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ABSTRACT  
 

Two field experiments were carried out at The Horticulture Research Station, El-Kanater, El-
Kaluobia Governorate, during the two seasons of 2013/2014 and 2014/2015, to study the effect of 
some calcium sources, i.e., calcium sulphate (CaSO4) at 0.5 and 1ton/fed., calcium nitrate (CaNO3) at 
20 and 40 units/fed., chelated calcium at 1000, 1500 and 2000 ppm and Cal-Bor-Nova compound 
(12% Ca2+ & 1% B3+) at 3 cm/litter on productivity, quality and storability of The local variety of 
Jerusalem artichoke. Moreover, to investigate these Ca2+ fertilizing, all treatments were stored at 9-
10°C and 85-90% relative humidity in cold store room at the Dept. of Potato and Vegetatively 
Propagated Crops, Dokki, Giza, Egypt. Results showed that the application of 0.5 ton/fed. of CaSO4 
and CaNO3 at 40 units/fed. followed by CaNO3 at 20 units/fed. positively affected fresh and dry 
weight of Jerusalem artichoke plants while the highest tuber yield was produced from applying either 
of 0.5 ton/fed. CaSO4 or 40 units/fed. of CaNO3 followed by Cal-Bor-Nova compound compared with 
the other tested treatments. In addition, fertilizing with CaNO3 at 40 units had the best positive impact 
on average tuber weight, average tuber volume and dry matter of tubers. Moreover, the used source of 
Ca2+ and its rate affected the chemical constituents of tubers and their storability since fertilizing with 
chelated calcium at 1500 or 2000 ppm gave the highest inulin content. While, the periderm thickness 
of Jerusalem artichoke tubers significantly increased with application with CaNO3 (20 units/fed.) 
followed by chelated Ca2+ at 2000 ppm compared with untreated plants. So, the chelated calcium at 
2000 ppm and CaNO3 at 20 units/fed. were the most effective treatments in accumulation of calcium 
in tubers resulting in reducing the weight loss, decay and sprouting during storage for five months. 
This study suggests that the application of 0.5 ton/fed. of CaSO4 and 40 units of CaNO3 significantly 
enhanced vegetative growth and tuber yield of Jerusalem artichoke. While, either plants received 
chelated calcium at 2000 ppm or calcium nitrate at 20 units/fed. gave the best storability for five 
months of storage at 9-10°C and 85-90% RH and that was return to the increment on the periderm 
thickness. 

 
Key words: Jerusalem artichoke, calcium fertilizer sources, tuber yield, periderm of tubers and 

storability.  

 
Introduction 

Jerusalem artichoke (Helianthus tuberosus L.) is an important tuberous plant for healthy food, 
whereas, it is one of the nontraditional crops accumulates substantial amounts of inulin for cost-
effective extraction (Kays and Nottingham, 2008). In this regard, it is suitable for diabetics, enhancing 
immunity, reducing blood cholesterol and improving calcium absorption (Orafti, 2005 and Panchev et 
al., 2011), using its stalks for feeding animals (Zaky, 2009). Recently, it's being an important source 
of renewable energy (Juśko et al., 2012).  

Thin and delicate skin of the Jerusalem artichoke tubers is the main reason for its suffering from 
rapid water loss as well as its sensitivity to decay during storage. In this concern, calcium (Ca2+) plays 
a major role in tuber quality by developing the membrane and cell wall structures (Kleinhenz and 
Palta, 2002) as well as its crucial role in forming abundant vegetative mass and a high quantity of 
potato tubers (EL-Beltagy et al., 2002). 

However, both formulation and rate of calcium impact its efficacy on potato tuber yield and 
quality as suggested by Ozgen et al., (2002), Ozgen et al., (2006), Hajhamed et al., (2007) and 
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Modisane (2007). Likewise, Ozgen et al., (2003) stated that average potato tuber size was the highest 
resulted from the calcium nitrate treatment. Moreover, the importance of calcium role in regulating 
potato tuber size was confirmed by Ozgen and Palta, (2004), Ozgen et al., (2006) and Chang et al., 
(2007). In the same connection, Banerjee et al., (2014) and Verma and Raghav (2014) found that 
potato plants received Ca2+through gypsum produced higher total tuber yield and dry matter compared 
with untreated ones. In addition, El-Zohiri and Youssef (2015) reported that the application of Ca2+ 

and B3+ in combination to Jerusalem artichoke plants during the growing season significantly 
improved total yield and its components. Similar impact was detected by Hamdi et al., (2015) with 
applying calcium nitrate on tuber weight, tuber size and dry matter of potato tubers. 

