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Abstract: The aim of this study was to investigate the morphological and physiological responses of Petroselinum crispum 

and Apium graveolens to iron deficiency. Seedlings of both species were cultivated in continuously aerated nutrient solution 

with or without 48.8µM Fe during one month. Score chlorosis, growth parameters, chlorophyll content, acidification capacity 

and iron, zinc and copper levels, were measured. The results showed that growth of both species was severely affected by 

direct iron deficiency. Nevertheless, chlorosis symptoms were more severe in P. crispum, compared to A. graveolens. High 

chlorosis index and a significant decrease of chlorophyll content were registered in P. crispum. In addition, shoot length and 

whole plant biomass production were affected by iron deficiency in both species. The lower reduction was observed in Fe-

deficient plants of A. graveolens. However, the later specie registered the highest root length. Moreover, a capacity of root 

acidification due to a noticeable proton release rate was observed with A. graveolens. Although grown under Fe deficiency 

conditions, these specie was able to increase their shoot iron use efficiency. Furthermore, Fe deficiency led to a significant 

accumulation of zinc in leaves of both species while copper accumulation was only noted in P.crispum roots. The capacity of 

A. graveloens to maintain plant growth and to preserve adequate chlorophyll synthesis under iron-limiting conditions is related 

to its better Fe-use efficiency, in addition to its high acidification and root reducing capacities. This allows us to suggest that A. 

graveolens is more effective to overcome iron deficiency than P. crispum. 

Keywords: Petroselinum crispum, Apium graveolens, Fe Deficiency, Acidification Capacity, Iron Status,  

Chlorophyll Concentration 

 

1. Introduction 

Iron (Fe) is the fourth most abundant element in the earth’s 

crust and is essential for both plant growth and crop yield and 

most importantly, humans rely on dietary iron from plant 

sources. Despite its presence in large quantities in most soils, 

iron chemical forms are not available for plants and 

approximately 30% of the arable soils are iron deficient on 

Earth. In addition to its role in limiting plant growth, iron 

deficiency is the current most common human nutritional 

disorder in the world today. As most people get their iron 

from eating plants, understanding the mechanisms of how 

plants sense and respond to Fe availability is of interest for 

addressing agricultural problems and iron malnutrition of 

humans. To cope with this problem, plants have developed 

different adaptive mechanisms to increase Fe mobility and its 

uptake in the cytosol [1]. Dicotyledonous and non 

graminaceous monocots, termed Strategy I plants, respond to 

Fe deficiency by inducing a set of physiological mechanisms 

to boost Fe mobilization and uptake from soils [1], 

principally decreased the rhizosphere pH, enhanced Fe
3+ 

reduction capacity in roots, and increased root branching and 

hair formation [2-3]. In strategy II used by graminaceous 

plants, Fe acquisition is mediated by a chelation-based 

mechanism: produces molecules of the mugineic acid family 

called phytosiderophores (PS) secreted into the rhizosphere 

where they chelate and help to solubilise Fe
3+

, then the 

complex Fe (III)-PS absorbed by the root cells. To reduce 

iron chlorosis, several techniques such as foliar sprays and 

Fe-EDDHA seed treatment were employed [4-5] but they 

seem highly costing and do not always improve the Fe-

nutrition of the plants [6]. Thus, selecting Fe-efficient 

genotypes could be an alternative approach [6] and remains 



 International Journal of Photochemistry and Photobiology 2018; 2(1): 16-21 17 

 

the most practical solution for the agricultural losses caused 

by iron deficiency. 

The aim of the current work was to assess the variability of 

tolerance of two apiaceae species (Petroselinum crispum and 

Apium graveolens) commonly cultivated in Tunisia. The 

morphological traits and physiological responses such as 

plant growth, chlorophyll content, root acidification capacity 

and interaction between Fe, Zn, and Cu in all plant organs, 

were investigated. 

2. Materials and Methods 

2.1. Plant Materiel and Growth Conditions 

Seeds of P. crispum and A. graveolens were surface 

sterilized with 0.52g/L sodium hypochlorite for 15 min and 

then rinsed four times with deionized water. Seeds were sown 

in Petri dishes on filter paper moistened with distilled water 

for one week. After a pre-treatment in a half strength aerated 

nutrient solution diluted 4 fold during 7 days, similar sized 

seedlings were selected and divided into two lots and 

subjected to the different treatments. The growth medium 

was a complete half-strength Hoagland’s nutrient solution 

[7]. Two treatments were established for 30 days as follows: 

control (addition of Fe at 48.8 µM: C) and direct iron 

deficiency. The composition of the nutrient solution was: 

2.5mM Ca (NO3)2, 3 mM KNO3, 1mM MgSO4, 1mM 

KH2PO4, 20 µM H3BO3, 2 µM MnSO4, 1 µM ZnSO4, 0.1 µM 

(NH4)6Mo7O24 and 1 µM CuSO4. The controlled climatic 

conditions were the following: day/night photoperiod of 

14/10h; temperature (day/night) 24/18°C; light intensity, 

5000 lux and a relative humidity of 60%. Nutrient solution 

(pH=6.0) was weekly renewed. Iron solutions (Fe-EDTA) 

were prepared following Jacobson’s method [8]. All plants 

used for the determination of the measured parameters 

measured were randomly selected from the different 

containers of each treatment. 

