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Abstract

Iron (Fe) is a pivotal nutrient taking roles in respiration, photosynthesis and many plant metabolisms. Chlorosis
caused by Fe deficiency generally occurs in high pH environments and many fruit trees including peach are known
sensitive to iron starvation. Fe starvation declines leaf chlorophyll and carotenoid contents, supresses plant growth
and declines photosynthetic capacity. Iron deficiency induces responses in plants and different stomatal behaviors
and physiological alterations occur to sustain the increased iron uptake capacity of Fe-deficient plants. In this study,
the effects of iron deficiency on stomatal morphology and leaf physiological responses in peach variety Rich May
grafted onto Garnem and GF 677 rootstocks were investigated. Plants were exposed to Fe deficient conditions for
3 months. End of the experiment, many leaf and stomatal properties were evaluated. The highest decrease in plant
growth (relative growth rates of shoot diameter and length) induced by Fe deficiency was found in Rich May
grafted onto Garnem. SPAD and relative anthocyanin decreased by 52 and 70% in Fe deficient Rich May/Garnem
grafting combination. Decreases in SPAD and relative anthocyanin values were lower with GF 677. In GF 677,
LRWC decreased by 1.8% and membrane permeability increased by 10%. Fe controlled stomatal behaviors in
peach plants. Stomatal factors were found more sensitive to Fe deficiency in sensitive rootstock, Garnem. The
increment in stomatal and pore areas leaded increase in stomatal conductance. The damage by Fe depletion was
found higher in Garnem due to higher loss in SPAD, anthocyanin and increasing membrane permeability. Thus,
GF 677 can be used in peach orchards under Fe deficiency conditions.
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Ozet

Demir (Fe), solunum, fotosentez ve bitkilerin bir¢ok metabolizmasinda rol alan ¢ok 6nemli bir besindir. Fe
eksikliginden kaynaklanan kloroz genellikle yiiksek pH'l1 ortamlarda ortaya ¢ikar ve seftali dahil birgcok meyve
agacinin demir eksikligine duyarli oldugu bilinmektedir. Fe eksikligi, yaprak klorofil ve karotenoid igerigini azaltir,
bitki biiyiimesini baskilar ve fotosentetik kapasiteyi diistiriir. Demir eksikligi bitkilerde tepkilere neden olur ve
stomaya ait farkli davranislar ve fizyolojik tepkiler Fe eksikligi olan bitkilerin artan demir alim kapasitesini
siirdiirmek i¢in meydana gelmektedir. Bu ¢caligmada Garnem ve GF 677 anaglarina asili Rich May seftali ¢esidinde
demir eksikliginin stoma morfolojisi ve yaprak fizyolojik tepkileri lizerine etkileri arastirilmistir. Bitkiler, 3 ay
stireyle mineral eksikligi olan kosullara maruz birakilmistir. Denemenin sonunda birgok yaprak ve stoma 6zelligi
degerlendirilmistir. Fe noksanliginda bitki biiylimesinde (siirgiin ¢ap1 ve uzunlugunun nispi biiyiime oranlarinda)
en yiiksek azalig Garnem iizerine asili seftalilerde goriiliip, bununla birlikte yine Garnem anacina asili seftalilerde
SPAD ve nispi antosiyanin % 52 ve % 70 oranlarinda azalmistir. GF 677 anaci lizerine asili olan geftalilerde ise
SPAD ve nispi antosiyanin degerlerinde daha diisiik kayba sahip olmustur. Garnem anacina agili ¢esitlerde yaprak
oransal su icerigi (YOSI) ve membran gecirgenligi Fe eksikligi ile artarken; GF 677'de YOSI % 1,8 azalnus ve
membran gegirgenligi % 10 artmistir. Fe seftali bitkisinde stoma davraniglarini kontrol etmistir. Hassas anag olan
Garnem'de stoma faktorleri Fe eksikligine daha duyarli bulunmustur. Stoma ve gbzenek alanlarindaki artig, stoma
iletkenliginde artiga neden olmustur. Fe eksikligi zarar1, SPAD ve antosiyaninde daha ytiksek kayiplardan ve artan
membran gecirgenliginden dolayr Garnem'de daha yiiksek bulunmustur. Bu yilizden GF 677, seftali bahgelerinde
Fe noksanlig1 kosullarinda kullanilabilir.

