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ABSTRACT 
 
        This study was carried out during 2014 and 2015 seasons in a private farm, located at Km 64 Cairo-
Alexandria desert road, on mature Superior grapevines (Vitis vinifera L) .The vines were 5 years old 
grown in sandy loam soil, spaced at 2×3 meters trained as Y shape system under drip irrigation system. 
The study aimed to investigate the effect of some rare earth elements and their mixture on  some fruit 
quality charter and REEs residues of Superior grapes .The study included 13 treatments which were: 
lanthanum (La), cerium (Ce), neodymium(Nd) , and their mixture at 5, 10, 20 ppm in addition to control. 
Treatments were arranged in a complete randomized block design. The clusters of each treatment were 
dipped twice in the treatments, the first was at fruit set and the second during veriason stage .The 
obtained results indicated that there was a significant positive effect for the application of REEs on 
grapevine cluster length .Whereas, control treatment showed significant decrement in cluster length as 
compared with all used REEs treatments whereas,  the highest significant values of berry firmness were 
detected to using the highest concentration (20 ppm) in all used elements in addition to mixture in both 
experimental seasons.- The obtained results revealed also that using REEs increased bruch length in 
both seasons as compared with non treated plants Data show also that . the lowest used concentration 
of the rare earth elements and their mixture (5 ppm) did not show any residues of the three tested rare 
earth elements in the two tested years whereas, all values were zero. Generally, increasing the used 
concentration above 5 ppm showed some residues of La, Ce and Nd in fruits. However La at 10 ppm 
showed a low concentration (1 ppm) only in the second season, but lanthanum at 20 ppm showed 1.03 
and 1.6 of the rare earth elements in the two tested seasons respectively. Moreover, cerium at 10 ppm 
showed 0.9 ppm in both seasons. Nd at 10 ppm showed also 0.75 and 0.9 ppm of REEs in both seasons. 
The study recommended that its important to apply Superior grapevine twice, with low concentrations 
of REEs i.e.,Ce, La and Nd or their mixture to increase berry length, bruch length and to maintain fruits 
free from REEs residues or having very low concentrations .    
 
Keywords: Grapes, Cerium, Lanthanum, Neodymium, berry characters nitrate, nitrite concentrations, 

REEs residues 

 
Introduction 
 

Grape (Vitis vinifera L.) is considered the first major fruit crop in production all over the world . 
It’s an important crop traditionally produced in Egypt.  It’s the most profitable fruit in Egypt .According 
to Ministry of Agriculture 2014, total fruiting area cultivated with grape reached to 171882 feddans. 
Most vineyard soils in the desert areas in Egypt contain insufficient amounts of the essential mineral 
elements to grow and produce. Some grapes grown under sandy soil conditions have a problem of low 
productivity due to poor fertility of such soils. The productivity and quality of   Superior cultivar mainly 
depends on the balance proportion of mineral elements, affects the fruit quality .Some of recent 
technologies for grape in improving yield and its components is the treatment with rare earth elements 
(REEs) i.e., Lanthanum (La), Cerium (Ce), Neodymium (Nd) and mixture of their combination (Xin et 
al. 1997; Da Silva et al., 2008). Moreover, Kuang and Ma (1998) studied   the effect of rare earth 
elements application on the nutritional metabolism of phosphate in plants. Rare earths have been shown 
to enhance the transformation of inorganic phosphate into organic phosphate compounds and 
improvement of fruit quality. In another study of REEs, Zhu and Zhang (1986), added that   positive 
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effects were proven to be exerted by both single and mixed rare earth elements on quality of wheat and 
cotton. However, better results were obtained using La, Pr or a mixture of rare earths instead of Ce.  

