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ABSTRACT

Pot experiment was carried out at the experimental farm of vegetable
Research Departiment of Horticulture Research Institute, Dokki, Giza governorate, on
sandy soil during 2004 and 2005 to study the effect of saline water on growth, tubers
yield, as well as some chemical constituents, of the local and Fuseau cultivars of
Jerusalem artichoke (Helianthus tuberosus L.).

Three saline water levels (1.5, 3, 4.5 d S/m and the control as plants received
only fresh water (0.4 d S/m) were studied. Results showed that all growth
characteristic in this investigation were gradually decreased when the Jerusalem
artichoke plants were irrigated with saline water content up to 4.5 d S/m.

The results indicated that plants of local cultivar were more salt tolerant than
those of Fusean cultivar. Growth and yield were reduced in both cultivars. The
relative vegetative growth was unaffected up to 1.5 d S/m for local cultivar (plant
height and No. stems/plant), whereas number of tubers/plant, fresh weight of
tubers/plant and total yield per plot were higher for Fuseau cultivar compared with
local cultivar. Increasing saline water reduced phosphorus, potassium and inulin
content, while, increased nitrogen and protein content in tubers up o EC, of 1.5d ¥m.
higher accumulation of Na, Ca and proline content in leaf and tuber for Fusean and
local cultivars but local cultivar was more severely affected.

Key words: Jerusalem artichoke, salinity, saline water, tubers, yield, chemical
composition.

INTRODUCTION

Jerusalem artichoke has a great potential as livestock forage and for
production of ¢thanol and fructose, a polysaccharide that stimulates the growth of
beneficial gut bacteria and is marketed as a fat replacement in the production of low-
fat health foods.

Salinity is considered one of the main elements of mineral stresses. Adverse
growing conditions such as, salinity and water stress occur naturally in Egypt,

Salinity in the arid lands is a common problem. Areas dependent on
irrigation frequently suffer from high salinity. Salinity has negative effects on plants
growth and yields. Salt stress influences plant growth in three major ways: firstly,



1620 Annals Of Agric. Sc., Moshtohor, Vol. 45(4), 2007

there is an effect of plant water deficit to the reduction in soil water potential, and
secondly, the presence of salt can affect the up take of other essential mutrients and
thirdly, the sodium and chloride ions themselves may by phototoxic (Levitt, 1980).
Bernsicin and Hayward (1958) found that salinity reduced growth in plant parts and
dry weight of plants. Several workers have been attracted by the effect of water
salinity on plant growth and yields. Jerusalem artichoke was rated as moderately salt
mmmgmﬂeclmiﬁmuonofmssaudﬂoﬁnan(lm),wnhmma
redlmonwhenECewas‘ISdSm

Jerusalem artichoke has been rated as moderately sait tolerant with a
threshold ECe of 8.3 d Sm, slope of 1.2% and a Cs, yield decline at an ECe of 7.5 d
Sm’ the crop was rated as sensitive to moderately semsitive because salinity
treatments significantly reduced plant density when tuber -yield was expressed in
terms of land area. On this basis, the salt tolerance threshold ECe was 0.4 d Sm”
slope was 9.62% and an expected Cs, yield reduction was 5.8 d Sm™ (Newton er al.,
1991). Soil salinity causes great losses to agriculture by lowering the yields of varicus
crops, and bence excessive salt accumulation presents or limits the production of
economic crops in million hectars (Hassan and EL-Sannoudi, 1993). Malach ef al.
(1996)@0r|edthataxﬂchokey1elddechnedby60%duetosahmtywhenECe
increased from 1.5106.2d Sm™.

Long-XiacHua et al. (2005) found that when Helianthus tuberosus was
irrigated with seawater different in concentration, the results show that when irrigation
water W, (fresh water) and W, (25% seawater), no significant difference in yield of
tuber and aerial parts the plant between W, and W,. The yields for treatment W and
W1 declined significantly, from 32 to 25% and from 76 to 60% respectively, when
the irrigation water contained higher percentage of seawater 50% in treatment W, and
75% in treatment W,. Liu-Zhaopu et al, (2005) reported that, in Helianthus tuberosus
were irrigated with seawater and diluted with fresh water at the following ratios 0:1
(pure water), 1:9, 1:4 and 1:3. The results showed that at the end of the growing
period, the yield of fresh tuber in the 1.3 treatment was much higher than in the other
treatments.

The objective of the work reported here was to compare two cultivar of
Jerusalem artichoke and the effect of different concentrations of saline water on
vegetative growth, yield and chemical constituents in order to cvaluate the
productivity of this crop in Egypt under these conditions.

