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ABSTRACT 
 

Several plant species grown in calcareous soils in arid and semiarid regions 
are iron-deficient, a condition known as lime-induced iron chlorosis. The lime 
induced iron cholorsis in fruit trees is a widespread and up to now unresolved 
problem. 20% to 50% of different kinds of fruit trees show symptoms of iron 
deficiency. This is accompanied by poor yields, low fruit quality and the complete 
loss of trees. The nutritional status of perennial plants is commonly evaluated by soil 
and plant analysis. In order to solve the problem of iron chlorosis in fruit trees by a 
newly developed technique based on the “CULTAN” System according to Sommer. 
The CULTAN “Controlled Uptake Long Term Ammonium Nutrition” method is 
based on injection of ammonium form of fertilizer into the ground. With this 
technique a proportion of the roots of a fruit tree is directed to a certain spot in the 
root zone by ammonium attraction. There for every tree about one litter of 
calcareous soil is replaced by compost material, which is enriched with iron and 
ammonium as sulfates and acidified by sulfuric acid to yield a pH Value of 3.0. 
From these spots trees take up ammonium, iron and sulfate. Therefore, a large 
amount of sulfate is available in the trees for the bonding calcium, which has been 
taken up from soil solutions rich in calcium carbonate or calcium bicarbonate. Thus 
metabolic carboxylation processes of the plants are supplemented with the surplus of 
sulfate to stabilize the pH-values of the plant sap. In this paper, I concentrate on 
reviewing the approach to diagnosis and solving the problem of lime induced iron 
chlorosis in fruit trees.     
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1.  INTRODUCTION 
 
       Plants need nutrients from soil to make chlorophyll, the green pigment in leaves, 
which fosters photosynthesis. Nitrogen, magnesium and iron are among the nutrients a plant 
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needs to make chlorophyll.1,2,3 Chlorosis means lack of chlorophyll in a plant organ, resulting 
in a loss of green color. Chlorosis can be caused by both the supply deficit of essential 
elements for plant growth (Fe, manganese (Mn), magnesium (Mg), zinc (Zn), nitrogen (N), 
etc), water stress or pests, fungi, bacteria or viruses. Iron deficiency is a plant disorder also 
known as “lime-induced chlorosis” or simply iron chlorosis.4 The causes of iron deficiency 
are numerous and vary, highlighting the availability of iron and bicarbonate ion 
concentration in the middle of development and other factors. Iron deficiency is usually 
caused by an insufficient concentration of it in the soil, but the existence of several factors 
makes affect the solubility and mobility of the Fe. These factors may be a high pH 
insolubilice some compounds, there limestone and other components, redox potential, 
interaction between Fe and other nutrients, moisture, organic amendment, salinity, extreme 
temperatures, etc.1,4,5  Any reduction in chlorophyll during the growing season reduces plant 
growth, and tolerance to stress conditions.6 Lime-induced chlorosis is often used to denote 
iron chlorosis that develops in plants grown on naturally calcareous soils.1,7 Iron chlorosis 
shows first and more severely on the newer growth at branch tips.  Growing leaves may be 
smaller than normal, eventually curl, dry up, and fall.  Fruits may be small with a bitter 
flavor.  Mildly affected plants become unsightly and grow poorly.  In severe cases or if iron 
chlorosis persists over several years, individual limbs or the entire plant may die.[1] The most 
prevalent cause of iron chlorosis is the bicarbonate ion of calcium and magnesium. [3,7] In 
calcareous soils, the bicarbonate ion inhibits mobilization of accumulated Fe from roots to 
foliage and directly affects availability of Fe in soil by buffering soil pH.6 

Chlorotic symptoms also vary from year to year because of several tree and 
environmental variables, like yields, temperatures, rains. In soils where shallow layers are 
less rich in CaCO3 than deeper layers, it is likely that trees and vines develops chlorosis only 
when they age and roots explore layers with poor conditions for Fe uptake.1,7 It is estimated 
that from 20% to 50% of fruit trees in the Mediterranean basin suffer from iron chlorosis.4  

No single approach has been found to solve iron chlorosis satisfactory, making it one 
of the most complex nutritional deficiencies.3 Decreased yield and poor quality of fruit 
resulting from the deficiency justify the development of methods to diagnose and correct this 
disorder. Based on a correct diagnosis it is possible to select the right type and amount of 
fertilizer and thus recommend a rational fertilizer programme, taking into account the risks of 
negative environmental impacts that can result from excessive applications of some 
nutrients.8                                                                                                                                                                  
 