On the other hand, Clough, (1994) revealed that potato tuber P concentration has not affected by 
applying CaSO4 rates in reverse to tuber K concentration which increased as CaSO4 was applied. 
Karlsson et al., (2001) and Ozgen et al., (2003) found that calcium concentration of potato tubers 
significantly increased by application of Ca2+ during tuberization period. Similarly, El-Zohiri and 
Youssef (2015) suggested that plants of Jerusalem artichoke received Ca2+ with B3+ were superior in 
Ca2+ as well as inulin contents of tubers. Moreover, applying calcium nitrate increased the Ca2+ level 
in potato tubers. (Hamdi et al., 2015).  

Burstrom (1968), reported that electron-microscopically reviews have detected that calcium is 
required for development and support of lamellary system in cell organelle, a reality which may 
suffice to clarify its imperativeness for meristematic growth.  In the same connection, Olsen et al., 
(1995) and Davies, (1998) found that the higher calcium content of the periderm could be attributed to 
the direct availability of calcium in the soil, which suggests that tubers can absorb calcium directly 
from the soil solution.  

Moreover, increasing calcium concentration to the potato tubers improve its storability 
(Spillman, 2003). Also, Awad et al., (2010) suggested that plants received foliar application of 
calcium recorded lower sprouting percentages during storage compared with untreated plants. 
Moreover, increasing calcium concentration in potato tubers reduced the incidence of tuber soft rot 
during storage resulting in increasing shelf life (Palta, 2010). In addition, Banerjee et al., (2014) and 
Verma and Raghav (2014) concluded that applied calcium in the form of gypsum had a positive effect 
in reducing physiological weight loss and rotting of potato tubers at room storage. In this regards, El-
Zohiri and Youssef (2015) stated that weight loss and decay percentages of Jerusalem artichoke tubers 
significantly decreased during storage due to application of CaNO3 or Ca2+ with B compared with 
untreated plants. 

Thus, the objective of the present study was to investigate the potential of different sources of 
calcium fertilizer to improve yield and storability of Jerusalem artichoke tubers for local market and 
exportation. 
 
Materials and Methods 

 
This study was carried out during the two successive seasons of 2013/2014 and 2014/2015. 

Jerusalem artichoke (Helianthus tuberosus L.) tubers from local cultivar were used. It included two 
experiments. 
 
The first experiment (field experiment): 

 
The field experiment was conducted at El-Kanater research station, El-Kaluobia Governorate, to 

study the effect of different calcium sources on yield and its components as well as chemical 
constituents and storability of Jerusalem artichoke tubers. 

 
The experiment included nine treatments which were as follows:-  

 
T1- Control: 40 units N of ammonium sulphate + 31 units P of calcium superphosphate +72 units 

K of potassium sulphate. 
T2- Calcium sulphate (0.5 ton/fed.). 
T3- Calcium sulphate (1.0 ton/fed.). 
T4- Calcium nitrate (20 units N) added instead of 20 units of ammonium sulphate. 
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T5- Calcium nitrate (40 units N). 
T6- Chelated Calcium (1000 ppm). 
T7- Chelated Calcium (1500 ppm). 
T8- Chelated Calcium (2000 ppm). 
T9- Cal-Bor-Nova compound (12% Ca2+ & 1% B3+) (3 cm /litter) 
 
All the above treatments were soil application except Cal-Bor-Nova compound which was foliar 

application. Where, calcium sulphate was applied during the soil preparation as pre-planting 
application, while, calcium nitrate was added to the soil after 30, 60 and 90 days from planting, 
moreover, both of chelated calcium (soil application) and Cal-Bor-Nova compound (foliar) were 
added in two equal portions at 90 and 120 days after planting. All other agricultural practices were 
applied according to the recommendation of Hort. Res. Inst., A.R.C. Ministry of Agric. Egypt.  

The experimental design was a complete randomized block design with three replicates. Planting 
dates were March 17th and 24th in the first and second seasons, respectively. Each plot consisted of 
five rows, each row was five meters long and 70 cm width. Plant distances were 50 cm apart. The area 
of the experimental plot was about 20 m2.  

The soil type was clay. The physical and chemical characteristic of the soil are shown in Table 
(1). 

 
Table 1: Physical and chemical analysis of the experimental soil. (Average of two seasons) 

Mechanical analysis  Chemical analysis 

Clay Silt Sand 
Soluble cations (meq/L)  Soluble anions (meq/L)   

EC pH K+ Na+ Ca2+ Mg2+  Cl- Hco3- Co3
2- So4

2-  O.M 
% dS/m      
46.59 22.74 30.67 19 8.3 0.6 0.7 0.26 0.34  0.5 0.89 0.0 0.51  2.02 

 
Data recorded:  

 
Data on tuber yield, physical characters of tubers and some chemical constituents of tubers were 

recorded as follows:  
 
Total tuber yield:  

At the end of each experimental season, tubers were harvested on November 27th and 30th for the 
first and second seasons, respectively. Total tuber yield per plot (kg) was estimated, total tubers yield 
per plant (kg) and yield per feddan (ton) were calculated. 
 