Yang et al. (2010) revealed that the analysis of three grape cultivars for trace and REEs showed 
that significant higher Cu, Cr, Ba, Mo, Cd, Ga, Ge, and Tl and lower concentrations of B, Mn, Sr, and 
U was found. They added also that REEs might be involved, directly or indirectly, in regulation of the 
biosynthetic metabolisms of some flavor compounds, ultimately affecting fruit quality and yield 
.However, mechanisms by which these elements regulate flavor metabolism remains unclear.Zn, Mn 
and Mo were increased in maize. Due to REEs application (Abasheeva et al.,1998)  

Rice and wheat plants treated with REEs were applied at 5 mg/L as showed promising effect on 
plants while at 10 mg/L showed inverse effects (Chang, 2006; Dipartimento 2016). 

Nitrite and nitrate concentration were slightly affected by REEs application as found by Yang et 
al. (2010). However, the concentrations of REEs in fruits were affected mainly by the agricultural 
practices as reported by Aries et al. (2013). Wyttenbach et al. (1998) found that rare earth elements 
concentrations differed among plant species and also according to its concentration in soil. Abasheeva 
et al. (2006) investigated the effect of lanthanum and neodymium concentration in soil on corn and pea 
plants and found that the income of REEs in corn and pea roots several times grater than their income 
into the top organs. In recent year, Dipartimento et al .(2016) reported that the various parts of the plant 
uptake the REEs differently; the higher concentrations resulted in leaves followed by juice, skins, 
residues and, finally, in seeds, the uptake of REEs in higher plants growing in the arid climate conditions 
than those growing in a temperate climate. The plants growing in the same environment show slight 
differences in the uptake of some elements, according to the type of grape.  

Therefore, the aim of   this study was to  investigate the effect of lanthanum , cerium ,neodymium 
and their mixture on some fruit quality characters, nitrite and nitrate concentrations as well as restudies 
of REEs in Superior grapes.  

 
Materials and Methods 

  This study was carried out during 2014 and 2015 seasons, in a private farm, located at Km 64 
Cairo-Alexandria desert road, on mature  uniform Superior grapevines (Vitis vinifera L) , with 5 years 
old  grown in sandy loam soil ,the chosen vines were planted at  2×3 meters apart grown using Y shape 
system. These vines were irrigated with well water. Fertilization programme was applied through drip 
irrigation system as recommended from Ministry of Agriculture .The total number of vines used in the 
experiment was 39 vines. Cane pruning system was followed at the first week of January for both 
seasons. leaving 84 eyes per vine (on basis of six fruiting canes × 12 eyes plus six renewal spurs × two 
eyes).This study aimed to investigate  the effect of some rare earth elements (REEs) i.e. cerium, 
lanthanum, neodymium and their mixture at 5,10 and 20 ppm  on some quality characters and REEs 
residues of Superior grapes . 

    All the chosen vines were received regular horticultural practices that already applied in the in 
the vineyard including those dealing with the application of dromex and chemical rest breakages .These 
practices included hoeing, pest control management, irrigation and fertilization with 20 m3 farmyard 
manure, 200 Kg ammonium sulphate (20.6 % N),250 Kg calcium triple superphosphate (15.5 % P2O5) 
and 250 kg potassium sulphate (48% K2 O) .Farmyard manure was added once at the first week of Jan, 
in both seasons. The amounts of nitrogen and potassium were applied as follows:- 30% first stage from 
bud burst to flowering .40% from fruit set to maturity and harvest.30% from after harvest. However, 
calcium triple super phosphate was applied with farm yard manure.  

   Thirteen treatments were carried out which were three individual rare earth elements in nitrate 
source i.e., Lanthanum (La), Cerium (Ce) and Neodymium in addition to the mixture of the three 
elements together, each at three concentrations i.e. 5,10 and 20 ppm in addition to control treatment. 
Three replicates were used each with three vines .Treatments were used by dipping the clusters tn the 
treatments twice during each season, the first was at fruit set and the second was at vriason stage. The 
rare earth elements solutions as nitrate source from above mentioned concentrations were prepared as 
the method described by Yin et al. (2009). 

