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ABSTRACT

A field experiment was carried out at the Experimental Farm of EI-Gemmeiza, Agric. Res. Station,
El-Gharbeya Governorate, Egypt , during 2019 and 2020 summer seasons,to study the effects of different
rates of potassium treatments at 48, 72 and 96 kg/fad. K20 as soil application and K20 concentration
treatments at 0,0.5 and 1.0% as foliar application and their interactions on growth, yield and tuber quality
of Jerusalem artichoke Fuseau cultivar under clay soil. The interaction treatments of fertilizing Jerusalem
artichoke with K20 at 72 kg /fad. as soil application (SA) and spraying plants with K20 at 1 % four
times at 75, 90,105 and 120 days after planting had significantly increased on plant height , number of
branches /plant,both fresh and dry weight of shoots/plant, N,P and K contents in shoots and its uptake,
average tuber weight , yield / plant and total yield/faddan .While,the interaction treatment between K20
at 96 kg /fad. as soil application and spraying plants with K20 at 1% reflected a significant effect and
increased total carbohydrates , inulin,K and dry matter percentages in tuber at harvest time compared with
plants received K20 at 48 kg /fad. as SA only in both seasons. Finally, under the same conditions,
fertilizing Jerusalem artichoke with K20 at72 kg/fad. as soil application and spraying plants with KO at
1% reduced the using of potassium fertilizer by 25% and increases in total yield about 9.89 and 6.91 %
over fertilizing with 96 kg /fad. K20 only in the 1% and 2" seasons, respectively.
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INTRODUCTION

The Jerusalem artichoke (Helianthus tuberosus L.)
is a North American native that has been transferred to
several nations for immediate usage and development,
especially in terms of lower production costs and drought
tolerance ( Denoroy et al., 1996). The Jerusalem artichoke
is utilized in a range of applications, including human
nutrition, animal feed, and ethanol production.

Egypt's agriculture is largely reliant on high usage
of chemical fertilizers, with much of it imported, resulting
in daily increases in fertilizer costs, as well as the
government's decision to stop subsidies on domestic
fertilizers for farmers. Chemical fertilizer overuse, on the
other hand, has detrimental effects on the agroecosystem
and soil health, as well as human welfare, by diminishing
productivity and raising environmental concerns. (El-
Ramady et al., 2018). Furthermore, excessive use of K
chemical fertilizers has been found to be exceedingly
inefficient, with potassium usage ranging from 70 to 80
percent. [Mani and Mondal , 2016).

Potassium is required for the creation and function
of proteins, lipids, carbohydrates, and chlorophyll, as well
as the maintenance of the salt-water balance in plant cells.
(Marschner, 1995). Potassium improves the quality of
many fruits' production properties such as colour, taste,
consistency, and preservation by activating a variety of
enzymes involved in plant development and vigour
(Dhillon et al., 1999).
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Fertilizing plants with potassium gave the highest
values of plant growth, yield and quality (Mansour et al.,
2001, Tawfik et al., 2003, Feleafel , 2004, Abd EI —
Rehim et al., 2005, Ghoneim, 2005, El-Sharkawy, and El-
Zohiri, 2007, Anwar et al. 2011, Abou El-Khair and
Mohsen 2016, Moustafa et al. 2019, Abbass and Hussein
2020. Bogucka et al. 2021).

Foliar nutrients are ideally intended to provide a
wide range of nutrients in instances where production is
limited or non-existent due to inefficient or non-existent
nutrient uptake from the soil. (Hiller, 1995). Heavy metal
accumulation in tubers may result from the use of large
amounts of fertilizers and soil amendments in Jerusalem
artichoke production, which can later become hazardous in
the soil environment. Most foliar deficits can be treated
with foliar sprays, but if the nutrient is not mobile in the
phloem, foliar sprays are ineffective in fixing tuber
nutritional abnormalities. (Westennann, 2005). As a result,
foliar nutrient feeding has become a standard practise in
crop production to boost output and product quality
(Roemheld and El-Fouly, 1999) In addition, by minimising
the amount of fertiliser given to the soil, it reduces
pollution and enhances nutrient use. (Abou-El-nour, 2002).
In addition, foliar K treatments can boost output and tuber
quality, especially in heavy clay soils where K is scarce.
(Marchand and Bourrie, 1999)

Foliar spray of  potassium caused significant
increases in plant growth ,N,P and K contents and its
uptake, yield and its quality than unsprayed (El-Bassiony
2006 on onion , Gomaa , 2007, El-Sirafy et al., 2008,


http://www.jssae.mans.edu.eg/
http://www.jssae.journals.ekb.eg/
http://www.jssae.journals.ekb.eg/

Mansour, F. Y.O. and Lamyaa A. Abd EI-Rahman

Hussein et al. 2012 on pepper, Salim et al. , 2014 on
potato , Amjad et al. 2014 on tomato , Ismail et al. 2014
on garlic , Afzal et al., 2015 on tomato , Arisha et al.,
2017 on garlic, Abd El-Gawad et al., 2017, Ewais et al.,
2020 on potato and Goud and Kumar (2021) on
strawberry.