Physical characteristics of tubers:  

- Average tuber weight.  
- Average tuber volume: Five tubers were randomly taken and tuber volume was determined by 

using water displacement method and average tuber volume was then calculated. 
 
Chemical components of tubers: 

 
- Dry matter content 
- Inulin content: It was determined in tubers according to the method of Winton and Winton 

(1958). 
-Mineral contents: Calcium, boron, nitrogen, phosphorus and potassium were determined in the 

digested dry matter of tubers as follows:      
A calcium content of Jerusalem artichoke tubers samples was determined with an Inductively-

Coupled Plasma (ICP) spectrometer according to Stefanssn et at., (2007). Boron was determined 
using atomic absorption spectrophotometer according to A.O.A.C. (2000). Total nitrogen was 
determined according to Koch and Mcmeek in (1924). Phosphorus content was determined according 
to Troug and Meyer (1939). Potassium percentage was determined by using Flame photometer 
according to Brown and Lilliland (1946). 
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Scanning electron microscopy (SEM) procedures: 
  

Fresh samples from tuber were taken and immediately fixed in glutaraldehyde (2.5%) for 24 h 
period at 4oC, then post–fixed in osmium tetraoxide (1% OsO2) for one hour at room temperature 
(Harley and Fergusen, 1990). Sampling were dehydrated with ascending concentrations of acetone, 
the samples were dried until the critical point. Finally, samples were sputter coated with gold. The 
examination and photographing were done through a Jeol Scanning Electron Microscope (T.330A) 
equipped with image recording and processing system (Sem Afor), Central Laboratory of Faculty of 
Agriculture, Ain Shams University. 
 
The second experiment (storage experiment):-  

 
To investigate the effect of calcium fertilizer source on Jerusalem artichoke storability. Tubers 

were sorted and all the defected tubers were discarded. Three replicates were prepared for each 
treatment; each replicate weighed (1Kg) packed in perforated plastic bags (15µm) thickness, and 
distributed in a complete randomized design. All bags were stored at 9-10°C and 85-90% relative 
humidity (R.H.) at the cold store room for five months at Department of Potato and Vegetatively 
Propagated Crops, Dokki, Giza, Egypt on December 1st for the two tested seasons of 2014 and 2015. 
 
Data recorded:- 

 
Data were monthly recorded, during the storage period, from December1st until May 1st as 

follows:- 
Weight loss: It was calculated according to the following formula: 
 

Weight loss (%) =
initial weight –  weight of tubers for sampling dates ×  100 

initial weight of tubers
 

 
Decay: All tubers were inspected in terms of fungal or bacterial infections; decayed tubers were 

counted and removed. The percentage of decayed tubers was calculated according to the following 
formula: 

Decay (%) =
Number of decayed tubers ×  100 

Total number of tubers
 

 
Sprouting: All sprouted tubers were counted; sprouting percentage was then calculated according 

to the following formula: 

Sprouting (%) =
Number of sprouted tubers ×  100 

Total number of tubers
 

 

Statistical analysis: - 

Analysis of data was done by IBM computer and means were compared using Duncan's multiple 
range tested as described according to Snedecor and Cochran (1989). 
 
Results and Discussions 

 
The first experiment (field experiment): 
 
1-Foliage fresh weight kg/plant:  

 
Data in Table (2) clearly indicate that adding of 0.5 ton/fed. of CaSO4 produced the highest 

foliage fresh weight per plant without significant difference with 40 units/fed. of CaNO3 in the two 
tested seasons. These results are in agreement with those obtained by El-Zohiri and Asfour (2009) on 
potato crop. They found that CaNO3 increased plant fresh weight per plant compared to the control 
plants. 
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Table 2: Effect of different calcium sources on foliage fresh and dry weight and yield of Jerusalem artichoke 

during 2013 and 2014 seasons. 

Treatments 
Foliage fresh weight         

(kg) 
Foliage Dry 

weight% 
Total 

yield/plant (kg) 
Total yield/fed. 

