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Physiological responses of native
Tunisian grapevines and some root-
stocks to direct iron deficiency
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Introduction: InTunisia, grapevinecultureareaismainly
localised in the north and north-east regions, characterised
by calcareous soils. Iron chlorosis symptoms associated
with low chlorophyll and bivalent iron contents have been
aready identified in these native vineyards (Ksouri et al.
2001). Ironis an essential micronutrient for plant develop-
ment sinceitsactiveformisinvolved in several biochemica
processes, e.g. chlorophyll synthesis (FErraRO €t al. 2003).
Resistancetoiron chlorosisis genotype-dependent; moreo-
ver it seems to be correlated with the ability of grape to
achieve rhizosphere acidification and an enhanced root
Fe(l11)-reductase activity (Brancaboro et al. 1995). The
present study investigates the variability of physiological
responses of grapevine genotypes exposed to a direct iron
deficiency.

Material and M ethods: Seven Tunisian tisvinifera L.
varieties (Saouadi, Arich Dressé, Mahdaoui, Blanc3, Batad,
Beldi and Khamri), previously characterised by biochemical
or molecular markers(Ben ABDALLAH et al. 1998), were stud-
ied. Theintroduced cv. Cardinal and two rootstocks (140Ru
and SO4) were also assessed.
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Experimentswere carried out in aglasshouse under con-
trolled climatic conditions (16/8 hlight/darkness, 25+ 5 °C
and 70 % relative humidity). One month-old woody cuttings
were cultivated for 75 d in inert sand and irrigated with a
complete nutrient solution (BRancaboro et al. 1995) either
suppliedwith 1 uM (‘iron-deficient’) or 20 uM Fe(111)-EDTA.
pH of the nutrient solution was weekly adjusted at 6.1 with
0.1 M NaOH.

After two months of treatment, the chlorosis status of
young leaves was evaluated either using a non-destructive
method based on a visually appreciated score (PouceT and
OtTeENnwaELTER 1978), or by determining the chlorophyll
(TorreciLLAS €t al. 1984) and bivalent iron contents
(LLorenTE €t al. 1976) of the 4" leaf (beginning from the
shoot tip). Afterwards, two genotypesdifferingintheir iron-
deficiency tolerance (Khamri and Balta4) and the rootstock
(140Ru) weretransferred to aliquid medium and submitted
for two weeks to the treatments described above. During
this period, acidification and iron reduction capacitieswere
assessed. Acidification was determined by measuring the
nutrient solution pH during one week, while the Felll-re-
ductase activity was assayed in vivo on excised apical root
segments, according to BRancaboro et al. (1995). ANOVA
statistical analysis was performed to show genotype-treat-
ment interaction.

Results: Leaf chlorosis parameters: The
leaf chlorosis scorevaried from 0.6 to 2 (Table), with lower
valuesfor therootstock 140Ru and cv. Khamri, while Cardi-
nal, Beldi and Baltad showed highest values, indicating se-
vereleaf chlorosis symptomsin thelatter varieties. Iron de-
ficiency led to asignificant decrease of the leaf chlorophyll
content for all the genotypes, though there were genotypic
differences: Baltad was the most severely affected variety
(-40 %), whereasthe negative tendency wasless pronounced
in 140Ru and Khamri (-14 %).

Under conditions of iron-deficiency, the bivalent iron
contents of the 4" leaf showed fluctuationswhich were simi-

Table

Effects of direct deficiency (DD) on leaf chlorosis score and chlorophyll and iron content of 10 genotypes. Means (7 replicates)
followed by the same letters are not statistically different according to Newman-Keuls test performed at P < 0.05