   At harvesting time (June 10 first season, June15 second season),random samples of (3 kg) of 
ripe fruits from each treatment were taken and transferred immediately to the post harvest Lab., in 
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Faculty of Agric., Ain shams Univ., then kept in a refrigerator at 5 C° and the following data were 
recorded :  

    
1- Fruit quality measurements including : 

 
a. Average volume per 100 berries, (Mahdi, 1960). 
b. Cluster width (cm). 
c. Cluster length (cm). 
d. Berry weight (g) 
e. Berry dimensions (length and width berry) (cm). 
f. Berries Firmness was measured by fruit penetrometer. 
g. Length of brush (cm). 
h. Torus thickness (cm). 

 
2-  Fruit chemical characteristics: 

 
a.  Titratable acidity as grams of tartaric acid /100 ml of juice. 
b. The nitrate is calculated as the difference between the total nitrite content after reduction and initial 

nitrite concentration Xie et al. (2015). 
 

 Analyze REEs, Mn and Zn.  
 

Magnesium (Mg).manganese (Mn) and zinc (Zn) were prepared based on the method given by 
Welz and Sperling, (2005) to minimize matrix effects and interference by other elements in the solution. 

Sample was digested with (2:1:1 of concentrated ACS grade HF-HClO4-HNO3) to fuming and 
taken to dryness. The residue was dissolved by 50% HCl. After cooling, the solution was made up to 
volume 50 ml with 5% HCl. 

Aliquots of sample solution were analyzed at Nuclear Materials Authority using a flame atomic 
absorption spectrometry (AAS) (UNICAM 969 AA spectrometer) equipped with a deuterium/tungsten 
background corrector, corrosion resistant nebulizer and a N2O burner head. In the nitrous oxide 
acetylene flame. 

 
C- Analysis of REEs: 
 

Sample solution was also analyzed by inductively coupled plasma mass spectrometry (ICP-MS), 
at the Chemical Warfare Laboratory, Ministry of Defense using Agilent 7700 (Agilent Technologies, 
Tokyo, Japan) for REEs. The operating conditions for the instrument as recommended by the 
manufacturers are given in Table (A). 

 
Table (A): Operation conditions for ICP-MS analysis. 

Model Agilent  7700 
Nebulizer Quartz concentric 
Spray chamber Scott-type 
RF power 1550 W 
Plasma gas flow rate 15 L min-1 
Auxiliary gas flow rate 0.8 L min-1 
Carrier gas flow rate 0.8 L min-1 
Sample uptake rate 0.8 L min-1 
Detector mode Auto 

 
Statistical analysis  
 

  Data obtained during this study was statistically analyzed and Duncan ´s multiple range test at 
5% level was used to verify differences among means of the treatments (Duncan, 1955). 
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Results and Discussion 

The volume of 100 berries: 
 

In Table (1). Data revealed that all used treatments increased the volume of 100 berries than 
control treatment in the two tested season .While these increments were not signification the second 
season. In this respect, no significant differences were detected among the used treatments in both 
seasons. Such results are similar to those obtained Chen (1986) and Kuang and Ma (1998). 
 
Table 1: Effect of  some rare earth elements with different concentrations applied either individually 

or in combinations on berry characteristics of Superior grapes in 2014 &2015 seasons.  
Cluster characteristics     

Treatment 
ppm 

1st  season  2014 
Berry  
Weight  
(g) 

Cluster  
length  
(cm) 

Cluster 
width 
(cm) 

Total   
Acidity  
% 

Volume of  
100 berries  
(cm3) 

