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Abstract 

Iris germanica L. has a long tradition of medicinal use. The present paper reports on its microscopic characterization and on 

the phytotoxicity of the extracts obtained from plants cultivated in geoponic and hydroponic environments. The above and 

belowground plant parts were used to prepare methanolic and aqueous extracts whose acute toxicity was evaluated on 

monocot and dicot seedlings as on brine shrimp nauplii. On Triticum seedlings, the extracts showed phytotoxic effects only at 

high concentrations (5% and 1%). Similar findings were obtained on Lactuca seedlings. On Artemia nauplii all the tested 

solutions had LC50 values higher than 500 mg/L, a finding indicating low toxicity, results consistent with those seen in 

phytotoxicity assessments. The results for the plants cultivated in different media were very similar.  

 

Rezumat 

Iris germanica L. este o plantă medicinală cu o îndelungă utilizare tradițională. Prezentul articol raportează caracterizarea 

microscopică și fitotoxicitatea extractelor obținute din plante cultivate în mediile hidroponice și geoponice. Materialul 

vegetal obținut din părțile aeriene și subterane a fost folosit pentru a obține extracte apoase și metanolice a căror toxicitate 

acută a fost evaluată pe plantule de monocotiledonate, dicotiledonate și pe nevertebrate. Pe plantule de Triticum, extractele au 

afectat diviziunea celulară doar la concentrații mari (5% și 1%). Rezultate similare au fost obținute și pe plantule de Lactuca. 

Asupra larvelor crevetelui Artemia toate soluțiile testate au avut valorile LC50 mai mari de 500 mg/L, indicând o toxicitate 

redusă. Rezultatele au fost în concordanță cu cele din literatură și au fost similare pentru plantele cultivate în medii diferite. 
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Introduction 

Iris germanica L., German iris, bearded iris or 

garden iris, is a medicinal plant of long tradition 

and the most comprehensively investigated species 

of its genus [1]. It is generally regarded as a natural 

fertile hybrid (between Iris pallida L. and Iris 

variegata L.) [2] and its origin is considered to be 

the Mediterranean area. The most studied and 

traditionally widely used part of the plant is its 

rhizome, also known (rather improperly) as orris 

root. The rhizome, after three or more years of 

drying and conditioning, has a violet-like aroma 

and its essential oil, called orris butter, is used in 

perfumery [3]. 

The phytochemistry of Iris germanica L. is vast and 

comprises, inter alia, secondary metabolites such as 

isoflavones, flavones, flavonols, flavanones, 

flavanonols, xanthones, sterols and terpenoids [4]. 

Among these, the most prevalent are the 

isoflavones and xanthones, which are mainly found 

in the rhizome [5]. Traditionally, the dried and 

powdered rhizome or extracts thereof (such as 

decoctions) were used externally as a dentifrice for 

the soothing of teething pains, to cure sores or to 

eliminate freckles, and internally for the treatment 

of oedemas, cramps, gall bladder disorders, 

insomnia or as a laxative agent [3]. Medicinally, 

recent (non-clinical) studies have reported that 

phytochemicals from various extracts of Iris 

germanica L. have cholesterol and lipid lowering 

effects [6], anti-inflammatory effects (raging from 

weak to strong) [7, 8], antioxidant [9, 10], 

anticholinesterase [10], weak to moderate anti-

cancer [11], immunomodulatory [12], estrogenic, 

hepatoprotective [13], α-amylase inhibitory [14], 

protective against β-amyloid induced memory 

impairment [15],  antimicrobial [8], oral bacterial 

biofilm inhibitory [16] and antifungal [12] 

activities. 

Regarding the toxicity of the Iris germanica L. 

constituents, they have molluscicidal activity 

potential, the chloroform rhizome extract showing 

the most potent molluscicidal activity [17]. The 

piscicidal activity of the bicyclic iridals isolated by 

methanolic extraction from the bark of the rhizomes 

was tested on the killifish and the highest was 
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attributed to iriflorental [18]. In rats, the LD50 for 

acute oral toxicity was estimated to 9.4 g/kg. 

Topical applications of an undiluted extract showed 

no indication of local irritation on mice, swine and 

in human subjects both in single closed patch tests 

and in repeated insult tests [3]. Cytotoxicity was 

evaluated on tumor cell lines, A2780 and K562 

with multi-drug resistance expression. Some iridals 

presented better efficiency than the control, 

doxorubicine [19]. On a human fetal lung fibroblast 

cell line (MRC-5), methanolic extracts of leaves, 

rhizomes and roots of Iris germanica L. showed no 

toxicity even at the highest concentrations tested 

[16]. 

