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ABSTRACT 
 

This  work was carried out during two seasons of 2014 and 2015 at EL-Kassasein Research Station, 
Hort. Res. Inst., Agric. Res. Center, Ismailia Governorate, Egypt  to study the effect of   natural  sources  
(potassium sulphate (PS),  feldspar (FS) as soil application  and  potassium silicate dissolving bacteria    
(PSDB ) as foliar spray )  on growth, minerals uptake, yield and tuber root quality as well as economic  
feasibility of Jerusalem artichoke cultivation cv.  Feusa grown in new reclaimed  soil   conditions and 
using drip irrigation system. The maximum values of plant height, number of branches/ plant shoot dry 
weight, N and P contents and its uptake by shoots, average tuber weight, yield/ plant, total yield /fad. and 
yield of inulin/ fad., potassium contents, dry matter, inulin and total carbohydrates (%) in tuber roots  were 
obtained  with the plants which  received 75 %  mineral K ( 72 kg K2O/fad. as PS)  + 25 % natural K ( 24 
kg K2O/fad. as FS +  2  ml/l  PSD . Meanwhile, gross return, net return LE. /fad.  and benefit-cost ratio 
were the highest.  On the  other sides , the highest values of  chlorophyll a. , total chlorophyll (a+b) and 
carotenoides  in   leaf tissues  were obtained with the  plants which received  50 % mineral K (48  kg 
K2O/fad. as  PS) + 50 % natural K (48 kg K2O/fad. as FS) + potassium silicate. The highest values of 
potassium content (%) and its uptake by shoot were recorded with the plants which had received 100 
mineral K (96 kg K2O/fad.  as   PS) + PSDB as foliar spray  in two seasons. 
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Introduction 
 

Jerusalem artichoke (Helianthus tuberosus L.) is familiar to many as a perennial herb which is often 
cultivated as an annual, with tubers produced on the ends of underground stems. It is considered one of the 
important nontraditional vegetable crops that is newly introduced, to Egypt. However, the cultivation of 
this crop is still limited in small plantations. (Ghoneim, 2005).  Jerusalem artichoke tubers resemble 
potatoes except the carbohydrates composing 75 to 80 % of the tuber are in the form of inulin rather than 
starch (Cosgrove et al., 1991). On the other hand, the stems and leaves are used for making good forage 
and silage with a high value for animals. 

Horticultural crops take potassium in large quantities, especially at tuberlization filing stages. 
Potassium fertilizer application can be made in several ways by banding, fertigation or by spraying liquid 
fertilizers on to the leaves (Magen, 2004). Potassium is an important nutrient for plant meristematic growth 
and physiological functions, including regulation of water and gas exchange in plants, protein synthesis, 
enzyme activation, photosynthesis and carbohydrate translocation in plants. Potassium has favorable 
effects on metabolism of nucleic acids, proteins, vitamins and growth substances, energy transfer, phloem 
transport,  cation-anion balance and enabling their ability to resist pests and diseases (Wang et al., 2013).  

  The farmers in Egypt used large amounts of K-chemical fertilizers (such as potassium sulphate or 
chloride) to maximize crop yield per unit area and to compensate K-decreases in soils due to crop uptake. 
Also, the high price of these fertilizers is responsible for increasing production cost and environmental 
pollution. The use of natural potassium fertilizer and/or bio-fertilizer is low cost resources for providing 
plants with K which could alternate the expensive applied K-chemical fertilizers (Labib  et al., 2012).   

Plant height, number of main stems, canopy fresh mass, leaves area plant, dry matter content, leaf's K 
content and yield potential; i.e. tuber yield plant, total tuber yield / m2 and average tuber weight as well as 
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improved tuber contents of total soluble solids, total carbohydrate, inulin and K were increased by 
application of K fertilizer in Jerusalem artichoke up to 96 Kg K2O/ fad. increased the  (Ghoneim,  2005).  

K-feldspar may be valuable as a slow releasing fertilizer and cheaper source of K (Labib et al., 2012). 
The use of potassium  solbilizing bacteria as biofertilizer; i.e. silicate dissolving bacteria was suggested as 
a sustainable solution to improve plant growth, nutrition, root growth, plant competitiveness and responses 
to external stress factors (Dawwam  et al., 2013). Moreover, potassium solbilizing bacteria play an 
important role in the formation of humus in soil, the cycling of other minerals tied up in organic matter 
(Zakaria, 2009). Also, it can be able to solubilize rock – K mineral powder, such as mica, illite and 
orthoclases (feldspar) through production and excretion of organic acids or chelate silicon ions to bring K 
into solution (Bennett et al., 1998).  

