different
concentration of BAP, there was no significant
difference among Ao to A;; for shoot length and
Ag to Ao, Aj> to Az for shoot number. In medium
with 1 mgl" NAA,. Shoots had thin leaves with
light green color. In medium with 0.5 mgl' NAA
There was no significant difference among A;; to
Ay for shoot length and A;s to A for shoots
number and Ajgto A, for internodes number. In
medium with 1 mgl' NAA there was no
significant difference among Aj; to Ays and Ay to
Ay (Table 2). NAA alone did not promote
multiple shoots (figure 1). Shoot length was
higher in medium with BAP and NAA together.

Optimum root length and root number were
obtained in 0.5 and 1 mgl" NAA. In hormone —
free medium root formation and growth was
observed. The highest root number was in A, and
the optimum root length was in A;s. Increased of
BAP to 1 mgl' tend to decrease of root
regeneration. High content of BAP inhibited root
formation (Table 1 and figure 2).
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Effect of 2iP and NAA

Highest shoot length (4.21) was observed in
medium  without PGR. The best shoot
proliferation (4.63) was obtained in medium
supplement with 1 mgl' 2iP. Shoot length
decreased slowly with increased 2iP concentration
(table2 and figure2). Increasing of 2iP into 1mgl™
promoted shoot regeneration. But high level of
2iP had an inhibitory effect on shoot formation. In
culture with 0.Imgl’ NAA and different
concentration of 2iP, There was no significant
difference among Bg to By By to B;; and By, to
B, for shoot number and By to By, for internodes
number.. In medium with 0.5 mgl’ NAA There
was no significant difference among B;; to B, for
shoot length, B;s to By; and Bjy to B, for
internodes number, Bs to Bs and By to B,; for
shoots number. In medium with 1 mgl' NAA
There was no significant difference among B,; to
B,4 and By to By; for internodes number, B, to
B,s and By to Byg for shoots number (table2).

Root formation induced in all concentration of
NAAwith no 2iP. High concentration of NAA
increased root regeneration. Increasing of 2iP up
to 0.5 mgl" lead to root regeneration. Although,
high level of 2iP prevented root formation (figure
2). Optimum root length and root number was in
B15 and Bzz.

Effect of Kin and NAA

The highest shoot length was observed in
hormone- free medium. In treatment containing
Kin alone. the best shoot proliferation were
obtained in 0.5mgl" Kin. Increased of Kin content
decreased shoot number (figure 3). However in
treatment involved 0.1 mgl' NAA and different
concentration of Kin, shoot induction was slowly
decreased and the highest shoot number (10.2)
was observed in C;; (table 3). In culture with
0.1mgl" NAA and different concentration of Kin,
There was no significant difference among C,, Cy
Cy; and Cg, Cyy, Cy3 for shoot length and Cs, Cyy
and also Cy, C;, for shoots number In medium
with 0.5 mgl' NAA there was no significant
difference among C;; to C,;, C;s to Cy¢ for shoot
length, C;s to Bjs and Cj9 to C,; for shoots
number, C;; to C,; and C;¢ to Cy for internodes
number. In medium with 1 mgl’ NAA There was
no significant difference among C,; to C,s For
shoot length and C,;, Cy; and Cys and Cyy to Cys
for shoots number, C,, to Cy; and Cyto Css for
internodes number (figure 3).

\rg

Growth and development of root in medium
with Kin was better than medium containing 2iP
and BAP. Optimum root length and root number
were observed on medium with 0.5 and 1 mgl”
NAA respectively. In medium with Kin alone the
highest root number and root length were in Cs
and C,. Kinetin up to Imgl' promoted root
formation. Although, high concentration of Kin
had an inhibitory effect on rooting process (figure
3).

Acclimatization of the plantlet to ex vitro
condition

The highest shoot length was in An medium and
shoot length was minimum in control. There is no
significant difference between MS and OM
medium in relation to root length. The best shoots,
internodes and roots number were obtained in An
culture medium. In contrast shoot and root
number were decreased in MC and MS medium.
Plantlet irrigated with An solution have an
expanded aerial and root system with normal
shoots. Leaves of shoots were long with dark
green color. Roots were white, branched and have
root hair. In contrast with OM medium, shoot
proliferation and internodes length were
decreased. Root system was inhibited. Roots were
short, branched and dark brown color. With MS
solution shoot number inhibited. But shoots have
normal leaves. Root system was similar to OM
medium. Using of MC medium decreased shoot
number. Leave size was inhibited in comparison
to An medium. Roots were long and branched
with root Hair. In control treatment shoot number
and length was reduced. Leaves were normal with
light green color. Roots were thin and branched
without suitable root hair.

Discussion

There was no adventitious shoot regeneration in
leaves explants. Miller et al. (1991) concluded
that use of leaf and stem explant was not
successful largely due to explant senescence.
Jethwani and Kothari (1996) reported Shoot
regeneration from leaf derived callus of Dianthus
chinensis using Phenylacetic acid. The optimum
shoot regeneration was found in medium
containing Kin and NAA. Casanova et al. (2004)
reported that thidiazuron alone as well as
synergistically with NAA promoted shoot
organogenesis in petal and was more active than
BAP. It is hypothesized shoot differentiation in
carnation depend on explant source, cultivar and
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balance of plant growth regulator. Produced
shoots in medium containing Kin showed light
green toward yellow color due to leaves
senescence in presence of cytokinin (Miller et al.,
1991). Genkov et al. (1997) showed that BAP, N-
phenyl-N-(2-chloro-4-pyridyl) urea and TDZ

increased chlorophyll content and change
chlorophyllase activity but TDZ decreased
photosynthetic membrane stability. In all

treatment highest shoot length was in hormone-
free medium. It is suggested that PGR promoted
cell division and inhibited cell elongation.
Vitrification of organ was observed in treatment
with NAA and 2iP as well as NAA and Kin. High
level of BAP induced hyperhydric organ.
Vitrification of shoots depend on culture medium
composition and growth regulator. Yadav et al.
(2003) reported that increased concentration of
iron and magnesium reduced hyperhydricity in
three commercial varieties of carnation. It seemes
that hyperhydricity of shoots caused by oxidative
stress. Saher et al (2005) showed that ethylene
content, H,O, production and antioxidative
enzymes were higher in hyperhydric tissues of
carnation. The percentage of hyperhydric shoots
showed a significant decrease under bottom
cooling condition (Saher et al., 2005).