The hydroponic cultivation of Iris germanica L. has 

been described in scientific papers focused on 

understanding the anatomy and physiology of the 

roots, mainly the maturation and permeability of its 

multiseriate exodermis [20-22]. There are no 

studies concerning the effects of the growing media 

on the plants toxicity. In this context, we were 

interested to confirm both microscopically and in 

term of toxicity that there are no significant 

differences between Iris germanica L. specimens 

cultivated in two environments. 

 

Materials and Methods 

Hydroponic and geoponic cultivation 

Iris germanica L. rhizomes were kindly provided 

by the “Dimitrie Brândză” Botanical Garden, 

Bucharest, Romania. The plants were cultivated in 

hydroponic and geoponic environments under 

controlled temperature, humidity and light 

conditions in a grow tent. For the geoponic 

environment, an equal mixture of three commercial 

substrates was used. The deep water culture 

hydroponic medium used hydrocorn, aerated hard 

water (3.3 liters of air per minute) and liquid 

fertilizer suited for vegetative growth. The average 

ambient temperature was 24.51°C, s.d. 0.34 and the 

average relative humidity 36.33%, s.d. 6.44. The 

plants were kept under artificial light for 10 hours a 

day under a 250 W compact fluorescent lamp with 

dual spectrum; photosynthetically active radiation 

was 104.91 μmols/m
2
s, s.d. 29.65 for the 

hydroponic environment and 109.25 μmol/m
2
s, s.d. 

16.35 for the geoponic one. The mean values for 

the pH, total dissolved solids and mineral solution 

temperatures of the deep water culture hydroponic 

medium were: 6.10, s.d. 0.33; 760 ppm, s.d. 23.90; 

23.2°C, s.d. 0.83. 

Macroscopic and microscopic examinations 

The species identity was confirmed by macroscopic 

examination and comparison with the reference 

literature (Flora of North America and World flora 

online) [23, 24]. Microscopic examinations of the 

roots, rhizomes and leaves were performed by 

means of light and fluorescent microscopy. A Leica 

DMS1000 Digital Zoom Microscope, a Nikon 

Labophot-2 light microscope and an Optika B-

383FL fluorescence microscope equipped with a 

Nikon digital camera were used. We examined leaf 

surface preparations, clarified with NaOH 5% and 

hand-made cross-sections from the roots, rhizomes 

and leaves. These were clarified with potassium 

hypochloride and then stained with the iodine green 

and carmine alum double stain [25] or with 

calcofluor-white [26]. 

Obtaining the extracts 

The herbal material derived from Iris germanica L. 

was divided into four parts. The leaves and 

rhizomes plus roots from plants cultivated 

geoponically and the ones from plants cultivated 

hydroponically. Each herbal material was dried, 

finely ground and passed through a 40 mesh sieve 

and two extracts were obtained: one with absolute 

methanol and one with distilled water. The 5% 

methanol extractive solutions were prepared by 

weighting 2.5 grams of the herbal product, 

refluxing it with 50 ml absolute methanol, 

evaporating the methanol by using a hotplate and 

suspending the dry extract in 50 ml of distilled 

water by means of sonication. The 5% water 

extractive solutions were prepared by drying the 

herbal residue from the methanolic extraction and 

subsequently refluxing it with 50 mL of distilled 

water. These extractive solutions were frozen and 

thawed before use. 

The Artemia lethality assay 

For the lethality assay we used the brine shrimp, 

Artemia franciscana Kellog (Ocean Star 

International), as previously reported by us in other 

publications [27]. The concentrations used were 

0.50%, 0.25%, 0.125%, 0.0625% and 0.03125% for 

both the aqueous and the methanolic extracts. The 

protocol was similar to the Artemia salina Brine 

Shrimp Lethality Assay [28]. 

The Triticum and Lactuca phytotoxicity assays 

The phytotoxicity assessments were made on a 

monocotyledon species, wheat (Triticum aestivum 

L.) and a dicotyledon, lettuce (Lactuca sativa L.). 