MATERIALS AND METHODS

The present investigation was carried out at the Experimental farm of
vepetable Research Department of the Horticulture Research Institte, Dokki, Giza
governorate, on sandy soil during 2004 and 2005 years.

The chemical characteristics of the experimental soil are given in Table (1).

Preparation methods for standard stock solution.
N (Total ) 11%, P (P:0s) 6%, Fe (0.15%), Zn (0.15%), Mn (0.14%), Mg
0.05%), Ca (0.02%), Cu {0.02%), So (0.02%), Bo (0.01%) and Mo (0.01%).



(CmoLKg™)

HCO™ | CT| So*

 Value | 7.78 | 1.35

Tubers of local and Fuseau cultivars of Jerusalem artichoke (Helianthus
fuberosus L.) were used. The Department of vegetable crops, Faculty of Agriculture,
Cairo . University, Egypt, supplied the local cultivar. While, Fuseau cultivar was
impofted from the United Kingdom,

Tubers (60-80g) of Jerusalem artichoke were irrigated with mitrient solution
and fresh water for one month before salt treatments, then irrigated with saline water
two times weekly at different concentrations. NaCl and CaCl; were mixed together
with ratio 1:1 and obtained levels of both salts namely 1.5, 3, 4 d Sm™ and the control
plants received only fresh water (0.4 ¢ Sm™). Every three irrigation with saline water
the plants recetved fresh water to prevent the accumulation of salinity. Three
replicates were carried out in each treatment and each treatment was represented by 9
plants, In this experiment 216 plastic pots of 40 cm diameter were used. The obtained
data analyzed statistically by using 2 General Linear Model procedure of SAS
Institute (1989). Fishers protected kast significant difference (LSD) at P< 0.05 was
employed to separate the treatment means. The experimental design, which used was
complete randomized block in factorial arrangement. Three samples, each four plants
from four different pots were randomly taken 150 and 180 days after planting for
measuring the plant development. The following characteristics were determined in
each sample:-

L Vegetative growth:

1- Plant height (cm). 2- No. of stems,

3- Leaf content of chlorophyil. 4- Fresh weight (kg/plant).
IL. Tuber development:

1-  No. of tubers.

2~ Tuber fresh weight per plant (Kg/plant).
3-  Tuber dry weight percentage.
4-  Total yield/plot (kg/plot).

II1. Chemical content:

Inulin concentration was determined according to (Winton and Winton,
1958), nitrogen (Koch and McMeckin, 1924), protein content was determined as
nitrogen content and converted to its equivalent protein content by multiplying by
6.25 as described by (Pregi, 1945), phosphorus (Troug and Meyer, 1939), calcium ,
potassiurn and sodium were determined by using the flamephotometer method
(Jackson 1973). Proline content was determined according to Bates ef al. (1973). Dry
weight was determined following oven-dry at 65-70°C for 48 h in an air-forced
ventilated oven,
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RESULTS

Effect of salinity on vegetative growth:
1- Plant height:

Data presented in Tabie 2 show that Fuseaun cultivar produced longer plants
compared with local cultivar. The increment in the plant height was estimated by
17.20 and 14.2 % for the two growing seasons, respectively. A wide range of
variation due cultivars was reported by many authors, (Khereba. 1979; Kichin et af,
1993; and El-Sharkawy. 1998). Concerning the effect of sahmty it could be also
notlcedtbatthedlﬁ‘eremhxghsahneconcenuauons, over 1.5 d Sm led to a negative
significant effect on plant height in both seasons, Concerning the interaction effect
between cultivars and salinity treatments, it could be noticed that in 2004 and 2005

" Fusean culuvar produced the longest stem compared to the local cultivar when usmg
1.5d Sm™ and a reduction in the same character at salinity levels of 3.0 or 4.5d Sm™,
Greenway (1961, 1963) suggested that salinity reduced plant height either by making
osmotic cell enlargement dependent on soluble ion accumulation or by drastic
changes in cellular ionic relationships.

2- No. of stems:

Table (2) show that local cultivar surpassed Fuseau cultivar on number of
main stems in the two growing seasons. It is also evident from data in Table (2) that
number of main stems tended to be reduced when the higher salinity levels 3 and 4.5
d Sm™ compared with 0.4 and 1.5 d Sm™ . However, the difference did not reach to the
significant level in the first season,

During the first season number of stems of Fuseau and local cultivars did not
reach the significant level by using low and high saline levels.