The goal of this study is to see if foliar spraying
with potassium sulphate can partially replace expensive
potassium chemical fertilizer (potassium sulphate) and
achieve high growth, best tuber yield, and quality in
Jerusalem artichoke cultivated in clay soil.

MATERIALS AND METHODS

During two consecutive seasons of 2019 and 2020,
a field experiment was conducted at EI-Gemmeiza, Agric.
Res. Station, El-Gharbeya Governorate, Egypt, to
investigate the effects of different potassium rates (soil and
foliar applications) on growth, yield, and tuber quality of
Jerusalem artichoke Fuseau cultivar.

Some physical and chemical parameters of the
experimental soil are presented in Table (1).

Table 1. shows the physical and chemical parameters of the experimental soil in 2019 and 2020 seasons

Season oM Clay Silt Sand Texture EC oH Available (mg/kg)
(%) (%) (%) (%) class ds/m N P K

2019 season 152 50.58 37.82 11.60 Clay loam 177 782 3882 630 3541

2020 season 1.54 51.19 36.70 12.11 1.79 790 3902 729 3621

This experiment included nine treatments, which
were the combinations between three rates of potassium as
soil application (48, 72 and 96 kg K;O/fad. and three
levels of potassium as foliar application (spraying plants
with water, 0.5 and 1.0 % K;O). These treatments were
arranged in a split plot design with three replicates,
potassium soil application treatments were randomly
assigned in the main plots, while potassium foliar
application treatments were randomly distributed in the
sub-plots

Tuber seed of Jerusalem artichoke cultivar (Fuseau)
was obtained from Hort. Res. Instit. and sown on 17%
and 21t April in the 1% and 2™ seasons , respectively at
50 cm apart. The experiment plot area was 18.9 m2 It
contains three ridges with 9 m in long and 70cm distance
between each two rows ridge.

Potassium rates as soil application were added at
60, 90 and 120 days after planting , while potassium
concentrations as foliar application were sprayed at 75,
90, 105 and 120 days after planting ).

One ridge was used to measure the vegetative
growth parameters and the other two ridges were leaved
for yield determination and tuber quality. In addition, one
row was left between each two experimental plots as a
guard area to avoid the overlapping infiltration of soil or
spraying application.

All the experimental units received 300 kg
ammonium sulphate (20.6 % N) and 150 kg calcium super
phosphate (15.5 % P,0s).One third of N and all P,Os were
added at soil preparation time. The rest of nitrogen
fertilizers (two thirds) were applied at 45 and 70 days after
planting.

The agricultural practices were carried out in
accordance with the Ministry of Agriculture's advice for
commercial production of Jerusalem artichoke.

Data recorded

1. Plant growth: Three plants from each experimental unit
were taken randomly at 135 days after planting to
determine plant height (cm) , number of branches per
plant and shoot fresh weight (g) , also shoots dry weight
(g)/plant was measured using dried fresh shoot/ plant at
70°C till constant weight.

2. Nitrogen, phosphorus and potassium contents: N,P
and K contents were determined in shoots in both
seasons according to the methods described by

A.0.A.C.(2016). Nitrogen, phosphorus and potassium
uptake (mg/shoot) were calculated.

3. Yield and its components: At harvest time, 180 days
after planting , number of tuber roots/ plant, average
tuber root weight (g), tuber roots yield per plant (kg) and
total yield (ton/ fad.).

4. Potassium use efficiency

Yk
—="Kkg tuber roots/one kg K,O" (Janssen, 1998)
Kr

KUE=

Where:
Yk is yield as the particular K level , and Kk is the particular K rate.

5. Tuber quality:

Percentage of potassium was determined in both
seasons according to the methods described by A.O.A.C.
(2016).

Dry matter (%0): it was determined by drying 100 g of
grated tuber tissues at 105 °C till constant weight, and then
DM (%) was calculated.