We obtained the ecological wheat from the Călărași 

county market and the lettuce from a commercial 

vendor (s.c. Agrosem Impex s.r.l.). We evaluated 

the influence of the extractive solutions on the 

seedling rootlet elongation for both the wheat and 

the lettuce and the impact it had on the wheat’s root 

tip mitotic film by using the Constantinescu 

method. The Triticum assay was conducted as 

previously reported [29, 30]. For the Lactuca 

biotest, the protocol was identical as in the Triticum 

assay except from the fact that only the lettuce 

seeds with a 1 mm long rootlet were chosen and the 

acetic orcein stain and microscopic observations 

were not performed [31]. For both the methanolic 
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and aqueous extracts, five samples were prepared: 

5%, 1%, 0.50%, 0.25% and 0.10%. 

Statistical analysis 

All statistical analyses were carried out in R (v. 

4.1.0 - 4.1.3) under Rstudio, v. 1.4.1717 (RStudio, 

Inc.). The statistical analyzes were performed in the 

R computing and programming environment, 

version 4.1.1 [32]. The LC50 estimation for the 

Artemia lethality test and IC50 estimation for the 

phytotoxicity tests were based on the non-linear 

modelling of lethality as a function of 

concentration, using either four-parameter logistics 

models, as implemented in the R package “dr4pl” 

[33] or three-parameter Weibull functions, as 

implemented in the R “drc” package [34]. 

Statistical analyses for Lactuca and Triticum tests 

were carried out under Rstudio, v. 1.4.1717 

(RStudio, Inc.). We first applied a conventional 

mixed-effects model (R package “lme4” [35]) on 

root measurements from the three days, treating the 

extract, plant part and concentration as fixed 

effects, while the timing (day) of measurement as a 

random effect. Taking into account that computing 

p-values in mixed-effects models is rather 

controversial, we used the Satterthwaite 

approximation to estimate p values (R package 

“lmerTest” [36]). Because we found moderate 

violations of normality and heteroscedasticity of 

residuals, we also assessed model coefficients by 

bootstrap (R package “lmeresampler” [37]) and 

estimated p-values using a permutation exact test 

with 10,000 permutations (R package 

“predictmeans”), as such tests are based on weaker 

assumptions and are relatively robust to non-

normality and heteroscedasticity [38-41]. For 

sensitivity analysis purposes we also compared the 

results with a robust mixed-effects model (R 

package “robustlmm” [42]). We first built different 

models for the geoponic and hydroponic source 

extracts, and then a global model where we also 

included the geoponic or hydroponic environment 

as an additional categorical variable. Besides a 

number of base R functions, we made use of the 

“car” [43] and “MASS” [44] packages for 

regression diagnostics purposes. Standardized 

regression coefficients (computed with the 

“ggstatsplot” R package [45]) were used as an 

effect size for regressors. Violin plots were 

generated using the “ggplot” R package [46]. IC50 

values were estimated by non-linear modeling, 

using three-parameter Weibull functions, as 

implemented in the “drc” R package [34], based on 

the measurements made at 48 h hours. A 

significance level of 0.05 was used. 

 

Results and Discussion 

Macroscopic examination 

Iris germanica L. is a herbaceous perennial plant 

with reddish-brown, horizontal, often branched 

rhizomes (Figure 1: 3H and 3G; H – from a 

hydroponic specimen; G – from a geoponic 

specimen), which have adventitious roots on their 

underside. The young roots are cylindrical, white-

yellow (Figure 1: 1H, 1G, 2H, 2G) and the old 

ones, dark brown. The leaves are simple, sessile, 

glaucous, ensiform with parallel veins and flattened 

blades (Figure 1: 4H and 4G). The apex is 

acuminate and the edge entire (Figure 1: 5H and 

5G). Their colour is olive green and the cuticle 

forms a dense network of wax platelets [47]. 

 

 
Figure 1. 

Macroscopic digital microscope photographs of Iris germanica L. organs: 

1H, 1G – Root tip; 2H, 2G – Root surface; 3H, 3G – Rhizome; 4H, 4G – Leaf surface; 5H, 5G – Leaf tip 
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Microscopic examination   

Root 

On its outermost part, the root section (Figure 2 and 

Figure 3) has a rhizodermis with absorbent root 

hairs (Figure 2: 1G). It exfoliates and unveils the 

multi-layered exodermis (suberoid). The 

endodermis has u-shaped lignin thickenings and 

passage cells. In the central cylinder, the xylem and 

the phloem are arranged alternately and develop 

centripetally (Figure 2: 2H, 2G). The structure is 

polyarchic, typical of monocotyledons. 