   (ton) 
2013 2014 2013 2014 2013 2014 2013 2014 

T1 1.27 b 1.25c 26.62 c 25.88 b 1.61d 1.72ef 16.16d 13.89e 
T2 1.66 a 1.52a 37.90 a 35.49 a 4.07a 3.32a 34.27a 28.16a 
T3 1.52ab 1.33bc 27.56 c 24.95 b 3.21bc 1.70f 29.71ab 14.28de 
T4 1.69a 1.37b 31.85abc 29.01 ab 3.54ab 2.71bc 27.50abc 16.10cde 
T5 1.55ab 1.58a 36.57 ab 34.42 a 3.88a 3.01ab 32.04ab 25.19ab 
T6 1.42ab 1.27bc 25.19 c 23.90 b 1.82d 2.15de 17.35cd 20.28bcd 
T7 1.28 b 1.22c 25 37 c 24 36 b 1.92d 2.33cd 22.00bcd 19.61bcd 
T8 1.28 b 1.26c 27.56 c 25.23 b 2.73c 1.92def 22.68bcd 20.89bc 
T9 1.51ab 1.39b 27.88 bc 31.06ab 3.74ab 2.98ab 29.23ab 22.38b 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability Level, using 
Duncan's Multiple Range Test 

T1=Control     T2= Ca SO4 (1/2ton/fed.)      T3= Ca SO4 (ton/fed.)     T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 
units/fed.)  T6=  Chelated Ca (1000 ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal Bor 
Nova compound (3 cm/l)      

 
2- Foliage dry weight: 

 
Results in Table (2) showed that the highest foliage dry weight percentage of plant resulted from 

adding 0.5 ton/fed. of CaSO4 with no significant difference between it and either 20 or 40 units of 
CaNO3in the two seasons. These findings are in harmony with EL-Beltagy et al., (2002) and El-Zohiri 
and Asfour (2009) who revealed that Ca2+ fertilization increased dry weight of potato plant compared 
with control.  

 
3- Total yield per plant and yield per fed.: 

 
It is obvious from Table (2) that the highest tuber yield/plant was obtained from the addition of 

0.5 ton/fed. of CaSO4 without significant differences with those rececived 40 units of CaNO3/fed. or 
sprayed of Cal-Bor-Nova compound. However, the lowest tuber yield/plant was produced from 
control. In addition, application of 0.5 ton/fed. of CaSO4 produced the highest yield/fed. without 
significant difference with 40 units of CaNO3/fed. Also, the untreated plants produced the lowest 
yield/fed.. In this regard, this response to Ca2+ fertilization could be due to the Ca2+ role during 
tuberization revealed by Irfan, (2005).  

Similar calcium enhancing yield was stated also by EL-Beltagy, et al., (2002), Ozgen et al., 
(2002), Ozgen et al., (2003), Ozgen et al., (2006), Hajhamed et al., (2007), Modisane (2007), 
Banerjee et al., (2014) and Verma and Raghav, (2014) for potato and El-Zohiri and Youssef, (2015) 
for Jerusalem artichoke. 

 
4- Average tuber weight:  

 
The results in Table (3) show that the highest tuber weight was obtained with 40 units of CaNO3 

followed by Cal-Bor-Nova compound treatment in the two tested seasons, while, the least tuber 
weight was found in the control. In this respect, Hamdi et al., (2015) found that increasing calcium 
nitrate levels as a calcium source had positive impact on the potato average tuber weight. These 
results could be because of calcium abundance enhances enlarging and growth of cells and also 
photosynthesis and transport of photo assimilate in potato (Spillman, 2003). In this respect, Hirschi 
(2004) reported that potato tuber weight was not affected by applying Ca2+ on contrary of our results 
reflecting the effect of the experimental condition on responding the plant to Ca2+ fertilization. On the 
other hand, these results are in agreement with those found by El-Zohiri and Youssef, (2015) for 
Jerusalem artichoke. 
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Table 3: Effect of different calcium sources on some physical and chemical characters of Jerusalem artichoke 
tubers in 2013 and 2014 seasons. 

Treatments 
Average tuber weight 

(g) 
Average tuber volume 

(cm3 ) 
Dry  matter    

(g/100g) 
Inulin              

(mg/g dry matter) 
2013 2014 2013 2014 2013 2014 2013 2014 

T1 46.23e 48.56e 46.00d 60.00e 26.60cd 23.90bc 18.154c 10.27c 
T2 64.50bcd 84.97bc 58.33bcd 78.00cd 27.70bc 24.00bc 17.18c 11.89b 
T3 70.34bc 83.66bc 65.67bc 83.17bc 23.70de 23.20cd 18.92bc 13.37a 
T4 56.97cde 70.37cd 57.67bcd 75.67cd 30.40ab 24.70b 19.15bc 12.50ab 
T5 98.03a 98.80a 96.00a 101.00a 33.60a 26.10a 19.24bc 13.11a 
T6 56.33cde 66.63d 54.00cd 70.00de 23.00e 23.50c 20.54bc 10.27c 
T7 54.69de 74.63cd 55.00cd 77.00cd 24.0de 22.10d 22.08ab 13.19a 
T8 60.07cde 73.37cd 64.00bc 73.02cd 30.40ab 23.30c 24.76a 13.11a 
T9 76.37b 90.63ab 70.67b 94.00ab 32.90a 23.80bc 20.64b 12.43ab 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability Level, using 
Duncan's Multiple Range Test 