4.40a 21.0ab 18.0bc 0.70a 252.5bc Control 
5.43ab 19.3b 10.5bc 0.60a 366.7ab 5  lanthanum 
5.03ab 22.5ab 11.3bc 0.56a 433.3a 10 lanthanum 
4.53b 20.0ab 12.7abc 0.67a 333.3ab 20 lanthanum 
4.0b 22.3ab 12.8abc 0.70a 366.7ab      5 cerium 
4.63b 20.0ab 11.0b 0.60a 385.3ab 10 cerium 
3.93b 25.6a 15.7abc 0.63a 333.3ab 20 cerium 
4.97b 22.0ab 13.0bc 0.66a 366.7ab 5 neodymium 
5.6ab 18.5b 17.2bc 0.56a 416.7a 10 neodymium 
5.43b 21.2ab 16.0c 0.70a 333.3ab 20 neodymium 
4.5b 22.7ab 15.0ab 0.66a 252.5ab 5 mixture 
5.5ab 22.5ab 14.7ab 0.66a 266.7bc 10 mixture 
1.3c 25.3a 22.6a 0.67a 325.0ab 20 mixture 

2nd  season 2015 
3.7b 20.0b 18.0a 0.65b 325.0b Control 
5.4a  25.6a 13.3bc 0.60ab 408.3ab 5  lanthanum 
5.5a  23.2ab 14.4bc 0.57a 366.7ab 10 lanthanum 
4.23b 26.0a 15.0abc 0.67ab 391.8ab 20 lanthanum 
5.10b 26.7a 16.7abc 0.60ab 460.0a 5 cerium 
4.37b 28.0a 15.0ab 0.60ab 400.0ab 10 cerium 
4.33b 28.5a 13.8abc 0.63ab 325.7b 20 cerium 
4.43b 27.0a 13.8bc 0.67ab 405.0ab 5 neodymium 
5.9ab 27.0a 12.8bc 0.57ab 405.0ab 10 neodymium 
4.73b 26.7a 13.8c 0.70ab 325.0b 20 neodymium 
4.17b 26.7a 15.0abc 0.67ab 460.0a 5 mixture 
4.37b 28.0a 16.7ab 0.67ab 375.0ab 10 mixture 
4.73b 28.7a 16.0abc 0.67ab 325.0b 20 mixture 

Means in each column with the same letters are not significantly different at 5%. 

 
Total acidity:  
 

Data shown in Table (1) indicate clearly that total acidity was not affected by the application of 
the used rare earth elements and their mixture in the two experimental seasons. On the other side, 
lanthanum application at 10 ppm gave significant increment in total acidity as compared with control 
in the second season only. Such results show that the total acidity for grape is one of the genetically 
characters which did not affect by rare earth elements treatments. The obtained results are in the same 
direction with those found by  Xiong (2000) .  

 
Cluster width: 
 
         Results   show in Table (1) that the mixture of rare earth elements at the highest concentration viz. 
20 ppm showed significant increment in cluster width as compared with all other tested treatments 
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including control in the first season. However all lanthanum concentrations, cerium at 10 ppm, 
neodymium at 5 ppm and the mixture treatment at 10 ppm showed significantly the lowest values in the 
first season. On the other hand, results for the second season indicate clearly that the application of rare 
earth elements did not show any significant differences in cluster width as compared with control in 
most of the tested treatments except the treatments of lanthanum with 5 or 10 ppm and neodymium at 
all used concentration with showed significant decrement in cluster width as compared with control. 
Our results agree with those obtained by Zhu and Zhang (1986) and Da Silva et al. (2008) who found 
that REEs regulate growth and development. 
 
Cluster length:  
 

   Data presented in Table (1) indicate clearly that there was a significant positive effect for the 
application of REEs on grapevine cluster length .Whereas, control treatment showed significant 
decrement in cluster length as compared with all used REEs treatments . In this regard, no significant 
differences were detected among these tested treatments .Such results are in the same line with those 
obtained by Hu et al. (2004) and Zheng et al. (2012) who reported that REEs had enhanced enzymatic 
activities in plants which reflect a great increase in plant growth in different plant organs . 

However, such increase in plant and fruit growth may be attributed to the role of REEs in 
decreasing diseases as reported by Liu et al. (2009) and Emmanuel and Maruthamuth, (2013). 

