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ABSTRACT

Two field experiments were conducted during the two growing seasons of 2017 and 2018 at the
Experimental Farm, Sakha Horticulture Research Station, Horticulture Research Institute, Egypt, to study the
effect of irrigation intervals, magnetized water, organic and inorganic fertilizers and their combined interactions
on yield and its components of Jerusalem artichoke (Helianthus tuberosus L.) plants. The results can be
summarized as follows: As for irrigation intervals treatments, the treatment were obtained from Jerusalem
artichoke plants irrigated every 20 days treatment gave the highest tuber yield (tubers weight /plant and ton/fed),
water use efficiency, total carbohydrates. On the other hand, plants irrigated every 25 days recorded the highest
values of TSS and tuber inulin in both seasons. Jerusalem artichoke plants irrigated with magnetized water
gave the highest yield and its components (number of tubers/plant, tubers weight as ton/fed), water use
efficiency as well as the highest values of total carbohydrates, TSS, inulin and tuber vitamin C content
compared to the lowest ones resulted in control non-magnetized water treatment in both seasons. Also, the
highest yield and its components were recorded when the plants were fertilized by 50% organic + 50% mineral
in both seasons. Generally, it could be recommended that the Jerusalem artichoke plants were irrigated with
magnetized water every 15 or 20 days and fertilized by 50% organic (FYM compost)+ 50% mineral (NK)
produced high tubers yield, improved tuber quality (carbohydrates %, inulin, vitamin C and TSS) and water
use efficiency under the conditions of this study.

Keywords: Jerusalem artichoke, Magnetized water, Irrigation intervals, organic and Mineral fertilizers, yield

and quality, water use efficiency.

INTRODUCTION

Jerusalem artichoke (Helianthus tuberosus L.)
is a member of the composite family. Common names in
English; Sunroot, Sunchoke, Earth apple and Topinambur.
The total vegetation dies in the winter and giving rise to new
growth during the spring every year to produce the tubers
which used of many applications, i.e., human-diet, medical
and industrial (Meijer and Mathijssen 1993).

Water scarcity is one of the limiting factors in
crop production, the efficiency of crop production and
water use is reduced (Chaves et al., 2002). Water in
Egypt considered an important economic source because
80% of the water used to agriculture.

Increasing populations and fast economic
development in the Nile Basin  countries,
pollution and environmental degradation are reducing the
country’s water availability.

Flood irrigation without charging farmers any
water price encourages Egyptian farmers to over irrigate
their farms. Therefore, calculating the water requirement
of the research must be carried out. Several authors
reviewed the search for Jerusalem artichoke irrigation
scheduling, water deficit and its effect on potato yield
(Abubaker et al., 2014, Abdel Nabi, 2017) and AL-
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Juboori et al., 2017). Potato yield and water use
efficiency were decreased as water deficit increased
(Kiziloglu et al., 2006). Decreasing the number of
irrigations intervals of Jerusalem artichoke increased the
total tuber yield and its components; number tuber /plant
and total yield/fed (El-Sharkawy and El-Zohiri, 2007).
Baba and Simon (2015) found that carrot yield affected
by moisture and irrigation frequency. Water stress
decreased yield per plant and total yield per fed (El-
Zohiri and Abd El-Aal, 2014) and increasing the supplied
irrigation increased the total tuber yield and its
components of taro plants (Mabhaudhi et al., 2013) and
(Saqib et al., 2017) on sweet potato. Fruit characters (EI-
Sharkawy and EI-Zohiri, 2007), carbohydrates (Abou EI-
khair et al., 2011).

The magnetic technology has been investigated since
the turn of 19" century; 1980s. The water treated by pass
during a magnetic device has been called magnetized water
that was successfully use in agriculture irrigation (Racuciu and
Creanga, 2006). Magnetized water has many benefits;
increasing the leaching of excess soluble salts, dissolving
slightly soluble salts such phosphates, sulphates and
carbonates and lowering soil alkalinity (Hilal and Hilal, 2000
a, b). Activation of phytohormone production such as
gibberellic acid equivalents, indole-3-acetic acid and trans-
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zeatin as well as activation of the bio-enzyme systems that
increase in cell activity, which leads to the growth
improvement and increase the yield of crop (Abdul Qados and
Hozayn, 2010). Many beneficial impacts of magnetizing
irrigation water on yield and its components (number of tuber
and tuber weight/ plant) of potato plants (Hozayn et al., 2016
and Moussa and Hozayn, 2018). Increased water use
efficiency of snow Pea plants (Maheshwari and Grewal, 2009)
and sugar beet plants (Hozayn et al., 2013). Showed a
substantial reduction of total soluble sugar percentage of
potato yielded plants when irrigated with magnetized water
compared to ordinary water (Hozayn et al., 2016), increased
Vitamin C of husk tomato fruit content (Ahmed and Abd EI-
Kader, 2016).

Several scientists have researched the positive
impacts of organic materials combined with inorganic
fertilizer increased the productivity such yield, fruit characters
and water use efficiency. The highest tuber yield of potato
plants belonged with farmyard manure combined with
mineral fertilization (Baniuniene and Zekaite, 2008, Abou El-
khair et al., 2011) on Jerusalem artichoke (Awad and Ahmed,
2019) and on sweet potato (Adeyeye et al., 2016). Organic-
mineral fertilization recorded maximum values of potato

tuber total carbohydrates (Abou El-khair et al., 2011) and
highest content of total sugars (Mitova et al., 2014).
Therefore, the objective of this study was therefore to explore
the effect of organ-chemical fertilizers, irrigation intervals
with or without magnetized water and their interaction on
yield, its component and water use efficiency of Jerusalem
artichoke (Helianthus tuberosus L.) plants.

