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Abstract 

The peach tree is one of the fruit species with the highest production and area cultivated in Spain, which rootstock 

show a marked influence on the mineral content of leaves and consequently on chlorosis. The nutritional diagnosis of 

the peach tree, based on the mineral analysis of leaves, is often late for in-season amendments, while leaf diagnosis 

based either on photosynthetic activity (non-destructive) or on iron chlorosis is always late and in many cases imprecise. 

Previous work from Aula Dei (CSIC) has established the possibility and efficiency of making a mineral prognosis of 

leafs based on the mineral composition of flowers not only in peaches but in pear and cherry trees.  

This current work aims to go further in non-destructive prognosis by selecting key features from RGB images and 

validating them in a set of 300 photographs. The test was carried out in a plot located in the Experimental Station of 

Aula Dei (CSIC), the soil of the plot being heavy and calcareous. Six plumxpeach trees have been used determining the 

foliar and floral mineral concentration on flower at full blossom (FB), and corresponding leaf samples at 120 days aFB. 

The ions in flowers and leaves were determined by plasma-mass spectroscopy, while the measurement of the 

photosynthetic activity of the leaves and their mineral composition was carried out 120 days after full flowering using a 

SPAD meter. The SPAD used as a reference for the identification of chlorosis in peach leaf appears correlated with 

several leaf minerals: Ca, S, Fe, Cu and Sr, restricted to Ca and Sr when compared with the mineral composition in 

flowers. The mineral composition of the flowers allows anticipating extreme cases of chlorosis based on Sr and Ca 

levels, while the methodology developed based on RGB images shows promising results and is still ongoing. 

 

Keywords: Leave the word “Keywords:”, type 5 to 6 keywords or key phrases, and separate them with commas here. 

You can list both specific and general terms that will aid in searches, but avoid repeating the nouns or phrases in the 

Title because almost all the nouns in the Title of scientific papers are keywords. 

 

1. Introduction 

 

Peach [Prunus pérsica (L.) Batsch] is the most important temperate and decidous fruit tree grown in Spain. The 

abailability of rootstocks for peach is large due to the various species and/or interspecific hybrids that can be used 

(Iglesias et al, 2001).  

 

Rootstocks are an essential component in modern fruit production because of their capability of adapting scion 

cultivars to diverse environmental conditions and cultural practices. Peach varieties are significantly influenced by the 

pattern on which they are grafted. Previous research has demonstrated the rootstock effects on fruit quality (Caruso et 

al., 1996) and foliar levels of the mineral nutrients (Knowles et al., 1984; Boyhan et al., 1995; Facteau et al., 1996; 

Moreno et al., 1996; Rosati et al., 1997) 

 

Leaf mineral analysis is a useful tool for the assessment of the nutritional status of crops (Johnson & Uriu, 1989; 

Montañés et al., 1993; Guo-yi et al., 2015), and the use of tolerant rootstocks would prevent nutritional disorders that 

cause high economic losses for the fruit growers (Jiménez et al., 2007; 2008). 

 

Iron chlorosis is the most common nutritional disorder in fruit tree crops growing in calcareous soils (Abadía et al, 

2004). The prognosis of leaf iron chlorosis and other deficiencies by foliar analysis or SPAD reading is usually 

performed too late in the growing season to efficiently apply correcting measures before harvesting. Therefore, methods 

alternative to leaf analysis have been proposed to prognose nutrient deficiency. For instance, the mineral composition of 

flower has been used with this purpose in peach (Belkhodja et al, 1998: Zarrouk et al, 2005) and pear (El-Jendoubi et al, 

2012). 
 

These methods are accurate but they require destructive sampling, specialist equipment, and are expensive, laborious 

and time consuming. Therefore, digital image is being developed like an alternative method which is non-destructive, 

more rapid and straightforward for estimating chlorosis in flower state.  

 

Using RGB images, the researchers successfully calculated total fruit yield in apple (Stajnko et al. 2009) and in 

mango (Payne et al. 2013). Similarly geometrical attributes of different crops were predicted using RGB based image 

processing technique (Hahn and Sanchez 2000; Koc 2007; Khojastehnazhand et al. 2009; Wang and Li 2014; Nambi et 
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al. 2015b). Garrido Novell et al. (2012) reported for apple and Donis-González et al. (2013) reported for chest nut for its 

quality prediction using RGB color image. 
 

The objective was thus to evaluate the applicability of a fast and non-destructive field method for prognosis of leaf 

chlorosis in Catherina peaches, using RGB image analysis in flower peach. 
 

2. Materials and Methods  

 

2.1. Plant material and yield characteristics 

 

The trial was carried out at The Experimental Station of Aula Dei (CSIC) on a calcareous soil, with 29-30% total 

calcium carbonate, 7.4-7.6% active lime, pH in water 7.7 and a clay-loam texture. 