Rooting of cutting is an essential process in
horticultural mass production. Rhizogenesis
controlled by external and internal factor. External

Yo

factor are such as temperature, light and medium
composition. Internal factor are such as
endogenous production of PGR, carbohydrates as
well as phenolic compounds (Podwyszynska,
2003). Root induction in all treatment was similar.
However root regeneration in medium containing
Kin and NAA was expanded. Interaction between
Auxin and cytokinin induced root regeneration in
carnation. Root formation in hormone-free
medium was paralleled with Leshem et al. (1986).

High level of nitrogen and potassium as well as
low content of them decreased shoot and root
growth. A medium had low level of nitrogen,
amonium and potassium. This medium was
suitable for shoot proliferation and rooting. Shoots
Growth depend on growth and development of
root systtm. OM and MS medium had high
content of nitrate, ammonium and potassium and
inhibited root regeneration and subsequent shoot
growth. In control treatment internodes number
and shoot length were decreased because of
mineral nutrition deficiency.

All plantlet were survived after transferring.
Flower formation was achieved after 4 months.
Nugent et al. (1991) reported flower formation
was induced after 8§ months. They indicated that
flower was formed on short shoots and flower
color was similar to mother plant such as our
result. However Leshem (1986) indicated flower
color of in vitro plantlet was different.
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Tablel. Shoot proliferation and rooting in different concentration of BAP and NAA

mgl”’ 4 Shoot proliferation Root regeneration
NAA BAP code Shoot length  Shoot number  internodes number Root length Root number
0 0 A 4.26+0.6 3.81+0.74 6.01+0.89 2.5+0.54 3.01+0.63
0 0.5 A, 1.42+0.37 1.44+0.48 1.85+0.74 - -
0 1 A 2.10+0.37 4.214+0.74 3.41+0.48 - -
0 2 Ay 1.82+0.24 2.60+0.8 2.60+0.48 - -
0 3 As 1.74+0.24 3.60+0.48 2.86+0.47 - -
0 4 Ag 1.93+0.2 2.87+0.74 2.47+0.8 - -
0 5 Ay 0.52+0.31 1.21£0.74 1.08+0.63 - -
0.1 0 Ag 2.60+0.2 2.8+0.4 4.23+0.74 2.8+0.6 3.27+0.74
0.1 0.5 Ag 1.5+0.31 4.62+0.48 3.09+0.63 2.7+0.6 2.6£1
0.1 1 Ao 1.08+0.31 2.26+1.1 1.89+0.74 2.25+0.24 1.24+0.4
0.1 2 A 1.24+0.24 2.61+1 2.61+0.8 - -
0.1 3 Ap, 0.21+0.24 0.41£0.48 0.44+0.48 - -
0.1 4 Aps 0.14+0.2 0.27+0.4 0.21+£0.4 - -
0.1 5 A14 - - - - -
0.5 0 Ajs 2.73+0.24 2.69+0.8 3.22+0.74 6.47+0.73 9.27+0.74
0.5 0.5 Al 1.71+0.24 2.81+0.47 2.85+0.47 0.89+0.24 1.49+0.48
0.5 1 Ay 0.74+0.24 1.23+0.4 1.29+0.4 - -
0.5 2 Alg 1+0.31 2.65+0.48 1.81+0.74 - -
0.5 3 Ao 0.83+0.24 2.42+1 1.02+0 - -
0.5 4 As 0.72+0.24 2.4+0.8 1.22+0.4 - -
0.5 5 Ay 0.3+0.24 0.61£0.48 0.62+0.48 - -
1 0 An 2.62+0.21 2.85+0.74 3.2+0.9 6.31+0.6 9.24+0.48
1 0.5 Ass 1.8+£0.24 3.8240.4 2.63+0.8 0.72+0.24 2.12+0.89
1 1 Any 1.92+0.37 4.09+0.63 2.61+0.48 - -
1 2 Ags 1.7+£0.24 3.8+0.74 2.29+0.4 - -
1 3 Ang 0.54+0.31 0.87+0.4 1.05+0.63 - -
1 4 Ay 0.44+0.37 0.65+0.48 0.82+0.74 - -
1 5 Ang 0.25+0.24 0.6+0.8 0.42+0.48 - -
Table 2. Shoot proliferation and rooting in different concentration of 2iP and NAA
mgl” d Shoot proliferation Root regeneration
NAA 2iP code Shoot length ~ Shoot number  internodes number Root length Root number
0 0 B 4.26+0.6 3.81+0.7 6.01+0.89 2.5+0.54 3.01+0.63
0 0.5 B, 2.4+0.48 2.87+0.4 3.42+40.48 2.09+0.54 1.89+0.74
0 1 B; 2.6+0.39 4.63+0.48 3.87+0.74 - -
0 2 B, 2.17+0.12 3.21+0.74 3.65+0.8 - -
0 3 Bs 0.46+0.25 3.45+0.8 140.63 - -
0 4 B 0.4+0.2 1.09+0.63 0.81+0.4 - -
0 5 B, 0.51£0.31 1.6+1.2 1.2+0.74 - -
0.1 0 Bg 2.6+0.2 2.840.4 4.23+0.74 2.840.6 3.25+0.7
0.1 0.5 By 1.11£0.2 3.2404 1.84+0.7 1.14+0.19 1.63+0.8
0.1 1 B 1o 1.55+1 2.2240.4 2.27+0.4 0.94+0.23 1.2+0.4
0.1 2 B 1.84+0.5 1.8+0.74 2.05+0.4 - -
0.1 3 B 0.31+0.24 1.01£0.8 0.86+0.7 - -
0.1 4 Bs 0.6+£0.48 1.28+0.9 1.21+0.97 - -
0.1 5 By 0.37+0.24 0.81+0.74 0.6+0.48 - -
0.5 0 Bis 2.73+0.24 2.69+0.8 3.22+0.74 6.47+0.73 9.27+0.74
0.5 0.5 Bis 1.8+0.6 2.81+0.7 2.41£1.3 1.024+0.32 2.43+0.48
0.5 1 Bs 0.73+0.24 2.6+0.8 1.18+0.8 - -
0.5 2 B 0.44+0.12 2.4+1 1.2+0.4 - -
0.5 3 B 0.4+0.37 1.47+1.2 1+0.89 - -
0.5 4 B 0.57+0.31 1.61£1.2 1.22+0.74 - -
0.5 5 By 0.6+0.37 2.08+0.7 1.4240.8 - -
1 0 B 2.62+0.21 28.5+0.74 3.2+0.9 6.31+0.6 9.42+0.48
1 0.5 Bos 1.63+0.37 3.41+0.8 3+0.63 2.44+0.33 4.21+0.7
1 1 By 1.7£0.4 2.840.4 2.81+0.4 - -
1 2 Bs 140.63 2.62+0.48 1.8+0.74 - -
1 3 B s 0.18+0.18 1.22+0.9 0.8+0.74 - -
1 4 B, 0.12+0.09 0.8+0.7 0.69+0.4 - -
1 5 Bog 0.8+0.09 0.42+0.48 4.02+0.4 - -