Inulin contents: Tuber concentration of inulin was
determined according to Winton and Winton (1985).
Carbohydrate  percentage: It was determined
colorimetrically in dry tuber following the methods
described by A.O.A.C. (2016).

Statistical Analysis: Recorded data were subjected to the
statistical analysis of variance according to Snedecor and
Cochran (1980), and means separation were done
according to Duncan (1958).

RESULTS AND DISCUSSION

Plant Growth
Effect of potassium rates as soil application (SA)

Results in Table 2 show that potassium application
at 72 kg K0 /fad., had a significant effect on plant height
, humber of branches /plant , both fresh and dry weight of
shoots/ plant, followed by fertilizing with 96 kg K,O/fad.
of Jerusalem artichoke at 135 days after planting under
clay soil in both seasons. On the contrary, fertilized plants
with 48 kg KyOffad. gave the lowest values of
abovementioned parameters of Jerusalem artichoke in
both seasons .

The increases in dry weight of shoot/ plant were
about 93.21 and 71.20.5% for KO treatment at 72 kg
/fad. and 28.33 and 22.07 % compared with the
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treatments of 48 and 96 kg KoOffad. in the 1%t and 2"
seasons, respectively.

These findings could be explained by the role of
potassium in metabolism and a variety of other activities
required to maintain and stimulate plant vegetative growth
and development. Furthermore, K is involved in a variety
of physiological and biochemical activities, including cell

division and elongation, as well as the metabolism of
carbohydrates and protein molecules. (Marschner, 1995).

These results are agree with those reported with
Mansour, 2001, Tawfik et al., 2003, Anwar et al. 2011,
Abou El-Khair and Mohsen 2016 and Moustafa et al.
2019 all on Jerusalem artichoke.

Table 2. Effect of potassium rates as soil and foliar application on plant growth of Jerusalem artichoke at 135
days after planting under clay soil in 2019 and 2020 seasons

Treatments Plant height (cm)

Number of branches / plant Fresh weight of shoots (g) Dry weight of shoots (g)

2019 season 2020 season 2019 season 2020 season 2019 season 2020 season 2019 season 2020 season
SA Effect of potassium rates as SA (kg K20 /fad.)
48 11224 ¢ 11704 ¢ 7220 c 658 ¢ 42957 ¢ 44198 ¢ 14429 ¢ 14769 c¢
72 187.62 a 190.87 a 11.153 a 11.25 a 775.83 a 763.75 a 278.78 a 252.87 a
96 15389 b 15216 b 10113 b 945 b 615.54 b 60064 b 21723 b 207.14 b
Effect of potassium concentration as FA
0 13642 b 14007 ¢ 881 b 837 b 533.22 ¢ 52943 ¢ 18797 c 17866 ¢
05% 155.66 a 15272 b 980 a 905 b 598.45 b 59943 b 21256 b 204.04 b
1.0% 161.67 a 167.28 a 9.86 a 9.86 a 689.27 a 67751 a 239.77 a 22501 a

SA=Soil application , FA= foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of K20 concentration as foliar application (FA)

Different concentrations of KO at 0.5 or 1% as
foliar application had significant effect on plant height ,
number of branches /plant , both fresh and dry weight of
shoots/plant of Jerusalem artichoke than unsprayed plants
at 135 days after planting in both seasons (Table 2).

Spraying plants with KO at 1 % significantly
increased plant height, number of branches /plant, both
fresh and dry weight of shoots/plant without any
significant differences with 0.5% as for plant height and
number of branches / plant in the 1% season.

The increases in shoot dry weight due to KO at 1%
were about 27.56 and 25.54%, 13.08 and 14.20 % for
K20 at 0.5% compared with unsprayed plants in the 1%
and 2" seasons, respectively.

Foliar sprays with element nutrients have the
following advantages: (1) application rates are much lower
than for soil application, (2) uniform application is easy to
achieve, and (3) response to the applied nutrient is almost
instantaneous, allowing deficiencies to be corrected during
the growing season. ( Mortvedt et al., 1991).

These results were in coinciding with that obtained
by El-Bassiony 2006 on onion , El-Sirafy et al., 2008,
Salim et al. , 2014 Abd El-Gawad et al. 2017 and Ewais
et al. 2020 on potato.