MATERIALS AND METHODS

The present study was carried out during the two
growing seasons of 2017 and 2018 at Sakha Agricultural
Research Station Farm, Kafr EI-Sheikh Governorate, in North
Middle Nile Delta, Egypt, to study the effect of the
combinations of irrigation intervals and organic manure plus
chemical fertilizers with or without magnetized water and
their interactions on yield and its component and water use
efficiency of Jerusalem artichoke (Helianthus tuberosus L.).
Soil samples were collected from the experimental location
before tuber planting at a depth of 0-45cm in the first season
to determine some mechanical and chemical soil properties
(Tables 1land 2). Determination of available soluble cation
(nitrogen, phosphorus and potassium) were done according to
Jackson (1967).

Table 1. Mechanical, chemical characteristics and soil water constants of soil farm.

Soil depth Particle size distribution K IR Soil moisture characteristics  Bulk Density
(cm) Sand (%) Silt (%) Clay (%) Soil texture  Cm/d Cm/h FC (%) WP(%) AW(%) (kg/m)
0-15 15.76 3170 52.54 4250 226 19.90 129
15-30 14.84 30.86 54.30 clayey 215 0.65 40.60 218 18.80 1.36
30-45 14.67 30.61 54.72 ’ ’ 3891 20.7 18.21 143
Mean 15.63 31.06 53.85 40.67 2170 18.97 1.36
FC: Field capacity, WP: wilting point, AW: available water, IR: infiltration rate, K: hydraulic conductivity

Table 2. Some chemical characteristics for the farm soil at different depths.

Soil depth EC Soluble cations(Meg/L) Solubleanions(Meg/L)
cm) PH  gsm) SAR BP —— ¢ Mg?2 K HCOs CF SOr
0-15 8.42 4.03 7.81 11.09 225 5.85 10.75 0.35 4.7 120 2275
15-30 845 4.22 13.37 17.37 310 345 7.30 0.10 315 9.6 29.1
30-45 8.60 4.29 14.06 18.09 30.0 3.80 5.30 0.15 155 7.2 30.50
Mean 8.49 4.18 11.75 15.52 27.83 4.37 7.78 0.20 3.13 9.6 27.45

The experiment included 30 treatments, representing
the combinations of three irrigation intervals (15, 20 and 25
days), two magnetized water (non-magnetized and
magnetized water) and four organic and mineral (NK)
fertilizers (100% organic, 100% mineral, 25% organic + 75%
mineral, 50% organic + 50% mineral and 75% organic + 25%
mineral) treatments. Each experimental unit included three
ridges; 7.0 m length and 0.7 m width resulted an area about
14.7 m?. The design of the experiment was a strip-split plot
with three replication the main plots were assigned for the
three irrigation intervals. The sub-plots included two
magnetized and non-magnetized water treatments, whereas
the sub-sub plots were devoted for the four fertilizer sources
treatments. Tuber seeds of Jerusalem artichoke cv. Baladi
were purchased from Agricultural Research Center and

planted on 15" and 20" May in 2017 and 2018 in both
seasons, respectively. Tubers were planted in hills with about
45 cm apart on one side of the ridge (Tubers treated with
Rizolx, wp 70% as fungicide before planting).

The chemical fertilizer as Calcium super phosphate
(15.5% P,0s) was applied once during soil preparation.
While, both ammonium nitrate (33.5% N) was added in two
equal doses, the first one was added after 21days from tuber
seed planting and the second one was after 60 days from the
first dose and potassium sulphate (48% K0) was applied
twice with nitrogen fertilizer as above mentioned. As for
FYM compost; 0.8 % N was added once before planting
according the different of treatments in both seasons. The
quantity of organic and chemical (NK) fertilizers were shown
in Table (3).

Table 3. The experimental treatments of organic and chemical (NK) fertilizers mean of the two seasons.

Fertilization Amount of fertilizers (Kg/fed.)

treatments FYM (m3ffed) Ammonium nitrate Potassium sulphate
100% mineral - 210.3 206

100% organic (FYM compost) 20.2 - -

75% organic + 25% chemical 151 52.6 514

50% organic + 50% chemical (NK) 10.1 105.1 103

25% organic +75% chemical 5.1 157.7 154.1
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Irrigation treatments; before start irrigation treatment
all plots under the study were watered after planting
immediately and received equal amount of water. The amount
of the irrigation water was calculated by the following
equation (Michael, 1978).

Q=CA/2gh
Where:

Q= Discharge through orifice (L/ sec)

C= Coefficient of discharge (0.61)

A= Cross section area of the orifice, (m?

g= Acceleration due to gravity, cm/sec? (98/cmy/sec?).
h=Pressure head, causing discharge through the orifice (cm).

The quantity of irrigation water applied (m®fed) in the
different irrigation treatments during each growing season
were tabulated in Table (4).

Table 4. The quantity of irrigation water applied (m®/fed)
and numbers of irrigation (mean of two seasons)

Irrigation No. of Irrigation water applied
intervals irrigations (m3/fed /seasons)
15 days (control) 9 4159

20 days 7 4013

25 days 5 3861

All irrigation treatment (magnetized or non-
magnetized water) were started after 40 days of full
germination (25 and 30 June in 2017 and 2018 season,
respectively).

Magnetized water; It was obtained by passing the
water through a magnetic device 1000 gauss magnetron unit,
linch diameter supplied by Delta water Company,
Alexandria, Egypt

Al cultural practice; pests and diseases control... etc.,
were done when it was necessary according to the
recommendation of the commercial production of Jerusalem
artichoke as outlined by Ministry of Agriculture and Land
Reclamation (2007).

Data recorded:
1. Tubers yield and water use efficiency (WUE):

The tubers of each plot at harvest time 15" and 20"
November in 2017 and 2018 seasons, respectively (After 180

days from planting) were harvested and the data for the

following traits was done:

1.Number of tubers/ plant

2.Yield /plant

3.Yield /fed. It was recorded as total weight of harvested
tubers/plot and converted into ton /fed.