¥
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Table 3. Shoot proliferation and rooting in different concentration of Kin and NAA

mgl” d Shoot proliferation Root regeneration
NAA Kin code Shoot length ~ Shoot number  internodes number Root length Root number
0 0 C, 4.26+0.6 3.81+0.74 6.01+0.89 2.5+0.54 3.01+0.63
0 0.5 C, 2.7+0.24 7.1x1.2 3.48+0.4 3.2+0.67 2.8+0.7
0 1 C; 2.74+0.22 5.8+0.74 3.6+0.48 2.62+0.37 4.240.74
0 2 Cy 1.72+0.19 5.43+0.8 3.9+0.5 1.11+0.37 2.45+1.2
0 3 Cs 1.76+0.24 5.6+0.8 4.41+0.4 2.21+0.5 1.8+0.74
0 4 Cs - - - - -
0 5 C; - - - - -
0.1 0 Cs 2.6+0.2 2.8+0.4 4.23+0.74 2.840.6 3.27+0.74
0.1 0.5 Cy 2.11+0.3 4.43+1 5.2+0.7 1+0.31 1.81+0.4
0.1 1 Co 2.14+0.31 5.61+0.48 3.4+0.4 4.6+0.96 5.8+1.1
0.1 2 Cn 2.5+0.44 2.81£1.3 3.29+0.7 - -
0.1 3 (OFP) 2.2540.6 4.44+0.48 3£1.2 - -
0.1 4 Cis 2.94+0.37 10.02+1 540.89 - -
0.1 5 Cu - - - - -
0.5 0 Cis 2.73+0.24 2.69+0.8 3.2240.74 6.47+0.73 9.27+0.74
0.5 0.5 Cie 2.5+0.31 4.81+£0.4 5.8+0.4 3.5+0.44 2.84+0.74
0.5 1 Cyy 2.04+0.08 5+0.63 5.224+0.4 - -
0.5 2 Cis 1.84+0.2 5.2+0.7 4.6+0.66 - -
0.5 3 Co 2+0.31 3.8+1.4 5.01+0.63 - -
0.5 4 Cu 2.1+0.37 4.21+1.4 5.2+0.74 - -
0.5 5 Cu 1.8+£0.4 4.4+0.8 4.6+0.8 - -
1 0 Coxp 2.62+0.21 2.85+0.74 3.2+0.9 6.31£0.6 9.42+0.48
1 0.5 Cx 1.4+0.37 3+1 3.8240.74 1.740.4 1.6+0.8
1 1 Co 1.84+0.28 4.6+0.48 4.6+0.6 1.2+0.24 1.2+04
1 2 Cos 1.61£0.37 4.2240.74 4.2+0.7 - -
1 3 Coy 0.93+0.3 2.4+1.2 2.63+0.48 - -
1 4 Cy - - - - -
1 5 Cos - - - - -

Table 4. Comparison of growth and development of shoot and root in different nutrient media

Shoot proliferation Rooting
Nutrient solution Shoot length Shoot number  internodes number Root length Root number
(cm) (cm)
An 10.11£0.9 9.6+0.48 24.8+1.6 4.7+0.7 8.2+0.74
OM 8.9+0.96 4.8+0.74 19.62+1.4 1.724+0.24 6.21+0.74
MS 8.82+0.87 5.23+0.74 18.81+£2 1.52+0.3 5.4+0.48
MC 9.26+0.9 7.41+0.48 21.22+1.6 5.31+0.67 8.11+0.53
C 5.94+0.91 6.81+0.74 12.8+0.97 2.5+0.44 5.6£0.8

An: Anderson (1975)

OM: Olive Medium MS: Murashige & Skoog (1962)

Y

MC: Misra & Chaturvedi (1984) C: Control
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Figurel. Shoot proliferation and rooting in different concentration of BAP and NAA
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Figure 4. Shoot proliferation and rooting on media with different concentration of BAP, 2iP and kin combine with NAA. A: Shoot
elongation in medium without PGR.B and C: Rooting of produced shoots in media of supplement with 0.5 and Imgl' NAA
respectively .D and E: Shoot proliferation media .F: Symptome of vitrification.

Figure 5. Comparison of growth and development of plantlet irrigated with different nutrient solution. A: Anderson medium, B: MC
medium, C: OM medium, D: MS medium, E: Control.
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Abstract

Achillea micranta L. is a wild endemic medicine herb with important therapeutic effects has
been used in traditional north of Iran. GC-MS analysis of the isolated essential oil from
flowering aerial parts of A. micranta resulted to identification of 23 constituents, that eucalyptol
(1,8-cineol) with 19.9%, borneol (11.9%), camphor(11.1%) and thujene (5.1%) were the major
constituent of essential oil studied, respectively. The antibacterial activity was individually
evaluated against 2 tested bacteria. We concluded that the essential oil showed a good
antibacterial activity against tested bacteria but the Gram-positive bacteria staphylococcus
aureus was more sensitive. This study confirms that the essential oil of A. micranta L. possesses
antibacterial properties in vitro. 1,8-cineol, borneol and camphor can be considered as the main

antibacterial constituents of the oil studied.

Key words: Achillea micranta L., Antibacterial activity, Essential oil, Ethnobotany.

Introduction

The genus Achillea (Asteraceae) comprises
about 85 species, most indigenous to Europe and
Asia. This genus those used traditionally to health
wounds and skin infection (Mackuet et al., 2003).
There are 40 Achillea species have ethno
pharmacologic importance as known to be used in
folk remedies for various purpose (Cavalcanti et
al., 2006).

The antimicrobial and anti inflammation
activities of the essential oil of various extracts
from Achillea species have been reported before
(Barel et al., 1999; Simic et al., 2000; Fillippi et
al., 2006). Neither the antimicrobial activities of
the essential oils of Achillea setacea and Achillea
micranta nor the composition of the oils of A.
teretifolia have been studied before (Maffei et al.,
1993).

Chemical composition of the essential oil of
various Achillea species have been reported
before, that the 1,8-cineol, camphor, borneol,
thujene and o-terpineol were the major
constituents (Cavalcanti et al., 2006).