In this  concern , Abdel-Salam and  Shams  (2012)  and Labib et al. (2012)  showed that fertilization of 
potato with 50% dose as mineral K + 50% dose as feldspar-K gave the highest  growth , total chlorophyll, 
yield (tubers and shoots), macro nutrient uptake (N, P and K) in tubers and shoots, tuber size, starch 
content in tuber  and  Abd -El-Hakeem and Fekry (2014) on sweet potato. Also, Mohamed et al.  (2015) 
indicated  that fertilization garlic plants with 50 % K2O as potassium sulphate + 0.0 % feldspar as the basic 
of K2O at 72 kg/fad. increased vegetative  growth, total dry weight/ plant,  leaf pigments, N,P and K total 
uptake  by garlic plant, yield ant its components, TSS contents as well as  DM %  of  bulbs at harvest . 

Recently, there is a great interest in foliar fertilization for vegetable crops due to the high cost of 
fertilizer materials concern for ground water quality, availability of new formulations of compounds, 
newer surfactants which increase efficiency of foliar absorption, etc. are factors that give reason to 
consider this fertilization method, also foliar fertilization is a supplemental nutrition with macro and micro 
nutrients. Foliar nutrition is ideally designed to provide many elements in conditions that may be limiting 
production at a time when nutrient uptake from the soil is inefficient or nonexistent (Hiller, 1995). 
Therefore, foliar feeding of nutrients has become an established procedure in crop production to increase 
yield and quality of crop products (Roemheld and El-Fouly, 1999) and it also minimizes environmental 
pollution and improves nutrient utilization through reducing the amounts of fertilizers added to the soil 
(Abou El-Nour, 2002). 

Potassium silicate is a source of highly soluble silicon; it is used in agricultural production system 
primarily as a silicon fertilizer (Abou-Baker et al., 2011). Foliar spray with  potassium silicate increased  
plant growth,  chlorophyll content, N,P and K contents in  leaves and  yield and its components (Wand and 
Galletta 1998) on strawberries, Kamal (2013) on sweet pepper and (Salim et al., 2014) on potato.   

The aim of this work was to evaluate the possibility of partial substitution of the expensive potassium 
chemical fertilizers (potassium sulphate) by feldspar which solubilized by silicate dissolving bacteria and 
foliar spray with  potassium silicate  on the growth,  tuber root yield and quality of Jerusalem artichoke 
grown in sandy soil .   
 
Materials and Methods 

 
This  work was carried out during two successive summer seasons of 2014 and 2015 at El-Kassasein 

Research Station, Hort. Res. Inst., Agric. Res. Center, Ismailia Governorate, Egypt  to study the effect of   
potassium fertilization sources (potassium sulphate, feldspar as soil application  and  potassium silicate  as 
foliar spray)  on growth,  minerals uptake , yield and  tuber root quality as well as  economic  feasibility  of  
Jerusalem artichoke cultivation cv.  Feusa grown in sandy soil using drip irrigation system. The physical 
and chemical properties of experimental soil in the two seasons showed that it was sandy in texture  which  
had 0.08 and 0.09 % organic matter, 8.22 and 8.25 pH, 2.01 and 2.04 mmhos/cm EC, 5.22 and 4.98 ppm 
available N, 3.71 and 3.62 ppm available P and 10.02 and 9.87 ppm available K, respectively.  

This experiment included ten treatments as follows: 
1:100 % Mineral K as  potassium sulphate ( PS) control . 
2 100 % Mineral K as  PS + Foliar spray  with potassium  silicate dissolving bacteria  ( PSDB ). 
3:  75 % Mineral K as PS  + 25 % Natural K as  feldspar (FS). 
4:  75 % Mineral K as PS +  25 % Natural K as  FS+ PSDB. 
5:  50 % Mineral K as PS +  50 % Natural K as FS. 
6:  50 % Mineral K as PS +  50 % Natural K as FS+PSDB. 
7: 25 % Mineral  K as PS+   75 % Natural K as FS.  
8: 25 % Mineral  K as PS +  75 % Natural K as FS+PSDB . 
9: 100 % natural K as FS. 
10: 100 % natural K as FS + PSDB. 
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These treatments were arranged in a randomized complete block design with three replications. The 
experimental unit area was 21 m2. It contains three dripper lines with 10 m length each and 70 cm distance 
between the two drippers lines. One line was used to measure the morphological and chemical traits and 
the other two lines were used for yield determinations. In addition, one row was left between each two 
experimental units as guard area to avoid the overlapping filtration and foliar spraying.  