4.Water use efficiency (WUE) was calculated according to
Alli et al. (2007) as follow:

WUE = tubers yield (kg/fed.) / Water applied (m? /fed.)

2. Tubers characters:

1.Total carbohydrates (%), was determined according to the
methods of Somogy (1952).

2.Inulin content (%), was determined in tubers according to
the methods of Winton and Winton (1985).

3. Vitamin C content (Ascorbic acid) in tuber juice was
determined in three samples per treatment, using 2, 6-
dichlorophenol indophenol solutions as described in
(A.0.A.C., 1995).

4. Total soluble solids (%), was measured in the juice of tubers

by using hand Refractometer (A.O.A.C., 1995).

Statistical analysis:

Data were analyzed by MSTATC computer software
program (Bricker, 1991). The obtained data were subjected to
analysis of variance according Little and Hills (1975).
Duncan's multiple range test; DMRT (Duncan, 1955) at 5%
level was used to compare the means.

RESULTS AND DISCUSSION

Effect of irrigation intervals:

The response of Jerusalem artichoke plants to
irrigation intervals on tuber yield characters, the data as shown
in Table (5) pointed out that number of tubers/plant was
significantly influenced by irrigation intervals treatments,
Plants irrigated every 15 days resulted in the greatest values
in this respect followed by irrigation every 20 and 25 days,
respectively in both seasons without significant differences
between each of them in the second one. The highest yield as
kg /plant recorded with irrigation intervals treatment every 20
days followed by 15 days compared with 25 days which had
the lowest ones in both seasons.

Table 5. Effect of irrigation intervals (A), magnetized irrigation water (B) and fertilizer sources (C) on number of tubers,
tubers weight per plant, tubers weight per fed and water use efficiency (WUE) of Jerusalem artichoke plant

during 2017 and 2018 seasons.

Treatments No. of tubers/ plant ~ Tubers weight(kg/ plant)  Tubers weight(ton/ fed) WUE

2017 2018 2017 2018 2017 2018 2017 2018

A- Irrigation intervals (day)
15 3590a 3746a 152b 16la 2887b 3081a 921b 955b
20 31.83b 27.63b 158a 169a 30.04a 3220a 10.15a 10.53a
25 28.36¢ 27.63b 115¢c 130b 22.08¢ 2481b 7.83¢c 846¢
F. test kk k% £33 ** k3 ** **x **
B- Magnetized irrigation water
Non magnetized 27.93b 27.48 1.30b 140b 24.87b 26.66 b 8.69 9.01
Magnetized 36.13a 34.33 152a 167a 29.11a 31.89a 9.43 10.01
F. test ok NS * * * * NS NS
C- Fertilizer sources

100 % organic 26.11c 24.06¢e 1.14d 126d 21.77d 24.01d 6.74c 7.19¢c
100% mineral 27.27¢C 28.11d 133¢c l44c 2542c¢c 2751c 945b 9.84b
25% organic+75% mineral 32.33b 31.88b 1.60b 1.73b 30.53b 33.09b 10.78 a 11.28a
50% organic+50% mineral ~ 40.94a 39.72a 1.78a 190a 3392a 36.24a 11.07a 1156 a
75% organic +25% mineral  33.50 b 30.78 ¢ 1.22d 1.34d 23.35d 2552d 7.27¢C 7.71c
F. test kk Kk kK ** Kk ** ** **

** * and N.S indicate significant differences at P<0.01, P<0.05 and not significant, respectively according to F. test. Values having same alphabetical
letter within each column are not significantly different at the 5% level, according to Duncan’s test.
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With respect to the effect of irrigation intervals on
yield as ton /fed and WUE, results presented in Table (5)
show that plants irrigated every 20 days gave the highest
values of these aforementioned characters with highly
significant differences, followed by that irrigated every 15
days and finally 25 days in both seasons. The results are the
same for both seasons. These results are agree with those
obtained by El-Sharkawy and EI-Zohiri (2007), Abou El-
khair et al. (2011). In the same line, Khalel (2015) on potato
plants, the same results were harmony with Wang et al.
(2006) on potato plants, Saleh et al. (2012) on artichoke,
Jasim and Ibraheem (2018) on potato plants.

Effect of magnetized irrigation water:

The data obtained in Table (5) show the effect of
irrigation water treatments (magnetized and non-magnetized
water) on yield and its components of Jerusalem artichoke
plants; tuber number per plant, tuber kg/plant and tuber as
ton/fed were significant in both seasons, except number of
tubers in the second one as the differences were not significant.
As for water use efficiency, plants irrigated with magnetized
water not significantly affected compared to the control
(normal irrigation water) in the both season. The highest values
of tuber number, yield as kg/plant and ton/fed and water use
efficiency recorded with magnetized irrigation water
treatment, on the other hand, the least values were obtained
from control (non-magnetized water) treatment in both
seasons. The noticeable increase in yield and its components
produced by magnetized water have been reported by Moussa
and Hozayn (2018) concluded that, irrigation potato plants
with magnetized water caused an increment of potato tubers
yield as compared to using ordinary water.

Effect of fertilizer sources:

With respect to effect of fertilizer sources (organic and

mineral) on tubers characters, data tabulated in Table (5)

showed that, the treatment of 50% organic + 50% mineral
gave the highest number of tubers/plant, tubers kg/plant,
tubers as ton/fed and water use efficiency followed by the
treatment of 25 % organic + 75% mineral. The lowest values
of the parameters realized for the plants fertilized with 100%
organic, the other treatments gave an intermediate values in
both seasons. The superiority of organic fertilization 50% +
50% of recommended mineral fertilizer dose on number of
tubers/plant and tubers weight/plant, tuber weight as ton/fed
and water use efficiency might be attributed to the favorable
effect tubers yield and quality (Mirdad 2010), Abou El-khair
et al. (2011), Elsharkawy (2013), El-Sayed et al. (2014),
reported similar results on potato plants. Such findings are in
harmony with those reported by Mitova et al. (2014) on tuber
properties, Habimana et al. (2014) on marketable root yield
of carrot and the lowest values were in the control treatment.
Effect of interactions:

Effect of interaction between irrigation intervals and
magnetized irrigation water on number of tubers, tubers
weight plant?, tubers weight per fed and water use
efficiency (WUE) of Jerusalem artichoke plant during
2017 and 2018 seasons.