2.2. Determination of the Chlorosis Index 

The visual chlorosis symptoms is performed using the non-

destructive index (or score) proposed by Gildersleeve and 

Ocumpaugh [9]: (0) green young leaves, (1) slight chlorosis 

with specific yellow leaf margins, (2) yellow limb with green 

mid-vein, (3) completely yellow leaves and (4) largely 

necrotic leaves. A number was attributed to each plant 

according to the chlorotic state of its young leaves and, a 

mean of 24 replicates was calculated for each treatment. 

2.3. Determination of Photosynthetic Pigments Content 

The chlorophyll and carotenoid concentrations (mg g
–1

 

FW) of young leaves were determined according to the 

method of Torrecilas et al. [10]. One hundred milligrams of 

small discs from young leaves were incubated in 5 ml 80% 

acetone in darkness at 4°C during 72 h, until complete 

chlorophyll extraction. The extract absorbance was measured 

at 665 nm, 649 nm and 470 nm. 

2.4. Nutrient Extraction and Analysis 

At the harvested day, plants were separated into shoots and 

roots. Roots were washed with 1% (v/v) HCl in order to 

remove extracellular Fe, then rinsed several times with 

distilled water. Mineral nutrients were extracted following 

the method described by Zorrig et al. [11]: 50 mg of the 

sample were digested with 30 ml of sulfuric acid (20%). The 

mixture was incubated during one hour at 80°C and agitated 

every 10 minutes then kept at ambient temperature for one 

night. Samples were analyzed for micronutrient (Fe, Zn and 

Cu) using an Atomic Absorption Spectrophotometer 

(VARIAN 220 FS). 

2.5. Root Acidification 

During the final 10 days, a follow-up of the culture 

medium pH of each container was realized by measuring the 

pH every two days with a Radiometer PHM 84 pH meter. 

2.6. Biomass Production in Shoots and Roots 

After 30 days of treatment, plants were harvested and 

separated into leaves, stems and roots. Roots were briefly 

rinsed with distilled water. Root and shoot dry weights were 

determined after drying at 70°C for 72h. 

2.7. Statistical Analysis 

Statistical analysis was performed using the SPSS 20.0 

program. Means were separated according to Duncan’s test at 

P ≤ 0.05. Data shown are means of twenty four (for chlorosis 

index), four (for nutrient analysis) and eight (for leaves 

number, shoot and root length, acidification capacity, plant 

dry weight and chlorophyll) replicates for each treatment. 

3. Results 

3.1. Chlorosis Index and Chlorophyll Status 

At the end of the experimental period, plants grown on 

iron deficient medium for both species clearly showed 

chlorosis symptoms. Nevertheless, these symptoms appeared 

earlier in young leaves of P. crispum. Indeed, chlorosis 

symptoms were noted from the fourth day of treatment and 

the chlorosis index was significantly higher (reaching 2) for 

P. crispum, compared to A. graveolens (maximum 1.38) 

(Figure 1). Additionally, Fe deficiency led to a significant 

decrease of the chlorophyll content for both species. The 

reduction rate was lower in deficient plants of A. graveolens, 

ranging from 40 to 44% compared to the control, for chla and 

chlb, respectively. By contrast, in P. crispum, the chla and 

chlb content decreased by 50 and 73%, respectively. No 

significant impact was noted for the content of carotenoids in 

the latter, whereas in the former, their level was reduced by 

50% of the control (Figure 2). 
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Figure 1. Chlorosis index according to Gildersleeve and Ocumpaughscale 

in young leaves of P. crispum and A. graveolens cultivated with or without 

48.8µM Fe during 12 days. Different letters correspond to significantly 

different values at (P˂0.05, n=24). 

 

 

Figure 2. Chlorophyll and carotenoid content of the young leaves of P. 

crispum and A. graveolens grown during 30 days on a control nutrient 

solution (C), containing 48.8 µM Fe, or under direct iron deficiency (DD). 

Values are means of 8 replicates ± standard deviation. Different letters 

correspond to significantly different values at P˂0.05. 

3.2. Plant Growth 

Table 1. Plant growth in P. crispum and A. graveolens grown during one month on a control nutrient solution containing 48.8µM Fe (C: control) or in the 

absence of Fe (DD: direct deficiency). 