 

 
Figure 2. 

Cross sections through the iris roots, stained with 

iodine green and carmine alum: 1H – multilayered 

suberised exodermis; 1G – rhizodermis with 

absorbent root hairs and multilayered exodermis; 

2H, 2G – endodermis (with u-shaped lignin 

thickenings and passage cells) and central cylinder 

(with polyarchic structure) (10x lens) 

 

The formation of a lateral rootlet can be observed 

by the fusion of the cells in the pericycle (Figure 3: 

2G). 

 

 
Figure 3. 

Cross sections through the iris root, stained with 

calcofluor-white (fluorescent microscopy): 1H – 

rhizodermis, multilayered exodermis; 1G – 

rhizodermis with absorbent root hairs and 

multilayered exodermis; 2H – endodermis, 

pericycle and central cylinder; 2G – endodermis, 

pericycle, central cylinder and the formation of a 

lateral rootlet (10x lens) 
 

Rhizome 

The rhizome (Figure 4 and Figure 5) has a multi-

layered suberized tissue (Figure 4: 1H and 1G), 

followed by collenchyma and the cortical 

parenchyma containing cells with calcium oxalate 

crystals, starch and cells storing essential oils 

(oleiferous idioblasts). The endodermis and the 

central cylinder with the leptocentric vascular 

bundles located in the cellulosic medullary 

parenchyma follow (Figure 4: 2H and 2G). 

 

 
Figure 4. 

Cross sections through Iris rhizomes stained with 

iodine green and carmine alum: 1H, 1G – multi-

layered suberized tissue; 2H, 2G – leptocentric 

vascular bundles (10x lens) 

 

 
Figure 5. 

Cross sections through the iris rhizome stained with 

calcofluor-white (fluorescent microscopy): 1H, 1G 

– multi-layered suberized tissue (1H – 40x lens, 1G 

– 10x); 2H, 2G – leptocentric vascular bundles (2H 

– 40x lens, 2G – 10x lens) 

 

Leaf 

The leaf (Figure 6 and Figure 7) has a 

homogeneous structure. The epidermis is covered 

by cutin and has round papillary growths. The 

closed collateral vascular bundles have 

sclerenchyma caps, coloured in red, and are 

surrounded by the assimilating parenchyma. 
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Figure 6. 

Cross sections through iris leaves stained with 

iodine green and carmine alum. 

1H, 1G – epidermis, striated cuticle, stomata (40x); 

2H, 2G – epidermis, mesophyll, vascular bundles 

(10X lens) 

 

 
Figure 7. 

Cross sections through iris leaves, stained with 

calcofluor-white. 1H, 1G – epidermis, striated 

cuticle, stomata (40x); 2H, 2G – epidermis, 

mesophyll, vascular bundles (10X lens) 

 

In the surface preparations, (Figure 8), tetracytic 

stomata can be observed, which are typical of 

Iridaceae family and the monocotyledon clade. L: 

light microscopy; F: fluorescence microscopy. 

 

 
Figure 8. 

Surface preparations 

 

In conclusion, the macroscopic and microscopic 

examinations determined the histo-anatomical 

elements characteristic of the analyzed organs, 

which served to correctly identify the species. In 

the leaves, rhizomes and roots there were no clear 

distinctions between the German irises cultivated 

hydroponically and geoponically. This is in 

accordance with a study [22] concerning the root 

maturation of the multiseriate exodermis in the 

German iris grown in soil, hydroponics and 

aeroponics. In our study, both the soil and 

hydroponically grown irises showed the same type 

of maturation in the root exodermis and endodermis 

and in both there was no aerenchima observed, nor 

were there any differences in their leaves or 

rhizomes. 

Toxicity analysis 

The Artemia biotest 

The LC50 values estimated for the four geoponic 

extractive solutions based on the 24 h 

measurements are shown in Table I. Graphical 

representations of the lethality data and the non-

linear regression (three-parameter Weibull 

functions) model used to estimate LC50 for the four 

extracts are shown in Figure 9. 