Anahtar Kelimeler: Demir eksikligi, Seftali, Prunus, Anag, Stoma
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1. Introduction

Iron (Fe) is very important nutrient playing pivotal roles in respiration and photosynthesis (Kobayashi and
Nishizawa, 2012). The symptom of Fe deficiency is leaf chlorosis which causes depression in plant growth (Gao
et al,, 2011). Chlorosis caused by Fe deficiency generally occurs in calcareous soils due to alkaline pH
environments (Jiménez et al., 2011; Aras et al., 2018). Many fruit trees including peach are known sensitive to
iron depletion (Eichert et al., 2010; Arikan et al., 2018). Fe starvation decreases leaf chlorophyll and carotenoid
concentrations, depresses plant growth and declines photosynthetic capacity (Larbi et al., 2006; Fernandez et al.,
2008).

Iron is found predominantly in the form of Fe**, however plants take up Fe most readily in the form of form of
Fe?'. Therefore, Fe** must be reduced to Fe** with some mechanisms (Garcia et al., 2018). Two mechanisms are
known to iron transition; one mechanism in which Ferricchelate-reductase (FC-R) an enzyme playing key role in
Fe** reduction to Fe?" called as strategy I and the other one is called strategy 1l and it provides chelation to Fe
availability (Donnini et al., 2009; Aras et al., 2018). Fruit trees utilize strategy I with the FC-R enzyme for Fe
availability.

Stomata enable gas exchange between leaf and environment (Vrablova et al., 2018). Stress conditions induce
changes in stomatal behaviors to adapt to environment. Changes in stomatal morphology play pivotal role in
controlling gas exchange. Stomatal behavior can be evaluated by stomatal density, pore size and pore area
(Gerardin et al., 2018). Kiani-Pouya et al. (2020) reported that salinity-tolerant barley plants reduced stomata
density in order to decline water loss. In addition, many studies represented that drought stress causes decrease in
stomatal aperture (Romero-Romero et al., 2018; Junlin et al., 2019). However, to our knowledge, a few studies are
reporting the effects of Fe deficiency on stomatal properties in grafted peach.

The utilize of stress tolerant rootstocks represents a solution to alleviate stress damage (Aras and Esitken, 2018).
GF 677 rootstock is known Fe chlorosis-tolerant (Tagliavini and Rombola, 2001) and Garnem is sensitive to Fe
chlorosis (Jiménez et al., 2008). Influence of Fe chlorosis on leaf anatomy was studied in previous experiments
(Fernandez et al., 2008; Eichert et al., 2010), in our study we focused on the stomatal properties under Fe starvation.
Thus in the present experiment, we compared stomatal properties of peach plants grafted onto GF 677 and Garnem
rootstocks under Fe deficiency conditions and the results were further evaluated by some plant growth traits and
leaf physiological responses.

2. Materials and Methods

The experiment was performed in March of 2020 in a semi-controlled greenhouse (controlling climate factors) at
the Yozgat Bozok University. One-year-old grafted plants from grafting combinations consisting of one peach cultivar;
Rich May (Prunus persica Batsch) and two rootstocks; GF 677 (Prunus amygdalus x P. persica) and Garmnem (P.
dulcis x P. persica) were planted in 10 L pots containing perlite. The experiment was laid out in a randomized plot
design with three replications involving five plants for each grafting combinations in each replication. Plants were
treated with Hoagland solution (Hoagland and Armon, 1950) for two months and, then were subjected to Fe deficient
Hoagland solution for period of 3 months. In control groups Hoagland solution was used. Plants were fertigated once
a week and pH of the solution was adjusted to 6.3. In the conclusion of the study, leaf and stomatal properties were
evaluated.

2.1. Morphological measurements

Relative growth performances of different graft combinations under Fe depletion were determined in terms of
shoot diameters and shoot length. Measurements of the shoot diameter and length were performed with a digital
caliper (Mitutoyo) and ruler, respectively. The relative growth rates (RGR) were calculated using the equation (1)
given below (Del Amor and Marcelis, 2003):

RGR =100 x [(InXt2-InXt1) / (t2-t1)] (Eq.1)

with t2 - ti= 90 days (duration of Fe depletion experiment), Xt> = final shoot diameter and shoot length, Xt; =
initial shoot diameter and shoot length.
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2.2. Physiological measurements

Relative chlorophyll (SPAD) content was determined by a Minolta SPAD-502 chlorophyll meter (Minolta
Camera Co, Ltd, Osaka, Japan). Stomatal conductivity and leaf temperature were conducted on the youngest fully
expanded leaves on upper branches of the plants with leaf porometer (Li-COR). Relative anthocyanin content of
the leaves was measured with an Anthocyanin Content Meter (ACM-200 plus).