  
Berry weight: 
 
Data on berry weight are shown in Table (1) .In this respect, results i.e lanthanum, cerium, neodymium 
and the  their gave insignificant effect on berry weight of Superior grapes in the two tested seasons. 
Moreover, control treatment (non treated berries) showed insignificant increment in berry weight when 
compared with mixture of the three tested REEs at the high concentration (20 ppm) in both seasons. 
There results indicate also that berry weight as a quantitive character could by affected by some other 
factors but not include the treatment with REEs. Such obtained results are findings reported Xiong et 
al. (2000) and Zheng et al. (2012). 

The obtained results revealed that using REEs increased bruch length in both seasons as 
compared with nontreated plants except lanthanum at 10 and 20 ppm in the first season. However, no 
clear differences were detected among the used elements and their mixture. Such results are in the same 
direction with those obtained by Wan et al. (1998) Da Silva et al. (2008). 

 
Berry length: 
 

Significant increments were detected to the treating of Superior grape clusters with the three used 
rare earth elements i.e. lanthanum, cerium and neodymium as well as their mixture at the three tested 
concentrations (5, 10, 20 ppm) as compared with non treated plants (control) in the two tested seasons 
(table 4).In this regard, no significant differences were found among the various tested treatments .The 
results are in agreement with these reported by Feng (1987) and Kuang and Ma (1998). This increment 
in berry length due to the application of RREs resulted in an increase in the volume of 100 berries as 
previously shown in Table (2). 

 
Berry firmness: 
 

Data presented in Table (2) show the effect of the three tested rare earth elements and their 
mixture on berry firmness in the two seasons of 2014 and 2015.Generaly, the application of REEs 
resulted in an increment did not reach to the significance level in some of the tested treatments.  

However, the highest significant values of berry firmness were detected by doing the highest 
concentration (20 ppm) in all used elements in addition to mixture in both experimental seasons. These 
results are in the same line with those reported by Wan et al. (1998) and  Zheng et al.(2012) In this 
regard, this positive effect for the application of REEs on berry firmness is mostly needed for grape 
exportation to increase shelf life and decrease fruit decay during handling and storage until fruit 
consumption.   
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Table 2: Effect of some rare earth elements with different concentrations applied either individually or 
in combinations on berry characteristics of Superior grapes in 2014& 2015 seasons.  

Some fruit physical characteristics 

Treatments 
(ppm) 

1st  season 

Tours  
thickness (cm) 

Bruch  
length  
(cm) 

Berry  
firmness  
gm/ inch2 

Berry  
length (cm) 

0.17ab 0.4ab 301.0ab 1.52c Control 
0.100ab 0.5abc 301.7ab 1.90a 5  lanthanum 
0.16ab 0.3c 303.3b 1.82 a 10 lanthanum 
0.17ab 0.3c 302.0ab 1.85a 20 lanthanum 
0.23ab 0.5ab 306.7a 1.90a 5 cerium 
0.23ab 0.5ab 303.7ab 1.64ab 10 cerium 
0.13ab 0.6a 303.7ab 1.64ab 20 cerium 
0.23a 0.53ab 306.3ab 1.94 a 5 neodymium 
0.13ab 0.70a 305.7ab 1.91ab 10 neodymium 
0.17ab 0.63ab 307.3a 2.23a 20 neodymium 
0.100ab 0.50ab 306.0a 1.92ab 5 mixture 
0.17b 0.57ab 303.7ab 1.93ab 10 mixture 
0.133b 0.60a 306.7a 2.21a 20 mixture 

2nd  season 
0.18ab 0.3e 302.5ab 1.54c Control 
0.17ab 0.5bcd 306.0b 2.22a 5  lanthanum 
0.17ab 0.4ab 301.7ab 2.03a 10 lanthanum 
0.18ab 0.4cde 306.3a 2.04a 20 lanthanum 
0.20ab 0.5bcd 303.3ab 1.61bc 5 cerium 
0.17ab 0.6ab 305.3ab 2.03a 10 cerium 
0.17ab 0.6ab 306.7a 2.14a 20 cerium 
0.27a 0.5bcd 303.3ab 1.94a 5 neodymium 
0.17ab 0.6a 303.3ab 1.90ab 10 neodymium 
0.23ab 0.6bcd 306.7a 2.21a 20 neodymium 
0.20ab 0.5bcd 303.3ab 1.93ab 5 mixture 
0.17ab 0.6ab 305.0ab 1.93ab 10 mixture 
0.133b 0.6ab 306.7a 2.21a 20 mixture 

Means in each column with the same letters are not significantly different at 5% . 