The geoponic leaf extractive solutions tended to be 

more toxic on Artemia nauplii than extractive 

solutions prepared from the subterraneous parts, 

and the methanol extractive solutions tended to be 

more toxic than the aqueous ones. In the literature, 

based on assessments made at 24 hours, it has been 

suggested that extracts with LC50 higher than 500 

mg/L may be considered as practically non-toxic 

[48]. In this context, all four extractive solutions 

could be considered non-toxic, although the 

methanol extract from leaves is relatively close to 

this threshold of 500 mg/L. All the hydroponic 

extractive solutions demonstrated a low or very low 

level of acute toxicity, as indicated by LC50 values, 

which are all greater than 500 mg/L (Table II). The 

concentration-response curves for the lethality of 

the hydroponic methanolic and aqueous extractive 

solutions obtained from the underground organs 

and leaves, (modeled by the reunion of the three 

replicas), are represented in Figure 10 A, B and C. 

 

 

Table I 

LC50 values estimated for the Artemia lethality test based on 24 h measurements 

Solvent Plant part LC50 (mg/L) 95% CI 

Methanol Leaf 659.8 605.9 - 713.7 

Methanol Subterraneous parts 2884.9 0.0 - 29072.1 

Water Leaf 1438.6 1261.4 - 1615.7 

Water Subterraneous parts 4632.1 0.0 - 74585.4 
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Figure 9. 

Concentration-response curves for the lethality of the geoponic methanolic and aqueous extractive solutions 

obtained from the underground organs and leaves 
Extracts: A. Methanolic leaf, B. Methanolic roots, C. Aqueous leaf, D. Aqueous roots 

 

Table II 

LC50 values, induced by the hydroponic methanolic and aqueous extracts obtained from underground organs and 

leaves 

Extractive solution LC50 (mg/L) 95% CI 

Leaf, methanolic 2464,8 2266.7 - 2680.2 

Underground organs, methanolic 2431.5 50.1 - 117964 

Leaf, aqueous 13329.4 12555.1 - 14151.5 

Underground organs, aqueous NA * NA * 

*Not applicable due to the fact that there was no lethality 

 

 
Figure 10. 

Concentration-response curves for the lethality of the hydroponic methanolic and aqueous extractive solutions 

obtained from the underground organs and leaves 
Extracts, from left to right: Methanolic leaf (A), Methanolic roots (B) and Aqueous leaf (C) 

 

The Lactuca biotest 

The Iris extractive solutions obtained from plants 

cultivated in a geoponic environment had a 

concentration-dependent inhibitory effect on the 

growth of Lactuca rootlets. At high concentrations 

(1.00% - 5.00%) an inhibitory effect, statistically 

significant (p < 0.003 for both) was observed, at 

0.5% the effect was close to the traditional 

threshold of significance (p = 0.07), whereas at 

concentrations of 0.25%, a slightly stimulatory 

effect was recorded, not statistically significant 

different from the control group (p = 0.26). Only at 

the lowest concentration level (0.12%) a difference 

was observed between the parametric mixed-effects 

model and the robust one, as a significant 

stimulatory effect (p = 0.04) was observed in the 

parametric model, whereas the effect was not 

statistically significant in the robust model (p = 

0.06). Methanol as an extraction solvent was 

strongly associated with an inhibitory effect on 
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Lactuca roots (p = 0.001), as compared with water. 

Similarly, the subterraneous part extracts tended to 

have a stimulatory effects on Lactuca root growth 

in comparison to leaf extracts, which tended to be 

more inhibitory in their effects (p = 0.008). The 

robust mixed effects model (Figure 11) was 

generally in agreement with the parametric model. 

 

 
Figure 11. 

Coefficients of the robust linear mixed effects model describing root length as a function of time, concentration 

and type of extract. Extract derived from specimens grown in the geoponic environment 

 

 
Figure 12. 

Coefficients of the robust linear mixed effects model describing root length as a function of time, concentration 

and type of extract. Extract derived from specimens grown in the hydroponic environment 
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For the Iris extracts obtained from plants cultivated 

in a hydroponic environment, the effects were 

similar, but not identical. Thus, the inhibitory effect 

was highly significant (p < 0.001) not only at high 

concentrations (5.00%, 1.00%), but also at lower 

concentrations (0.50% - 0.12%). The robust model 

(Figure 12) was very similar with respect to both 

coefficients and their significance. Similarly to the 

observations for the geoponic source extracts, 

methanol was strongly associated with an inhibitory 

effect on Lactuca roots against water (p = 0.001), 

and the subterraneous part extracts tended to have a 

stimulatory effects on Lactuca root growth in 

comparison to leaf extracts (p < 0.001). 