3- Leaf content of chiorophyll:

Regardless of salinity effect, plants of the Fuseau cultivar produced 32.6
and 33.90 % more chlerophyll content compared to these of local cultivar during
2004 and 2005 studies, respectively (Table 2),

. The concentrations of salinity, i.c. 1.5,3 and 4.5 d Sm™ led to a significant
decrease in leaf content of chlorophyll under study in both seasons.

Concerning the effect of the interaction between cultivars and salinity level
on leaf content chlorophyll, results in the same table showed that the maximum
chlorophyll content of the two cultivars was obtained by applying 0.4 d S/m (fresh
water). El-Sherif et al. (1990) reported that the reduction in leaf chlorophyll content
by increasing salinity levels in the nutrient medium could be attributed to the effect of
salinity on decreasing Mg uptake which is the main component of chlorophyll. Ali
and Malash (1998) revealed that the depression in pigments may be due to the
depressive effect of salinity on absorption of mineral elements such as Fe, K, Zn and
Mg,

4- Foliage fresh weight (Kg/plant):

Table (2) clearly indicate that the Fusean cultivar produced greater foliage
fresh weight as it showed 1.32 and 1.18 kg /plant during 2003 and 2004 seasons,
respectively. Whereas, Local cultivar produced 1.06 and 0.918 kg/plant.
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Table (2): Effect of cultivars and different concentrations of saline water on
vegetative growth of Jerusalem artichoke at 120 days after planting
during the two seasons 2004 and 2005,

ers| Plant height ]
{cm)
1# 2™
Season i season

143.62 | 132.27
122.51 | 11577
195 | 3.87

132.31
129.48
123.76
110.53
3.97

Regarding to salinity, the concentration of saline water significantly
decreased foliage fresh weight/plant.

Results did not reflect any significant differences between the four salinity
concentrations by combination of Fuscau cultivar in respect to foliage fresh
weight/plant in the second season. However, in the first season, the highest
concentration of saline water significantly decreased foliage fresh weight/plant.

While the local cultivar produced the highest fresh weight /plant was
cbtained by applying fresh water

Tuber development:
1- Number of tubers/plant:

The Fuseau cultivar produced the higher number of tubers/plant compared
with local cultivar in the two growing seasons (Table 3).
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Table (3): Effect of cultivars and different concentrations of saline water on No.
of tubers, tuber fresh weight (kg/plant), total yield (Kg/plot) and dry
matter (%) of Jerusalem artichoke at 130 days after planting during
the two seasons 2004 and 2005,

Tubers fresh
weight

Total yield/plot
kg
1* 24
season | season

Fuseau
Local
L.S.D. at 0.05
Saline water
(Ece, ds/m):
0.4

Regard 1o salinity, the same table indicates number of tubers/plant gradually
decreased as salinity concentration from 0.4 up to 4.5 ds/m increased.

Also, the interaction between cultivar and salinity concentration on the
number of tubers/plant it is evident that all salinity levels significantly decreased the
number of tubers/plant, with the two cultivars in the two seasons under study. Barakat
{1996) and Abd El-Al (2001) reported that salinity reduced the number of tubers per
plant.

2- Tubers fresh weight /plant:

Table (3) show that the Fuseau cultivar surpassed local cultivar on tubers
fresh weight (kg/plant} but the difference was only significant during the second
season and reached 25.6%,
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With regard to the effect of salinity level, the highest levels of saline water
led to a significant reduction in tubers fresh weight. On the other hand, no significant
differences on tubers fresh weight/plant was detected between the lowest salinity level
of salinity, i.¢. 1.5 d S/m and the fresh water. This was in agreement with the findings
of Barakat (1996), El-Khatib (1996) and Abd El-Al (2001) on potato, who indicated
that salinity reduced tuber fresh weight per plant Also, the interaction between
cultivar and salinity concentration was significant in the two seasons, indicating that
the two cultivars (Fuseau and local) produced higher yield when using the lowest
concentration of salinity (1.5 d S/m) whereas the highest concentrations (3, 4.5 d S/m)
inhibited accumulation of fresh weight in tubers.

Also, Abd El-AL (2001) indicated that irfigation of potato plants with high
saline water (Ec 4.5 d S/m) caused a dramatic reduction in the numbers of tubers,
tuber fresh and dry weight per plant.

3- Total yield/plot:

Table (3) show that the Fuseau cultivar surpassed local cultivar on total
yield/plot but these differences were only significant during the second season.