Leaf relative water content (LRWC) was determined by the following equation (2) of Smart and Bingham
(1974):

LRWC(%) = [(FW-DW)/(TW-DW)] x 100 (Eq.2)
with FW= fresh weight, DW= dry weight, TW= turgor weight

The procedure of membrane permeability (electrolyte leakage) based on Lutts et al. (1996) was utilized with
an electrical conductivity (EC) meter. The leaf samples with 1 cm segments were imbibed in 10 mL of distilled
water and incubated at room temperature (25°C) on a shaker (100 rpm) for 24 h. Electrical conductivity of bathing
solution (EC1) was measured after incubation. The same samples were then placed in an autoclave at 120°C for 20
min and the second measurement (ECz) was taken after cooling solution to room temperature. The electrolyte
leakage was calculated as EC1/ECz and expressed as percent.

2.3. Stomatal properties

Stomatal characteristics were measured on the abaxial surface of the leaves under light microscope. The samples
of leaves taken from the treatments were stored in a 70% ethanol solution. The leaf pieces were bleached in a 100%
ethanol solution to observe stomatal morphology and placed on a slide and visualized with a light microscope
(Olympus CX21) coupled to a digital camera (Kameram 5). Stomatal length, width, perimeter, pore length, width,
perimeter and stomata density were measured. Stomata area and pore area were calculated with the following equation
(3) (Zhuetal., 2019):

Stomata area= (t*SL*SW)/4, Pore area= (n*PL*PW)/4 (Eq.3)

with SL= stomatal length, SW= stomatal width, PL= pore length, PW= pore width

2.4. Statistical analyses

The statistical analyses were performed with the statistical software package SPSS, version 20.0. Data were
subjected to two-way ANOVA and means were separated by the Duncan’s test at a significance level of P<0.05.

3. Results and Discussion

3.1. Plant growth and physiological responses

Iron deficiency significantly affected plant growth in grafted peach plants (7able I). The highest decrease in
plant growth by Fe deficiency was found in Rich May grafted onto Garnem. Under Fe deficiency conditions all
plants in grafting combinations produced lower shoot RGR related to control plants. The higher decreases were
recorded in Rich May/Garnem. Concerning shoot RGR in diameter and in length Rootstock Garnem resulted in 9
and 50% respectively decrease under Fe depletion. Alternatively decreases in shoot RGR in diameter and in length
with GF 677 rootstock were 6 and 10%, respectively.

Table 1. Effects of Fe deficiency on shoot growth in grafted peach plants

Variety/Rootstock Treatments shoot RGR in diameter shoot RGR in length
) Control 0.5587 a 0.8967 a
Rich May/Garnem .
Fe deficient 0.5049 b 0.4418 b
) Control 0.7015 a 0.6781 a
Rich May/GF 677 .
Fe deficient 0.6543 b 0.6107 b

Means separation within column by Duncan’s multiple range test. P<0.05
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The physiological responses of peach leaves were also statistically influenced by Fe deficiency. SPAD values
and relative anthocyanin content decreased by 52 and 70% in Rich May/Garnem grafting combinations under Fe
deficiency (Table 2). As in the case of shoot RGR the losses were lower in plants graftted onto GF 677.
Alternatively stomatal conductance increased with rootstock Garnem whereas it decreased with rootstock GF 677
(Table 2).

The leaf temperature, membrane permeability and LRWC were also affected by rootstocks under Fe deficiency.
The leaf temperature decreased by 3.0% in Garnem while increased by 3.4% in GF 677 (Table 3). Fe deficiency
increased LRWC and membrane permeability increased in Garnem. In GF 677, LRWC decreased by 1.8% and
membrane permeability increased 10% (Table 3).