The global model found no statistically significant 

difference for the geoponic or hydroponic 

environments (p = 0.944), and in the global model 

the inhibitory effect was significant for all 

concentrations tested (p = 0.028 for the 0.12% 

concentration levels, p < 0.001 for all other levels). 

The Triticum biotest 

The Iris extracts obtained from plants cultivated in 

a geoponic environment exerted a concentration-

dependent inhibitory effect on the growth of the 

Triticum rootlets. At high concentrations (1.00% - 

5.00%) an inhibitory effect, statistically significant 

(p < 0.001 and p < 0.006) was observed, at 0.5% 

the effect was close to the traditional threshold of 

significance (p = 0.08), at concentrations of 0.25%, 

a significant inhibitory effect was recorded (p = 

0.033), and at the lowest concentration level 

(0.12%) a non-significant effect was observed (p = 

0.56). Unlike the observations made on Lactuca, a 

significant interaction between solvent and plant 

part was observed (p < 0.001). The sense of the 

interaction is a minimal difference between leaf and 

subterraneous parts in the case of aqueous extracts, 

but less inhibitory effect observed for the 

subterraneous parts in the case of methanol 

extracts. The robust mixed effects model was 

largely in agreement with the parametric model. 

The Iris extracts obtained from plants cultivated in 

a hydroponic environment had also a concentration-

dependent inhibitory effect on the growth of the 

Triticum rootlets. At high concentrations (0.5% - 

5.00%) an inhibitory effect, statistically significant 

(p < 0.001) was observed, whereas at 

concentrations of 0.25% and 0.12%, a non-

significant inhibitory effect was recorded (p = 

0.188, and p = 0.942, respectively). As for the 

extracts prepared from specimens grown in a 

geoponic environment, a very similar interaction 

was observed between solvent and plant part (p = 

0.019) in exactly the same sense (negligible 

difference between leaf and subterraneous parts in 

the case of aqueous extracts, less inhibitory effect 

seen for the subterraneous parts in the case of 

methanol extracts). The robust mixed effects model 

was largely in agreement with the parametric 

model. IC50 values for the extracts prepared with 

different solvents, plant parts and specimens 

cultivated in the two environments (hydroponic and 

geoponic) are shown in Table III. 

Table III 

IC50 values for the extracts prepared with different solvents, plant parts and specimens cultivated in the two 

environments 

Solvent Plant part Cultivation environment IC50 95% CI  

Water Subterraneous parts Geoponic 3.51% 2.47 - 4.56 

Water Leaf Geoponic 6.55% 0 - 16.29 

Methanol Subterraneous parts Geoponic 2.31% 1.80 - 2.82 

Methanol Leaf Geoponic 0.89% 0.30 - 1.47 

Water Subterraneous parts Hydroponic 3.09% 1.95 - 4.23 

Water Leaf Hydroponic 2.65% 1.84 - 3.45 

Methanol Subterraneous parts Hydroponic 0.52% 0.44 - 0.60 

Methanol Leaf Hydroponic 0.31% 0.26 - 0.35 

 

The comparison of the IC50 values indicates that in 

the extracts derived from specimens grown in the 

hydroponic environment tend to inhibit the rootlet 

growth at lower levels than the equivalent extracts 

from specimens grown in the geoponic 

environment. The global mixed-effects model (built 

by pooling the data from the extracts derived from 

plants grown in the two environments) has 

indicated that the rootlets treated with extracts 

derived from the hydroponic environment grow 

more than those derived from the geoponic 

environment. This latter finding seem to contradict 

the IC50 values, but in reality the two metrics 

measure different aspects: the global model 

indicated an inhibitory effect for the extracts 

derived from the geoponic environment, because 

the latter tended to have shorter rootlets (including 

those of the control group), whereas the IC50 values 

look at the concentration levels determining the 

inhibition; in other words, although in the case of 

measurements carried out for the extracts derived 

from the hydroponic environments, the lengths are 

generally larger, median inhibitory concentrations 

tend to be lower. 