The tuber roots of Jerusalem artichoke were planted at 50 cm apart on April 25st and 28th during the 1st 
and 2nd seasons, respectively. Jerusalem artichoke seeds were obtained from El-Kassasien Hort. Res. 
Station. 

K-feldspar is a low grade rock potassium samples from a sedimentary rock materials deposit as raw 
mining after grinding to a fine  powder by Al-Ahram mining and natural fertilizer company in Egypt. Rock 
potassium  as a filed spare and its powder contains 10.6 % K2O. 

The constitution  of used feldspar are shown in schedule 1. 
Feldspar rock  Components (%) 

SiO2 67.94 
Al2O2 13.92 
Fe2O2 0.09 
CaO 0.32 
MgO 8.08 
K2O 10.6 
Na2O 1.94 
TiO2 0.01 
MnO2 0.01 
P2O5 0.04 

Cl 0.03 

  
Bacillus  circulans  bacteria at a concentration of (1010 cells/ml) was  added  at the rate of 20 ml/kg 

feldspar. It was obtained by the unit of biofertilizer, Fac. Agric., Ain Shams University.  
Potassium sulphate (K2SO4) was added at three portions monthly beginning two month after planting, 

while feldspar was added with FYM during soil preparation. Potassium silicate  contains 10 % K2O and  
25 % Si  was    added  as foliar spray  into  three  times  at 60, 80 and 100 days after  planting at the rate of 
2 ml/liter.   

The recommend rate of K2O as 96kg/fad.  and the source of K2O was potassium sulphate (48 % K2O) 
and feldspar (10.6 % K2O). 

All the experimental units received ammonium sulphate (20.6 % N) and calcium super phosphate 
(15.5 % P2O5), at 300 and 150 kg /fad. respectively. One third of N and all P2O5 were added at soil 
preparation  time with 20 m3 /fad. FYM. The rest of nitrogen fertilizers (two thirds) were applied weekly at 
equal doses through the drip-irrigation system, where the first dose was started after four weeks form 
planting and was continued till flowering stage. 

The agricultural practices were conducted according to the recommendation by the Ministry of 
Agriculture for Jerusalem artichoke commercial production. 

 
Data recorded:  
 

Plant growth: 
 

Three plants from each experimental unit were taken randomly at 135 days after planting to determine  
plant  height  (cm)   and   shoots  dry weight (g)/plant was measured  using dried fresh shoot/ plant at 70oC 
till  constant  weight. 
 
Photosynthetic pigments:  
 

Disc samples from the fourth upper leaf of the plant were taken randomly at 135 days after planting 
from every plot to determine chlorophyll a, b, (a+b) and carotenoides in both seasons according to the 
method described by Wettestein (1957). 
 
Nitrogen, phosphorus and potassium contents: 

 N, P and K contents were determined  in shoots in both seasons according to the methods described 
by A.O.A.C.(1990) Nitrogen, phosphorus and potassium uptake (mg/foliage ) were calculated. 
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Yield and its components: 
 

 At harvest time, 180 days after planting  average tuber root weight (g), tuber roots yield per plant (kg), 
total yield (ton/ fad.) and the relative total  yield (%) were recorded. 
 
Tuber roots quality: 

 
A) Percentages of K:  
 

Potassium percentage was determined in both seasons according to the methods described by 
A.O.A.C. (1990). 
 
B) Dry matter (%): 
 

 It was determined by drying 100 g of grated tuber tissues at 105 oC till constant weight, and then DM 
(%) was calculated. 
 
C) Inulin contents: 
  

Tuber concentration of inulin was determined according to Winton and Winton, (1958). 
 
D) Carbohydrate percentage:  
 

It was determined colorimetrically in dry tuber roots following the methods described by A.O.A.C. 
(1990). 
  
Economic feasibility   
 

The economic feasibility of Jerusalem artichoke plants production;  i.e.,  gross return, treatments cost, 
total variable cost,  net return and benefit-cost ratio were calculated based on market prices as average of 
the two seasons. The benefit-cost ratio was determined according to Boardman et al. (2001) by dividing 
the gross return (LE fad.) on total variable cost (LE fad.). 

               
Statistical Analysis:  
 

Recorded data were subjected to the statistical analysis of variance according to Snedecor and Cochran (1980), 
and means separation were LSD at 0.05 level. 
 
