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ABSTRACT: Two field experiments were conducted during the summer
seasons of 2007 and 2008 to evaluate the effect of Alar, potassium (K*) and
its combination (Alar + K) on Jerusalem artichoke (Helianthus tuberosus, L.)
under water stress conditions.

Data showed that, water stress (W) significantly decreased plant height, dry weight
of shoots, relative water content (RWC), chlorophyll (a + b), carotenoids, total
soluble sugars (TSS), total free amino acids (TAA) and N, P, K contents in leaves
compared with normal irrigation (W) . Also, a reduction in tuber yield, dry matter
and inulin was recorded . Meanwhile, the reverse effect was obtained in No. of
lateral shoots and proline concentration. The application of Alar or potassium and
its combination led to enhancing vegetative growth characters, relative water
content, chl. ( a + b), carotenoids, TSS, TAA, proline concentration, adjustant C/N
ratio, as well as yield and its components as compared with the control plants. It
can be concluded that, Alar, potassium and its combination not only alleviated the
deleterious effects of water stress but also improved tubers productivity and its
quality.

Key words: Jerusalem artichoke, Alar, potassium, drought tolerance, C/N ratio,
yield.

INTRODUCTION

Jerusalem artichoke is a vegetable crop and it is not truly an artichoke but
a variety of sunflower with lumpy, brown skinned tuber that after resembles a
ginger root and belongs to the family Asteraceae and classified as Helianthus
tuberosus, L. a species of sunflower. Its potato like tubers, most favored as a
food in Europe and China, contains inulin and used to produce alcohol.
Moreover, in Egypt, there are a wide areas from new reclaimed soil suitable
for growing Jerusalem artichoke plants for export processing and medicinal
purposes.

Water is generally considered the most limiting factor in higher plants
than any other single environmental factor. Exposing plants to water stress,
adversely affected plant growth and productivity (Meek et al., 2003 and
Namich, 2007).
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Many researches clearly reported that, growth retardants posses the
ability to convert the shape of many plant species (Basra, 1994 and Barras,
2002). Alar, (succinic acid 2-2 dimethylhydrazide) was highly effective as
growth retardant, especially in a wide range of ornamental plants and treated
plants were less likely to wilt and recovered more quickly from stress (El-
Meleigy et al., 1999), reduced plant height of chrysanthemum (El-Sheibany et
al., 2008). Under drought conditions, Alar caused remarkable increase in
soluble sugars, polysaccharides, amino acids and protein. Moreover, plants
treated with Alar resulted in accumulation of P, Mg, Ca, Fe and Bo (Abdalla et
al., 1993).

Potassium is one of the most important essential element that play major
physiological and biochemical roles in plant growth (Beringer et al., 1990).
Also, this element plays an important role in tolerance to water stress (Robin
et al.,, 1989) and osmotic adjustment (Cerda et al., 1995). Potassium
application has been shown to improve vegetative growth, yield and quality
of Jerusalem artichoke cultivars (local and fuseau) and inulin content
(Mansour et al., 2001).

The aim of this study is to evaluate the possible mode of interaction
between water stress, potassium and Alar to change C / N ratio by reducing
vegetative growth (Alar) and increasing tuber formation (potassium) under
limiting water condition in Jerusalem artichoke plants.

MATERIALS AND METHODS

Two field experiments were carried out during the two successive summer
seasons, 2007 and 2008, at the Experimental Farm of Shibin EI-Kom, Minufiya
University. The present study was conducted using a local cultivar of
Jerusalem artichoke (Helianthus tuberosus, L.). Tubers were planted on April
12" and 15" in both seasons respectively, which obtained from the
Department of Vegetable Crops of Horticulture Research Station, El-Kanater
El-Khairia, Kalubia, Govern. Egypt.

The physical and chemical properties of the soil are represented in Table
(1). All experimental units received identical levels of phosphorus, nitrogen
and potassium fertilizers. Calcium superphosphate (15.5 % P,0s5) was base
dressed during soil preparation with a rate of 150 kg per feddan. Ammonium
sulfate at 300 kg (20.6% N) was used as nitrogen source equally divided and
side dressed at 60 and 90 days after planting.