Analysing the kariokinetic film photographed from 

the tips of the wheat rootlets treated with the 
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hydroponic extraction solutions and coloured with 

acetic orcein, similar conclusions can be reached 

for the hydroponic methanolic and aqueous 

extraction solutions. Under high concentrations 

(particularly 5% and to a limited extent, for 1%) 

mitosis was halted or inhibited: (Figure 13) most 

cells have nuclei in prophases with hypertrophied 

nucleoli, metaphases are unorganized, in 

tropokinesis, retarded or “sticky” chromosomes can 

be seen in some cells, as well as anaphases with 

bridges indicating retarded chromosomes. Lower 

concentrations of the solutions, with a low 

inhibitory effect or even a stimulatory one (the 

aqueous fractions), showed normal divisions with 

the predominance of prophases and rare 

modifications such as metaphases or anaphases in 

tropokinesis (Figure 14). 

 

 
Figure 13. 

Left, cell nuclei treated with the hydroponic 5% methanolic leaf extract showing an unorganized tropokinetic 

metaphase, anaphase with bridges and interphase with hypertrophied nuclei; right, cell nuclei treated with the 

geoponic 5% methanolic leaf extract showing a tropokinetic metaphase, telophases with bridges and with sticky 

chromosomes 

 

 
Figure 14. 

Left, metaphase in tropokinesis in cells treated with the hydroponic 0.125% methanolic leaf extract; right, 

telophase in tropokinesis and retarded chromosomes in cells treated with the geoponic 0.125% methanolic leaf 

extract 

 

The results of the Triticum assay for both 

hydroponics and geoponics indicate that both the 

methanolic and aqueous Iris germanica L. leaf and 

rhizome/root extracts have little toxicity on the cells 

of the wheat rootlets, apart from the methanolic leaf 

extracts which were shown to have some toxic 

effects. 

Usually, hydroponically cultivated plants have 

higher levels of chemical constituents than those 

grown in soil, as is the case with tomatoes grown in 

a deep water culture hydroponic medium that 

revealed an increased efficiency in water usage and 

higher lycopene and β-carotene contents than those 

grown in soil [49, 50]. The studies done on 

hydroponically and geoponically cultivated German 

irises were made concerning the maturation of the 

multiseriate exodermis. We have confirmed these 

results as both plants showed no difference in the 

maturation of the exodermis and no presence of 

aerenchyma in the roots of the hydroponically 

grown plants, nor were there any differences in the 

rhizomes or the leaves. The apparent toxicity of the 

German iris, which is thought to be class 2 for the 

rhizome, which is minor toxicity – ingestion of 

these plants may cause minor illnesses such 

vomiting or diarrhoea and class 4 for the leaves, 

which stands for: dermatitis – the juice, sap or 

thorns of these plants may cause a skin rash or 

irritation [51], was not proven to be more apparent 

in the hydroponically grown plants than in the 

geoponically grown plants. Another study 

demonstrated that I. germanica L. methanolic 

rhizome extract counteracted chlorpromazine 

oxidative stress induced toxicity in the 

Saccharomyces cerevisiae yeast cell model [52], 

indicating not only its little toxicity on yeast, but 

also a protective antioxidant effect of the extract. 

The methanolic extract of the rhizomes plus roots 

and of the leaves of the irises from the two media 

were more potent in effect that those obtained from 

the aqueous extract as most of the active 

phytochemicals are nonpolar. All toxicity 

assessments indicated that extracts obtained from 

the leaf have very limited acute toxicity. There was 

good agreement between the Artemia and the 

phytotoxicity tests applied in our experimental 
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setting (on Lactuca and Triticum species). There 

was little difference between the extracts obtained 

from specimens cultivated in geoponic and 

hydroponic environments, findings that suggest that 

the former way of growing plants for medicinal 

purposes may be as useful as the conventional one. 

 

Conclusions 

In this study we compared specimens of Iris 

germanica L. grown in hydroponic and geoponic 

media, from the morphological and toxicological 

standpoint. Comparative macroscopic and 

microscopic examinations (using a variety of 

microscopy techniques and stains) revealed no 

significant differences between specimens grown in 

the two environments. Methanolic and aqueous 

extracts obtained from the organs of specimens 

grown in different media were evaluated for 

toxicity to dicotyledonous, monocotyledonous and 

invertebrate species, with no remarkable differences 

between the different extracts depending on the 

medium in which the specimens were grown. The 

methanolic extracts tended to be somewhat more 

toxic than the aqueous extracts, but overall, the 

toxicity was relatively low, a finding consistent 

with toxicology data in the scientific literature. 
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