Results and Discussion 
 
Plant growth 
 

Data in Table 1 shows that, fertilization of Jerusalem artichoke (JA)  with potassium sources had significant 
enhancing  on plant height and  shoot dry weight / plant in  both seasons. However, plants  which received  100 % 
mineral K as potassium sulphate (PS)+  foliar spray with  2 ml/ liter potassium silicate dissolving bacteria   
(PSDB)  or  the plants received 75 %  mineral K as  PS + 25 % natural K as  feldspar (FS)+ PSDB were the 
superior in all recorded growth parameters in both seasons. The increments in  shoot  dry weight/ plant under the 
effect of  these treatments were  about 5.9 , 6.3 % and 5.5 and 5.2% than  the plants  which received  100 % 
mineral K   as   PS only  in the 1st and 2nd seasons, respectively. On  the other hand, the lowest values in all 
growth parameters were recorded  with   the plants   which received 100 % natural K  as  F only. 

These results may be due to the role of potassium element in metabolism and many processes needed 
to sustain and promote plant vegetative growth and development. Moreover, K plays a major role in many 
physiological and biochemical processes such as cell division and elongation and metabolism of 
carbohydrates and protein compounds (Marschner, 1995). 

The use of potassium solbilizing bacteria as biofertilizer; i.e. silicate dissolving bacteria was suggested 
as a sustainable solution to improve plant growth, nutrition, root growth, plant competitiveness and 
responses to external stress factors (Dawwam et al., 2013). The increments in growth parameters due to 
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inoculation with Bacillus circulans bacteria with feldspar might be attributed to bacteria that can solubilize 
them and provide faster and continuous supply of K for optimal plant growth (Priyanka and Sindhu, 2013).  

 
Table 1:  Effect of natural sources of potassium on growth of Jerusalem artichoke plants  at 135 days after planting during 

2014 and 2015  seasons  

Treatments 

 

Plant height  
 (cm) 

Dry weight of shoots (g/plant) Relative increases or decreases 
in  shoot DW (%) 

seasons 

2014 2015 2014 2015 2014 2015 

T1 ( Control) 150.2 148.8 348.2 341.7 0.0 0.0 
T2 150.8 162.4 367.3 359.5 5.5 5.2 
T3 138.0 153.1 355.9 334.5 2.2 -2.1 
T4 150.8 159.4 368.8 363.1 5.9 6.3 
T5 130.2 140.1 314.8 292.1 -9.6 -14.5 
T6 131.4 143.8 347.2 332.8 -0.3 -2.6 
T7 138.4 145.7 327.5 275.4 -5.9 -19.4 
T8 144.6 143.8 311.8 313.2 -10.5 -8.3 
T9 124.0 134.7 278.7 227.8 -20.0 -33.3 

T10 127.1 142.2 317.0 267.7 -9.0 -21.7 
LSD at 0.05 level 4.62 3.66 7.72 15.32 -- -- 

T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  dissolving bacteria   

The previous positive action of potassium silicate on growth characters because it contains higher 
amounts of  silicon  (25 %)  might be attributed to its important roles in protecting plants against  (drought, 
cold, diseases and fungal attack),  alleviating abiotic stress (heavy  metals  toxicity and  salinity)and  
improving root development,  uptake  of  water  and  nutrients  and  plant  pigments  (Qin  and  Tian 2009). 

These results are in general accordant with the findings of Ghoneim, (2005) respecting the effect of 
mineral potassium  and  Abdel-Salam and  Shams  (2012) on potato and Abd -El-Hakeem and Fekry 
(2014) on sweet potato . They showed that  fertilization of potato with  50% dose as mineral K+50% dose 
as feldspar-K gave the highest  plant growth. Aranda and Cuartero (2006) on tomato plants and Abou-
Baker et al. (2011) on bean with regard to the effect of potassium silicate. 

 
Leaf pigments  
 

 All different combination treatments of potassium fertilizers had significant  effect on  chlorophyll a, total 
chlorophyll (a+b)  and carotenoides  in  leaf tissues  of  JA , but  had no significant effect on chlorophyll b  in both 
seasons ( Table  2).  In general, fertilizing  JA plants  with 50 % mineral  K   as PS + 50 % natural K  as FS+ 
PSDB gave the highest   values of  chlorophyll a. , total chlorophyll (a+b) and carotenoides  in  leaves. 
The superiority of  chlorophyll content as a result of applied chemical potassium fertilizer; i.e., potassium 
sulphate alone or with K-feldspar and/or potassium dissolving bacteria; i.e., Bacillus circulans bacteria 
might be refer to the availability and speed solubility of chemical potassium form compared to the rock 
one, hence the rooting system of plants absorbed it in a short time.  