 
Bruch length: 
 

Tabulated data in Table (2) exhibited the influence of rare earth elements and their mixture on 
bruch length in the two tested seasons of 2014 and 2015. 
The obtained results revealed that using REEs increased bruch length in both seasons as compared with 
non treated plants except lanthanum at 10 and 20 ppm in the first season. However, no clear differences 
were detected among the used elements and their mixture. Such results are in the same direction with 
those obtained by Wan et al. (1998) and  Da Silva et al. (2008). 

                                    
Torus thickness: 
 

The figures obtained for torus thickness as affected by the application of rare earth elements and 
either individually or in combinations the two seasons of 2014 and 2015 are presented in Table (2).The 
results illustrated that there was no trend of increase in tours thickness due to the application of rare 
earth elements and their mixture in both seasons. Our results agreed with those reported by Yang et al. 
(2010). 

Manganese content:  
 

The figures obtained for fruit manganese content as affected by rare earth elements and their 
mixture in the two seasons of 2014 and 2015 are tabulated in Table (3).The results obtained in first 
season exhibit that there were significant increments in the fruit manganese content accompanied with 
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the application with lanthanum at 5 or 20 ppm and mixture at 5, 10, 20 ppm as compared with control 
and the other tested treatments. However, it is clear in the second season, there was no significant 
difference among the various treatment of REEs and control. From another point of view, the data 
obtained from applying lanthanum, cerium, and neodymium each at 10 ppm in addition to control 
indicate the lowest significant values of manganese content in fruits as compared with all other tested 
treatments. The same results were observed also by Zheng et al. (2012) and Cynthia et al. (2015) 

The effect of REEs on plant nutrients uptake may be due to its effects on the physiological 
function of calcium in plants as reported by Brown et al. (1990) who reported that lanthanum was shown 
to inhibit many enzymes as well as functional proteins. Furthermore, La could displace calcium from 
extra- cellular binding sits. Also, La could inhibit K uptake or increase K uptake according to the applied 
time and quantity. 

 
Table 3: Effect of some rare earth elements with different concentrations applied either individually or 

in combinations on manganise, zinc and magnisium contents of Superior grapes during 2014 
and 2015 seasons. 

Berry fruit mineral content   
Treatments 
(ppm) 

1st.  season 
Mn ppm Zn ppm Mg% 
81.5cd 47.0a 0.65a Control  
157.0abc 37.0ab 0.24bc 5  lanthanum 
52.3bcd 42.3ab 0.31bc 10 lanthanum 
149.0b 35.6ab 0.36b  20 lanthanum 
109.3bcd 34.3ab 0.27bc 5 cerium  
93.0 bcd 31.6ab 0.30bc 10 cerium 
83.6cd 30.3ab 0.15c 20 cerium 
91.6bcd 21.3b 0.36b 5 neodymium 
107.3bcd 25.6b 0.34b 10 neodymium 
83.6cd 35.3ab 0.30bc 20 neodymium  
205.7a 29.3ab 0.26bc 5 mixture 
190.7a 28.6ab 0.29 bc 10 mixture 
167.7ab 33.3ab 0.30bc 20 mixture 