“e.mail: dr_mazandarani7@yahoo.com
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Popular indications of this plant include
treatment of the wounds, hemorrhages, headaches,
inflammation, pain, spasmodic diseases,
flatulence and dyspepsia (Blumenthal et al., 2000,
Mackuet et al., 2003). Previous reported that
extracts from Achillea species had an anti oxidant
capacity, which is constituent with their total
faloonoid and phenol contents (Konyalioglu,
2005). Essential oils of Achillea genus had rich
bioactive compounds. Recently there are some
published reports and invitro studies about their
antimicrobial properties, antispasmodic, anti
inflammation, antibacterial for wound healing
(Benzic, et al., 2003; Fillippi, et al., 2006;
Agnihotri, et al., 2005; Baser, et al., 2002;
Senatore, et al., 2004).

Ecological study and phonological process were
affected not only on the rates of yield, but also on
quality and quantity of secondary metabolites,
therefore obtaining the best medicinal products,
ecological effects and phonological stages is
necessary (Van Wyk, et al., 1997). Achillea
species make up the list of the most important
indigenous economic plants of Golestan
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mountainous that traditionally used by the rural
healers as diuretic, emmenagogu agents, in wound
healing, for abdominal pain, diarthea and
flatulence in North of Iran. Present study was
designed to evaluate the phenology, ethno
pharmacology and chemo type and invitro
antibacterial activity of the essential oil of
A. micranta L. that wild growing in south east of
Golestan province in North of Iran.

Material and method

Collection of plant material

The aerial parts (leaves and flowers) of Achillea
micranta L. was collected in Charbagh, 75km
south east of Goletan province, when flowering,
mid-June 2003 and late-July 2003, respectively.
The voucher specimen of the department of
biology Islamic Azad University-Gorgan branch,
Golestan province.

Ethnobotany

In our study, all information was gathered
through ethno botanical questionnaire, using
participant observation with two famous elderly
members of selected communities and who still
retain traditional knowledge about medicinal
plants in small mountainous village Charbagh in
south east of Golestan province which most of
them belonged to the female group (average age:
76 years), whom still retain considerable
knowledge about these practices. We used a
similar methodology and a comparable approach
in all local regions. Our work conducted in such
way to be able to compare the collected
information. During the first phase of this field
study, the required information about identified
species, such as locally name, plant part used, the
culinary process and other medicinal application
was asked and tape- recorded.

Extraction

About 200 g of the dried powders of top
flowering species were separately subjected to
steam distillation for 2h, in full glass apparatus.
The oils were isolated using a Clevenger type
apparatus. The oil was stored frozen in dark glass
bottles until they were used.

Oil analysis

The oils were analyzed by GC (9-A-shimadzu)
and GC/MS (Varian-3400) column (DB-1,60mm-
0.25mm fused silica capillary column film
thickness 0.25um using a temperature program of

oy

50-250°C at a rate of 4°C/min, injector
temperature 260°C, carrier gas: Helium, the
constituents were identified by comparison of
their mass spectra with those in the computer
library and with authentic compounds. The
identifications were confirmed by comparison of
their retention indices with those of authentic
compounds or with literature data. The
components of the oils were identified by
matching their mass spectra and retention indices
with those of the Wiley 275 library in the
computer library and literature .The yield of each
component was calculated per Kg of the plant
material, while its percentage composition was
determined from the peak areas of the total oil
composition.

Qil dilution solvent

Microbial strains were streaked on Muller
Hinton agar plates using sterile cotton swabs. 5
micro liter of dimethylsulphoxide (DMSO) loaded
on sterile blank disks were placed on the agar
plates and were incubated at appropriate
temperatures for 24-48h. There was any
antimicrobial activity on the plates and hence
DMSO was selected as a safe diluting agent for
the oil. 5 micro liters from each sterile oil
dilutions was added to sterile blank discs. The
solvent also served as control (25, 50, 100, 200).

Test organism

The test organisms used in the study were
obtained from Persian Type Culture Collection,
Tehran, Iran (PTCC), namely: Staphylococcus
aureus (PTCC N. 1112) and Pseudomonas
aeroginosa (PTCC N. 3142).

Antimicrobial activity

The antibacterial effects were tested by the
disc-diffusion method, briefly, Muller Hinton
Agar plates were cultured with a standardized
inoculums  (1.5x10°cfu/ml  equal to 0.5
McFarland) of each bacterial strains, then the
saturated discs with different concentration of
essential oils were carefully placed on the plates,
the plates then were incubated aerobically at 37°C
and inhibition zones were measured after 24 hr.
The inhibition zones were compared with the
control disc containing Gentamycin as positive
control. Each test was repeated 3 times and means
inhibition zone were recorded. Inhibitory zone
>12mm used as good inhibitory effect of extract.
Disc diffusion method was employed for the
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determination of antimicrobial activities of the
essential oil .A broth micro dilution broth
susceptibility assay was used (Nostro, 2000).

Result and discussion

Phenology and autecology

This study in many field observations, we found
that Achillea micranta L. is one of the most
important indigenous endemic medicine herbs in
Golestan province, North of Iran. It seems to
prefer growing with wide density in sunny
position, western aspect of grassland of mountain
to 2100 meter above the sea level in dry-cool
climate and prefer soils with organic carbon
(3.2%), nutrient material (10.8%), EC (0.4) and
pH (7.5) from in Charbagh small village in south
east of Golestan province.

Phenology showed that it is begin vegetative
growth stage at the early of May, flowering in

mid-June, fruiting in August and falls in
September.

Ethnobotany

Ethnobotanical date showed the Achillea

micranta L. with Persian name "Bumadaran" and
locally name "Zarde maramboo" is wide used
traditionally for healing wounds, internal
bleeding, dysmenorrheal and stomachache, spasm,
anti in flammation, headache, gastro intestinal,
fever and sedative.

Authors have been reported to effect of Achillea
species to treat wounds, sore, inflammation and
their essential oil compositions in quality and
quantity were different , similar identified in due
chemo type and their medicinal effects in
dependence on different climatic and ecological
conditions in various regions of the world
(Maockute, et al., 2003; Suleimenov, et al., 2004).

Chemical composition of the essential oil

Steam distillation of dried flowering aerial parts
of A. micranta L. was pale yellow about 23
constituents was identified by means of GC-MS
analysis of the essential oil from A. micranta
respectively. In Table- 1, Eucalyptol (1,8-cineol),
borneole, camphor and thujene were the major
constituent of the essential oil, representing 19.9,
11.9, 11.1 and 5.1% of the total oil, respectively.