Potassium is a part of many important regulatory roles in the plant. It is essential in nearly all processes 
needed to sustain plant growth and reproduction; i.e. photosynthesis translocation of photosynthates, 
protein synthesis, control of ionic balance, regulation of plant stomata, turgor maintenance, stress tolerance 
and water use, activation of plant enzymes and many other processes (Cakmak, 2005). The effect of 
potassium silicate on chlorophyll contents of JA plants may be attributed to the effect of silicon on improving 
photosynthesis activity, which was related with leaf chlorophyll content (Adatia and Besford, 1986). 

The results  are in conformity with the findings of Abdel-Salam and  Shams  (2012) on potato Abd- 
El-Hakeem and Fekry (2014).They indicated that  using  the treatment 50 %  of potassium sulphate + 50 % 
K-feldspar + solublizing dissolving bacteria on sweet potato recorded maximum values of chlorophyll a, b 
and total chlorophyll in leaves. (Wand and Galletta (1998) on strawberries and Salim et al. (2014) on 
potato) as for the effect of potassium silicate. 
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Table 2 : Effect of natural sources of potassium on  photosynthetic  pigments in leaf  of Jerusalem artichoke plants at 135 
days after planting  during 2014 and 2015  seasons  
 

Treatments 
Chlorophyll  a 

(mg/g DW) 
Chlorophyll  b 

(mg/g DW) 
 Total Chlorophyll   
(a+b) (mg/g DW) 

Carotenoides  
(mg/g DW) 

Seasons 
2014  2015  2014  2015  2014  2015  2014  2015  

T1 ( Control)  2.79 2.84 1.53 1.45 4.32 4.29 1.85 1.75 
T2 2.84 2.90 1.58 1.52 4.42 4.42 1.91 1.84 
T3 2.78 2.83 1.53 1.45 4.31 4.28 1.85 1.75 
T4 2.91 2.84 1.64 1.47 4.55 4.31 1.98 1.78 
T5 2.93 2.79 1.44 1.41 4.37 4.20 1.74 1.71 
T6 3.04 2.85 1.64 1.47 4.68 4.32 1.98 1.78 
T7 2.77 2.82 1.52 1.53 4.29 4.35 1.84 1.85 
T8 2.86 2.79 1.60 1.53 4.46 4.32 1.94 1.85 
T9 2.42 2.33 1.55 1.46 3.97 3.79 1.48 1.57 

T10 2.54 2.63 1.56 1.41 4.10 4.04 1.69 1.51 
LSD at 0.05 level  0.43 0.17 NS NS 0.54 0.23 0.21 0.27 

T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  dissolving bacteria   

Nitrogen, phosphorus and potassium contents and its uptake  
 

Fertilizing JA plants  grown in sandy soil  with  different  sources of potassium  treatments had increased  
significantly N,P and K contents and its uptake by shoots in both seasons   (Table 3).  Plants which  received  75 % 
mineral K as PS+ 25 % natural K as FS+ PSDB recorded the maximum values of N and P contents  and its 
uptake by shoots in both seasons , while  the  minimum values of these elements  were recorded with 100% 
natural K   as F  only  in both seasons. 

 
Table 3: Effect of natural sources of potassium on   the  contents and its  uptake  of N,P and K by shoot of Jerusalem  

artichoke plants at 135 days after planting  during 2014 and 2015  seasons 

Treatments 

  Mineral content ( %)  Mineral uptake  (mg/shoot) 
N  P K N  P  K  

Seasons 
2014  2015  2014  2015  2014  2015  2014  2015  2014  2015  2014  2015  

T1 ( Control)  1.98 2.29 0.257 0.252 1.46 1.58 6895 7825 895 861 5084 5399 

T2 2.61 2.81 0.272 0.288 1.75 1.88 9586 10103 999 1035 6428 6759 

T3 2.38 2.76 0.280 0.282 1.40 1.56 8471 9233 997 943 4983 5219 

T4 2.88 3.08 0.291 0.297 1.63 1.77 10620 11184 1073 1078 6011 6427 

T5 2.03 2.38 0.272 0.252 1.17 1.22 6391 6953 856 736 3684 3564 

T6 2.26 2.59 0.279 0.264 1.19 1.29 7846 8618 969 878 4131 4293 

T7 2.25 2.36 0.268 0.271 1.26 1.21 7368 6501 878 746 4126 3333 

T8 2.32 2.82 0.281 0.287 1.35 1.33 7233 8832 876 899 4209 4165 

T9 1.76 2.07 0.218 0.221 1.23 1.15 4905 4715 608 503 3428 2619 

T10 1.94 2.13 0.261 0.247 1.35 1.34 6149 5702 827 661 4279 3587 

LSD at 0.05 level 0.32 0.20 0.027 0.038 0.22 0.11 38.90 120.50 57.7 68.29 70.82 82.50 
T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  desloving bacterai   