In addition to the recommended rate of potassium (96 kg / fed) (Tawfik et
al., 2003), the double rate (192 kg K,O / fed) was added as sulfate of potash
(48% K,0) as a treatment alone (K*) or combined with Alar (Alar + K*) under
water level conditions at three equal doses applied at 60, 75 and 90 days after
planting.
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Table (1). Chemical and physical characteristics of the experimental soil
(determined by the method described by Cohenie, 1980).

Property Value Property Value

Physical analysis: Soluble cation me/g/100 g soil:

Sand % 26.0 ca*?+ Mg* 1.25
Silt % 39.0 Na* 1.12
Clay % 35.0 K* 0.33

Texture clay loam Soluble anions meq/100 gm soil

OM % 0.78 cl 0.80
pH 7.8 CO; .
Ecd sm™ 15 HCO3 0.95
S04 0.95
Total N % 0.12
P (ppm) 9.9

Alar at 1000 mg/l was applied twice as foliar spray, one month intervals,
beginning from 60 days after planting. Tween 20 was added to the spraying
solution at 0.5% as a surfactant.

The experimental design was a split plot with three replications for each
treatment. Plot, consisted of 6 rows each of 5 m long and 1 m width,
comprising an area of 30 m® The main plots comprised two irrigation
intervals:

a. Two weeks interval (normal irrigation) Wj.
b. Four weeks interval (water stress) W.

Whereas, (1) Alar at 1000 mg/l (2) potassium at 192 kg K,O / fed (K", (3) Alar
at 1000 mg/L + potassium at 192 kg/fed (Alar + K*) and (4) control (without
Alar or k) were considered as the sub-plot units.

At 120 days after planting, three plants samples were randomly taken from
each sub-plot, hence the following data were recorded:

1- Growth characters: plant height (cm), number of lateral shoots / plant
and dry weight of shoots g /plant.

2- Relative water content. was measured according to Larcher (1995).

3- Chemical constituents: a) Photosynthetic pigments were determined
in the leaves using the method described by Witham et al. (1971). b)
Total soluble sugars, total free amino acids and proline concentration
were estimated in the leaves according to the methods described by
Dubois et al. (1956), Rosen (1957) and Bates et al. (1973), respectively. c)
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Total carbohydrates content (Dubois et al.,, 1956) and C/N ratio was
calculated. d) Total nitrogen was determined in dry leaves using
microkjeldahl methods as described by Ling (1963), while P and K were
determined as mentioned by A.0.A.C. (1990).

4- Yield and its components: Each experimental unit was harvested
individually after 180 days from planting and the following yield data
were recorded: Total tuber yield (ton / feddan) average tuber weight (g)
and tuber dry matter (%) was determined by drying the tuber slices (100
g) at 70 C° for 72 hours according to the methods of Dogras et al.,
(1991).

Tolerance index: Tolerance index of each plant against each of untreated
plant was calculated according to the following formula (Hertstein and Jager,
1985):
Mean total tuber yield treated plants ton/fed
Tolerance index = x 100
Mean total tuber yield control plants ton/fed

5- Tuber quality after harvest: Inulin concentration was determined in
tubers according to Whistler et al. (1962), total soluble sugars and total
free amino acids were estimated as described previously.

All obtained data were subjected to statistical analysis with the help of
CO-STAT-C programe, Duncan’s Multiple Range Test was used to test for
significant differences among means at p < 0.05 and calculated according to
Duncan (1955) and Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1. Growth characters:

Data in Table (2) indicated that, water stress conditions (W) significantly
decreased plant height and dry weight of shoots compared with the normal
irrigation (W;) whereas, number of lateral shoots was increased. Water
stress could restrict internode elongation and leaf expansion through
inhibiting cell expansion (Namich, 2007). Also, drought could lower biomass
accumulation by driving the plant to minimize water loss through
transpiration by inducing stomatal closure and since carbon gain can occur
only while water is being lost (Radin, 1989), this could decline the
photosynthetic rate (Yi et al., 2000) and reduce dry matter accumulation on a
whole plant basis.
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Table (2). Effect of Alar and potassium fertilizer on some growth characters of
Jerusalem artichoke plant grown under water stress conditions during
two summer seasons.