Data in Table (6a) demonstrated that the number of
tubers/plant, tuber weight /plant and /fed) and water use
efficiency were not significantly affected by the interaction
between irrigation intervals and magnetized irrigation water
treatments in both season. In addition, the plants irrigated by
magnetized water every 15 days tended to have the highest
tubers number/plant in both seasons, meanwhile, yield as
kg/plant and ton/fed were obtained from plants irrigated by
magnetized water every 20 days followed by every15 days in
both seasons. The plants irrigated with magnetized water
followed by those irrigated by non-magnetized water every
20 days tended to record the highest values in both seasons.

Table 6a. Effects of interactions between irrigation intervals and magnetized irrigation water on number of tubers,
tubers weight plant?, tubers weight per fed and water use efficiency (WUE) of Jerusalem artichoke plant

during 2017 and 2018 seasons.

No of .tubers Tubers weight Tubers weight
Treatment Jplant (ko/ plang (ton/fed)g WUE

Irrigation intervals (day)  Magnetized irrigation water 2017 2018 2017 2018 2017 2018 2017 2018
15 Non magnetized 3340 3427 140 148 2682 2835 884 911

Magnetized 3840 40.67 162 174 3092 3327 958 999
20 Non magnetized 2620 2493 149 156 2848 2988 10.02 10.20

Magnetized 3747 3033 165 181 3160 3452 10.26 10.86
25 Non magnetized 2420 2327 101 114 1932 2175 720 773

Magnetized 3253 3200 130 1.46 2482 2787 846 919
F. test. NS NS NS NS NS NS NS NS

N.S indicate significant differences at not significant, respectively to F. test.

Values having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.

Effect of interaction between irrigation intervals and
fertilizer source on number of tubers, tubers weight plant
! tubers weight per fed and water use efficiency (WUE) of
Jerusalem artichoke plant during 2017 and 2018 seasons.

Data in Table (6b) showed that the plants fertilized
with 50% mineral + 50% organic followed by those fertilized
with 25% organic + 75% mineral and watered every 15 and
20 days produced the highest number of tubers/plants,
meanwhile the highest values of tubers weight as kg/plant,
ton/fed and water use efficiency recorded with plants irrigated
every 20 days treatment in both seasons. On the other hand,
the plants irrigated every 25 days and fertilized with 100 %
organic fertilizer tended to produce the lowest values

compared with other treatments which gave an intermediate
value in both seasons. Results showed that there were
significant differences between the interaction treatments of
irrigation intervals and fertilizer sources on the
abovementioned tuber characters in both seasons.
Effect of interaction between magnetized irrigation water
and fertilizer source on number of tubers, tubers weight
plant?, tubers weight per fed and water use efficiency
(WUE) of Jerusalem artichoke plant during 2017 and
2018 seasons.

Concerning the effect of the combined interaction
between magnetized water and fertilizer sources, Data
obtained during 2017 and 2018 seasons and presented in
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Table (6c¢) evident that, there were not statistical differences
within all treatments of tubers number, tubers weight/plant,
tubers weight as ton/fed and water use efficiency in both
seasons, except number of tubers in the second as the
differences were highly significant. The highest number of
tubers per plant, tubers weight per plant as kg/plant and ton

per fed resulted by plants irrigated with magnetized irrigation
water and fertilized with 50% mineral + 50% organic,
followed by 25%o0rganic + 75% mineral treatments compared
to the lowest values obtained from plants which irrigated with
the normal irrigation water and fertilized by 100% organic
treatment in both seasons.

Table 6b. Effects of interactions between irrigation intervals and fertilizer sources on number of tubers, tubers weight
plant?, tubers weight per fed and water use efficiency (WUE) of Jerusalem artichoke plant during 2017 and

2018 seasons.
No of. tubers Tubers weight Tubers weight
Treatment plant (kg/ plantg) (ton/fed)g WUE
Irrigation Fertilizer 2017 2018 2017 2018 2017 2018 2017 2018
intervals (day) sources
100 % organic 31.33hc 30.16b-d 120d-f 129e-g 2295d-f 2460e-g 667h 696h
100% mineral 31.83bc 35.66b 142c¢ 150cd 2717c 2867cd 935d 954e
15 25% organic+75% mineral  36.16a-c 37.33b 176b 187b 3365b 3572b 11.26bc 11.53cd
50% organic+50% mineral ~ 46.83a 50.83a 190ab 202b 36.19ab 3857b 11.48bc 12.01bc
75% organic +25% mineral  33.33 bc 3333bc 128c-e 1.39c-f 2438ce 2651lcf 729fh 7.73¢gh
100 % organic 28.66b-d 21.16d 121d-f 133d-g 23.05d-f 2536d-g 7.08gh 7.56gh
100% mineral 25.66cd 24.16 cd 145c¢ 154c 2768c 29.33c 1064c 10.80d
20 25% organic+75% mineral ~ 31.16bc 2800b-d 182b 196b 3473b 37.37c-e 1213ab 1265ab
50% organic+50% mineral ~ 40.16ab 35.50b 206a 220a 39.30a 4200a 12.79a 13.38a
75% organic +25% mineral  33.50bc  29.33b-d  1.33cd 141c-e 2546cd 26.95c-e 8.08e-g 8.28fg
100 % organic 18.33d 20.83d 101g 115g 1930g 2207g 6.46h 7.04h
100% mineral 24.33cd 2450cd 112e-g 128e-g 2140e-g 2454e-g 835d-f 9.19ef
25 25% organic+75% mineral  29.66b-d  30.33b-d 121d-f 137cf 2320df 26.19cf 896de 9.65e
50% organic+50% mineral ~ 35.83a-c 3283bc  137cd 147cd 2626cd 2816cd 894de 9.27ef
75% organic +25% mineral  33.66bc  29.66b-d 106fg 121fg 2022fg 2311fy 6.45h 7.13h
** ** ** ** ** **

F. test ** **

** indicate significant differences at P<0.01 according to F. test. VValues having same alphabetical letter within each column are not significantly different
at the 5% level, according to Duncan’s test.