1,8-cineole , camphor and borneole were found
to be the major constituent of A. micranta L. oil in
our research (Table -1).

AR

Table 1. Chemical composition of essential oil from
A. micranta L.

Compounds Rt %
a-pinene 9.7 1.2
camphene 10.35 1.5
sabinene 11.66 4.7
a-phellandrene 13.04 1.1
a-terpinene 13.59 1.2
eucalyptol(1,8-cineole) 14.50 19.9
y-terpinene 15.70 4.2
thujene 18.15 5.1
iso thujene 18.66 2.3
cis-mentha-2-en-1-o0l 18.95 2.3
camphor 20.07 11.1
pinocarvone 20.91 0.3
borneol 21.15 11.9
terpinene-4-ol 21.81 54
a-terpineol 22.46 35
trans-piperitol 23.28 3.8
7-menthyl-3-menthylene-6-octan 23.78 2.0
3,7-dimethyl-3-6-octadinene 24.50 1.0
bornyl acetate 26.93 1.5
eugenol 30.25 1.6
caryophyllene 33.06 2.4
nerodiol 39.60 2.6
caryophyllene-oxide 2.1
others not identified(6) 40.71 7.3%
total 100%

It can be concluded that camphore type
compounds as observes in some Achillea oil
studied, such as the 1,8-cineole, camphor and o-
terpineole have been found as major compounds
in many other Achillea species (Rustayian, et al.,
1998; Simic, et al., 2000).

Antibacterial activity

The in vitro antibacterial tested of the essential
oil of A. micranta L. against Staphylococcus
aureus and Pseudomonas aeroginosa in Table -2.

Table 2. Antibacterial activity of the essential oil of A.
micranta using agar disc diffusion method

Tested bacteria 200mg/ml **Gentamycine
S. aureus *21 22
P. aeroginosa 12.5 14

s.a: Staphylococcus aureus;
zone (mm); **Positive control

p.a: Pseudomonas aeroginosa; * Inhibition

Results obtained from disc diffusion method,
followed by the measurement of zone inhibition,
is the most sensitive bacteria tested in the
presence of the oil extracted from A. micranta L.
respectively.

Staphylococcus aureus was more sensitive test
microorganism against the oil applied (Table-2).
The above mentioned oil was also found to posse's
antibacterial activity against S. aureus and
P. aeroginosa to the best of our knowledge, the in
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vitro antibacterial activities of the essential oil of
A. micranta L. has not been reported before.
Based on a reported concerning the antimicrobial
activities  of  the  essential oil  from
A. fragrantissima, terpinen-4-ol was concluded as
one of the compounds responsible for
bacteriosidic effect against several microorganism
(Barel et al., 1991).

In our similar works, the antimicrobial of
Achillea species oils were more pronounced
against Gram-positive than Gram negative
bacteria as fact previously observed with essential
oils from other species. This general resistance
among Gram-negative bacteria has been ascribed
to the presence of their phospholipidic membrane.
(Senatore. et al., 2004; Bezic, et al., 2003; Fillippi,
et al., 2006; Baser, et al., 2002).

Different antimicrobial activities of examined
essential oils seem to be due to differences in oil
composition of Achillea species belongs to
various habitats. 1,8-cineole and camphor are well
known chemicals with their pronounced
antimicrobial potential in Achillea species , these
similar works showed by Benzic, et al., 2003;
Fillippi, et al., 2006; Agnihotri, et al., 2005;
Baser, et al., 2002.

In similar our work, we found that camphor,
1,8-cineol, borneol can be considered as the
antibacterial constituents of the oils of A.
micranta . In conclusion A. micranta L. essential
oils gave interesting results, as in their traditional
usage for the wound healing, antibacterial activity.

Ethnobotany, phytochemistery, and antibacterial
activity of this oil may lead to extraction and
production of active compounds in single or

combined forms with useful medicinal
application.
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Abstract

Growth, pigment compositions, nitrogenase activity, photosynthesis and heterosyct
frequency fluctuations of dominant species Nostoc sp. JAH 109, isolated from rice field, were
evaluated in combination of limited irradiance (2 uE.m™>s"), different pHs (5,7,9) and
inorganic carbon availability. Nostoc sp. JAH 109, can be considered as an alkalophilic
organism. Optimal growth rate were observed at pH 9. Size of phycobilisomes and
relationship between photosystem II and photosystem I increased in pH 9 and DIC available
condition. This strain could not grow well in acidic condition, but neutral and alkaline
condition cause active carbon dioxide concentration mechanism system. The pattern of
nitrogenase activity seems more or less regular and linear at the first days after inoculation
both in neutral and alkaline conditions. With respect to nitrogenase activity, the highest rate
was in pH 9 and DIC availability. This seems true for heterocyst frequency fluctuations too.
The higher photosynthetic capacity (Pn.x) per unit of chlorophyll was resulted in higher DIC
concentration at alkaline condition.

Key words: Cyanobacteria, DIC, Nitrogenase, pH, Phycobiliproteins, Photosynthesis.

Abbreviations: APC allophycocyanin, Chla chlorophyll a, DIC dissolved inorganic
carbon, PBP phycobiliproteins, PC phycocyanin, PE phycoerythrin

Introduction In addition to light, pH is another factor,
Survival of cyanobacteria in natural which clearly affects the distribution of
environments depends upon their ability to cyanobacteria. Most cyanobacteria grow in

acclimate to the wvariable conditions of
environmental factors. Light is evidently one of
the most important factors which determine the
natural distribution of cyanobacteria. As other
photosynthetic organisms, cyanobacteria are able
to adapt to wvariations in light intensity;
nevertheless, little work has been done in this area
(Fernandez —Valiente and Leganes 1989; Soltani
et al., 2006). In rice fields, light reaching the
floodwater varies both daily and over the crop
cycle. Because of the wvariation in light
transmission caused by changes in rice canopy
height. Underwater irradiance measured in
Valencian rice fields (Spain) of full sunlight
ranged from 700 umol photon.m™s” early in
growth of the crop to 5 umol photon.m™.s" when
the crop was mature (Poza —Carrion et al., 2001).
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environments that are neutral to alkaline and in
laboratory cultures the optimal pH ranges from
7.5 to 10. Generally, a wide range of adaptation to
pH has been observed not only among different
genera but also between different isolates of the
same species. In view of these precedents it seems
clear that more work is needed to understand the
physiological response of cyanobacteria to
changes in pH and irradiances (Fernandez -
Valiente and Leganes 1989).