Agents First season (2007) Second season (2008)

Water Alar K" |Alar +K'| Mean 0 Alar K" |Alar +K
levels

Plant height (cm)
Wi 160.0° 178.3° | 1838" | 183.3" | 148.3° 184.7°
W, 127.7 145.0° | 149.9° | 140.3° | 1285 148.7°
143.9° 161.7° 161.8° | 138.4° 166.7°

No. of lateral shoots / plant
99.4° 96.8° | 94.4° | 87.3° | 90.1° 96.3%
103.5% 1104* | 96.9" | 80.0° | 955° 102.72
1015" 103.6" 83.7% | 92.8° 995"

Dry weight of shoots g / plant
760.0° 923.3% | 806.7" | 660.0° | 726.7% 793.3%
766.7° 925.3% | 758.0° | 573.0° | 690.0° 800.0°
763.4° 924.3% 616.5° | 708.4° 79.7"

Regarding the effect of agents (Alar, K" and its compination) on growth
characters, data in Table (2) recorded a significant reduction in plant height
with Alar and / or Alar + K*. These data are in agreement with El-Sheibany et
al. (2008). It is reported that, Alar may be blocked gibberellin transformation
into active forms (Menhenett, 1980), the transport to intensively growing
zones, as well as to enhance conjugation into glucoside and glycosil-esters
(Takeno et al.,, 1981). Moreover, Auxin content is also reduced after plants
treated with Alar (Jindal and Dalbro 1977).

Number of lateral shoots and dry weight of shoots significantly increased
by Alar, potassium fertilizer and Alar + K* treatment (Table 2). The highest
increases were obtained by Alar + K* followed by K™ and / or Alar treatment,
during the two growing seasons. The interaction between irrigation intervals
and agents showed positive effect on No. of lateral shoots and dry weight
when plants treated with Alar + K" under drought conditions. This may be a
mean of osmotic adjustment by which potassium exerted the previously
reported improvement in leaf turgor pressure and water potential under water
stress. In addition Shibairo et al. (1998) reported that, increased K-application
reduced the moisture loss in carrots by increasing root size and maintaining
tissue turgidity. Anjuthakur et al. (2002) reported that, potassium significantly
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lessened the deleterious impacts of water stress in bell pepper. Barras (2002)
reported that, Alar treated chrysanthemum have a more branched root
system, providing firmer anchorage and better nutrient and moisture
extracting capacity. Alar also improve the rooting system of chrysanthemum
and resistance dry conditions . Moreover, Alar treatment reduced the apical
dominance and this indicates the increases in lateral branches (El-Sheibany
et al., 2008).

2. Relative Water content (RWC):

It can be observed that, RWC decreased under water stress (Table 3) as
compared to normal irrigation. Similar results were obtained by Gawish and
Fattahallah (1997) in taro leaves. The RWC was significantly increased in the
plants treated with agents in both seasons, compared with the control. The
best results were obtained by combination between Alar + K" in both
seasons, thus, agents, in general, were effective in improving plant water
status under unfavorable conditions. In this regard, Anjuthakur et al. (2002)
reported that, K reversed / lessened deleterious effects of water stress,
higher water use efficiency, drought tolerance efficiency. Also, K™ has been
known to be an essential factor determining the resistance to water stress
and water balance in white clover (Robin et al., 1989).

Table (3). Effect of Alar and potassium fertilizer on relative water content (RWC),
photosynthetic pigments and total free amino acid of Jerusalem
artichoke plant grown under water stress conditions during two summer
seasons.