Table 6c¢. Effects of interactions between magnetized irrigation water and fertilizer sources on number of tubers, tubers

weight plant?, tubers weight per fed and water use efficiency (WUE) of Jerusalem artichoke plant during

2017 and 2018 seasons.
No of. tubers Tubers weight Tubers weight
Treatment Jplant (ko/ plang (ton/fed)g WUE
Magnetized Fertilizer sources 2017 2018 2017 2018 2017 2018 2017 2018
Irrigation water
100 % organic 22444 2311d 1.06 117 20.25 22.28 6.55 6.94
100% mineral 24111 2500cd 121 1.30 23.21 24.82 9.04 9.27
Non magnetized 25% organic+75% mineral 24444  2600cd 146 1.56 2791 29.78 10.30 10.57
50% organic+50% mineral 38778 3733ab 164 171 31.26 32.70 10.50 10.83
75% organic +25% mineral 29889 26.00cd 114 1.24 21.73 23.72 7.05 7.45
100 % organic 29.778 25.00cd 1.22 135 23.28 25.73 6.92 7.44
Magnetized 100% mineral 30444 31.22bc 145 158 27.61 30.20 9.85 1041
25% organic+75% mineral 40222 37.77ab 174 191 33.14 36.40 11.26 11.97
50% organic+50% mineral 43111 4211a 192 2.09 36.57 39.79 11.64 12.28
75% organic +25% mineral 37111 3555ab 131 143 24.97 27.32 7.50 797
F. test NS o NS NS NS NS NS NS

** and NS indicate significant differences at P<0.01 and not significant, respectively according to F. test.
Values having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.

Effect of the combined interactions among irrigation
intervals, magnetized irrigation water and fertilizer
sources on number of tubers, tubers weight plant?, tubers
weight per fed and water use efficiency (WUE) of
Jerusalem artichoke plant during 2017 and 2018 seasons.

Results in Table (6d) indicated a significant variance
due to interaction effect of various combinations on number
of tubers/plant in the second season only. Tubers weight as
kg/plant, ton/fed and water use efficiency not significantly
affected by the combined interaction treatments in both
seasons. The plants irrigated every15 days and fertilized with
50% mineral + 50% organic fertilizer by non-magnetized
water in the first season and magnetized water in the second

one produced the highest number of tubers/plant. In addition,
yield as kg/plant, ton/fed and water use efficiency were
increased under the combination treatments of plants irrigated
every 20 days with magnetized water compared with other
treatments in both seasons.
1.Tubers characters:
Effect of irrigation intervals:

Concerning the effect of irrigation intervals treatments
(15, 20 and 25 days) on carbohydrates contents, TSS, inulin
and vitamin C tuber content, the obtained results presented in
Table (7) cleared that, irrigation intervals treatments were
resulted in a highly significant increase in the above-
mentioned characters in both seasons.

1447



Tartoura, E. A. A. etal.

Table 6d. Effect of the combined interactions among irrigation intervals, magnetized irrigation water and fertilizer
sources on number of tubers, tubers weight plant?, tubers weight per fed and water use efficiency (WUE) of
Jerusalem artichoke plant during 2017 and 2018 seasons.

No. of tubers Tubers weight Tubers weight
Treatment Jplant (keyplant) (ton/fed) WUE
Irrigation intervals  Magnetized Fertilizer
(daf}) irriga%on e er  —ree 2017 2018 2017 2018 2017 2018 2017 2018
F1 30000 31004 111 118 2114 2254 635 660
F2 29667 3333dh 132 137 2514 2622 897  9.06
NMW F3 29000 3066ei 160 170 3048 3238 1064 10.86
F4 50667 50.33ab 181 188 3460 3587 1119 1156
15 F5 27667 2600h-m 119 130 2273 2476 703  7.48
F1 32667 29.33Fk 130 140 2476 2666 699  7.33
F2 34000 3800ce 153 163 2920 3111 972 1003
MW F3 43333 4400bc 193 205 3682 3905 1187 1219
F4 43000 51.33a 198 216 3778 4127 1177 1246
F5 39000 4066cd 136 148 2603 2825 756 7.8
F1 24667 2066l 115 127 2196 2431 703 754
F2 22000 2166k-n 137 139 2616 2660 1062  10.30
NMW F3 25000 27.00h-m 172 177 3289 3378 1195 1197
F4 34667 3333dh 195 205 3714 3905 1245 1296
0 F5 24000 2200j-n 127 134 2425 2565 807 824
F1 32667 2166kn 126 138 2412 2641 713 758
F2 29333 2666h-m 153 168 2920 3206 1066 11.28
MW F3 37333 2900g-k 192 215 3657 4095 1230 1333
F4 45667 3766ce 217 236 4146 4495 1312 1379
F5 42333 3666cg 140 148 2666 2825 809 832
F1 12333 1766n 002 105 1765 2000 627 668
F2 20667 2000mn 096 113 1835 2165 754 845
NMW F3 19333 2033[-n 107 121 2038 2317 831 890
F4 31000 2833h 115 121 2203 2317 786  7.96
- F5 37000 3000e 095 109 1822 2076 605 665
F1 24000 2400 110 126 2095 2412 664 741
F2 28000 29.00g-k 128 144 2444 2743 917 993
MW F3 40000 4033cd 136 153 2603 2920 960  10.39
F4 40667 37.33cf 160 174 3047 3314 1003 1059
F5 30000 2933Fk 116 133 2222 2546 686  71.62
F.test NS * NS NS NS NS NS NS

NMW= non-ma%netlz_es water, MN= magnetized water, F1= 100% organic, F2=100 % mineral, F3= 25% org+75% min, F4= 50% org+50% min
F5=75% org+25% min,. **, * and NS indicate significant differences at P<0.01, P<0.05 and not significant, respectively according to F. test. Values
having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.