Table 2. Effects of Fe deficiency on SPAD value, relative anthocyanin content and stomatal conductance in

grafted peach plants
lati t tal t
Variety/Rootstock Treatments SPAD Relative ; Stomata -(Z:OI_I?UC ance
value anthocyanin value (mmol m~s ')

Control 48.03 a 134 a 111.4N8
Rich May/Garnem

Fe deficient 2393 b 3.96b 117.3

Control 459 a 11.96 a 145.6 a
Rich May/GF 677

Fe deficient 31.5b 6.56 b 96.5b

Means separation within column by Duncan’s multiple range test. P<0.05, N'S: Non Significant

Table 3. Effects of Fe deficiency on leaf temperature, LRWC and membrane permeability in grafted peach

plants
. Leaf temperature = LRWC Membrane
Variety/Rootstock Treatments 0) %) permeability (%)
. Control 33.03a 86.44 b 32.27b
Rich May/Garnem .
Fe deficient 32.03b 91.16 a 37.89 a
) Control 329b 86.50 a 40.16 b
Rich May/GF 677 .
Fe deficient 3403 a 84.96 b 44.07 a

Means separation within column by Duncan’s multiple range test. P<0.05, N'S: Non Significant

3.2. Stomatal behaviors

Stomatal morphology was affected by Fe deficiency results differed between rotstocks (7able 4 and Table 5).
Peach plants grafted onto Garnem produced higher means of stomatal length, width and perimeter under Fe
deficiency conditions. In Rich May grafted on GF 677, stomatal length increased by 3% and stomatal width and
perimeter decreased by 8.5 and 5.0%, respectively. Fe deficient Garnem had lower stomatal density and higher
stomatal area compared to control. In GF 677, stomatal density and area decreased under Fe deficiency.

In Rich May/GF 677 graft combination pore length, width, perimeter and area were tend to be decreased by Fe
deficiency (7able 5). In Rich May/Garnem, pore width decreased while pore length, perimeter and area increased
by Fe deficiency.

Table 4. Effects of Fe deficiency on stomatal properties in grafted peach plants

Stomatal  Stomatal Stomatal Stomatal Stomatal
Variety/Rootstock Treatments length width (um) perimeter density (no.  area (um?)
(um) (um) mm?)
Rich May/Garnem  Control 29.66 b 22.66 b 91.74b 372.0a 530.1b
Fe deficient 325a 239 a 98.56 a 3403 Db 6102 a
Rich May/GF 677 Control 31.83b 2543 a 98.66 a 2933 a 636.5a
Fe deficient 32.83 a 2326 b 93.83b 283.0b 601.3b

Means separation within column by Duncan’s multiple range test. P<0.05
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Table 5. Effects of Fe deficiency on pore properties in grafted peach plants

Pore length ~ Pore width Pore Pore area
Variety/Rootstock Treatments (um) (um) perimeter (um?)
(pm)
Rich May/Garnem Control 14.66 b 7.3 N8 40.68 NS 84.04 b
Fe deficient 15.35a 7.2 40.75 87.72 a
Rich May/GF 677 Control 17.46 a 8.03a 48.06 a 110.71 a
Fe deficient 16.30 b 7.6b 45.30b 97.41b

Means separation within column by Duncan’s multiple range test. P<0.05, N'S: Non Significant

4. Discussion

Current experiment revealed that leaf chlorosis and necrosis were observed in both rootstocks under Fe deficiency
conditions. The degree of the Fe chlorosis was found to be higher in Rich May/ Garnem than those in Rich May/ GF
677 graft combinations.

4.1. Plant growth

Retardation in plant growth has been reported in many fruit trees imposed to environmental stress factors (Yin et
al., 2010; Aras and Esitken, 2018). Gruber and Kosegarten (2002) stated that restriction in plant growth is a clear
symptom of Fe deficient plants. Iron takes a key role in photosynthesis and electron transport system (Morales et al.,
1990), thus depressed growth could be caused by decline in photosynthesis (not determined in the present study) due
to Fe deficiency. In the present study, we evaluated plant growth in terms of RGR of shoot diameter and length. Relative
growth rate is an important indicator of plant growth affected by net assimilation rate, leaf area, dry matter distribution
are related to the characteristics of the rootstocks (Solari et al., 2006; Aras et al., 2019). Fe deficiency caused a
remarkable decrease in the RGRs. The decline in the RGRs was more pronounced in Rich May/Garnem.