Effect of the interaction treatment

The interaction between K;0 as SA and KO as FA
reflected a significant effect on all plant growth of
Jerusalem artichoke in both seasons (Table 3). Treated
plants with KO at 72 Kg/fad. and sprayed plants with K;O
at 1% recorded the highest values of each of plant height ,
number of branches /plant , both fresh and dry weight of
shoots/plant of Jerusalem artichoke. These increases in
shoot dry weight were about 123.81 and 98.28% for the
interaction between K;O at 72 kg/fad. as SA and KO at
1% as FA compared with fertilized plant with 48 kg
K20 only in the 1% and 2" seasons, respectively.

The results are harmony with Ismail et al. (2014)
who indicated that fertilization of garlic plants with 90 kg
K0/ fed. as soil application and spraying with K at 3
cm¥ L recorded the highest values of plant height,
number of leaves and total dry weight/ plant than 120 kg
K20 only.

Table 3. Effect of interaction between potassium rates as soil and foliar application on plant growth of
Jerusalem artichoke at 135 days after planting under clay soil in 2019 and 2020 seasons

Treatments Plant height (cm)  Number of branches / plant Fresh weight of shoots (g) Dry weight of shoots ( g)
K20 K20 (%) 2019 2020 2019 2020 2019 2020 2019 2020
(kg /fad.) SA FA season season season season season season season season
48 0 10682 e 10878 e 690 c 6.58 cd 35280 g 36456 g 12348 e 13730 f
05% 11270 de 11535 de 6.92 c 600 d 41160 f 46550 f 13593 e 14396 f
1.0% 11720 de 12700 d 7.84 bc 784 ¢ 52430 e 49588 e 17346 d 16180 e
72 0 12190 d 13014 d 882 b 718 cd 52557 e 50343 e 17317 d 16327 e
05% 16337 ¢ 14994 ¢ 1072 a 9.80 b 59584 d 59192 d 20903 c 21717 d
10% 19141 a 19845 a 11.02 a 11.70 a 818.30 a 83006 a 27636 b 27224 a
96 0 18055 ab 18130 b 1074 a 10.72 ab 72128 ¢ 72030 bc 26725 b 23540 c
05% 19090 a 19286 ab 1172 a 1136 a 78792 b 74088 b 29273 a 25098 b
10% 17640 b 17640 b  10.78 a 10.70 ab 72520 ¢ 70658 c 26950 b 24098 bhc

SA=Soil application , FA=foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

N, P and K Contents and its Uptake by Shoots
Effect of potassium rates as SA

Treated Jerusalem artichoke plants with K;O at
72 kg/ fad., as soil application under clay soil had

significant effect on mineral contents in shoots, i.e., N, P
and K as well as N,P and K uptake by shoots at 135 after
planting in both seasons, except P content in shoots in the
1% season, with no significant differences with the
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treatment of 96 kg K,O /fad. respecting N and P in the 2™
season and K in both seasons (Table 4). N, P and K
contents as well as N, P and K uptake by shoots were the
highest with the treatment of K;O as SA at 72 kg /fad. in
both seasons. On the other hand, fertilizing plants with 48
kg K:Offad. only gave the lowest values of three mineral
contents and its uptake by shoots in both seasons.

The increases in K uptake by shoots due to
application of 72 kg K;O/fad. were about 132.33 and
96.58 % than 48 Kg KyO/fad. and 33.13 and 23.35 %
compared with the application of 96 kg K,O/fad. in the 1%
and 2™ seasons, respectively.

Soil condition inducing K deficiency in crop plants
are sandy, organic, leached and eroded soils (Fageria et al.,

1997). Furthermore, K leaching, particularly in sandy soils,
is a major contributor to poor K-use efficiency in farming
systems. (Kayser and lIsselstein, 2005). Foliar feeding is
ideally suited to give several components in settings when
nutrient uptake from the soil is inefficient or nonexistent,
restricting productivity. (Hiller, 1995).  Potassium, as a
counter ion to H*, is directly engaged in nutrient absorption
through the process of phloem loading, therefore
increasing the mineral content of plant leaf. (Marschner,
1995) .

These results are harmony with Abbass and
Hussein (2020) who indicated that increasing KO
fertilizer as soil application gave the highest percentage of
potassium in leaves compared with control treatment.

Table 4. Effect of potassium rates as soil and foliar application on N,P and K contents and its uptake of
Jerusalem artichoke shoots at 135 days after planting under clay soil in 2019 and 2020 seasons

Contents (%)

Uptake (img/shoots)

Treatments N )

K N P K

2019 2020 2019 2020

2019

2020 2019 2020 2019 2020 2019 2020

SEason  season  season  season  Season  Season  season  season season  season  season  season

Effect of potassium rates as SA (kg K20 /fad.)