Regardless of cultivars, it was obvious that total yicld/plot was decreased
gradually with the increase in saline water concentration during the two growing
seasons. So, the lowest values were recorded when the highest level of saline water
was used. Similar results were reported by (Newton et al., 1991} who indizated that
Jerusalem artichoke crop was rated as sensitive to moderately sensitive because
salinity treatments significantly reduced total yield. Also, Phoades and Loveday
(1950 showed that total yield was reduced 40 to 50% of its maximum as irrigation
water salinity increased from 1.5t0 6.2 d $/m.

4- Tuber dry weight:

Regarding the effect of cultivar on dry matter, data in Table (3) indicate that
there were significant differences between the tested cultivars in both seasons of
study. Fuseau cultivars produced tubers that contained higher dry matter compared
with that local cultivar. The percentage of dry matter content of the tubers of Fusean
cv. were 26.27 and 26.14 compared with 25.12 and 24.75 for local cv. in the first and
sccond seasons, respectively. Significant differences between the dry matter of
Jerusalem artichoke tubers were reported by El-Sharkawy (1998).

Data presented in Table (3) indicate that the high saline concentrations, over
1.5 d Sm™ led to negative significant effect on dry matter percentage. Also concerning
the interaction between the cultivars and saline water, it could be noticed that Fusean
cultivar produced higher dry matter % compared with local cultivar when using 1.5d
Sm™. Levy et al. (1988) and Abd Fl-Al (2001) found that salinity reduced the tuber
dry matter.

Effect of salinity on tuber inulin content:

The results presented in Table (4) indicate that Fusean cultivar tubers
contained higher inulin level than that of local cultivar. However, the difference did
not reach to the significant level in the first season. Genetic differences were recorded
for concentration of inutin of Jerusalem artichoke tubers (Bobrovnik et a/., 1991 and
Zuber et al., 1993).
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Data in table (4) reveal that there was clear ncgative effect for the excess of
salinify concentrations on the reduction of inulin contents where the highest value of
Ec 4.5 caused the lowest accumulation of inulin in tubers at the end of both seasons.
Newton et al. (1991) showed that percentage fermentable sugar decreased by 15 to
20% at the highest salinitics compared with the control treatment. Also, for tubers
percentage fermentable sugars was affected by applied salinities when that of the 10 d
S/m treatment was 7% lower than that of the channel water treatment

Table {(4): Effect of cultivars and different concentrations of saline water on
Inulin, Nitrogen, Phosphorus, Potassium and Protein (g/10{ g DM) of
Jerusalem artichoke at 180 days after planting during the two seasons

2004 and 2005.
‘Inulin - ]fitr Pl'losphong ] l:oimdum ‘Proteh
1 2 1 2 1 2 1 2 1 2
Treatinenfs ™4 season | season | season | season | Season | seasen | Season | season | season | season
Cultivars
Fuseau 1556 | 1410 ] 1.77 142 { 036 | 035 | 330 | 355 | 1106 | 885
Local 1421 ] 1144 | 1.86 159 | 033 | 032 | 334 | 377 [ 1159 | 9388
LS.D. at0.05| NS, 159 | NS. | 0065 | 0072 { NS. | NS, | 0021 | NS, | 047
Saline water
(Ec:,o:i:hn): 1696 1 1517 | 196 165§ 037 | 03% | 379 | 382 | 1222 | 1028
15 1629 | 1354 | 1.87 154 ) 036 | 035 | 344 | 375 | 1170 | 956
3 1504 § 1183 | 1.73 144 1 033 ] 032 | 3.19 | 364 | 1081 | 9.01
45 11.25 | 1054 | 1.89 138 | 030 | 028 | 288 | 342 | 1056 | 859
LS.D, at0.05 130 | 0,79 | .14 | 0041 | 0013 | 0.044 | 033 | 0023 [ 083 | 0.4
Interactions:
Fuseau :
04 1750 | 1650 | 191 151 039 | 040 [ 373 { 3.76 | 1196 | 946
1.5 16.67 | 1433 | 1.83 145 | 038 | 037 | 339 | 366 | 1144 ] 904
3 1550 | 13.50 | 1.69 135 | 034 | 035 | 327 | 352 | 1054 | 846
4.5 1258 | 12.08 | 1.65 135 | 031 029 { 282 [ 324 | 1029 | 844
Local :
04 1642 § 13.83 | 199 178 | 035 | 038 { 3.84 | 389 [ 1248 | 1LI3
15 1592 | 1275 ] 192 1637 035 | 032 | 349 | 383 | 1196 | 10.09
3 1458 | 1017 | 1.77 153 | 031 | 029 | 3.10 | 3.76 | 1108 | 957
4.5 992 | 900 | 1733} 140 ) 029 | 027 | 293 | 359 | 1083 | 875
LS.D.at0g5] 24 176 | 027 | 0078 | 9018 | 0.062 | 057 | 0032 | 155 | 052