 
  Potassium  content  (%) and its uptake  by shoot was the  highest  when  treated JA  plants with 100 % 

mineral K as  PS+ PSDB in both seasons, while the lowest values of N,P and K  contents  and its uptake by 
shoots were recorded   when plants were   fertilized with 100 %  natural K  as FS only  in both seasons. 

Soil condition inducing K deficiency in crop plants are sandy, organic, leached and eroded soils 
(Fageria et al., 1997). Moreover leaching of K, especially in sandy soils is a significant contributor to poor 
K- use efficiency in farming system (Kayser and Isselstein, 2005 ). Foliar nutrition is ideally designed to 
provide many elements in conditions that may be limiting production at a time when nutrient uptake from 
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the soil is inefficient or nonexistent (Hiller, 1995).  Potassium silicate is considered as a rich source of 
potassium.  Since potassium is directly involved in the nutrients absorption through the process of phloem loading 
as a counter ion to H+  (Komor  et al., 1980) and so enhancing the mineral content of plant foliage. 

The current results are similar to those reported by Abdel-Salam and Shams (2012) and Labib et al., 
(2012) on potato and Mohamed et al. (2015) on garlic. They found that applied 50% potassium sulphate 
+50% K- feldspar + solublizing dissolving bacteria and obtained high yield as well as  N, P and K uptake 
in shoots and leaves. On the other side, Kamal (2013) found that foliar application with potassium silicate 
to sweet pepper significantly increased NPK uptake by foliage. 

Yield and its components  
 
Fertilizing JA plants with different sources of potassium + PSDB had significant effect on all 

components of yield in both seasons (Table 4). However, fertilizing JA plants with 75 % mineral K as PS+ 
25 % natural K as FS+ PSDB gave the highest values of average tuber weight, yield/ plant, total yield /fad. 
and yield of inulin /fad. in both seasons. 
 
Table  4 : Effect of natural sources of potassium on   yield and its components  of Jerusalem  artichoke plants  during 2014 

and 2015  seasons  

 
Treatments 

Average weight of 
tuber root (g) 

 Yield / plant  
(kg) 

Total yield 
(ton/fad.) 

 Yield of inulin / 
fad. 

Relative increases   
or decreases in total 

yield (%) 
Seasons 

2014  2015  2014  2015  2014  2015  2014  2015  2014  2015  
T1 ( Control)  49.60 51.90 2.05 2.29 24.18 27.05 2.61 2.77 0.00 0.00 
T2 49.30 52.20 2.08 2.36 24.60 27.95 2.67 2.89 1.72 3.31 
T3 52.30 52.30 2.26 2.33 26.01 27.43 2.56 2.73 7.53 1.40 
T4 54.70 55.40 2.39 2.49 28.12 29.17 3.22 3.35 16.27 7.82 
T5 50.50 49.20 2.13 2.22 25.17 26.23 2.52 2.91 4.07 -3.06 
T6 50.70 51.00 2.16 2.23 25.26 26.31 2.79 2.94 4.44 -2.76 
T7 49.30 47.00 2.10 2.07 24.95 24.32 2.65 2.66 3.15 -10.10 
T8 50.00 50.60 2.09 2.23 24.38 26.57 2.73 2.96 0.81 -1.78 
T9 46.50 46.00 1.88 1.92 22.34 22.71 2.41 2.36 -7.64 -16.05 
T10 48.90 48.90 2.03 2.13 24.10 25.12 2.70 2.77 -0.36 -7.51 
LSD at 0.05 level  1.62 2.16 0.11 0.16 1.08 0.74 0.13 0.05 -- -- 

T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  dissolving bacteria   

The total yield/fad. increased by about 16.27 and 7.82%  when JA plants received  75  %  mineral K 
as PS + 25 %  natural K  as FS+ PSDB than plants received 100 % mineral K as PS only in the 1st and 2nd  
seasons, respectively. While the plants which received 100 % natural K  as FS+ PSDB the total yield / fad. 
was decreased about  0.36 and 7.14 % than  plants received 100 % mineral K as PS only in the 1st and 2nd 
seasons, respectively.  