48 219 ¢ 230b 03R2a 0341b 163b 170b 3181c 34187 c 49%579c 50680 c 23810c 25284 ¢

72 259a 252a 0358a 036la 19Ba 19%a 72491a 63879a 9800a 91467 a 553L7a 49705a

9 2% b 243a 0347a 0357a 1%a 19a 51581b 50574b 76027b 74257b 41552b 40293b
Effect of potassium concentration as FA

0 220 c 233b 039b 034b 17b 175 c 41614c 42013 ¢ 64359 ¢ 61943 ¢ 3067 c 31891c

05% 282bh 23b 0347ad 03F5a 18a 189 b 52820b 49097b 74120b 72853b 40296b 39210b

10% 253a 253a 036la 0360a 19%a 19a 61497a 5/529a 86927 a 81507 a 46315a 44182a

SA=Soil application , FA= foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of K.O concentration as FA

Spraying Jerusalem artichoke plants with K;O at
0.5 or 1.0 % had significant effect on N, P, and K contents
and its uptake in Jerusalem artichoke shoot compared to
unsprayed plants in both seasons (Table 4).

The highest values of three mineral contents and
its uptake by shoots were obtained by spraying plants
with 1.0 % with no significant differences with 0.5 % as
for P contents in both seasons and K content in the 1%
season.

The increases in K uptake by shoot were about
35.96 and 38.54% for sprayed plants with K,O at 1% and

18.28 and 22.95 % with K;O at 0.5% compared with
unsprayed plants in the 1%t and 2™ seasons, respectively.

These results are agreement with those reported by
Gomaa (2007) and El-Sirafy et al., 2008) on potato.
Which found that, N, P and K contents in shoots were
significantly increased by foliar spray with KO than
unsprayed plants.
Effect of the interaction treatments

The interaction between KO as SA and K;O at

FA reflected significant effect on of N,P and K contents
and its uptake by shoot compared with treated plants with
48 kg/fad. K20 only inthe two season (Table 5).

Table 5. Effect of interaction between potassium rates as soil and foliar application on N,P and K contents and
its uptake of Jerusalem artichoke shoots at 135 days after planting under clay soil in 2019 and 2020

seasons
Contents (%) Uptake (img/shoots)
Treatments N P K N P K
K20 (kg K:O(%) 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
ffad) SA FA Season  Season  season  Season  Season  Season  season  Season  Season  Season  season  season
48 0 208 d 225 d 0332 b 0329 d 151 e 154 e 256849 31176e 4100 f 4550 f 19105e 21303 f
05% 230 ¢ 225 d 0335 b 0352ac 182bcd 183 c 30176 f 32391e 4703 e 5010 f 22836 e 24617 e
10% 222 od 241 bc 03528 0352ac 193ab 189 bc 39722 e 38994d 607.1d 5614e 29488d 29933 d
72 0 222 ¢ 235 cd 03468 0348hbc 168 de 171 d 39829e 38368d 5801 d 5747e 31517d 29878 d
05% 230 ¢ 239 od 0343 ab 0355ac 189abc 196 ab 4807.7 d 51904 ¢ 7170 ¢ 7710d 3950.7 ¢ 42565¢
10% 282a 265a 0368a 0368a 202a 20la 77934a 72144a 10170a 0018 a 55825ah 54176 a
96 0 229 ¢ 240 bd 0350a 0347c 199a 199a 59330c 56496 c 9407 b 8286 cd 51579 b 44491 ¢
05% 248 b 25labc 0365a 0366a 200a 20la 80208 a 62996 b 10363 a 9136 b 58546 a 5044.7 b
10% 274a 255a 0354ab 0364ac 170 cd 185 c 66836 b 61450b 9837 ab 8820bc 5363.1b 48437b

SA=Soil application , FA=foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

The best interaction treatment for increasing N,P
and K contents and its uptake by shoot were recorded
with the interaction between fertilizing plants with 72 kg

K>0 as SA and spraying plants with 1% KO in both
Seasons .
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The increases in K uptake by shoot were about
192.20 and 154.30% for the interaction between KO at 72
kg /fad . as SA and sprayed plants with 1% KO
compared with treatment of 48 kg /fad. as SA only in the
1%t and 2" seasons, respectively.