First season (2007) Second season (2008)

Alar Alar + K| Mean 0 Alar Alar + K"

Relative water content (%)
84.56" 8855% | 85.77" || 75.97° | 75.80° 85.17%
79.90¢ 88.46 | 80.87° | 63.98" | 74.22° 83.07%
82.23° 88.51" 69.98° | 75.01° 84.12"
Chlorophyll (a+b) mg /g d.wt
3.46° 3.49° | 345" | 354° | 381° 3.90°
3.85% 405 | 315 | 20° | 3901° 4,25
3.66° 377" 277° | 3.86° 4.08"
Carotenoids (mg /g d. wt)
147 1622 | 149" | 160" | 1.69° 1.94%
1.59: . 1.6;12 144" 1.032 1.83‘:’ . 1.97:
1.53 16 1.32° | 1.76 1.96

Total free amino acid (mg / g d. wt)
11.56° 1357° | 11.70" | 10.60° | 12.70° 14.70°
9.36¢ ) 13.60° | 10.14% | 8.40° | 12.40° 15.30°
10.46° 1359" 950% | 1255° 15.00"
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3. Chemical constituents:

a. Photosynthetic pigments:

Results in Table (3) showed that, water stress caused a significant
decrease in chl. a + b and carotenoid concentrations in leaves, whereas, Alar,
K" and Alar + K* treatments led to an increase in this respect compared with
control treatment.

The interaction between irrigation intervals and agents generally showed
positive effects when plants treated with Alar + K* followed by Alar then K*
treatment under drought condition. El-Sheibany et al. (2008) reported that,
Alar increased stem and leaf thikness and increased the number of palisade
cells which, in turn, achieved darker green colour correlates with high
amount of chlorophyll content.

b. Total soluble sugars (TSS), total free amino acids (TAA) and

proline concentrations:

It is obvious from Table (3) and Fig. (1) that plants subjected to water
stress conditions decreased TSS and TAA concentrations in leaves
compared with normal irrigation. This reduction could ascribed to water
stress-induced loss of solutes (mainly K*) from guard cells, which resulted in
a selective reduction in guard cell turgor, leading to stomatal closure (Hsiao
and Acevedo, 1974). Meanwhile the obtained, results indicated that, the
usage of agents caused increase in TSS and TAA.

Total Sugar %

oo

W Alar

Alar +K+ OK+

O Alar +K+

Normal
irrigation
(W1)

Water
stress
(W2)

Fig.(1): Effect of Alar and Potassium fertilizer on total soluble sugars of
Jerusalem artichoke plant grown under water stress conditions
during summer season of 2008 .
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Proline concentration (ug /g dwt)

oo
W Alar
Alar+ K+ O K+

K+ O Alar+ K+

Normal
Irrigation
(w1)

Water
stress
(W2)

Fig.(2): Effect of Alar and Potassium fertilizer on proline concentration of
Jerusalem artichoke plant grown under water stress conditions
during summer season of 2008 .

The interaction between irrigation intervals and agents had significant
effects on the previous aspects which significantly increased compared the
untreated plants. This may be a mean of osmotic adjustment by which used
agents improved leaf turgor pressure and water potential under water stress
conditions. El-Meleigy et al. (1999) and Abdalla et al. (1993) found that,
applying growth retardant on stressed plants alleviate the adverse effect of
drought stress by increasing sugars and amino acids.

Plants subjected to water stress conditions accumulated more proline
concentration in leaves (Fig. 2) as compared to the normal irrigation. The
increase may be due to an increase in protein hydrolysis as a result of
increasing the activity of hydrolytic enzymes (Nayyar and Walia, 2003) and /
or to increase the synthesis, of proline.

Plants treated with Alar + K* caused a significant increase in proline
content of leaves compared with the control. Moreover, under water stress
Alar, K" and Alar + K* treatments mostly increased proline concentration
compared the untreated plants. This increase may be due to its accumulation
owing to stimulate proline synthesis, inhibition its oxidation and impaired
protein synthesis (Stewart and Hanson, 1980), or to mitigate the loss of
activity of several enzymes (Singh and Sahay, 1990). Moreover, proline
accumulation have also been proposed to include, proline acts as a storage
compound for energy and reduced carbon and nitrogen needs (Stewart and
Lee, 1974).
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c. Total carbohydrate content and C/N ratio:

Data presented in Table (4) clearly indicated that, water stress significantly
decreased total carbohydrates compared with normal irrigation. Meanwhile,
Alar, K* as well as Alar + K' treatments significantly increased total
carbohydrates in both seasons when compared with the control plants.