Six hexaploid plum rootstocks including three Pollizo plums (P. insititia): Adesoto, P. Soto 67 AD and PM 105 AD; 

a St. Julien plum (P. insititia): GF 655/2, a common local plum (P. domestica): Constantí 1 were selected as polyvalent 

clonal rootstocks for different Prunus species, but especially for peaches to avoid waterlogging and iron chlorosis in 

heavy and calcareous soils. The six rootstocks were budded with ‘Catherina’ peach.  
 

2.2. Leaf chlorophyll estimation 
 

The chlorophyll concentration per unit leaf area was estimated in the field, using a SPAD 502 meter (Minolta Co., 

Osaka, Japan). Thirty leaves per tree, selected from the middle of bearing shoots located all around the crown, were 

measured to obtain an average concentration representative of the leaves belonging to the outer part of the tree canopy. 

Measurements were carried out 120 days after full bloom (DAFB) in 2014 and 2016. 

 

2.3. Mineral analysis 

 
Leaf and flower mineral concentrations were determined in 2016. Flower sampling was done at full bloom at the 

middle of March. Leaf sampling was done at 120 DAFB. 

 

2.4. Digital imaging 

 

The proposed digital image analysis technique was applied on the same flowers used for mineral analysis. A Nikon 

SLR Nikon D5200 con 24.1MP digital camera mounted on a tripod was used for recording digital images of the flowers. 

All pictures were taken from the same distance and under identical illuminative conditions.   

 

3. Results and discussion 

 

3.1. SPAD as a chlorosis reference 

 

Figure 1 gives an overview of SPAD values for the rootstocks analysed in 2016. There appears to be a very large 

dispersion among SPAD values for the same rootstock (especially 1, 3, 4 and 5) which points the existence of isolated 

individuals with leave chlorosis, while all trees from rootstock 7 seem to have developed this pathology.  
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Figure1. SPAD values for the rootstocks analysed in 2016.  

Patron 1: Adesoto 101; Patron 2: PM 105; Patron 3: Soto 67; Patron 4: Constatí 1; Patron 5: Montizo; Patron 7: GF 655/2. 

 

 

According to the visual identification of experts SPAD>=32 was set to sound trees (class 1), SPAD<24 was label as 

trees severely affected by chlorosis (class 3), and intermediate chlorosis level in-between (class 2).   

 

3.2. Macro-nutrients at flower and leave level 
 

Table 1 shows macro nutrients (%) at flower and leave level. Leaves show higher average values than flowers for K, 

Ca and Mg while being lower for P, and S. Leaves generally show greater CV than flowers, with the largest variability 

corresponding  to Ca in both flowers (CV=11.7%) and leaves (CV=21.90%) .  

 

Table 1. % macro nutrients at flower and leave level. 

  % K % Ca % P % Mg % S % C % N 

Flower Average 1.83 0.48 0.38 0.18 0.14   

STD 0.14 0.06 0.03 0.01 0.01   

%CV 7.65 11.76 9.00 6.35 8.19   

Leaves Average 2.57 1.42 0.17 0.33 0.12 42.32 2.88 

STD 0.29 0.31 0.02 0.04 0.01 0.68 0.25 

%CV 11.14 21.90 13.00 11.42 10.16 1.61 8.56 

 

 

3.3. Micro-nutrients at flower and leave level 

 

Table 2 shows the eight most relevant micro nutrients. The amount of micro nutrients in the flowers is higher than 

that of leaves (leave to flower ratio below 1) for Na, Al Fe and Cu, while being lower for Sr, Mn and B. A very large 

difference in average value is found for Cu, Na and Fe between flowers and leaves: 77.1 vs 7.38 mg/kg for Cu, 176.9 vs. 

46 mg/kg for Na, and 146.7 vs. 71.60 mg/kg for Fe. The highest variability in micro nutrients for leaves corresponds 

also to Na, Al and Fe (cv=31.8 % 24.4% and 18.9%) compared to flowers (cv=19.7%, 19.1% and 13.8%). We may 

speculate that some limitation for Na, Al and Fe absorbance at leave level has occurred, leading to lower average and 

higher variability in these micro nutrients. 

 

Table 2. Micro nutrient (mg/kg) at flower and leave level  

  Na Al Fe Cu Zn Sr Mn B 

Flower Average (mg/kg) 176.9 152.4 146.7 77.7 45.8 34.9 28.0 19.0 

STD (mg/kg) 34.8 29.1 20.2 15.8 4.9 4.5 2.9 3.1 

%CV 19.7 19.1 13.8 20.3 10.6 13.0 10.2 16.4 

Leaves Average (mg/kg) 46.0 71.60 46.39 7.38 24.63 149.91 40.71 26.35 

STD (mg/kg) 14.6 17.35 8.76 0.99 4.67 30.73 5.23 3.45 
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%CV 31.8 24.24 18.89 13.47 18.98 20.50 12.85 13.11 

 

 

3.4. Relation between SPAD and mineral composition on flowers at leaves 

 

Table 3 shows the linear correlation coefficients between macro elements and SPAD at flower and leave level. The 

correlation coefficients between macro nutrients and SPAD are significant at leave level for Ca, S and K, while at 

flower level only Ca seems related to SPAD. 