2. DIAGNOSIS OF IRON CHLOROSIS IN FRUIT TREES 
 

In areas where lime-induced chlorosis occurs, a non availability of iron is noted both 
in the soil and in the plant.1 So both soil and plant analyses can be used to diagnose iron 
chlorosis in fruit trees. Iron deficiency or toxicity can be identified by visual symptoms in 
plants, and by soil and plant chemical analysis. Among the three methods of diagnosis, 
identification through visual symptoms is the cheapest and plant chemical analysis is the 
most expensive.9 At present, soil analysis is the method most commonly used to evaluate soil 
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fertility. However, it is not necessarily the superior method. The best way to identify 
nutritional disorders in crop plant is a combination of all three diagnostic techniques.  
 
2.1. Soil analysis 
 

Soil analysis is the most widely used test of nutritional status. It consists of chemical 
and physical measurements made on a soil. The success of soil analysis depends on proper 
soil sampling, the extractant used, interpretation of the analytical results and fertilizer 
recommendations. The most important part in the soil testing program is sampling to reflect 
the true nutrient status of the area sampled.9 

Due to the number of soil factors that impair Fe nutrition, it is not always easy to 
predict the possible chlorosis development of a perennial crop on the basis of a single soil 
parameter. Soil pH is often a useful but not sufficient parameter: it is well known that fruit 
crops adapted to acidic soils quickly develop chlorosis at sub-alkaline or alkaline conditions7 
Two major approaches can be taken to diagnose lime-induced iron chlorosis based on soil 
analysis10 i) to analyze for available iron using extractants capable of chelating the metal, and 
ii) to determine the lime content of the soil. Rootstocks are ranked according to their 
tolerance to active lime, but very often susceptible-rootstocks have other characteristics that 
make them more eligible for commercial operations, such as tolerance to diseases.7  

Total lime, however, is not particularly useful for predicting the development of iron 
chlorosis, while the fine, clay-sized, fraction of CaCO3, active carbonate or active lime is 
more reactive and, therefore, able to build and maintain high levels of HCO3

− in the soil 
solution, and is, therefore, often a more reliable indicator. Species are ranked according to 
the level of active lime at which they start to develop chlorotic symptoms: very susceptible 
species or genotypes like quinces and kiwifruit, do not tolerate even low concentrations of 
active carbonate (< 50 g kg−1), while many Vitis genotypes can be cultivated in soils with 
100–150 g kg−1 active carbonate. Evidence obtained in grape suggests that a single genotype 
may tolerate higher levels of active lime if the amounts of available iron in the soil increase 
to a certain level.7,9 
 
2.2. Plant analysis 
 

Plant analysis is the determination of the concentration of an element or extractable 
fraction of an element in a sample from a particular part or portion of a crop sampled at a 
certain time or stage of morphological development. Plant analysis is based on the principle 
that the concentration of a nutrient within that plant at any particular moment is an integrated 
value of all the factors that have influenced the nutrient concentration up to the time of 
sampling. The validity of plant tissue analysis is mostly dependent on the care taken 
collecting, handling, preparation, and analysis of the plant tissue. Errors made in these 
different phases can result in misinterpretation.9 

Iron chlorosis can be identified by visual symptoms, a fast and economic method and 
to detect individual problems, but some reduction in yield has been already caused. Several 
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authors proposed the use of visual scores from zero (without symptoms) to five (trees with 
dead branches and white young leaves).11 Chemical plant analysis in particular leaf analysis, 
is still the most common method used for diagnostic purposes in trees, and is based on the 
relationship between growth rate of plants and nutrient content.[12] Tissue analysis offers a 
number of advantages as well as some challenges. Leaf analysis integrates all the factors that 
might influence nutrient availability in the soil and plant uptake, and pinpoints the nutritional 
balance of the plant at the time of sampling. However, the use of leaf analysis presents 
limitations when applied to lime-induced chlorosis, since in many field-grown plants there is 
no correlation between leaf iron concentration and the degree of chlorosis expressed as 
chlorophyll content.2,9 Moreover, iron concentration in chlorotic leaves expressed on a dry 
weight basis is frequently even greater than in green leaves. This was called the "chlorosis 
paradox"13 and results from the inactivation of iron in leaves or from an inhibition of leaf 
growth due to iron chlorosis.14 The analysis of an "active" pool of iron in leaves (usually 
identified with Fe (II)), using extractants such as acetic, nitric and hydrochloric acids, is 
frequently mentioned, it is generally accepted that the ferrous state (Fe2+) is the metabolically 
active form of iron in the plant.15 