Regarding to C/N ratio of Jerusalem artichoke leaves significantly
increased by water stress conditions (W,) compared with W;. The effective
treatments in reducing C/N ratio were Alar, K" and Alar + K* especially under
drought conditions which became nearly to normal irrigation. It is believed
that, the proper balance of carbohydrates and nitrogen i.e., C/N ratio is
needed for proper vegetative growth and flowering which reflect higher yield
(Swiader et al., 1994).

Table (4). Effect of Alar and potassium fertilizer on total carbohydrates, mass of
carbon, N, P, K and C/N ratio of Jerusalem artichoke plant grown under
water stress conditions during two summer seasons.

First season (2007) Second season (2008)

Alar Alar + K| Mean 0 Alar Alar + K"

Total carbohydrates (%)
21.88™ 2408 | 2212 | 18.75° | 20.31° 25.04°
21.68™ 23.44% | 19682 | 12.50¢ | 18.75° 26.54°
21.78° 23.76" 15.63° | 19.53° 25.79"
Mass of carbon (%
957" 1053° | 967" | 819" | 888" 10.95®
9.47° 10.24% | 860° | 546° | 8.19° 11.60°
9.52% 10.39" 6.83° | 854° 11.28"
N (%)
2.54a" 2652 | 254" | 2.44® | 254° 2.69°
244° | 2, 272% | 227° | 1007 | 2.50° ) 2,73
2.49° 2.69" 172° | 252° 2717
P (%)
0.45° 053* | 048" | 049" | 050° 053°
0.40° . 056% | 042% | 021¢ | 0.32° 0.68%
0.43° 0.55" 0.35° | 041° 0.61%
K (%)
2.81° 359% | 306" | 247 | 250° 379
2.85° 360° | 2.92° | 1.00° | 2.60° 3.87%
2.83° 3.60" 1.74° | 255° 3.83°
CIN ratio
377 397° | 382° | 336° | 350° 4.07°
3.88 377° | 436" | 546° | 3.28° 4.25°
3.83° 3.90° 441" | 3.39° ) 416"
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d. Minerals content:

It is obvious from Table (4) that water stress significantly decreased N, P
and K content in leaves as compared with normal irrigation.

Regarding the effect of agents, data showed that, plants treated with Alar,
K" and Alar + K* caused significant increase in this respect as compared to
the control. The highest increase in potassium content was obtained by Alar
+ K" followed by K" treatment. The interaction between irrigation intervals
and agents proved to be more effective in increasing N, P and K content
when plants treated with Alar + K" under drought conditions. Barras (2002)
reported that, Alar-treated chrysanthemum recorded a better nutrient content
and moisture extracting capacity. Arisha and Bardisi (1999), reported that K"
fertilization under drought condition tended to encourage the accumulation
of N in potato leaves.

4. Yield and its components:

The reduction in total yield ton / feddan, , average tuber weight and dry
matter (Table 5 and Fig. 3 A and B) as a results of water stress is logical
result of the reduction in vegetative growth (Table 2). The yield reduction may
be due to a decrease in xylem and phloem tissues thickness, resulting in a
lower accumulation of water necessary for photosynthesis which lead to
show translocation of photo-assimilates towards the developing seed
(Hussien, 2000). Meanwhile, applying Alar, K" and Alar + K had a significant
increase in tuber yield compared with untreated plants. The interaction
between water stress and agents led to a significant increase in this respect.
These results are in agreement with those obtained by Abdalla et al. (1993)
and Namich (2007). The increases in tubers yield might be due to Alar effects
on vegetable growth (decreasing plant height and increasing No. of lateral
shoots table (2)) or a more branched root system (El-Sheibany et al. 2008),
and enhances uptake of minerals (Abdalla et al., 1993). Also, Alar or K*
treatments had stimulatory effects on the relative water content and
physiological constituents (Table 3).

