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Iris germanica:  
- natural hybrid between Iris pallida and other species from 

Mediterranean region 
- an ornamental and medicinal plant, source of  valuable orris 

 
- orris oil is sold with up to 15000 Euro/l .  

Iris pallida Iris germanica orris 

INTRODUCTION 



Molecular control of stomata development  

Genes involved in regulation of stomatal development act antagonistically:  
- overexpression of EPF1 and EPF2 ɀ decreases stomata density 
- overexpression of STOM ɀ increases stomata density (Zoulias et al., 2018).  

Factors influencing stomata parameters  

- carbon dioxide, drought, light intensity, growing media.  
 

- during the evolution, changes in stomata density and size 
were linked to fluctuations in atmospheric CO2 levels 
(Franks et Beerling, 2009).  ? 

How future elevated CO 2 levels will affect plants?  

- Leaf stomata involved in: assimilation  and transpiration.  



AIM OF THE RESEACH 

Premise  

The aim of the study was to investigate the influence  of 

inoculation  in field conditions with  five AMF species 

on key stomata  characteristics , that are known to 

determine the maximum  stomatal  conductance  to 

water  vapor  and CO2 at the site of assimilation, for six 

Iris germanica cultivars. 

AM inoculation might help plants cope with increasing 

atmospheric pollution and drought, both known to 

influence plant development within the context of 

current climate trend.  



MATERIAL AND METHOD 

The experiment was established Agro-Botanical 
Garden of UASVM Cluj-Napoca in October 2016. 

 
- randomized blocks, with 2 factors: 

- Iris germanica cultivars, with 6 levels 
ɉȬ"ÌÁÃË $ÒÁÇÏÎȭȟ Ȭ"ÌÕÅ 2ÈÙÔÈÍȭȟ Ȭ3ÕÌÔÁÎȭÓ 
0ÁÌÁÃÅȭȟ Ȭ,ÉÍÅ &ÉÚÚȭȟ Ȭ0ÉÎÁÆÏÒÅ 0ÉÎËȭȟ Ȭ0ÕÒÅ ÁÓ 
4ÈÅȭɊ  

- the treatment applied with 2 levels  (non-
inoculated at planting and inoculated at 
planting). 

 
Inoculum contained 5 species :  
Funneliformis mosseae, Funneliformis geosporus, 
Claroideoglomus clarodeum, Rhizophagus 
intraradices, Glomus microaggregatum.  

 



Microscopic  observations :  

- AM root  colonization  level  at the end of spring 2017 

- stomata  density  and guard  cell  length , on leaf impressions 

collected in May 2017 

 

Determinations : 

1. PCI = L2 ϼ SD ϼ 10-4, (Holland et Richardson, 2009) where 

PCI = potential  conductance  index , L = guard cell length 

(ʈÍ), SD = stomata density per 1 mm2.  

2. a% = [(100 ϼ mA3) + (50 ϼ mA2) + (10 ϼ mA1)]/ 100, 

(Trouvelot et al., 1986) where a% = arbuscule  abundance 

in mycorrhizal parts of the root fragments. 

 

In  addition,  

stomata parameters were determined also in 4 other species 

(Iris pallida, Iris pseudacorus, Iris sibirica and Iris 

chrysographes) for comparison purposes and analyzed 

similarly.  

 



- yellow discoloration in roots of higher order  
(caused by carotenoids released by collapsed arbuscules)  
indicated to a more intense colonization of thinner roots 

RESULTS  

- all plants presented root colonization: 
non-inoculated plants a% = 44.09 
inoculated plants a% = 44.45 (=> higher nutrient transfer)  
 

Arbuscular mycorrhizae colonization  

proliferation type:  Arum, 
intermediate Arum-Paris 

colonization type:  
discontinuous along root length 

Paris type 
arbuscules 



AMF spreading patterns inside the root  

Ȭ,ÉÍÅ &ÉÚÚȭ - arbuscules 
preferentially along sieve 
elements 

Ȭ3ÕÌÔÁÎȭÓ 0ÁÌÁÃÅȭ - 
arbuscules in the outer 
layers of the root 

Ȭ"ÌÁÃË $ÒÁÇÏÎȭ 
abundant hyphae 
coils 

varied among cultivars  



Guard cell length (L)  Stomata density (SD)  