In rice fields, the pH of flood water varies
during the day and during the growth of the crop
due to the photosynthetic activity of
cyanobacteria, algae and other macrophytes. DIC
concentration in the floodwater also varies on a
daily and seasonal Dbasis depending on
photosynthetic and respiratory rate (Leganes and
Fernandez-Valiente, 1991).
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In the work presented here, we analyze the
combined effect of three environmental factors,
pH, low irradiance and DIC concentration, on
growth, pigment composition and nitrogenase
activity of the cyanobacterium Nostoc sp. JAH
109, a natural isolate from Golestan rice fields.
We  believe that this combination of
environmental variables reflects nature more
realistically.

In the economical point of view nostocalean
cyanobacteria can possibly be used as biofertilizer
in paddy fields. Due to importance of rice as main
food in Iran, and also for the catastrophic damages
of using large amount of chemical fertilizers it is
necessary to survey using different sources of
biofertilizers in paddy fields (Roger and
Kulasooriya 1981). Reaching to this aim,
evaluation the wviability of heterocystous
cyanobacteria  especially  nostocacales and
stigonematales in response to environmental
fluctuations seems basic (Boussiba 1988; Anand
et al.,1990). In addition some potent bioactive
compound that extracted from this genus, draw
clear landscape for pharmacological industries
(Olvera-Ramirez et al.,2000; Ghasemi et al., 2001;
Tabatabii Yazdi et al., 2004; Soltani et al., 2005).

Methods and Materials

Isolation of strain

The strain Nostoc sp. JAH 109 was isolated
from soils of paddy fields of Golestan province
(North of Iran). Isolation and purification was
made by wusual methods (Kaushik 1987).
Following achievement of axenic culture,
cyanobacteria were cultivated in liquid medium.
Identification was done using Anagnostidis and
Komarek (1988) and Castenholz (2001).

Culture conditions

Stock cultures were grown in the BGI1,.
Temperature was maintained at 30 °C and cultures
were incubated under a constant light intensity of
60 pmol photon.m™s” supplied by three
florescent lamps. Cells in logarithmic phase of
growth were collected from stock cultures and
used as inoculate for experiments. Cells from
stock culture were inoculated in 300 ml of BG11,
medium in 500 ml erlenmeyer flasks stoppered
with cotton plugs. Culture media were buffered
with 25mM Mes (for pHS5), 2.5 mM HEPES (for
pH7) or 10mM BTP (for pH9) and adjusted to the
pH with HCl or KOH. Cultures were illuminated
via different numbers of nets between light source

and flasks. Illumination was supplied with 40 W
cool white fluorescent tubes to obtain a desired of
irradiance (2 pmol photon.m?s™). Light
measurements were made with Licor LI-1000
Datalogger equipped with quantum sensor.
Aliquots were taken and used for determinations,
when cells adapted to light regime and pH in
logarithmic phase.

Finally we compared cultures without
supplementary aeration or stirring (standing
condition, DIC limitation) and aerated cultures
(bubbled with air, DIC availability).

Analytical methods

Growth was estimated as the increase in dry
matter, as described by Soltani (2006). The
chlorophyll content was determined
spectroscopically. Cells were extracted with pure
methanol for 24 hours at 4°C according to Marker
(1972). Absorption spectra of the cells were
recorded against appropriate culture medium
blanks.  Phycobiliproteins  were  measured
according to Wyman and Fay (1986). Peak
heights for Chlorophyll and phycobiliproteins
were 665 and 750, 652, 615, 562 respectively.
Heterocyst frequency was determined via
counting at least 1500 cell each time (Fernandez-
Valiente and Leganes, 1989).

Nitrogenase activity

Nitrogenase activity was determinated by
acetylene reduction in 15 ml aliquots of cell
suspensions placed in stoppered 25 ml vials. First
10 % of the air was replaced with same volume of
acetylene. In zero time and also sixty minutes
after acetylene addition, 0.5 ml of samples were
taken and ethylene concentration was determined
in a Shimadzu GC-8 gas chromatograph. During
this time the cells were incubated in same
conditions as they were cultured (Soltani et al.,
20006).

Photosynthesis

O, evolution was measured with a Clark-type
O, electrode (Hach Chemical Company). Cells
cultured in desired conditions (different light
intensities and pHs) for 120 hours. Two ml
aliquots of cell suspensions were placed in a
temperature  controlled cuvette (30°C) and
illuminated with a quantum flux density of desired
light intensities.
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Results

We focused on three extreme representative
pH values in rice fields (5,7 and 9), low
irradiances (2 uE.m™.s") and two conditions
regarding DIC availability (use of standing
cultures, DIC limitation; and air-bubbled cultures,
more DIC available). The effect of DIC
availability is reflected in a significant increase in
growth (Figure 1). It seems obvious that aeration
cause higher rate of growth both in neutral and
alkaline conditions. It seems interesting that this
strain have a powerful DIC concentration
mechanism which possibly induced at alkaline
and DIC available conditions (Figure 1).
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Fig 1. Growth curves of cyanobacterium Nostoc sp. JAH 109
at alkaline (pH9) and neutral (pH 7) conditions under DIC
limitation and availability. m pH 9- DIC availability A pH 7-
DIC availability ¢ pH 9- DIC limitation e pH 7- DIC
limitation

Comparison of growth rates showed that the
maximum growth rate (umax.) can be seen in pH9
and DIC available condition (data not shown).
Figure 1. show that completely alkaline condition
(pH9), although naturally inducing DIC, cause
higher growth rate, the pattern of growth seems
similar in both DIC available and limited
conditions. In acidic condition (pHY), this strain
can keep survival but growth rate decrease sharp
comaring neutral and alkaline conditions. This
seems considerably true at DIC limited condition
(not shown).

It is well known that heterocysts are the sole
sites of aerobic nitrogen fixation in heterocystous
cyanobacteria and that a change in the number or

nitrogen  fixation and

Leganes, 1989).

(Fernandez-Valiente

% Het.
©
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Fig 2. Heterocyst frequency changes (% Het) of
cyanobacterium Nostoc sp. JAH 109 at alkaline condition
(pHY9) under DIC limitation and availablity. m no aeration A
aeration

Figure 2 showed that the heterocyst frequency
differences in cultures of Nostoc sp.JAH 109
grown at pH9 under limited and available DIC
concentration, show insignificant difference in
relatively older cultures (4 day after inoculation).