However, this method does not solve the problem adequately because these 
extractants may also remove some Fe (III) from leaves, such as the iron in phytoferritin.16 

Another limitation of leaf analysis is the fact that the sampling date recommended for fruit 
trees is late in the growing season, generally very close to harvest. At this point, it is no 
longer possible to correct nutritional disorders in time to avoid decreases in yield. Flower 
analysis has now been developed for a number of fruit trees: pear, peach, nectarine, apple, 
and citrus.15 The main advantage of analyzing flowers over leaves is that the evaluation can 
take place earlier in the season. In both deciduous and evergreen fruit trees, using floral 
analysis it is possible to detect and correct any deficiencies before fruit set, thus giving 
sufficient time for nutrient amendments to improve yield and fruit quality.2 

 

The interpretation of floral analysis is as complex as when leaf analysis is carried 
out, and requires similar tools to obtain a correct diagnosis. Rather than the use of a singular 
concentration, nutrient balances are now being investigated in the search for a good indicator 
of iron chlorosis.17 The pattern of iron accumulation in fruit trees seems to depend on their 
life cycle. In deciduous species (nectarine, peach. pear and apple trees), the mean 
concentration of iron is greater in flowers than in leaves. Young leaves are thus likely to act 
as strong sinks for iron in citrus, and compete with translocation towards flowers. Probably 
because of these differences, the concentrations or ratios of nutrients that can be used as 
indexes vary between species.17 

Examples of nutrients and balances related to iron chlorosis are the increase in 
potassium content and in the K: Ca ratio resulting from lime-induced chlorosis in flowers of 
peach.5 

Moreover, while the iron concentration in flowers of peach fluctuates from year to 
year, a major problem when using this element for the prognosis of the chlorosis later in the 
year, the concentrations of potassium and zinc and the K: Zn ratio in flowers had consistent 
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values from year to year, making them more likely candidates for indicators of iron chlorosis. 
A K: Zn ratio over 450 in flowers at full bloom is likely to be associated with the 
development of iron chlorosis in peach (leaf chlorophyll concentrations below 200-µmol   
m.-2) 120 days later, while chlorosis is unlikely to develop with a ratio below 375. Using 
mineral analysis the level of a nutrient is determined but it is seldom possible to distinguish 
metabolic (active) forms from non-active. To overcome this difficulty, some researchers 
have measured key enzymatic activities to diagnose iron chlorosis in fruit trees. That 

proposed the use of chlorophyllase activity as a biochemical indicator of manganese and iron 
deficiencies in citrus.18  
 
3. CORRECTION OF IRON CHLOROSIS IN FRUIT TREES 
 

Once iron chlorosis or soil with a high pH is confirmed, several treatment methods 
can provide iron to the tree. These include foliar application, soil amendment, trunk 
injection, and trunk implantation.2 Control of iron chlorosis is not easy and can be expensive, 
so prevention is better than treatment.2,8 The correction of iron chlorosis in plants grown on 
calcareous soils is an old problem with no easy solution. Several fruit crops mainly peach, 
pear and kiwifruit are among the most susceptible crops to suffer for iron chlorosis.9,19  

Until rootstocks tolerant to iron chlorosis and with other favorable agronomical 
characteristics become available, the prevention or correction of iron chlorosis is of 
paramount importance to fruit growers. Obviously, the need to correct iron chlorosis is 
related to its effects on yield, fruit size and quality, and consequently to decreases in the 
growers profits.9 There are  economical impact of iron chlorosis in kiwi, peach and pear 
orchards growing on calcareous soils in Italy, Spain and Greece and that shown yield losses 
were directly related to the intensity of iron chlorosis.20 A significant proportion of peaches 
and kiwi fruit were unsuitable for the market. However, iron chlorosis only affected peach 
quality when visual symptoms were obvious, corresponding to a severe deficiency.17 Other 
researcher21 reported the negative effect of iron chlorosis on gross yield and fruit quality of 
lime, resulting in smaller fruits that were more acidic and contained less ascorbic acid. The 
treatments already tested for the correction of iron chlorosis can be applied directly to soils 
or as foliar sprays.2  
 

3.1. Soil Treatments 
 

Lowering the soil pH is a more permanent way of correcting iron chlorosis caused by 
soils with a high pH (above 7.0). Unfortunately, this method is one of the most difficult 
treatments.2 

One procedure is to add soil amendments such as sulfur, iron sulfate, or aluminum 
sulfate to the soil. Sufficient quantities are needed to acidify soil and increase the amount of 
iron available to the tree. 