4.2. Physiological responses

Iron takes pivotal roles in function of chloroplast and the Fe deficiency leads to a decline in chlorophyll content
(Valipour et al., 2020) and causes interveinal chlorosis (Molassiotis et al., 2006; Aras et al., 2018). SPAD value
quantifies the relative chlorophyll content in the leaves and in our study SPAD decreased by Fe deficiency in both
rootstocks. Djennane et al. (2011) reported that SPAD value decrease from 30.6 to 24.4 in pear genotypes under Fe-
depletion conditions. Decrease in SPAD was higher in Rich May/Garnem in our study. Similar to chlorophyll, relative
anthocyanin content decreased under Fe deficiency. It has been reported that many nutrients including Fe take a role
in anthocyanin biosynthesis (Shi et al., 2017). From this point of view it can be speculated that rootstock GF 677 has a
reducing effect on losses in anthocyanin content compared to Garnem under Fe deficiency conditions.

Iron deficiency damaged cell membranes in peach plants determined by membrane permeability. The damage was
higher in Garnem compared to GF 677. Increment in membrane permeability was reported in many environmental
stress studies regarding salinity (Aras and Esitken, 2018), drought (Bat et al., 2020). Here we report that under Fe
deficient conditions cell membrane damage was lower in GF 677 than in Garnem.

Stomatal conductance is affected by environmental factors (Pouyafard et al., 2016) and was differently affected by
Fe deficiency. The value increased in Garnem, while it decreased in GF 677 under Fe deficiency conditions. Sharma
et al. (2016) reported that stomatal conductance increase in cauliflower under Fe deficiency. Alternatively Mattiello et
al. (2015) stated that stomatal conductance decreased under zinc (Zn) deficiency. We suggest that Fe deprivation
increased leaf transpiration thus promoted uptake of Fe from rhizosphere consequently led to decrease in leaf
temperature and increase in LRWC in Rich May/Garnem.

4.3. Stomatal behaviors

Plants control stomatal morphology against stress factors (Demirbas and Balkan, 2018). Decline in stomatal density
and area is well reported under drought conditions (Romero-Romero et al., 2018; Junlin et al., 2019). However, there
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is no clear result on stomatal behaviors under Fe deficient conditions. In a previous experiment, stomatal pore area of
peach leaves decreased by 49% under Fe deficiency conditions (Fernandez et al., 2008). In the current study, we
evaluated stomatal behaviors in terms of stomata (whole stomata) and pore (stomatal aperture). We found that stomatal
density decreased by Fe deficiency in peach plants. However rootstock responses varied. Stomatal and pore areas
increased in Garnem while the values decreased in GF 677 in Fe deficient conditions. While Fe deficiency give rise to
stomatal perimeter when used Garnem, it did not affect pore perimeter. On the other hand with rootstock GF 677 both
stomatal perimeter and pore perimeter declined under Fe deficiency. These results support the increment in stomatal
conductance in Garnem and decline in stomatal conductance in GF 677. Mineral uptake by roots is provided by leaf
transpiration (Alarcon et al., 1999) and we concluded that Garnem rootstock led to an increase in stomatal conductance
and stomatal and pore area under Fe deficiency. GF 677 tolerated Fe deficiency and did not required high stomatal
conductance and stomatal area. Ridolfi and Garrec (2000) stated that stomatal density increased in beech leaves under
Ca and Mg conditions. Mattiello et al. (2015) reported that stomata density increased in maize leaves under Zn
deficiency conditions. Stomatal density decreased by boron deficiency in Dittrichia viscosa plant (Stavrianakou et al.,
2006).

Stomatal respond to signals under stress conditions and smaller stomata faster respond to signaling cues (Lawson
and Matthews, 2020). In our study, decreases in stomatal perimeter and area in GF 677 suggest faster stomatal closure
and decline in stomatal conductance.

5. Conclusion

Iron controlled stomatal behaviors in peach plant. Stomatal factors were found to be more sensitive to Fe deficiency
in sensitive rootstock, Garnem. Moreover, increment in stomatal and pore areas led to an increase in stomatal
conductance. Fe deficiency stimulated decrease in Chlorophyll and anthocyanin values and increase in leaf damage.
The damage caused by Fe depletion was found to be higher in Garnem presumably due to higher losses in SPAD and
anthocyanin values and increasing membrane permeability. This study offers evidences for a better understanding over
detrimental influences of Fe-deficiency at the leaf level.
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