The results are harmony with Arisha et al. (2017)
who showed that the interaction between potassium at
125 kg K;O/fed. as soil application and spraying with KO
at 0.5 % was the best treatment for enhancing N,P and K
uptake of garlic plants.

Yield and its Components
Effect of potassium rates as SA

It is obvious from results presented in Table 6 that
KoO rates as SA had significant effect on yield and its
components  of Jerusalem artichoke in both season.
Number of tuber / plant , average tuber weight, yield/ plant
and total yield/fad. were increased by application of K0 at
72 kg /fad., followed by 96 kg K»O/fad. , while fertilizing
plants with 48 kg /fad. K;O gave the lowest values of all

yield components' of Jerusalem artichoke and recorded
the highest values of potassium use efficiency under clay
soil conditions.

The increases in total yield were about 9.49 and
7.26 % for treatment of K,O at 72 kg /fad. compared
with fertilized plants with 96 kg /fad. as SA in the 1% and
2 seasons, respectively.

The increase in total yield was directly due to the
increase in plant growth (Table 2), high mineral uptake
(Table 4) and high average tuber weight (Table 6). These
gains could be attributed to the beneficial effect of
potassium in pigment creation, photosynthetic activation,
and carbohydrates assimilation in the tuber, which was the
plant's most profitable component. (Hilman and Asandhi,
1987).

These results are similar with El-Sharkawy, and El-
Zohiri  (2007), Anwar et al. (2011), Abou El-Khair and
Mohsen (2016), Moustafa et al. (2019) and Bogucka et al.
(2021) on Jerusalem artichoke .

Table 6. Effect of potassium rates as soil and foliar application on yield and its components and potassium use

efficiency of Jerusalem artichoke under clay soil in 2019 and 2020 seasons

Treatments Number of Average tuber weight Yield/ plant Total yield Potassium use efficiency

tuber/ plant (kg) (ton /ffad.) (kg tuber / kg K20

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

season season season season season season season season season season

Effect of potassium rates as SA (kg K20 /fad.)
48 3748 b 3802 ¢ 4870 ¢ 479 c 1824 ¢ 182 ¢ 21836 c 21565 ¢  45506a 44926 a
72 3994 a 4099a 5250a 5230a 2097a 2144a 247%a 25367a 32672 b 33561 b
9 3782 b 3924 b 5056 b 5037 b 1912 b 1973 b 22644 b 23649 b  24911c 25887 c
Effect of potassium concentration as FA

0 3784 b 3868 b 4960 ¢ 4891 ¢ 1877 b 1888 b 22323 ¢ 22563 ¢  3320%  33383b
05% 38.72 a 39082 a 5056 b 4996 b 1960 a 1992a 23222 b 23706 b 34451a 349.81a
10% 38,67 ab 39.74 a 51.60 a 51.76 a 1997 a 2059a 23729a 24311 a 354.16a 360.11a

SA=Soil application , FA= foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of K20 concentration as FA

Presented results in Table 6 show that, spraying
Jerusalem artichoke plants which grown in clay soil with
K20 at different concentrations had significant effect on
number of tuber / plant , average tuber weight, yield /
plant and total yield/fad. as well as potassium use
efficiency than unsprayed plants in the both seasons.

Spraying plants with K;O at 1 % significantly
increased all yield and its components as well as
potassium use efficiency  with no significant differences
with KO at 0.5% regarding number of tubers/ plant ,
yield / plant and potassium use efficiency in both
seasons.

The increases in total yield were about 6.30 and
7.74 % for KO at 1% as FA and 4.03 and 5.06 % for
KoO at0.5 % as FA compared with unsprayed plants in
the 1%t and 2" seasons, respectively.

As for potassium use efficiency , the increases
were about 6.65 and 7.87 % for KO at 1% as FA and
3.74 and 4.78 % for K,O at 0.5 % as FA than unsprayed
plants in the 1% and 2™ seasons, respectively.

The formation of Jerusalem artichoke tubers is
influenced by the synthesis and accumulation of starch,
because K influences cell division, tuberous root initiation
and thickening, photosynthesis, carbohydrate formation,
sugar translocations, mineral nutrients, and photosynthetic

matter, as well as enzyme activity. (Byju and George,
2005).

These results are accordance with those reported
with Hussein et al. (2012) on pepper, Salim et al. (2014)
on potato , Amjad et al. (2014) on tomato, Afzal et al.
(2015) ontomato, Abd El-Gawad et al. (2017), Ewais et
al. (2020) on potato. They indicated that foliar spray of
potassium caused significant increases in yield and its
quality than unsprayed plants.