Table 7. Effects of irrigation intervals (A), magnetized irrigation water (B) and fertilizer sources (C) of total carbohydrates,
total soluble solids, inulin and Vitamin C of Jerusalem artichoke plant during 2017 and 2018 seasons.

Treatments Total carbohydrates (%6) TSS (%) Inulin (%) Vitamin C mg/100g F.W
2017 2018 2017 2018 2017 2018 2017 2018
A- Irrigation intervals (day)
15 33.30b 34.38b 14.34b 16.44b 1039¢  1091b 8.26a 885a
20 35.58a 36.20a 23.35a 24,01a 1139  11.86a 746b 791b
25 32.13b 33.07c 24.12a 24.84a 11.77a  11.8% 7.34b 7.26¢
F. teSt *% ** sk sk Kk * ** &3k
B- Magnetized irrigation water
Non magnetized 28.78b 29.32b 20.14 21.15b 10.46 10.44b 7.62 7.90
Magnetized 38.55a 39.78a 21.06 22.37a 11.90 12.66a 7.76 8.11
F. test * ok NS ok NS * NS NS
C- Fertilizer sources
100 % organic 32.25d 33.20d 20.7bc 21.92b 10.39d  10.68d 6.83b 7.47¢c
100% mineral 3041e 31.32¢ 19.08d 20.29c 10.02e  10.45d 7.10b 6.71d
25% organic+75% mineral 34.88b 36.17b 20.87b 22.17b 11.83b  12.31b 849 8.60b
50% organic+50% mineral 37.45a 37.71a 22.55a 23.57a 12.69a 13.05a 8.84a 9.75a
75% organic +25% mineral 33.34c 34.36¢ 19.8cd 20.88¢c 1097c  11.29c 7.19b 7.49c
** ** ** ** ** ** ** **x

F. test
** *and NS indicate significant differences at P<0.01, P<0.05 and not significant, respectively according to F. test. Values having same alphabetical
letter within each column are not significantly different at the 5% level, according to Duncan’s test.

The highest values of total carbohydrates produced
from plants irrigated every 20 days comparing with the other
irrigation intervals. About the effect of irrigation intervals on
TSS % and inulin contents results indicate that increasing
irrigation intervals form 15 up to 25 days resulted in an
increment of TSS and inulin in both seasons. On the other hand,
tuber vitamin C content had an adverse trend; 15days intervals
had the highest value followed by 20 and 25 days, respectively
in both seasons. Ezzat et al. (2015) obtained similar positive
effects on Jerusalem artichoke plants. Also, El-Sharkawy and
El-Zohiri (2007) on Jerusalem artichoke, Kumar et al. (2009)
and Abou El-khair et al. (2011) on potato plants.

Effect of magnetized irrigation water

The data obtained in Table (7) show that total
carbohydrates significantly affected by treatments in both
seasons, TSS and inulin in the second one. On the other hand,
tuber vitamin C content not significantly affected in both
seasons. The magnetized irrigation water treatment had the
highest values of total carbohydrates, TSS, inulin and vitamin
C tuber content of Jerusalem artichoke comparing with normal
irrigation water treatment in both seasons. These previously
mentioned results seemed to agree with those reported by.
Hozayn et al. (2016) and Ahmed Abd El-Kader (2016) on
potato.
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Effect of fertilizer source:

With respect to the effect of fertilizer sources (organic

and mineral) on tubers total carbohydrates, TSS, inulin and
vitamin C tuber content, data tabulated in Table (7) show that,
the treatment of 50% inorganic + 50% organic gave the
highest values of tuber characters followed by the treatment
of 25% oroanic + 75% mineral compared to the lowest values
of these parameters which were realized for the plants were
fertilized with 100% organic in both seasons. Other
treatments gave an intermediate values, The differences
among fertilizer sources treatments were highly significant
affected in both seasons. Such findings are in harmony with
those reported by Anwar et al. (2011) on Jerusalem artichoke,
Mitova et al. (2014) and Ahmed et al. (2015) on potato plants.
Effect of interactions:
Effect of interaction between irrigation intervals and
magnetized irrigation water on total carbohydrates, total
soluble solids, inulin and Vitamin C of Jerusalem
artichoke plant during 2017 and 2018 seasons.

Results presented in Table (8a) cleared that the
interaction effect of various combinations between irrigation

intervals and magnetized irrigation water treatment son tubers
inulin content was highly significant in the second season
only. While, there was non-significant variance due to the
interaction effect of various combinations between irrigation
intervals and magnetized irrigation water treatments on total
carbohydrates, TSS and vitamin C tubers content in both
seasons. Plants watered with magnetized water every 20 gave
the highest records of total carbohydrates, tubers TSS and
inulin in both seasons. On the other hand, plants irrigated with
non-magnetized water every 25 and 15 days gave the highest
values of vitamin C content in both seasons, respectively.
Effect of interaction between irrigation intervals and
fertilizer source on total carbohydrates, total soluble
solids, inulin and Vitamin C of Jerusalem artichoke plant
during 2017 and 2018 seasons.