Alternative soil treatment is chelating iron. Chelating agents have the ability to form 
complex compounds with metal ions-iron, zinc, manganese, and magnesium-holding the 
metals in a soluble form in various degrees of tenacity.2,22 
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Some iron chelates can be used as a soil treatment; however, the effect is temporary 
(one year) and chelates are relatively expensive and pose an environmental concern due to 
their mobility within the soil profile.  Because soil lime interferes with Fe mobility with the 
plant, repeat application of inorganic Fe salts or Fe chelates may be necessary throughout the 
growing season.[2] The only chelate that works well under high pH soil conditions is one 
containing the Fe-EDDHA molecule (scheme 1). All other chelates currently on the market 
are ineffective at pH greater than 7.2 and therefore are not very effective as soil treatments. 
The correction of iron chlorosis in trees grown on calcareous soils is normally achieved by 
the application    of Fe (III)-chelates such as:-  
i) Iron ethylenediaminedi-o-hydroxyphenylacetate (Fe EDDHA) to the soil. 
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Scheme 1: Iron ethylenediamminedi-o-  Scheme 2: Iron ethylenediamminetetraacetate 
hydroxyphenylacetate 
 

The effectiveness of treatments with Fe-EDDHA is related to the great stability of 
this chelate, even when the soil pH is above 9, preventing the precipitation of iron.2,4,9 
 
ii) Iron ethylenediaminetetraacetate  
 

EDTA has the ability to hold iron as a chelated complex (scheme 2) in acid, neutral, 
and, to a certain extent, in mildly alkaline and calcareous soils. It has proved successful in 
soil applications in correcting iron deficiency, mostly in the glasshouse, on several plant 
species including citrus, avocado, azalea, macadamia, and Leptospermum.22 In contrast, the 
stability of iron ethylenediaminetetraacetate (Fe-EDTA) decreases above pH 6.5, resulting in 
the exchange of iron by other cations, such as Ca2+,Zn2+ and Cu2+, and in the precipitation of 
iron. Therefore, the application of Fe-EDTA to alkaline soils is not effective.  

This practice is very expensive and has to be repeated every year because iron is 
rapidly immobilized in the soil or leached out of the root zone. Moreover, chelating agents 
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remain in the soil after Fe2+ uptake by plants, and become available to react with other 
metals, such as manganese, copper and nickel, thus increasing their bioavailability.2,9 

Several studies have attempted to overcome iron chlorosis with soil treatments that 
do not involve synthetic chelates effectively prevented iron chlorosis in pear trees grown in a 
calcareous soil, by injecting a synthetic Fe (II) phosphate (Fe(PO4)2.8H2O) in the soil. The 
addition of Fe (II) sulphate alone to calcareous soils is not effective since iron precipitates 
and becomes unavailable to plants, but its effectiveness can be enhanced when added with 
organic matter.7 Organic matter can prevent or correct lime-induced chlorosis due to 
complexation and solubilisation of iron, though the efficacy of the treatment depends on the 
organic matter composition, capacity to complex iron, and stability of the Fe chelates 
formed.  

Recently, a promising technique based on the Controlled Uptake Long Term 
Ammonium Nutrition (CULTAN) cropping system established by Sommer23 has been 
adapted to prevent and control lime induced iron chlorosis.  According to these technique 
small amounts of soil in the root zones of trees are replaced by a mixture of compost and 
sandy soil whose pH-value reduced by sulfuric acid. In the same spots ammonium sulfate  
(plus nitrification inhibitor, have beneficial effects on reducing nitrate  leaching and nitrous 
oxide emissions and as a result increase plant growth) and iron  sulfate are applied.8 

Ammonium has the effect of attracting the roots of the trees to the spots where the acidified 
compost and soil mixture have been placed thus ensuring that plants take up a surplus of 
active sulfate as H2SO4 or (NH4)2SO4.In the trees alkalinity is neutralized as gypsum (and 
magnesium sulfate) and iron chlorosis are prevented because carboxylation processes in the 
plants are disburdened and the plants are able to regulate their apoplastic pH-value again. 
 