Effect of the interaction treatment

The interaction between the application of KO as
SA at 72 Kg/fad. and KO as foliar spray at 1% had
significantly increased yield and its components' , i.e.,
number of tubers / plant, average tuber weight, yield /
plant and total yields/ fad in both seasons (Table 7).

The increases in total yield were about 9.89 and
6.91 % for the interaction between K,O at 72 kg/fad as SA
and sprayed plants with KO at1% over than fertilizing
with 96 kg /fad. K;O as SA only in the 1% and 2™
seasons, respectively.

Regarding potassium use efficiency , the same data
in Table 7 indicate that, the maximum potassium use
efficiency 462.65 and 459.14 kg / one unit K,O were
obtained with the interaction treatment between 48 kg
/fad. K;O as SA and spraying with K;O at 1 % in the 1%
and 2" seasons, respectively.
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Table 7. Effect of interaction between potassium rates as soil and foliar application on yield and its components

and potassium use efficiency of Jerusalem artichoke under clay soil in 2019 and 2020 seasons
Treatments Number of Average tuber Yield/ plant Total yield Potassium use efficiency
tuber/ plant weight (g) (ko) (ton ffad.) (kg tuber / kg K20
K20 K0 (%) 2019 2020 2019 2020 2019 2020 2019 2020
2019 season 2020 season
(kg ffad.) SA FA Season Season  season  season  season  season  season  season
48 0 3748cde 3858 cd 4750 e 4600 e 1780d 1775c 21264e 210% e  44300a 43950a
05%  3802cde 3858 cd 4830 e 4700 e 1836 cd 1813c 22036d 21559de 459.08ab 449.15a
10% 3694 e 3690e 5030cd 5090 ¢ 1858cd 1878c 22207d 22039d 46265 459.14a
72 0 3724 de 3738de 5000 d 4953d 1862cd 1839 ¢ 22221d 22069 d 30863d 306.52d
05%  37.38cde 3986 bc 50.70bcd 5060 ¢ 1895 bc 2017 b 22542d 24203c¢  31308d 336.15¢c
10% 4024ab 4186a 5350a 5340a 2153a 2235a 25810a 26220a 35847c 364.17b
96 0 3880bcd 4008 bhc 5130 b 5120 ¢ 1990 b 2052 b 23485c 24525 ¢ 244.64ef 25547e
05%  4078a 4104a& 5270a 5230 b 2149a 2146a 25089 b 25357 b  261.35¢ 264.14e
10% 3884 bc 40488 5100 bc 5100 ¢ 1981 b 2064 b 23170 c 24674bc  241.36f 257.02e

SA=Soil application , FA=foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Tuber Quality
Effect of potassium rates as SA

The obtained results in Table 8 show that
fertilizing Jerusalem artichoke plants with K,O at 72 or
96 kg /fad. under clay soil had significant effect on total
carbohydrates, inulin, K and dry matter percentages in
tuber at harvest time than the treatment of KO at 48 kg
/fad. in both seasons. Treated plants with K;O at 96 kg
[/fad. significantly increased all tuber quality in both
seasons with no significant differences with 72 kg /fad. as
for K content and dry matter percentage in the 2" season.

The increases in inulin contents in tuber were
about 13.07 and 11.94 % for K,O at 96 kg /fad. and 6.24
and 8.18 % for K,O at 72 kg /fad. as compared to

treated plants with KO at 48 kg /fad. in the 1% and 2"
seasons, respectively.

Potassium is the most abundant cation in plants,
and it may play a role in cell ionic homeostasis. It also
binds ionically to the enzyme pyruvate kinase, which is
required for respiration and glucose metabolism. As a
result, potassium plays a critical role in the plant's entire
metabolism. In addition, Evans and Wildes (1971) reported
that potassium is involved in a number of steps in protein
synthesis.

These results are harmony with those reported by
Tawfik et al. (2003) which found that the application of 96
kg K20 / fed. increased, dry matter, tuber inulin and total
carbohydrate. Also, Abbass and Hussein (2020) and
Bogucka et al. (2021) came to similar results.