 On the other side, the total yield of inulin /fad. increased by about 23.42 and 21.10%  when JA 
plants  which  received  75  %  mineral K as  PS + 25 %  natural K  as FS+ PSDB than   plants which 
received  100 % mineral K as PS only  in the 1st  and 2nd  seasons, respectively. While,   the plants which 
received 100 % natural K as FS + PSDB increased the total  inulin yield / fad. by about  3.45 and  0.20 % 
than  the plants  which received 100 % mineral K as PS only in the 1st and 2nd seasons, respectively. 

Tuber root formation of JA was positively affected by synthesis and accumulation of starch, since K 
plays a key role in this regard as it influences cell division, tuberous root initiation and thickening, 
photosynthesis, formation of carbohydrates, translocations of sugars, mineral nutrients and photosynthetic 
matter and it also influences enzyme activity (Byju and George, 2005). In the same respect, Badr (2006) 
found that inoculation with silicate dissolving bacteria into the composition mass appears to enhance the 
percentage of available K in the mature compost. Similarly the response of tomato plants was dramatically 
enhanced in sandy soil of low K content and its effect was higher than potassium sulphate.  

Foliar feeding of nutrients has become an established procedure in crop production to increase yield 
of crop products (Roemheld and El-Fouly,1999).Sprayed plants with potassium silicate minimizes 
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environmental pollution an improves nutrient utilization through reducing the amounts of fertilizers added 
to the soil (Abou-El-Nour, 2002).  

These results are agreement with those reported by Abdel-Salam and  Shams  (2012)  and Labib et 
al. ( 2012) on potato, Abd -El-Hakeem and Fekry (2014) on sweet potato  and Mohamed et al. (2015) on 
garlic . All  of them , found that  fertilization of  plant with 50%  in the form of  mineral K+50% in form of 
feldspar-K increased yield and its components. Wand and Galletta (1998) on strawberries; Kamal (2013) 
on sweet pepper and  Salim et al. (2014) on potato as   for  potassium silicate . 

 
Tuber roots quality 
 

Potassium fertilization sources had significant effect on potassium   contents, dry matter, inulin and total 
carbohydrates (%) n tuber roots in both seasons (Table 5). 
 
Table  5 : Effect of natural sources of potassium on   tuber quality of  Jerusalem artichoke plants at harvest during 2014 and 

2015  seasons  
 

Treatments 
K  

(%) 
DM  
(%) 

Inulin  
 (%) 

Total carbohydrates  
(%) 

Seasons 
2014  2015  2014  2015  2014  2015  2014  2015  

T1 ( Control) 2.90 2.90 19.56 20.92 10.79 10.23 16.09 16.09 
T2 2.97 3.15 23.20 22.29 10.96 10.34 18.10 17.27 
T3 2.81 3.10 24.35 21.78 9.83 9.94 18.55 18.39 
T4 3.26 3.85 24.51 24.12 11.45 11.49 18.81 19.23 
T5 3.19 3.55 23.09 22.04 10.02 11.08 17.63 17.15 
T6 2.93 3.31 23.50 23.72 11.03 11.16 18.20 18.15 
T7 2.86 3.19 24.16 22.25 10.61 10.92 17.21 17.79 
T8 3.08 3.39 23.69 22.90 11.19 11.13 18.97 17.81 
T9 3.07 3.60 21.66 22.37 10.77 10.39 18.08 18.05 

T10 3.13 3.71 23.97 23.53 11.20 11.04 19.61 18.19 
LSD at 0.05 level 0.10 0.17 0.90 0.60 0.10 0.07 0.98 0.22 

T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  dissolving bacteria   

Generally , the highest values of potassium   contents, dry matter , inulin and total carbohydrates (%)  in tuber  
roots were recorded   by  the plants  which  received 75 % mineral K. as  PS + 25 % natural K as FS+ PSDB in  
the two growing seasons. 

Potassium activates several enzymes especially in the metabolism of carbohydrates. The main effect of 
K2O on carbohydrate, nitrogen and phosphorus percentages confirm that these percentages were raised as 
K2O rate increased. Potassium  percentage in plant leaves followed similar the  above mention  trend, but a 
significant linear relationship between  increase in K2O rate and increase  in potassium  percentage was 
detected  (Liu et al., 2010).  

Potassium silicate is consider as significant supplement of K, since potassium plays an important role 
in water status of plant, promoting the  translocation of newly synthesized photosynthetics and 
mobilization of  metabolites as well as promoting the synthesis of sugars and  polysaccharides (Mengel 
and Kirkby, 1982). 