3.2. Tree Treatment 
 

Foliar applications are very fast acting and can be less expensive than soil-applied 
treatments to control iron chlorosis but have disadvantages of short-lived effects and cause 
phytotoxicity in certain cases as well as cause the appearance of burns, defoliation, the 
greening in spots and no effect on the leaves that develop after treatment.4 Thus foliar 
treatments are effective only in situations of symptoms of mild to moderate chlorosis. 
Applying iron compounds or acid solutions to shoots by passes the inhibitory effects of soil 
bicarbonate on iron uptake and translocation Release of iron immobilized in the plant can 
also be achieved. The success of treatments with iron compounds depends on their capacity 
to penetrate the cuticle, travel through the apoplectic free space and cross the plasmalemma 
of leaf cells to reach the cytoplas, foliar application of Fe (II) sulphate increased leaf 
chlorophyll content in kiwi and citrus. Though this treatment can improve fruit size and 
quality, as observed in orange, the positive effects obtained on leaf chlorophyll content did 
not always translate into increased yield, because the translocation of the applied iron into 
developing new leaves or fruits can be small.15] Several authors tested foliar applications of 
iron chelates to plants such as orange, tangerine, grape, and kiwi. The foliar application of 
chelates can be less efficient than soil application, due to limited uptake by aerial parts, but 
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the result suggest that leaves of field-grown kiwi were able to reduce the Fe (III) from 
diethylenetriaminepentaaceticacid (DTPA) and take it up into mesophyll cells. This is also 
true for citrus (orange and tangerine) since the recovery from iron chlorosis symptoms was 
obtained after frequent foliar sprays with Fe (III) from Fe-EDDHA.10 

The activation of iron pools in chlorotic leaves rarely results in a full recovery from 
iron chlorosis because part of the iron is inactivated on the outside of mesophyll cells.20 

Therefore, foliar treatments are only effective in situations with slight or moderate symptoms 
of iron chlorosis, and the effect is short-lived requiring repeated applications to maintain the 
regrinding of leaves.2,4,9 
 

3.3. Other treatments 
 

Data presented by several authors show that injection of ferrous sulphate into tree 
trunks can correct iron chlorosis, but this is an expensive procedure and the wounds that are 
caused in the tree represent an increased risk of bacterial or viral infections.2 On calcareous 
soils with only small concentrations of active lime, the use of an integrated management 
system can be effective in dealing with iron chlorosis. Minimal tillage. Especially during the 
rainy season, allows the establishment of grasses that improve soil infiltration and hydraulic 
conductivity, and release phytosiderophores to the rizosphere. These effects improve soil 
aeration and iron chelation increasing the bioavailability of the nutrient. 

Tillage seems to be necessary only when there is a strong competition for nutrients 
and water between grasses and fruit trees. Another practice that can be implemented is the 
use of fertilizers with acidic reactions, like potassium sulphate several authors claim that 
siderophores are an important source of iron for plants growing on calcareous soils. Root 
colonization by Pseudomonas tluorescens and Glomus mosseae led to an increase in leaf iron 
in grape  grafted on a chlorosis susceptible rootstock.9 
 
4. CONCLUSIONS  
 

This essential role made of iron required nutrient, and its deficiency causes iron 
chlorosis which seriously constraints the normal development of the plant. Iron chlorosis is a 
widespread problem especially for regions where the bioavailability of iron in soil is low. 
Genetically improved chlorosis resistant rootstocks still offer the best solution to iron 
chlorosis, but this is a long-term approach. Therefore, there is a need for new methods to 
diagnose and correct this nutritional disorder. Flower analysis appears to offer major 
advantages such that it may substitute for leaf analysis in diagnosis of iron chlorosis, but 
more information is needed before it can be used to assess the nutritional status of all fruit 
trees. To overcome iron chlorosis, additional attention should be paid to the use of mixed 
crops and to application of organic residues to soil. More emphasis should also be put into 
the management of calcareous soils. The use of an integrated management system to correct 
iron chlorosis should consider economic, ecological and social aspects. Orchard management 
techniques are sustainable only if they represent an advantage for fruit growers, and the 
studies on iron chlorosis should include the effects on fruit quality and yield. 
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