Species P. crispum A. graveolens 

Treatments C DD C DD 

Leaves number 48.37 ± 9.16b 31.87 ± 4.76a 42.25 ± 4.43a 41.75 ± 5.14a 

Shoot length (cm) 38.71 ± 3.18a 34.78 ± 4.47a 55.55 ± 3.35a 45.43 ± 5.72b 

Root length (cm) 20.68 ± 2.34a 25.08 ± 8.35ab 27.71 ± 6.48ab 35.87 ± 8.52c 

Leaves DW (g) 3.49 ± 0.66b 0.98± 0.21a 2.22± 0.55b 1.81± 0.25a 

Stem DW (g) 2.8 ± 0.58b 0.93± 0.16a 2.59± 0.40b 2.06± 0.29a 

Root DW (g) 1.72± 0.58b 0.53±0.19 a 1.08± 0.11a 0.91± 0.11a 

Different letters correspond to significantly different values at (p˂0.05) according to Duncan test. 

The -Fe treatment reduced significantly the number of 

leaves per plant by 35% in P. crispum, compared to the 

control, however no change was noted in A. graveolens. Iron 

deficiency has induced 10% to 18% reduction of the shoot 

length, relative to control for P. crispum and A. graveolens, 

respectively. For roots, a significant increase of their length 
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was registered (21.27% and 29.44% increase, respectively for 

P. crispum and A. graveolens) (Table 1). The overall growth 

of plants was markedly restricted by iron deficiency. 

However, significant differences were observed between 

species. P. crispum was characterized by the sharpest 

decrease for all plant parts. Leaves and roots were the most 

affected plant parts. Their biomass was reduced, respectively, 

by 72% and 69% of the control. By contrast, in A. 

graveolens, an average reduction of 18% was registered for 

whole plant parts (Table 1). 

3.3. Root Acidification Capacity 

The pH of the culture medium was measured every two 

days during the last eight days of treatment and values were 

represented in Figure 3. An acidification of the medium 

occurred in the absence of Fe in all cases. However, with A. 

graveolens, the values were the lowest, reaching 3.5 pH unit 

(Figure 3). 

 

 

Figure 3. Changes in nutrient solution pH of control and deficient plant 

during the treatment period. Values are means of 8 replicates ± standard 

deviation. Different letters correspond to significantly different values at 

P˂0.05. 

3.4. Nutrient Status 

Iron content was remarkably greater in the Fe-sufficient 

plants as compared to that of Fe-deficient ones, for both 

species (Table 2). The sharpest decline of its concentration 

was recorded in roots of P. crispum, in which the reduction 

rate reached 56%, while it was less pronounced in A. 

graveolens, reaching 38% (Table 2). 

No significant accumulation was detected for Zn in stems 

of P. crispum and A. graveolens cultivated under Fe 

starvation conditions, as compared to the control. However, 

leaves Zn content was noticeably increased for both species. 

This level was doubled in A. graveloens and enhanced to 

reach 85% in P. crispum. In addition, an increase of 30% was 

recorded in P. crispum roots cultivated under iron deficiency 

conditions (Table 2). 

As shown in table 2, no significant accumulation was 

detected for Cu content in leaves and stems for both species 

cultivated under iron deficiency. However, an increase of 

27% was registered in P. crispum roots (Table 2). 

Table 2. Iron, Zinc and Copper concentration (µg g–1DW) in shoots and 

roots of P. crispum and A. graveolens plants grown for one month under 

iron-sufficient (C: control) or iron-deficient medium (DD: direct deficiency). 

Species P. crispum A. graveolens 

Treatments C DD C DD 

 Fe    

Leaves 6.99±0.83b 3.52±0.35a 4.35±0.43b 2.86±0.39a 

Stems 4.08±1.1a 2.23±1.2b 3.73±0.91b 2.49±0.43a 

Roots 11.63±2.84b 5.06±0.98a 9.55±3.02a 5.89±0.38a 

 Zn    

Leaves 1.7±0.19a 3.16±0.61b 1.12±0.68a 2.24±0.15b 

Stems 1.88±1.36a 1.66±0.34a 1.22±0.41a 0.962±0.20a 

Roots 1.67±0.20a 2.17±0.58b 1.19±0.15a 1.18±0.17a 

 Cu    

Leaves 0.655±0.15a 0.657±0.33a 0.27±0.17a 0.235±0.17a 

Stems 1.06±1.45a 0.355±0.16b 0.297±0.05a 0.17±0.149a 

Roots 1.49±0.80a 1.90±0.43ab 11.73±22.26a 4.84±1.21b 

Values are means of 4 ±S.D. Different letters correspond to significantly 

different values at (p˂0.05) according to Duncan test. 