Table 8. Effect of potassium rates as soil and foliar application on tuber quality at harvesting time of Jerusalem
artichoke in under clay soil 2019 and 2020 seasons

Treatments Total carbohydrates(%b) Inulin(%o) K(%) Dry matter(%b)
2019season 2020 season  2019season 2020 season 2019 season 2020 season 2019 season 2020 season
Effect of potassium rates as SA ( kg K20 /fad.)
48 16.60 c 16.70 b 10.10 c 1038 ¢ 187 b 195 b 1947 ¢ 1966 b
72 1723 b 17.08 b 1073 b 1123 b 201 b 2.06 a 2236 b 2262 a
96 18.36 a 18.18 a 1142 a 11.62 a 2.20 a 2.14 a 24.06 a 23.17 a
Effect of potassium concentration as FA

0 1687 b 16.83 b 1044 b 10.70 c 187 b 198 b 2144 b 2128 b
0.5% 1755 a 1742 a 10.79 a 1111 b 2.06 a 202 b 2210 a 2191 a
1.0% 17.77 a 17.72 a 1102 a 1143 a 215 a 215 a 22.35 a 22.26 a

SA=Soil application , FA= foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of K2O concentration as FA

The obtained results in Table 8 indicate that
spraying plants with K,O at 0.5 or 1 % reflect a significant
effect on total carbohydrates, inulin , K and dry matter
percentages in tuber at harvest time compared to
unsprayed plants in both seasons. However, spraying with
1 9% significantly increased all above-mentioned
parameters without any significant differences with K-O at
0.5 % concerning total carbohydrates and dry matter in
both seasons and inulin and K percentages in the 1%
season .

The increases in inulin contents in tuber were
about 3.35 and 3.83 % for K;O at 0.5 % and 5.56 and
6.82 % for KyO at 1.0 % as FA as compared to
unsprayed plants in the 1% and 2™ seasons, respectively.

Potassium helps sugars and carbohydrates to
translocate from leaves to tuber (George et al. ,2002).

These results are harmony with those obtained with
Hussein et al. (2012) on pepper, Amjad et al. (2014) ,
Afzal et al. (2015) on tomato and Goud and Kumar
(2021) on strawberry. They showed that the best quality
was obtained by spraying with K»O than unsprayed plants.
Effect of the interaction treatment

The obtained results in Table 9 indicate that the
interaction treatment between K,O at 96 kg /fad. as SA
and KO at 1% as FA reflected a significant effect and
increased total carbohydrates , inulin, K and dry matter
percentages in tuber roots at harvest time than plants
received KO at 48 kg /fad. as SA only in both seasons.

The increases in inulin contents in tuber were
about 31.20 and 23.52 % for the interaction treatment
between KO at 96 kg /fad. as SA and KO at 1% as FA
compared with plants received 48 kg /fad. only in the 1%
and 2" seasons, respectively.
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Table 9. Effect of the

interaction between potassium rates as soil and foliar application on tuber quality at

harvesting time of Jerusalem artichoke under clay soil in 2019 and 2020 seasons

Treatrments Total carbohydrates(%6) Inulin (%) K@) Dry metter(%6)
K>0 (kg fad)SA KzO(%)FA 2019season 2020season 2019season 2020season . 2019season - 2020season 2019season 2020seas0n
48 1616 d 1614 d 985 e 986 f 177 d 191 d 1856 d 1892 d
0.5% 1670 o 1664 ol 997 e 1043 e 189 ol 191 d 1966 ¢ 1978 ¢
10% 1695 hc 1733 he 1049 o 1085 d 195 o 205 bad 2020 c 2029 ¢
T2 0 1692 bc 1679 bad 1045 d 102 o 1% o 200 od 20 b 204 b
05% 17.33 he 1702 bc 1087 bcd 117 ¢ 1% o 203 bad 25 b 2P0a
10% 1744 e 1744 he 1088 hc 151 b 211 e 217 251 b 272
% 0 1755 b 1756 b 103 b nuz c 189 o 204 bad 269 a 2BX5a
05% 1863 a 1861 a 1153a 173 233 213 dc 2416 a 2B12a
10% 18%2a 1839 a 171a 1193a 240a 225a 243Ha 2337a

SA=Soil application , FA=foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Similar findings were reported by Abou EI-Khair et
al. (2011) who indicated that fertilization of sweet potato
with 100 % of recommended rate of K,O as soil
application or with 50 % recommended rate of K;O as
soil application combined with 3 % KO as foliar spray
significantly increased N,P, K, starch, total sugars and
TSS (%)in tuber roots compared to other treatments.

Generally, it could be concluded that under the
same conditions, fertilized Jerusalem artichoke plants with
potassium at 72 kg/fad. as soil application and sprayed
with K;O at 1% recorded the maximum yield and best
quality of tuber.
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