Results presented in Tables (8b) show that, the
interaction between irrigation intervals and fertilizer sources
had a non-significant effect on total carbohydrates, TSS and
vitamin ¢ contents of tubers in both seasons, indicated a
significant variance due to interaction effect of various
combinations as for tuber inulin in both seasons.

Table 8a. Effects of interactions between irrigation intervals and magnetized irrigation water of total carbohydrates,
total soluble solids, inulin and Vitamin C of Jerusalem artichoke plant during 2017 and 2018 seasons.

Treatment Total carbohydrates (%) 2;23 I?&I)l)n m\é;i%%]g;nFF\:/v
i'rr]{é%gg”(day) Mag“e“\fvg‘g: rigation 547 2018 2017 2018 2017 2018 2017 2018
15 Non magnetized 28.06 28.38 13.89 15.60 10.18 10.39de 8.37 8.93
Magnetized 38.78 39.72 1479  17.28 10.59 11.43c 8.17 8.77
20 Non magnetized 3047 3054 2235  23.04 9.75 10.04e 741 782
Magnetized 40.68 41.86 2436 2497 10.03 13.67a 7.52 7.99
25 Non magnetized 27.82 29.04 24.19 2481 11.46 10.90cd 7.09 6.95
Magnetized 36.18 37.74 24.06 24.88 12.08 12.89b 7.59 7.58
F. test. NS NS NS NS NS o NS NS

** and NS indicate significant differences at P<0.01 and not significant, respectively according to F. test. VValues having same alphabetical letter within

each column are not significantly different at the 5% level, according to Duncan’s test.

Table 8 b. Effects of interactions between irrigation intervals and fertilizer sources of total carbohydrates, total soluble
solids, inulin and Vitamin C of Jerusalem artichoke plant during 2017 and 2018 seasons.

Total carbohydrates TSS Inulin Vitamin C
Treatment (%) : (%) (%) mg/100g F.W
Irrigation Fertilizer
intervals (day) SOUrCes 2017 2018 2017 2018 2017 2018 2017 2018
100 % organic 30.84 31.813 15100 16.850 9.79hi 10.09e  7.900 8.583
100% mineral 29.33 29995 13400 14.533 9.35i 10.0le 6.817 6917
15 25% organic+75% mineral 32.82 34.328 13383 16.783 10.88d-f 11.38cd 9.350 9.750
50% organic+50% mineral 37.66 38.140 16.600 18333 11.45cd 11.96bc 9.783 10.917
75% organic +25% mineral 32.36 33830 13217 15700 10.45fh 11.07ce 7483 8.083
100 % organic 34.43 35.175 23400 24217 10.50e-g 11.04ce 6.083 7.133
100% mineral 31.28 32.130 20.717 22250 9.88g-i 10.36de 7.383 6.250
20 25% organic+75% mineral 37.45 38305 24283 24733 12.00bc 12.84ab 8367 8.200
50% organic+50% mineral 39.42 39.628 25.267 25.600 13.29a 13.6la 8550 10.033
75% organic +25% mineral 35.30 35.777 23117 23233 11.27d  11.45cd  6.950 7.933
100 % organic 3147 32610 23650 24.683 10.86d-f 10.92c-e 6500 6.717
100% mineral 30.63 31.843 23133 24.083 10.82d-f 10.96ab 7.100 6.983
25 25% organic+75% mineral 34.37 35.867 24950 25.000 12.62b  12.69ab 7.767 7.850
50% organic+50% mineral 35.26 35360 25800 26.767 1332a  1355a 8200 8317
75% organic +25% mineral 32.375 33.472 23083 23700 1121de 1132cd 7.150 6.467
F. test NS NS NS NS sl ** NS NS

** and NS indicate significant differences at P<0.01 and not significant, respectively according to F. test.
Values having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.

The combination treatment every 20 days with 50%
mineral + 50% organic tabulated the highest records of total
carbohydrates, inulin every 25 and 20 days without significant
differences between each of them. Meanwhile those irrigated
every 25 days and fertilized with 50% mineral + 50% organic
gave the highest values of TSS compared with 15 days
treatment which tended to score the vitamin C tuber content
with the same of fertilized treatment.

With respect to the effect of interaction between
irrigation intervals and fertilizer sources on total
carbohydrates, TSS and vitamin C tubers contents, results
presented in Table (8b) indicate that, the differences were
non-significant affected by the combined interaction
treatments in both seasons, except inulin tuber content as the
differences were highly significant in both seasons. The plants
fertilized with 50% mineral + 50% organic ether every 25 or
20 days recorded the highest values in both seasons.
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Effects of interactions between magnetized irrigation
water and fertilizer sources on total carbohydrates, total
soluble solids, inulin and Vitamin C of Jerusalem
artichoke plant during 2017 and 2018 seasons

Data in Table (8c) evident that, there were statistical
differences within all treatments of tuber TSS in both seasons
and inulin in the first season. The combination treatments of
magnetized irrigation water and 50% mineral + 50% organic
followed by normal irrigation water with 50% mineral + 50%
organic treatments gave the highest values of tuber TSS and
inulin in both seasons compared with the combination

treatment of normal irrigation water and 100% mineral which
recorded the lowest values in both seasons.

Effect of the combined interactions among irrigation
intervals, magnetized irrigation water and fertilizer
sources on total carbohydrates, total soluble solids,
inulin and vitamin C of Jerusalem artichoke plant
during 2017 and 2018 seasons.

Data in Tables (8 d) show that, the interaction effect among
all treatments of irrigation intervals, magnetized irrigation
water and fertilizer sources were non- significant differences
of total carbohydrates, vitamin C and inulin tuber content in
both seasons and TSS in the first season only.