T1=Control     T2= Ca SO4 (1/2ton/fed.)      T3= Ca SO4 (ton/fed.)     T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 
units/fed.)      T6=  Chelated Ca (1000 ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal 
Bor Nova compound (3 cm/l)      

 

5- Average tuber volume: 
 
Results shown in the Table (3) indicate that applying 40 units of CaNO3/fed. produced the 

highest tuber volume while the least tuber volume was obtained from the control treatment in both 
years of experiment. Obtained results are similar to those of Ozgen et al., (2003), Ozgen and Palta, 
(2004), Ozgen et al., (2006) and Chang et al., (2007), likewise, the results of Lardet et al., (2007) 
indicated that deficiency of Ca2+ can decline tuberization.  
 
6- Dry matter: 

 
Data presented in Table (3) clearly indicate that the highest value of dry matter content was 

recorded for 40 units of CaNO3/fed. in the two tested seasons. In contrast, the least dry matter was 
produced by chelated calcium at 1000  and chelated calcium at 1500 ppm treatments in the first and 
second seasons, respectively. These results are in harmony with Modisane (2007) and Banerjee, et al., 
(2014) who concluded that the potato tuber dry matter content became higher with the fertilization of 
calcium. Also, Hamdi et al., (2015) reported that applying additional calcium nitrate had significant 
effects on dry matter of potato crop. 

 
7- Inulin content: 

 
Results in Table (3) show that applied treatments of chelated calcium at 1500 or 2000 ppm 

produced the highest inulin content followed by Cal-Bor-Nova compound in the two seasons while 
the lowest values were recorded by the control treatment. Our results are in agreement with those 
obtained by El-Zohiri and Youssef (2015) they found that applying Ca2+ with B3+ in combination to 
Jerusalem artichoke plants significantly improved inulin content. 

 
8- Tuber mineral contents: 

 
As for tuber chemical analysis, data illustrated in Table (4) revealed that plants fertilized with 20 

units of CaNO3 as well as those foliar sprayed with chelated Ca2+ at 2000 ppm gave the highest 
percent of calcium in the tubers followed by plants received 1500 ppm chelated Ca2+ and 40 units of 
CaNO3 without significant differences among them. In contrast, the lowest value of Ca2+ content was 
obtained from the control. Applying different calcium sources increased the amount of calcium 
accumulated in potato tubers compared with control (Silva et al., 1991; Locascio et al., 1992; 
Karlsson et al., 2001; Ozgen et al., 2003; Hamdi et al., 2015) the same results were found in 
Jerusalem artichoke tubers (El-Zohiri and Youssef, 2015). 
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It is evident from the results in Table (4) that the highest percentage of boron in tubers was 
produced from spraying Cal-Bor-Nova compound. However, the lowest values were obtained from 
adding either one ton of CaSO4 or 40 units CaNO3 compared with control. Similar results were found 
by El-Zohiri and Youssef, (2015) who stated that, the boron content of Jerusalem artichoke tubers was 
higher in the control compared with the treatments of Ca2+ with B3+ together. In the same connection, 
Samy et al., (2015) showed clearly that foliar spray of boron enhanced boron content compared with 
the untreated plants. 

Data shown in Table (4) revealed that the highest concentration of N in tubers was obtained from 
applied 0.5 ton CaSO4 without significant differences with 40 units CaNO3 and those sprayed with 
Cal-Bor-Nova compound, while, the untreated plants had the lowest values in the two tested seasons. 
Our results are in harmony with those obtained by Hamdi et al., (2015) using CaNO3 on potato.          

 
Table 4: Effect of different calcium sources on mineral contents of Jerusalem artichoke tubers in 2013 and 2014 

seasons. 