2nd  season 
88.5bc 61.5a 0.45a Control  
119.7abc 32.0bc 0.34abc 5  lanthanum 
85.0c 33.3bc 0.28c 10 lanthanum 
125.3a 25.3c 0.34abc  20 lanthanum 
96.0abc 27.0c 0.30c 5 cerium  
81.0c 30.3c 0.43ab 10 cerium 
93.0abc 27.0c 0.34bc 20 cerium 
99.0abc 28.3c 0.33bc 5 neodymium 
73.5c 27.3c 0.33bc 10 neodymium 
101.7abc 31.0c 0.33bc 20 neodymium  
99.3abc 33.6bc 0.35abc 5 mixture 
100.0a 32.0bc 0.34abc 10 mixture 
118.3a 43.0b 0.38abc 20 mixture 

Means in each column with the same letters are not significantly different at 5%  

 
Zinc content: 
 

The results in Table (3) illustrated the effect of rare earth elements (REEs) and their mixture on 
zinc content in fruits during the two seasons of 2014 and 2015.The obtained results summarize that 
there were no significant differences among most of the used REEs treatments in the first season. In 
this respect, neodymium treatments at 5 or 10 ppm gave the lowest significant values as compared with 
all other tested treatments in addition to control in the first season. Concerning the second season, data 
show also that control plants showed the highest significant zinc values as compared with all used 
treatments without significant differences among them. Such results were similar to those found by 
Cynthia et al. (2015). 
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Magnesium content   
 

The effect of rare earth elements and their mixture on the changes occurred in the fruit 
Magnesium content during the two seasons of 2014 and 2015 are presented in Table (3).The results 
pointed out that the highest significant Magnesium content was detected to untreated plants (control 
plants) meanwhile the lowest values were produced from using all tested REEs and their mixture. These 
results were true in the two tested seasons. However, no significant differences were detected among 
the used treatments. The results of Zheng et al. (2012) and Cynthia (2015) confirmed our findings. 

 
Nitrate and nitrite concentration in the fruits:  
 

Data presented in Table (4) indicated clearly that nitrate concentration in grapevine fruits was 
affected by the application of rare earth elements whereas, the application of neodymium at all used 
concentrations either individually or in combinations of REEs at 10 ppm gave the highest significant 
values of nitrate concentrations, followed by La at 5 ppm, Ce at 10 and 20 ppm and the mixture at 5 
and 20 ppm with significant differences between them. On the other hand, the lowest nitrate 
concentration was detected with control treatment in the two tested seasons.  
 
Table 4: Effect of some rare earth elements with different concentrations applied either individually or 

in combinations on nitrate and nitrite contents of Superior grape fruits during 2014 and 2015 
seasons.  

Nitrite conc. 
(mg/kg fruits ) 

Nitrate conc. 
(mg/kg fruits ) 

Treatments. 
(ppm ) 

2nd  Season 1st   Season 2nd  Season 1st   Season 
6.10d 6.4d 17.0e 17.6e Control 
9.11b 9.53b 38.2b 36.9b 5  lanthanum 
9.32b 9.12b 29.0d 28.2d 10 lanthanum 
8.43b 8.16c 34.0c 33.8c 20 lanthanum 
9.31b 9.41b 31.1c 31.7b 5 cerium 
10.3a 10.26a 36.0b 36.8b 10 cerium 
7.30c 7.70c 35.2 b 35.7b 20 cerium 
10.21a 10.13a 40.2a 41.4a 5 neodymium 
10.39a 10.42 a 45.5a 44.3a 10 neodymium 
9.81b 9.71b 48.9a 49.3a 20 neodymium 
8.51b 8.43b 38.5b 38.1b 5 mixture 
10.31a 10.28a 41.0a 40.6a 10 mixture 
6.81d 6.73d 36.0b 35.8b 20 mixture 

 
As for nitrite concentrations in fruits as affected by REEs application, results in Table (4) showed 

that the highest nitrite concentrations were detected with the application of Ce at 10 ppm, Nd at 5 and 
10 ppm as well as the mixture at 10 ppm. 

Also, La at 5 and 10 ppm Ce at 5 ppm, Nd at 20 ppm and the mixture at 5 ppm gave significantly 
higher nitrite concentrations as compared with control. In this regard, the lowest significant values of 
nitrite concentration were detected to untreated fruits (control ) in both tested seasons. 