These results are agree with those reported by George et al. (2002) and Abd El-Baky et al. (2010) on 
sweet potato regarding the effect of  potassium effect.   Kamal (2013)  on sweet pepper respecting the  
effect of  potassium  silicate. 

 
Economic feasibility  
 

The cost benefit analysis was done with a view to observing the comparative cost and benefit trend of 
Jerusalem artichoke cultivation as affected by cultural practices as the fixed costs including land leasehold,  
seed costs, cultivation , farmyard manure and  fertilizers  (N+P)  and   the variable costs including 
potassium treatments. The details of economic analysis (average two seasons) are   presented in Table (6).   

The total production cost ranged between LE. 10430 LE. /fad. to 10900 LE. /fad. among the treatments. The 
highest gross return and net  return LE. /fad. were  obtained  from the  combination between 75 % mineral K   as 
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PS +25 % natural K as FS+ PSDB this  treatment  scored the best records of gross return and net return (28644 
LE./fad. and 17824 LE./fad.), respectively, whereas, the  treatment   100  % natural K as F only   recorded the 
lowest value of gross return and net return L.E/fad.  (22524 and 12094 LE./fad.) , respectively (average two 
seasons). Such treatment returns the highest benefit-cost ratio (1.65) in comparison with the other treatments. 
Therefore, this treatment is considered to be a economical for JA production under the conditions of the present 
study. 
 
Table 6: Economic feasibility study for the effect of natural sources of potassium on of Jerusalem  artichoke plants( 

average 2014 and 2015  seasons)   
Treatments   Total 

production 
cost/fad. (LE)* 

Average of 
total 

yield(ton/fad.) 

Price of ton 
(LE) 

Gross  return  
(LE)** 

Net return /fad. 
(LE)*** 

Benefit  
cost ratio 

T1 ( Control)  10750 25.619 1000 25619 14869 1.38 
T2 10900 26.275 1000 26275 15375 1.41 
T3 10670 26.720 1000 26720 16050 1.50 
T4 10820 28.644 1000 28644 17824 1.65 
T5 10590 25.697 1000 25697 15107 1.43 
T6 10740 25.782 1000         25782 15042 1.40 
T7 10510 24.633 1000 24633 14123 1.34 
T8 10660 25.476 1000 25476 14816 1.39 
T9 10430 22.524 1000 22524 12094 1.16 

T10 10580 24.559 1000 24559 13979 1.32 
Total production costs /fad.  including (  land leasehold,  seed costs ,  cultivation , farmyard manure ,  fertilizers , potassium 
silicate, irrigation  and  harvesting ). 

**Gross  return= total yieldx price of ton, *** Net  return= Gross return- total production costs 
T1: 100 % Mineral K as  PS  ( control) T6:   50 % Mineral K as  PS+ 50 % natural K as FS+ PSDB 
T2: 100 % Mineral K as  PS  +  PSDB T7:    25 % Mineral K  as  PS+ 75 % natural K as FS                     
T3: 75 % Mineral K as  PS+ 25 % natural K as FS T8:   25 % Mineral K as  PS+ 75 % natural K as FS+ DB 
T4: 75 % Mineral K as  PS+ 25 % natural K as FS+ PSDB      T9:  100 % Natural K as FS                                                           
T5:   50 % Mineral K  as  PS+ 50 % Natural K as FS   T10: 100 % Natural K as FS+ PSDB 

PS: potassium sulphate , FS: feldspar, PSDB : potassium silicate  dissolving bacteria   

Finally it could be concluded that, treated  Jerusalem artichoke plants  with 75 %  mineral  K(72 kg K2O/fad. 
as PS)+ 25 % natural K( 24 kg K2O/fad. as FS)+ PSDB was the best treatment  for   increasing   growth  and  
improving   yield  and  best quality  and  giving the highest net return  as well as benefit-cost ratio to the farmers.  
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	The tuber roots of Jerusalem artichoke were planted at 50 cm apart on April 25st and 28th during the 1st and 2nd seasons, respectively. Jerusalem artichoke seeds were obtained from El-Kassasien Hort. Res. Station.
	K-feldspar is a low grade rock potassium samples from a sedimentary rock materials deposit as raw mining after grinding to a fine  powder by Al-Ahram mining and natural fertilizer company in Egypt. Rock potassium  as a filed spare and its powder contains 10.6 % K2O.
	Aranda M.R. and J. Cuartero,  2006. Silicon alleviates the deleterious salt effect on tomato plant growth by improving plant water status. J.  Plant Physiol., 163(8):847-55.
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