Moreover, the data of tolerance index presented in fig. (4), clearly show
that Jerusalem artichoke plants were more tolerant when treated with Alar or
K" as well as highly significant increased tolerant index with Alar + K* under
drought stress .

The stimulation of adventitious root initiation by Alar is a possible
consequence of the inhibition of gibberellins biosynthesis by growth
retardants (Grossmann,1990). Growth retardants treatment induced cytokinin
level and an effective inhibitor of ethylene production in plant organs (Tari
and Nagy,1994), which promoted adventitious root formation of stem
cuttings.
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Table (5). Effect of Alar and potassium fertilizer on dry matter, inulin concentration,
total soluble sugars and total free amino acid in tubers of Jerusalem
artichoke plant grown under water stress conditions during two summer
seasons.

First season (2007) Second season (2008)

Alar K* |Alar +K'| Mean Alar K" |Alar +K

Tuber dry matter (%)

17.35° 19.95° | 19.33% | 17.7% | 20.00° | 24.68* | 22.47"
16.73° 22.95% | 17.77° | 14.47° | 1897 | 19.17° | 25.67°

17.04° 21.45" 16.09° | 19.49° | 21.93° | 24.07"

Inulin concentration (mg /g d. wt)

18.61° 20.42% | 1951* | 17.04° | 2017 | 21.01% | 19.47°
17.37° 2295% | 19.30" | 14.64° | 20.07% | 1957% | 19.57°

17.99° 21.69° 15.84° | 20.12° | 20.29" | 19.52°

Total soluble sugars of tuber (%)

76.00° 7867° | 74.82" | 67.03° | 76.70° | 70.60° | 78.10°
77.93° 80.53% | 70.90° | 52.97° | 73.97° | 68.37° | 80.40°

76.97° 79.60" 60.00° | 75.34° | 69.49° | 79.25

tal free amino acid of tuber (mg/g d.wt.)

17.24% 18.32% | 15.15" | 14.90° | 20.30% | 16.17° | 21.50°
13.80° 19.27% | 14.05° | 11.60° | 16.90° | 15.00° | 22.30°

15528 18.80" 1325° | 18.6° | 1559° | 21.9"
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(A)

Total Yield (Ton / Feddan)

Aar+K+
K+

Normal
irrigation

Wi

W ater
stress
w2)

= o

| Alar

O K+

O Aar+K+

(B)

Average tuber weight (g)

Alar + K+

Normal
irrigation Water

(wW1) stress
w2

=o

= Alar

O K+

O Alar + K+

Fig.(3A and B): Effect of Alar and Potassium fertilizer on total yield and
average tuber weight of Jerusalem artichoke plant grown
under water stress conditions during summer season of

2008
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Tolerance index %

(= o]
W Alar

Alar+K+ O K+
K+ O Alar+K+

Normal
irrigation
(W1)

Water
stress
(W2)

Fig.(4) : Tolerance index of jerusalem artichoke as affected by Alar and
Potassium fertilizer grown under water stress conditions during
summer season of 2008 .

5. Tuber quality:

Water stress significantly decreased inulin, tubers total soluble sugars
and total free amino acid concentrations, which may be due to the inhibition
of carbohydrate formation or the degradation as a result of increasing
hydrolytic enzymes. It is clear from Table (5) that, Alar, K" and Alar + K*
treatments had a significant increase in tuber quality compared with the
control. The interaction between irrigation intervals and agents had
significant effects on these characters. This may be a mean of osmotic
adjustment by which potassium exerted the previously reported
improvement leaf turgor and water potential under water stress conditions
(Cerda et al., 1995). Moreover, these agents may play an important role in
translocation of nutrients and synthesis of soluble sugars and amino acids,
which lead to fast translocation of photo-assimilates towards the developing
tubers.

Finally, it can be concluded from this work, that potassium application not
only reversed the deleterious effects of water stress but also improved
Jerusalem tubers productivity and its quality. This is interesting as well as
desirable. The combined effects of Alar and potassium have enabled to
maintain higher yield potential under drought conditions probably by
regulating vital photosynthesis, water maintenance, regulating C/N ratio and
higher osmoregulation which increased drought tolerance.
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