ρɊ Ȭ"ÌÁÃË $ÒÁÇÏÎȭȟ ςɊ Ȭ"ÌÕÅ 2ÈÙÔÈÍȭȟ σɊ Ȭ3ÕÌÔÁÎȭÓ 0ÁÌÁÃÅȭȟ τɊ Ȭ,ÉÍÅ &ÉÚÚȭȟ υɊ Ȭ0ÉÎÁÆÏÒÅ 0ÉÎËȭȟ φɊ Ȭ0ÕÒÅ ÁÓ 4ÈÅȭ 

63.83 /sq mm  Ÿ 53.12 /sq mm 21.39  АÍ Ÿ 24.95  АÍ 

- highest decrease: Ȭ3ÕÌÔÁÎȭÓ 0ÁÌÁÃÅȭȟ Ȭ0ÉÎÁÆÏÒÅ 
0ÉÎËȭȟ Ȭ0ÕÒÅ !Ó 4ÈÅȭ 

- least decrease: Ȭ,ÉÍÅ &ÉÚÚȭȟ Ȭ"ÌÕÅ 2ÈÙÔÈÍȭ 
- no decrease: Ȭ"ÌÁÃË $ÒÁÇÏÎȭ   

- highest increase: Ȭ0ÉÎÁÆÏÒÅ 0ÉÎËȭȟ 
Ȭ3ÕÌÔÁÎȭÓ 0ÁÌÁÃÅȭ 
 

- least increase : Ȭ"ÌÁÃË $ÒÁÇÏÎȭ  



Potential stomatal conductance index (PCI)  

average PCI = 2.93  
non-inoculated  
plants  

average PCI = 3.31  
inoculated  
plants 

- intermediate increase:  
Ȭ,ÉÍÅ &ÉÚÚȭ ɉÆÒÏÍ σȢπφ ÔÏ σȢτπɊ 
 
- least increase:  
Ȭ0ÕÒÅ !Ó 4ÈÅȭ ɉÆÒÏÍ ςȢυτ ÔÏ ςȢφρɊ 
Ȭ3ÕÌÔÁÎȭÓ 0ÁÌÁÃÅȭ ɉÆÒÏÍ σȢφω ÔÏ σȢψυɊ 
 

- highest increase:  
Ȭ0ÉÎÁÆÏÒÅ 0ÉÎËȭ ɉÆÒÏÍ ςȢσπ ÔÏ σȢπφɊ 
 
- second highest increase:  
Ȭ"ÌÁÃË $ÒÁÇÏÎȭ ɉÆÒÏÍ σȢρπ ÔÏ σȢυωɊ 
Ȭ"ÌÕÅ 2ÈÙÔÈÍȭ ɉÆÒÏÍ ςȢωρ ÔÏ σȢσυ) 

Iris germanica 



 
Iris pallida from Dalmatia, mild climate 
- low SD, moderate L and PCI 
=> Low water requirements  
 
Iris sibirica  from colder regions of Eurasia 
Iris chrysographes from Himalaya 
- smallest L, high SD, small-intermediate PCI 
=> Moderate water requirements  
 
Iris pseudacorus grows best in marshes worldwide 
- highest L and PCI, high SD 
=> High water requirements  

 

Iris pallida 

Iris sibirica Iris pseudacorus Iris chrysographes 

Species SD (mm2) , ɉАÍɊ PCI 

Iris pallida Lam. 56.33 20.83 2.44 

Iris pseudacorus L. 82.11 23.77 4.64 

Iris sibirica  L. 97.59 17.28 2.91 

Iris chrysographes Dykes 72.34 16.13 1.88 

Stomata parameters in four Iris species from UASVM Cluj-Napoca 

Relationship between Iris spp. 
stomata parameters  

and water use efficiency 