Effect of irradiance and pH on chlorophyll
concentration can be seen in Table 1. As shown,
chlorophyll content in pH 9 was higher than pH 7
and pH 5. The difference in chlorophyll content
between pH 7 and pHs 5 and 9 was significant
(ANOVA, P<0.05). Also there was higher
chlorophyll. Content at available DIC in pH 7 and
9. This feature had not been seen in pH 5, as there
was relatively weak  growth of  this
cyanobacterium in acidic pH at variable carbon
dioxide conditions.

Acidic  condition  (pH5)  significantly
decreased (ANOVA, p<0.05) the total
phycobiliprotein content in standing as well as air
bubbled cultures (not shown). However, the
availability of DIC increased the PBP content
under all pH conditions (ANOVA, p<0.05). The
phycocyanin contents (PC) of standing and
bubbled cultures were significantly higher in
neutral (pH7) and alkaline (pH9) conditions. This
is the same as bubbled cultures. Show that

quality of heterocysts clearly affects the rate of aeration  cause outstanding  increase  in
phycocyanin.
Table 1. Chl. contents (ug.ml™") in Nostoc sp.JAH 109
Days PH5 (NA) PH5 (A) PH 7(NA) PH7 (A) PH 9(NA) PH 9 (A)
2 0.58+0.09 0.78+0.11 0.89+0.07 2.34+0.17 1.56+£0.16 3.78+0.71
3 0.77+0.11 0.99+0.08 0.95+0.13 3.56+0.21 2.45+0.07 6.64+0.19
4 1.4+0.08 1.23+0.34 1.56+0.05 5.78+0.91 2.23+0.08 8.1242.11

NA: no aeration; A: aeration

AN
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Size of phycobilisomes that usually can be
represented with the ratio of (PE+PC)/APC
(Wyman and Fay, 1986) showed that this
parameter promoted by pH 9 and DIC availability
(Table 2).

The ratio of APC/Chlorophyll which is used
to show the quantify relationship between
photosystem Il and photosystem I (Yamaka and
Glazer, 1981), increased in pH 9 and DIC
available condition (Table 2).

Correlation between heterocyst production
and nitrogenase activity was significant (r’=0.92,
stagnant and r’= 0.88, bubbled air) until 3™ day
after inoculation in both DIC limited and available
conditions (Figures 3 and 4). Heterocyst
production tends to outstanding higher quantity in

DIC available condition (between 11-14%).
Table 2. Effect of combination of two pH values (5,7, 9)

and two DIC conditions on (PC+PE)/APC and
APC/Chlorophyll ratios, of Nostoc sp.JAH 109.
Culture conditions
PH DIC (PC+PE)/APC APC/Chla
5 NA 2.68+0.46 0.79+0.22
A 2.89+0.89 0.63+0.08
7 NA 948 +1.44 0.79£0.13
A 7.45+ .97 0.34+0.17
9 NA 8.53+1.72 0.88 +£0.08
A 11.73 £0.76 0.99 +0.03
NA: no aeration; A: aeration
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Fig 3. Nitrogenase activity and heterocyst frequency changes
(%Het.) of cyanobacterium Nostoc sp. JAH 109 at alkaline
condition (pH9) under DIC available condition. ¢ nitrogenase
A heterocyst

The pattern of nitrogenase activity seems
more or less regular and linear at the first days
after inoculation. This is interesting that this
pattern is not in coincidence with growth of the
strain (Figure 1). The pattern of ammonium
liberation showed that the highest rate of
overproduction of ammonium can be seen in the
3" day after inoculation (data not shown). So it is
logical to suppose that sharp decline in

OA

nitrogenase activity (in the opposite of increasing
heterocyst frequency) may be due to
overproduction of ammonium and liberation to the
medium at the 3rd day after inoculation.
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Fig 4. Nitrogenase activity and heterocyst frequency changes
of cyanobacterium Nostoc sp. JAH 109 at alkaline condition
(pH9) under DIC limitation. 4 nitrogenase A heterocyst

The combined effect of pH and DIC
availability on the photosynthetic activity of the
cells was also examined to analyze the functional
significance of the altered pigment pattern,
saturation curves of the photosynthetic net oxygen
evolution were measured (Table 3). Results
indicated that at pH 5 there was no clear response
to variation in irradiance. The light saturated
photosynthetic rate (Pp..) and the irradiance at
which photosynthesis reaches saturation (Iy), was
affected by irradiance irrespective to pH in such a
way that both of them increased with enhancing
DIC availability, the feature was more
pronounced at pH 9. As shown in table 3, a was
higher in pH 9. P, of cells grown at pH 9
aeration conditions were approximately four fold
to the cells grown at air limited condition and

same pH.

Table 3. Effect of combination of two pH values (7, 9)
and two DIC condition on photosynthetic parameters of
Nostoc sp. GAH 109. Data are means of three experiments +
SD.

Pmax

pH — DIC 10, me chl b o I
7 NA 265.9+10.4 1.440.1 189.9
A 475.3+12.8 1.7+0.1 279.6
9 NA 159.5+10.2 2.94+0.8 55
A 709.1+28.4 44405 1612
Discussion

With respect to the effect of of pH on
dinitrogen fixation, no detailed work has been
reported to our knowledge. We have weak
quantity of papers about cyanobacteria of paddy-
fields of Iran (Shokravi et al., 2002). Logically the
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amount of researches with physiological and
ecophysiological theme tend to zero (Shokravi et
al., 2002; Soltani et al., 2006).

Nostoc sp. JAH 109, can be considered as an
alkalophilic organism. Optimal growth rate were
observed at pH 9, which seems in agreement with
another strain of nostocalean cyanobacteria
(Nostoc sp., possibly N.ellipsosporum) which has
been isolated and characterised from rice fields of
Golestan province (Khavarinejad et al., 2001). In
addition Soltani (2006) reported that Fischerella
sp. FS18, an estigonematalean cyanobacteria
isolated from rice-fields of Guillan province,
showed the maximum growth rate at pH 9. In
Khavarinejad (2002), the strain which has been
studied were not able to acclimate with acidic
conditions and this seems the same for Fischerella
sp. FS18 in Soltani (2006). Nostoc sp.JAH 109 in
the opposite way can survive at pH 5, but of
course hard metabolic problems that may be
reflected on it’s behavior such as very weak
growth, large time dour reproduction, and very
weak chlorophyll and phycoboliprotein producing
ability. This is in agree with results of Amirlatifi
(unpublished) data about a —possibly- same
speciescollected from Gorgan (near Caspian sea).