4. Discussion 

The results of this work showed that Fe deficiency 

decreased significantly the plant growth activity, including 

shoot and root dry weight, shoot length and leaf number. This 

finding is in agreement with other researches [1, 12-13, 14, 

15]. The observed decline was more severe in P. crispum Fe 

deficient plants, compared to A. graveolens. However, root 

length of deficient plants was increased, especially in A. 

graveolens which showed its relative higher capacity to bear 

the Fe stress. Such behaviour is characteristic for tolerant 

genotypes [16], and can be considered as the expression of a 

very distinct mechanism of regulation of iron uptake 

increasing both the external and internal root surface [17]. 

The various morphological and physiological changes in the 

root are thought to play an important role in the uptake of 

iron by raising the number of bittding sites [18]. 

The monitoring of plant morphological aspects, showed 



20 Haifa Sbai and Rabiaa Haouala:  Responses of Two Apiaceae Species to Direct Iron Deficiency  

 

high chlorosis score in deficient plants, which is attested by a 

large decrease in chlorophyll content. Such symptoms give 

an idea about the differential behaviour of genotypes to Fe 

deprivation [19]. As shown above, A. graveolens was more 

able to maintain greater chlorophyll content compared to P. 

crispum, suggesting that the latter is more sensitive to Fe 

chlorosis. Fe shortage was also shown to decrease 

chlorophyll level in other species such as in chickpea [20], in 

pea [21] and in grapevine [22]. Indeed, iron is an essential 

micronutrient for several steps in photosynthetic pigment 

metabolism and chloroplast ultrastructure [23]. Up to 80% of 

the cellular iron in leaf cells is found in chloroplast [24-25]. 

Consequently, iron chlorosis is due to a reduction in 

chlorophyll synthesis, possibly because the enzyme 

catalyzing the biosynthesis step between Mg-protoporphyrin 

IX monomethyl ester and protochlorophyllide requires two 

iron atoms [26-27]. Also, it could be the consequence of the 

proteolytic loss of photosynthetic components, including 

both photosystems and the cyt b6/f complex [28]. 

Furthermore, in response to iron deficiency, chloroplast 

proteome composition is modified, the amount of proteins 

involved in carbon fixation increase, whereas proteins from 

electron transfer complexes decrease [29].  

With regard to the root acidification capacity, A. 

graveolens showed an important capacity to decrease the 

culture medium pH (Figure 3). Acidification of the 

rhizosphere serves to drive more iron into solution. 

Presumably, a proton ATPase pumps protons across the 

plasma membrane in response to iron limitation [30]. Thus, 

several authors suggested this parameter as a useful trait for 

screening tolerant genotypes to Fe deficiency [31, 32, 33]. In 

this context, Grotz and Guerinot [34] reported that releasing 

protons by Strategy I plants into the surrounding rhizosphere 

via a proton-ATPase serves to lower the pH of the 

rhizosphere, thereby increasing the amount of free soluble Fe 

(III), and to establish an electrochemical gradient that 

provides the driving force for the transport of Fe into the 

root. Our finding confirms that A. graveolens is more 

effective in overcoming this nutritional constraint than P. 

crispum. 

Iron deficiency has been generally reported to affect 

mineral element homeostasis [35]. In this study, Fe content 

was decreased in all plant parts of the two species, cultivated 

under Fe-deficient conditions. Interestingly, the detrimental 

effect of iron shortage was more pronounced in the less 

tolerant species. These results are similar to those found by 

Mahmoudi et al. [20] in chickpea and by Jelali et al. [36] in 

pea. In addition, our results showed significant effect of Fe 

deficiency on the Zn concentration in leaves of both species. 

This result may be explained by the fact that Zn and Fe 

elements have the same transporters. With this regard, it was 

reported that there is no specificity for the transporters of 

heavy metals, thus they are able to assimilate any trace 

element [37]. Similarly, Cohen et al. [38] revealed an 

increasing of root Zn content under Fe deficiency in pea 

plants. Furthermore, an increase in Cu content was registered 

in roots of P. crispum. In this connexion, several researches 

showed that the mobilization of Cu and Zn in calcareous soils 

increased under iron deficiency conditions [39-40].  

5. Conclusion 

The present work demonstrates that two apiaceae species 

differ in their responses to iron deficiency. The tolerance of 

A. graveolens is due to its ability to preserve adequate 

chlorophyll content, to maintain plant growth and to acidify 

efficiently the culture medium, leading a better iron 

remobilization from roots to shoots. Such parameters could 

be then used in screening programs for the selection of new 

Fe-efficient genotypes. Future research should be directed 

towards the biochemical and molecular responses when 

plants are iron shortage conditions. 
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