Table 8c. Effects of interactions between magnetized irrigation water and fertilizer sources of total carbohydrates, total
soluble solids, inulin and Vitamin C of Jerusalem artichoke plant during 2017 and 2018 seasons.

Total carbohydrates

TSS Inulin Vitamin C

Treatment (%) (%) (%) mg/100g EW
Magnetized Fertilizer
irri gati on water SOUICeS 2017 2018 2017 2018 2017 2018 2017 2018
100 % organic 28060 28.898 21.26ab 22.38b 9.68e 9.47 6.944 7.289
Non 100% mineral 26671 27396  18.23c 19.66 ¢ 9.60e 951 6.800 6.544
magnetized 25% organic+75% ml_neral 28.997 29971 20.21bc  21.56hbc 11.30c 11.38  8.400 8.878
50% organic+50% mineral 31.868 31524 21.3lab 2236b 11.75bc 1183  8.567 9.133
75% organic +25% mineral 28346  28.829 19.70bc  19.76c 9.97de 1000 7411 7.678
100 % organic 36434 37501 20.16bc 21.44bc  11.08c 1189 6.711 7.667
100% mineral 34162 35250 19.93bc 2091bc  1043d 1138  7.400 6.889
Magnetized 25% organic+75% mineral  40.771 42362 2153ab 2277ab  1236b 1322 8589 8.322
50% organic+50% mineral  43.036 43894 2380a 24.76a 1362a 1426  9.122 10.378
75% organic +25% mineral  38.348  39.890 1991bc 21.98bc  1198b 1257 6.978 7.311
F. test NS NS ** o ** NS NS NS

**and NS indicate significant differences at P<0.01 and not significant, respectively according to F. test.
Values having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.

Table 8 d. Effect of the combined interactions among irrigation intervals, magnetized irrigation water and fertilizer
sources on total carbohydrates, total soluble solids, inulin and vitamin C of Jerusalem artichoke plant during

2017 and 2018 seasons.
Total carbohydrates TSS Inulin Vitamin C mg/100
Treatment (%) Y (%) (%) EW g/ 1%
Irrigation Magnetized Fertilizer
inte?'vals (day) irriga%ion water SOUIrCes 2017 2018 2017 2018 2017 2018 2017 2018
F1 27.370 28300 14.867 16.53jk 9.77 9.92 8.467 8.667
F2 25.343 25470 13.233 14.66kI 9.07 8.97 6.167 6.333
NMW F3 28.250 29.257 12767 16.43jk 1077 11.08  9.600 10.333
F4 30.997 30267 15.733  17.46ij 1114 1129 10233 10.667
15 F5 28.387 28617 12867 12.901 1016 10.66  7.367 8.667
F1 34.313 35327 15333 17.16i 9.81 1026  7.333 8.500
F2 33.323 34520 13567 14.40kI 9.64 11.05  7.467 7.500
MW F3 37.403 39400 14.000 17.13ij 1099 1168  9.100 9.167
F4 44063 44950 17.467  19.20hi 1176 1264  9.333 11.167
F5 36.340 39.043 13567  18.50ij 1074 1149  7.600 7.500
F1 29.340 290.947 23500 24.30b-f 8.79 8.99 5.933 6.933
F2 28.173 29.000 19.067 21.10gh 8.93 9.08 7.033 5.833
NMW F3 31.323 31.263 23467 2386b-f 1064 1112 9233 9.000
F4 33.333 32977 23133 2363cf 1114 1169  7.633 8.900
20 F5 30.197 20533 22.600 22.30fg 9.25 9.30 7.233 8.467
F1 39520 40403 23300 24.13bf 1222 1308 6.233 7.333
F2 34.400 35260 22367 2340d-g 1083 1165 7.733 6.667
MW F3 43577 45347 25100 25.60a-d 1336 1453  7.500 7.400
F4 45513 46.280 27.400 27.56a 1543 15.53 9.467 11.167
F5 40.407 42020 23633 24.16b-f 1328 1361  6.667 7.400
F1 27.470 28.447 25433 26.33ab 10.49 9.50 6.433 6.267
F2 26.497 27717 22400 2323d-g 1081 1048  7.200 7.467
NMW F3 27.417 29.393 24400 24.40bf 1251 1195 6.367 7.300
F4 31.273 31.330 25.067 26.00a-c 1297 1250 7.833 7.833
o5 F5 26.453 28.337 23633 24.10bf 1049 1003 7.633 5.900
F1 35.470 36.773 21.867 23.03eg 1123 1234 6567 7.167
F2 34.763 35970 23867 2493b-e 1083 1145 7.000 6.500
MW F3 41333 42340 25500 25.60ad 1273 1343  9.167 8.400
F4 39530 40453 26,533 27.53a 1368 1461  8.567 8.800
F5 38.297 38607 22533 2330d-g 1192 1260  6.667 7.033
F. test NS NS NS i NS NS NS NS

NMW= non-magnetizes water, MN= magnetized water, F1= 100% organic, F2=100 % mineral, F3= 25% org+5% min, F4= 50% org+50% min
F5=75% org+25% min. **, * and NS indicate significant differences at P<0.01, P<0.05 and not significant, respectively according to F. test. VValues
having same alphabetical letter within each column are not significantly different at the 5% level, according to Duncan’s test.
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The highest values of TSS tuber contents were
obtained by the interaction treatments of magnetized
irrigation water every 20 and 25 days and 50% organic +
50% mineral fertilizer compared with the lowest values
were obtained by normal irrigation water every 15 days and
25% mineral + 75% organic.

Meanwhile, tuber inulin content tended to record the
highest values with plants irrigated by magnetized irrigation
water every 25 and 20 days and fertilized with 50% organic
+50% mineral while the lowest values obtained from plants
irrigated with non-magnetic water every 15 days and
fertilized by 100 % mineral fertilizer in both seasons
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