DIC concentration in the flood water was
almost depleted before noon early in the crop
cycle, whereas substancial amounts of DIC could
be measured at noon at the end of the crop cycle
(Poza —Carrion et al., 2001). The amount of
bicarbonate ions rises up to 98% in pH 9
(Shokravi et al., 2002). So having a bicarbonate
DIC concentration mechanism seems essential in
strains that survive in rice-fields. Growth patterns
of Nostoc sp. JAH 109, showed that this strain
must activate bicarbonate DIC concentrating
pump that enable accumulation of bicarbonate and
change to carbon dioxide which is the suitable
form of inorganic carbon source for
photosynthetic systems (Whitton and Paul 1988;
Yu et al., 1994).

An increase in irradiance and pH resulted in a
concomitant increase in the photosynthetic
activity, both in standing and air bubbled cultures.
These results agree with those reported in other
cyanobacteria where, under saturating conditions
of irradiance and DIC, cells grown at lower
irradiance showed lower values of Pmax. Than
cells grown at high irradiance (Poza-Carrion et al.,
2001).

In air-bubbled cultures of Nostoc sp. JAH
109, although we observed that cells grown at

oY

acidic condition showed slightly higher values of
chlorophyll than cells grown at low DIC, the
differences were not statistically significant. The
effect was more pronounced in neutral (pH 7) and
alkaline (pH9) conditions. In these case,
especially phycocyanin contents were statistically
significant comparing acidic condition (ANOVA
p<0.05). These results were in the opposite of
Nostoc sp. UAM 206 which has been isolated and
studied from the rice-fields of Spain (Poza —

Carrion et al., 2001). In Soltani (20006),
phycoerythrins were the most prominent
phycobilliproteins

The availability of DIC increased the total
phycobiliprotein content in in Fischerella sp.FS18
which seems in disagreement with our results.
standing as well as air-bubbled cultures. However
the availability of DIC increased the PBP contents
specially at alkaline condition. There was a close
parallel between the observed behavior of PC
contents, with respect to external pH and
availability of DIC. As the phycobilisome is
mainly componed of these components, the
effects of these experimental conditions were
more pronounced on PC content than in PE
content. With respect to DIC availability, air-
bubbled cultures showed higher values of PC and
PE than cells under standing condition (ANOVA
p<0.05). Similar results have been reported for PC
in Anacystis nidulans (Muller et al., 1993). It
seems that DIC availability cause positive effect
on phycobilliproteins and especially phycocyanin
production and naturally may have indirect role in
irradiance adaptation (Soltani et al., 2006).

Light energy absorbed by phycobilisomes is
known to be efficiently transferred to photosystem
II. Transfer of energy within the phycobilisome
follows the path from phycoerythrin (when
present) to phycocyanin to allophycocyanin to the
long-wavelength pigment (Mimuro et al., 1986).
These additional pigments function as light-
harvesting antennae, can exhibit a high sensivity
to variation of light quality/intensity (Reuter and
Miiller, 1993). In this respect the variability of
phycobilisomes size and structure was examined.
In Nostoc sp. JAH 109, PC is the main component
of phycobilisomes. On the other hand total PBP,
PC and APC were promoted in neutral pH. Latter
feature was disagree with result of Nostoc sp.
strain UAMZ206 (Poza-Carrién et al., 2001).
Taking consideration to light intensity affect, data
showed all pigments lower in lower DIC
condition (not shown). In Microcystis aeruginosa,
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the chlorophyll a and phycocyanin contents
decreased by increasing light intensity for growth
(Raps et al., 1983). Miiller et al., (1993) indicated
that regardless of the CO, concentration during
growth, adaptation to 2 W/m” induces a parallel
increase of the chlorophyll and phycocyanin
content. The results of Poza-Carrién et al., 2001
were the same. The amounts and change of PE
was relatively uncertain.

As is known, upon transfer of cells from high
to low light, the size of the antenna first increases
(by elongation of the phycobilisome rods),
followed by an increase in the number of
phycobilisomes per unit area of thylakoid
membrane (Marsac and Houmard, 1993). This
feature can be seen in Microcystis aeruginosa
(Raps et al., 1983). Also this statement can
explain the improvement in APC in this irradiance,
because the core of phycobilisomes remains
constant, and APC is a component of core.

Results of size of phycobilisomes and relation
between PS II and PS I in Nostoc sp.JAH 109 are
in disagreements of the results were reported in
relation to irradiance in Anacystis nidulans and
Nostoc sp. UAM206 (Poza-Carrion et al., 2001;
Miiller et al., 1993; Vierling and Alberte, 1980).
Size of phycobilisomes are higher in pH 9 than in
pH 7 and increased with DIC concentration
enhancing. The relation of PSII/PSI decreased not
significantly with decreasing pH. the phenomenon
which was not seen in pH 7. According to
different strategies of adaptation of photosynthetic
apparatus by irradiance (Reuter and Miiller, 1993)
it seems that Nostoc sp. JAH 109 modulate size of
he phycobilisomes, not number of them, while
transfer to different pHs and inorganic carbon
concentration. Anyway, it seems that the ratios of
the alternations within the distinct pigments are
organism-specific.

In air-bubbled cultures, DIC concentration at
pH 9 is higher than pH 7 (Poza —Carrion et al.,
2001). Thus at pH9 under light limitation, cells
probably have enough DIC to maintain the
activity of the of the carboxylating activity of
Rubisco and do not fully induce the carbon
dioxide concentrating mechanism as has been
reported in several strains of Synechococcus (Yu
et al., 1994). This may be possibly the reason of
increasing heterocyst frequency despite of decline
in nitrogenase activity, which has been shown in
bubbled and DIC limited conditions.

The higher photosynthetic capacity (Pun.x) per
unit of chlorophyll of Nostoc sp. JAH109 was

resulted in higher DIC concentration and it is
clearly observed in pH 9 (Table 3). These results
agreed with those reported in other cyanobacteria
(Vierling and Alberte, 1980). External pH also
had an increasing effect on P, Cells grown in
pH 9 had higher value of photosynthesis than cells
grown in pH 7. Also the effect of pH 9 on I, was
clearly wvisible. Irrespectively to irradiance,
photosynthesis could saturate at lower light
intensity in cells grown in pH 9 than cells grown
in pH 7. The slope of photosynthetic rate in pH 9
was higher indicating the capacity of carbon
assimilation in limited irradiance. At pH 5 there
was not a clear response to variation in irradiance.
Different pH effects have been reported in
other strains of cyanobacteria as no observed
difference in P, between pH7.5 and pHS.5
in Synechococcus PCC7942 (Yu et al., 1994). Our
observation was agreed with Nostoc sp.UAM 205
(Fernandez-Valiente and Leganés, 1989).
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