Treatments 
Ca% B% N% P% K% 

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 
T1 0.63d 0.69d 7.93b 7.86b 1.27d 1.25c 0.16e 0.28c 2.45cd 2.40c 
T2 0.65d 0.73cd 6.23de 6.73c 1.91a 2.56a 0.38a 0.35ab 2.82a 2.48a 
T3 0.73abc 0.78bc 6.11e 5.58e 1.64cd 2.56a 0.22d 0.25c 2.36cd 2.41bc 
T4 0.79a 0.85a 6.24de 6.40d 1.54cd 2.26a 0.19de 0.38ab 2.64b 2.46ab 
T5 0.74abc 0.84ab 6.17e 5.82e 1.78a 1.68ab 0.32bc 0.37ab 2.43cd 2.37c 
T6 0.67bcd 0.84ab 6.64c 6.87c 1.38cd 1.08c 0.36ab 0.39a 2.31d 2.29d 
T7 0.75ab 0.80ab 6.81c 6.13de 1.46cd 1.27b 0.30c 0.27c 2.47c 2.37c 
T8 0.76a 0.85a 6.61cd 6.64c 1.60cd 1.26b 0.24d 0.34b 2.49c 2.39c 
T9 0.70bc 0.77bc 9.66a 9.82a 1.65abc 1.84ab 0.15e 0.14d 2.63b 2.49a 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability Level, using Duncan's 
Multiple Range Test 

T1=Control     T2= Ca SO4 (1/2ton/fed.)      T3= Ca SO4 (ton/fed.)     T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 
units/fed.)        T6=  Chelated Ca  (1000 ppm)    T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal 
Bor Nova compound (3 cm/l)    
    

Results in Table (4) showed that the highest percent of phosphorus (P) in tubers was obtained 
from application of 0.5 ton/fed. of CaSO4 and 1000 ppm of chelated Ca2+ in the two tested seasons. 
However, Cal-Bor-Nova compound and untreated plants produced the lowest percent of P in tubers. 
These results are in agreement with those of Clough, (1994) who revealed that calcium sulphate 
(gypsum) application enhanced concentration of phosphorus in potato tuber. 

Data in Table (4) clearly indicate that the highest tuber content of potassium was obtained from 
plants received of 0.5 ton/ fed. of CaSO4 followed by the treatments of 40 units of CaNO3 and 
spraying with Cal-Bor-Nova compound. On the contrary, adding of 1000 ppm chelated Ca2+ produced 
the lowest value of K tuber content in the two seasons. In this respect, Clough, (1994) mentioned that 
tuber K concentration increased as CaSO4 was applied as compared to control treatment. 

 
9- Effect of different treatments on periderm thickness: 

 
It is clear from the data of Table (5) and Figure (1) that all treatments achieved increment in the 

periderm thickness against the control. Most of the treatments showed significant increasing except 
CaSO4 (1 ton/fed.) and Cal-Bor-Nova compound (3 cm/l) when compared with the control. The 
thickness periderm was observed in Jerusalem artichoke treated with CaNO3 (20 units/fed.) followed 
by chelated Ca2+ at 2000 ppm (820 and 395.7 µm), respectively. In this respect, Burstrom (1968), 
reported that electron-microscopically reviews have detected that calcium is required for development 
and support of lamellary system in cell organelle, a reality which may suffice to clarify its 
imperativeness for meristematic growth.  In the same connection, The higher calcium content of the 
periderm could be attributed to the direct availability of calcium in the soil, which suggests that tubers 
can absorb calcium directly from the soil solution (Olsen et al., 1995; Davies, 1998). 
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Table 5: Effect of different calcium sources on periderm thickness of Jerusalem artichoke tubersin2014 season. 
T9 T8 T7 T6 T5 T4 T3 T2 T1 Treatments 

49.43e 395.70b 213.30d 249.70c 247.00c 820.0a 48.73e 259.00c 45.63e 
Thickness    
(µm) 
Values having the same alphabetical letter (s) do not significantly differ at 0.05 level of significance according to 
Duncan’s multiple range test. 

T1=Control     T2= Ca SO4 (1/2ton/fed.)    T3= Ca SO4 (ton/fed.)     T4= Ca No3 (20 units/fed.)   T5= Ca No3 (40 
units/fed.)      T6=  Chelated Ca (1000 ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal 
Bor Nova compound (3 cm/l)      

 

 
 

Fig. 1: Effect of different calcium sources on periderm thickness of Jerusalem artichoke tubers. The white 
arrows refer to the thickness of the periderm layer  

 

-The second experiment (storage experiment): 
 
a- Weight loss percentage: 

 
Presented data in Table (6) show that both calcium nitrate at 20 units/fed. and chelated calcium 

at 2000 ppm were more effective than the other tested treatments of calcium in decreasing weight loss 
during storage, while the control and Cal-Bor-Nova compound recorded the highest weight loss 
values suggesting calcium formulation and its rate impact the efficacy of calcium in maintenance the 
tuber weight during storage. Since plants received Cal-Bor-Nova compound as foliar spray, calcium 
didn't reach tubers so it didn't increase tuber calcium content that calcium is unlikely to be translocate 
element (Dunn and Able 2006). Also, this result may be due to the competition between Ca2+ and B. 