Chlorosis score Chlorophyll content Iron content
Varieties control DD control DD control DD
140Ru Of 0.57¢f 1.21hc 1.10cd 55.69bcd 47.97¢f
Khamri Of 0.86de 145a 1.30b 63.35a 54.46bcd
Mahdaoui Of 1.14cd 1.12cd 0.96¢f 60.732b 50.56de
Saouadi Of 1.29hc 1.12cd 0.80g 58.19abc 44.34fgh
SH Of 1.43dbc 1.03de 0.79% 53.22cd 39.67h
Blanc3 Of 1.43abc 111cd 0.90f 62.10a 46.96¢fg
A. Dressé Of 1.43abc 1.12cd 0.96¢f 58.59ahc 42.48fgh
Cardind of 1.71ab 1.20bc 0.91f 57.29ahc 42.77fgh
Bedi of 1.86a 1.10cd 0.769 57.29abc 41.87gh
Bata4 Of 1.86a 1.16¢cd 0.66h 59.36abc 3233
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lar to those of the chlorophyll (Table). At optimal iron avail-
ability the accumulation levelswere closein the majority of
the genotypes. This was not the case for plants subjected
to iron-deficiency which showed agreat genotypic variabil-
ity (-14 % of leaf iron content for Khamri and -46 %in Baltad).

Using leaf chlorosisasdiscriminativecriterion, it can be
noted that the rootstock 140Ru, Khamri and Mahdaoui were
the most tolerant varieties, while cvs Beldi and Baltad were
particularly sensitive to iron-deficiency. After thisfirst ex-
ploration step, three genotypes with contrasting behaviour
(Khamri, Baltad and the rootstock 140Ru) were chosen to
better understand their physiological responses to iron-de-
ficiency, i.e. the processes of root acidification and iron
reduction were compared.

Rhizosphere acidification: Decreasingiron
availability resulted in progressive genotype-dependent
acidification of the culture medium (Figure, A). Indeed, the
stronger pH reductions were observed in the most tolerant
cvs Khamri and 140Ru, contrasting with the sensitive cv.
Batad.
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Figure: A. The medium culture pH with the grapevine genotypes
Khamri, Balta4 and rootstock 140 Ru supplied for 67 d with a
nutrient solution containing 20 pM (C) or 1 uM iron (DD), meas-
urements were performed every second day for one week. B. Iron
reduction capacity of the same grapevine genotypes. Means of
7 replicates + SE at P < 5 %. Means followed by the same letters
arenot statistically different according to Newman-K eul stest per-
formed at P< 5 %.

Iron reduction capacity: Control plants
showed weak Fe(l11)-reductase activity (30-60 nmol-h*.g*
root FW) (Figure, B). However, this parameter was strongly
stimulated by iron deficiency in tolerant grapevines
(266 nmol-ht-g* FW in Khamri and 350 nmol-ht-g* FWin
140Ru), whereas no significant effect wasfound in theiron-
deficiency sensitive variety Baltad.

Discussion and Conclusion: Our results show that the
physiological response of grapevine to iron-deficiency is
strongly genotype-dependent. Indeed, native varieties used
in this study showed a significant variability in their |leaf
chlorosis status when subjected to lowered iron availability
intheir culture medium. These differences seemto be corre-
lated with the iron status of the youngest leaves, which
constitutes areliable criterion for the sel ection of iron-defi-
ciency tolerant grapevinerootstocks, especially those culti-
vated on calcareous soils (Bavaresco et al. 1992). A close
positive correlation was al so found between the chlorophyl|
content of young leaves and their bivalent iron content (R =
0.86), confirming that chlorosisresultsfrom thelack of biva
lent iron, the latter being essential for chlorophyll pigment
biosynthesis (NikoLic and Kastori 2000).

The plant responseto iron-deficiency isassociated with
morpho-physiological and biochemical mechanisms, in or-
der toimprove theiron mobilisation capacity inthe external
medium (PiaeNANI and ZoceHi 1997). ELLsworTH et al. (1997)
proposed the utilisation of the iron reduction capacity asa
criteriontoiron chlorosistolerant grapevines. The most tol-
erant genotypes (Khamri and 140Ru) were able to reduce
the pH of the culture medium to ahigher extent, and exhib-
ited a much higher root Fe(l11)-reductase activity. In con-
trast, Baltad displayed only anon-significant fluctuation.

This study allows to distinguish between three groups
of genotypes: the first one includes the tolerant varieties
Khamri and Mahdaoui and the rootstock 140Ru; the second
includes the moderately tolerant varieties Blanc3, Arich
Dressg, Saouadi and SO4, while Balta4, Beldi, and Cardina
represent the most sensitive ones.
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