 

  Table 3. Linear correlation coefficients between macro-nutrients and SPAD at flower and leave level 

 

K Ca P Mg S 

FLOWER -0.0266 0.4455* 0.0689 -0.0148 0.0145 

LEAVE -0.3091* 0.4736* 0.0597 -0.1487 0.4336* 

 

 

Table 4 shows the linear correlation coefficients between micro elements and SPAD at flower and leave level.  As 

before, higher correlation coefficients are found at leave as at flower level. For leaves, Ca, S, Fe, Cu and Sr seem 

relevant, while at flower level only Ca and Sr show significant correlation. 
 

Table 4. Linear correlation coefficients between micro-nutrients and SPAD at flower and leave level 

 

Na Al Fe Cu Zn Sr Mn B 

FLOWER 0.0119 -0.1517 0.146 0.1854 -0.0792 0.4096* 0.12 0.2099 

LEAVE -0.067 0.004 0.3345* 0.3092* 0.1049 0.4565* 0.1448 -0.371 

 
Significant higher amount of Ca and Sr are found at flower stage for class 1 (sound) compared to slight and strong affection of 

chlorosis (F=4.16, p<0.05 and F=3.48, p<0.05). Therefore Ca and Sr are candidates for the early diagnosis of chlorosis at flower level.   

Figure 3 corroborates this fact; prognosis at flower level can only be done for extreme Ca-Sr values. These values refer to much 

higher deficit that data reported in 1998: ***** (ref…) 

 

Table 5. 
Rootstock 2012 2014 2016 

Adesoto (1) 42,63 34,3 25,66 

Monpol (6) 48,1 31,2  

Montizo (5) 42 35,5 28,32 

P. Soto 67 AD (3) 42,1 34,2 30,14 

PM 105 AD (2) 44,9 37,6 31,73 

GF 655/2 (7) 37,7 34,3 19,72 

Constatí 1 (4) 53,9 39,7 31,8 

 

3.5. SPAD evolution among seasons 

Table 4 shows the SPAD values for the years 2012, 2014 and 2016. The ANOVA analysis between campaigns shows a value of 

F = 20.48 significant at 1%, which indicates that the trees have deteriorated during the period of analysis. Following the SPAD cut-

off values in relation to the development of chlorosis, we observe that only in 2016 extreme levels of chlorosis have occurred, 

especially in the GF 655/2 pattern. 
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Figure2. SPAD values for the rootstocks analysed in 2016.  

 

 
Figure4. 

 

3.6. Evolution of mineral composition among seasons 

The analysis of the mineral evolution between campaigns has only been carried out for 2014 and 2016 in peach 

leaves, the only complete records available. The composition of the leaves also registered a gradual deterioration, a 

significant effect at 1% in both Ca and Fe (F = 59.9 and 122.9 respectively), only significant at 5% in Zn (F = 4.0). 

Figure 4 shows for both campaigns that SPAD values lower than 30 imply leaf values lower than 60 mg kg-1 of Fe 

and less than 1.6 g kg-1 of Ca. This threshold of SPAD corresponds in flower to lower Sr levels of 38.2 mg kg-1 and Ca 

less than 0.514 g kg-1. These values do not seem rootstock dependent according to figure 4. 
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Figure3. SPAD values for the rootstocks analysed in 2016.  

 

 

 
Figure4. 

 

 

 

4. Conclusions 

The SPAD used as a reference for the identification of chlorosis in peach leaf appears correlated with several leaf 

minerals: Ca, S, Fe, Cu and Sr, restricted to Ca and Sr when SPAD is compared with the mineral composition in flower. 

Data from several campaigns indicate that a cut-off value in SPAD of 30 is a reflection in visible chlorosis, 

associated with leaf levels lower than 60 mg kg-1 Fe and 1.6 g kg-1 Ca. 

The mineral composition of the flowers allows to anticipate extreme cases of chlorosis (SPAD <30) in Caterina 

peach based on Sr and Ca levels. Threshold values of 38 mg kg-1 of Sr and 0.5 g kg-1 in Ca could be useful for the 

identification of the need for additional fertilization four months in advance of leaf and fruit deficiencies. The k / Ca 

ratio in flower is confirmed as a good predictor of the later development of leaf chlorosis. 
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