This efficiency of calcium could be resulting from its involving in controlling respiration 
(Bangerth et al., 1972), since the decrements in fresh weight of tubers could be due to the respiration 
(Wills et al., 1981; El-Sayed et al., 2007). Moreover, increasing Ca2+ cell wall content raised the 
capability of cells to resist wilting (Graham, 1983). Also, presented results are in agreement with 
those obtained by Banerjee et al., (2014), Verma and Raghav, (2014) and El-Zohiriand Youssef, 
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(2015). It is obvious also that extending the period of storage resulted in sustainable increase in 
weight loss percentage with the prolongation of the storage period. 

 
Table 6: Effect of different calcium sources on weight loss percentage of Jerusalem artichoke tubers in 2014 

and 2015 seasons. 

Treatments 

Weight loss (%) 
Storage period (days) 

2014 2015 
30 60 90 120 150 30 60 90 120 150 

T1 0.35a 3.70a 9.71a 12.69a 17.79a 2.72a 8.41a 13.11a 14.93a 22.68a 
T2 0.11bc 1.73c 4.12c 5.45c 10.26cd 1.85c 6.11bc 7.76bc 10.85de 18.16c 
T3 0.10bc 3.68a 5.80b 8.34b 12.75b 2.27b 5.74bc 9.44b 14.32a 22.35a 
T4 0.00c 0.39d 1.62d 3.47d 6.84e 0.91d 2.38d 3.26e 7.59f 9.40e 
T5 0.17b 1.38c 3.86c 5.22c 9.88cd 1.96bc 2.79d 5.97cd 9.33e 13.38d 
T6 0.02c 3.80a 6.19b 7.96b 10.32cd 2.28b 5.11c 8.00bc 11.26cd 18.42c 
T7 0.08bc 2.83b 4.32c 5.78c 8.57de 2.39ab 2.48d 8.78b 12.46bc 16.96c 
T8 0.00c 0.66d 3.47c 5.54c 8.57de 1.17d 2.48d 4.87de 6.75f 8.72e 
T9 0.20b 3.56a 9.19a 11.72a 16.65a 2.38ab 6.66b 7.82bc 13.81ab 20.04b 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability Level, using 
Duncan's Multiple Range Test                

T1=Control     T2= Ca SO4 (1/2ton/fed.)  T3= Ca SO4 (ton/fed.)     T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 units/fed.) 
T6=  Chelated Ca (1000 ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal Bor Nova 
compound (3 cm/l)      

 
b- Decay percentage: 

 
All tested treatments reduced the tuber decay in comparison to control as noticed from Table (7). 

Calcium nitrate at 20 and 40 units/fed. as well as chelated calcium at 1500 and 2000 ppm gave the 
highest positive effect; where, they recorded no decay percentage overall all storage periods, 
compared to the control in both experimental seasons. In contrast, control treatment had the highest 
percentage of decay. 

In this connection, Wills et al., (1981) suggested that, during storage, the decay could be due to 
the continuous chemical and biochemical changes happened in vegetable and fruits such as moisture 
concentration and transformation of complex compounds to simple forms of more liability to fungal 
infection such as solid protection to the soluble pectin form. 

 
Table 7:  Effect of different calcium sources on decay percentage of Jerusalem artichoke tubers in 2014 and 

2015 seasons. 

Treatments 

Decay (%) 
Storage  period (days) 

2014 2015 
30 60 90 120 150 30 60 90 120 150 

T1 0.00 0.00 15.54a 25.18a 30.33a 0.00 0.00 0.00 18.83a 26.57a 
T2 0.00 0.00 0.00c 6.78c 6.46c 0.00 0.00 0.00 6.86c 13.81c 
T3 0.00 0.00 0.00c 17.00b 22.87b 0.00 0.00 0.00 14.21b 20.38b 
T4 0.00 0.00 0.00c 0.00d 0.00d 0.00 0.00 0.00 0.00d 0.00d 
T5 0.00 0.00 0.00c 0.00d 0.00d 0.00 0.00 0.00 0.00d 0.00d 
T6 0.00 0.00 0.00c 6.78c 9.44c 0.00 0.00 0.00 0.00d 14.23c 
T7 0.00 0.00 0.00c 0.00d 0.00d 0.00 0.00 0.00 0.00d 0.00d 
T8 0.00 0.00 0.00c 0.00d 0.00d 0.00 0.00 0.00 0.00d 0.00d 
T9 0.00 0.00 6.65b 14.60b 23.11ab 0.00 0.00 0.00 7.33c 18.97bc 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability Level, using Duncan's 
Multiple Range Test           