Our results disagreed with those obtained by Young and Zhang (1986).  Although, the application 
of rare earth elements increased nitrite and nitrate concentrations in fruits than untreated ones, these 
concentrations are still around the safe range. Such trend are similar to those reported by Young and 
Zhang (1986). Moreover, the nitrate and nitrite concentrations were affected mainly by the agricultural 
practices such as fertilizations mentioned by Aires et al. (2013). 
 
Residue of Rare earth in  grape fruits: 
  

Results in Tables (5 and 6) indicated the effect of rare earth elements and their mixture on the 
residues of lanthanum, cerium and neodymium in fruits. It is clear from results that the lowest used 
concentration of the rare earth elements and their mixture (5 ppm) did not show any residues of the 
three tested rare earth elements in the two tested years whereas, all values were zero. Generally, 
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increasing the used concentration above 5 ppm showed some residues of La, Ce and Nd in fruits. 
However La at 10 ppm showed a low concentration (1 ppm) only in the second season, but lanthanum 
at 20 ppm showed 1.03 and 1.6 of the rare earth elements in the two tested seasons respectively. Also 
cerium at 10 ppm showed 0.9 ppm in both seasons. Nd at 10 ppm showed also 0.75 and 0.9 ppm of 
REEs in both seasons. From the presented results, data show also that the highest used concentration of 
each individual rare earth element gave the highest concentration of REEs in the fruits. Whereas, La at 
20 ppm recorded 1.03 and 1.6 in both seasons respectively .Cerium at 20 ppm recorded 1.2 and 1.8 in 
both seasons respectively, also Nd at 20 ppm recorded 0.9 and 1.5 ppm REEs residues in the fruits in 
both seasons respectively. Such results similar to those obtained by Abasheeva (1998); Wyttenbach et 
al. (1998) Abasheeva et al. (2006) and Wood and Grauke (2011) found that there were some resides of 
REEs due to the application of REEs or due to the uptake from soil.   
   
Table 5: Effect of rare earth elements on residues of lanthanum, cerium and neodymium in grapevine 

fruits during 2014 and 2015 seasons. 
Concentration (ppm ) Concentration of REEs in fruit (ppm) 

2nd Season 1st season 
5    Lanthanum 0.00 0.00 
10  Lanthanum 0.00 1.00 
20  Lanthanum 1.03 1.60 
5   Cerium 0.00 0.00 
10 Cerium 0.90 0.90 
20 Cerium 1.20 1.80 
5 Neodymium 0.53 0.00 
10 Neodymium 0.76 0.90 
20 Neodymium 0.90 1.50 

 
 Table 6: Effect of the mixture of rare earth elements on residues of lanthanum, cerium and neodymium 

in grapevine fruits during 2014 and 2015 seasons. 
2nd. Season 1st. season REEs Concentration (ppm ) 

0.01 0.00 Lanthanum  
Mixture 5 0.00 0.00 Cerium 

0.00 0.00 Neodymium 
0.03 0.00 Lanthanum  

Mixture 10 
 

0.01 0.01 Cerium 
0.01 0.02 Neodymium 
0.01 0.05 Lanthanum  

Mixture 20 0.03 0.09 Cerium 
1.00 1.20 Neodymium 

 
As for the effect of the mixture of the three tested rare earth elements with the three used 

concentrations on the resides of REEs in grapevine fruits, results in Table (6) show clearly that the 
lowest concentration of the mixture (5 ppm) treated gave no residues in the fruits (0.0) in both tested 
seasons, the medium concentration (10 ppm) showed few little concentrations in the fruits particularly 
with cerium and neodymium. On the other side, the highest used mixture concentration (20 ppm) 
showed some residues from the three REEs i.e, lanthanum, cerium and neodymium in the two tested 
years, Our results agree with those obtained by Wan et al. (1997); Wen et al. (2001) and Yang et al. 
(2010). 
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