T1=Control     T2= Ca SO4 (1/2ton/fed.)    T3= Ca SO4 (ton/fed.)  T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 units/fed.)  
T6=  Chelated Ca  (1000  ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal Bor Nova 
compound (3 cm/l)      
 

Similar results were found by McGuire and Kelman (1984) who stated that calcium nitrate was 
more effective than calcium sulfate in increasing the calcium content of peel tissue up to five times 
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and medullar tissue three times that of untreated tubers. This increase in tuber calcium was correlated 
with a decrease from 43.5% to 19.4% in surface area decay. However, improved storage ability of 
potato tubers was associated with increasing tubers calcium contents as suggested by Spillman, 
(2003), Palta, (2010), Banerjee et al., (2014) and Verma and Raghav, (2014). Moreover, Ca2+ plays a 
pivotal role in membrane stabilization and in regulation of enzyme synthesis, e.g. protein-kinase or 
phosphates (Schmitz-Eilberger et al., 2002). In this connection, decay percentage of Jerusalem 
artichoke tubers significantly decreased during storage due to application of CaNO3 with untreated 
control as reported also by El-Zohiri and Youssef, (2015). 
 

c- Sprouting percentage:  
 
Data in Table (8) show that sprouting was noticed after 150 and 120 days of storage in the first 

and second season, respectively. In addition, plants received chelated calcium at 1000 and 2000 ppm 
followed by calcium nitrate treatment at 20 units/fed. which gave the lowest sprouting percentages 
compared with the other treatments while untreated plants recorded the highest values in the two 
tested seasons. Obtained results are in harmony with those of Awad et al., (2010) who found that 
foliar spraying of Ca2+ gave the lowest sprouting percentage during storage compared with the control 
plants. 

Plants received CaNO3 (20 units/fed.) and chelated Ca2  at 2000 ppm have the highest tuber 
periderm thickness (Table 5 and Figure 1) that enhanced storability of Jerusalem artichoke tubers in 
terms of  the lowest weight loss, decay and sprouting percentage.   

 
Table 8: Effect of different calcium sources on sprouting percentage of Jerusalem artichoke tubers in 2014 and 

2015 seasons. Means in each column, followed by similar letter(s) are not significantly different at 5% 
probability Level, using Duncan's Multiple Range Test    

Treatments 
 

Sprouting (%) 
Storage  period (days) 

2014 2015 
30 60 90 120 150 30 60 90 120 150 

T1 0.00 0.00 0.00 0.00 39.88a 0.00 0.00 0.00 36.22a 66.32a 
T2 0.00 0.00 0.00 0.00 30.00b 0.00 0.00 0.00 25.74d 30.97cd 
T3 0.00 0.00 0.00 0.00 30.05b 0.00 0.00 0.00 33.33abc 64.00a 
T4 0.00 0.00 0.00 0.00 14.09e 0.00 0.00 0.00 19.61e 25.44d 
T5 0.00 0.00 0.00 0.00 16.67de 0.00 0.00 0.00 29.17cd 33.61cd 
T6 0.00 0.00 0.00 0.00 0.00f 0.00 0.00 0.00 17.55e 31.87cd 
T7 0.00 0.00 0.00 0.00 21.73cd 0.00 0.00 0.00 30.09bcd 40.56c 
T8 0.00 0.00 0.00 0.00 6.77f 0.00 0.00 0.00 13.23e 26.58d 
T9 0.00 0.00 0.00 0.00 24.17bc 0.00 0.00 0.00 33.95ab 52.16b 

T1=Control     T2= Ca SO4 (1/2ton/fed.)    T3= Ca SO4 (ton/fed.)  T4= Ca No3 (20 units/fed.)    T5= Ca No3 (40 units/fed.)  
T6=  Chelated Ca (1000  ppm)     T7=  Chelated Ca (1500 ppm)      T8=  Chelated Ca (2000 ppm)     T9=Cal Bor Nova 
compound (3 cm/l)      

 

Conclusion 
 

The study recommends applying CaNO3 at 40 units/fed. to increase fresh tuber yield of 
Jerusalem artichoke tubers. However, for processing, chelated Ca2+ at 1500 and 2000 ppm were more 
suitable where they produced the highest inulin tubers content. In addition, tubers produced from the 
treatment of chelated calcium at 2000 ppm as well as CaNO3 at 20 units/fed. are preferable for 
exportation since they remains in a good quality more than four months at cold storage at 9-10°Cand 
85-90% R. H. 
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