Nitrogen, Phosphorus and Potassium contents in tubers:

The effects of cultivar and salinity level on NPK content in tubers are
recorded in Table (4). Conceming the nitrogen content in the tubers, the data in the
table show that tubers of local cuitivar contained higher level compared with that of
Fusean cultivar while, the difference did not reach to the significant level in the first
season. Moreover, the results revealed a negative relationship between the salinity
treatments and nitrogen content in the tubers. However, the lower reduction in
nitrogen content in Fuseau tubers was recorded at the third and fourth concentrations.

The data in Table (4) show that Fuseau cultivar tubers contained higher level
of phosphorus compared with that of local cultivar. The results also indicated a
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negative relationship between salinity treatments and phosphorus tubers content.
However, the interaction of salinity treatment and cultivar showed that Fuseau
cultivar responded significantly to the lowest salinity treatments.

Regarding the effect of cultivar and salinity treatments on potassium
content, the data in Tabie (4) show that higher level of potassium was found in local
cultivar tubers compared with that of Fuseau cultivar. The results indicate a sharp
decrease in potassium concentration at Ec 3 and 4.5 d S/m. Hassan et /. (1999) and
Ab El-Al (2001) reported that increasing salinity led to a decrease in potassium
content.

Effect of salinity on protein content in tubers:

The data in Table (4) show that a significant difference was observed
between the two tested cultivars in the two seasons. Local cultivar tubers contained
higher percent of protein than Fuseau cultivar.

- The highest levels of saline water led to a significant reduction in tuber
protein. On the other hand, no significant differences on tuber protein were detected
between the lowest salinity level of salinity, 1.e. 1.5 d $/m and the tap water.

Farahat (1990) Shehata (1992), and Younis ef o/, {(1993) reported that salinity caused
a significant decrease in total carbohydrates and protein content.

Effect of salinity on leaf and tuber content of free proline:

Data illustrated in Fig. (1) show that local cultivar produced higher free
proline compared with Fuseau cultivar. It was also noticed that the different salinity
levels significantly increased proline accumulation in Jerusalem artichoke leaves over
the control. The accumulations were more pronounced at the highest salinity level.
Meanwhile, the increase in salinity concentration led to a remarkable increase in
proline in Jerusalem artichoke tubers, such increase were more pronounced at Ec 1.5
d S/m. This was clear in both seasons. The effect of salinity on proline content in
potato was investigated by Nadler and Heuer (1995) when irrigated potato plants with
saline water of Ec; 1.5, 3 and 6 d S/m and they showed that all treatments increased
the accumulation of proline in plants.

Potluri and Pasad (1993) maintained that increasing proline accumulation
with increasing salinity level due to new synthesis rather than breakdown of existing
proteins. '

Effect of salinity on sodium content:

Data presented in Fig. (2) showed that leaf and tuber of local cultivar
surpassed Fuseau cultivar in sodium content in the two growing seasons regarding
saline concentration of irrigation water, using saline water for irrigation increased leaf
and tuber content of sodium; the highest saline level led to the highest accumulation
of sodium in plant leaves. Moreover, increasing water salinity emhanced higher
accumulation of sodium concentration in tubers Moreover, sodium content was more
sharply pronounced under the conditions of using high level of salinity, i.e. at 3 and
4.5 d 8/m. Xja-Tiarxdang et al. (2004) reported that when H. tuberoses seedlings were
treated with concentration of Na Cl and water stresses, the content of Na', Cl' in stem
and leaf increased but the content of K showed no significant changes. The content
of Na" for stem and leaf gradually increased as the concentration of NaCl increased
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(Fig. 2), This increment of sodium content in leaves with increasing salinity might be
due to the increase of this cation in root medium since there was a relationship
between the cations content in both leaves and soil solution as mentioned by Lunin
and Gallatin (1965). Chhoursa ef al. (1979) mentioned that there did not appeartobe a
critical leaf Na in artichoke because, when Ec was 5.5 d S/m, leaf Na was low (6 m
M/kg) and similar to that of the control treatment but yield was reduced by 40%.
Newton ef al. (1991) reported that the concentrations of sodium remained low in leaf
tissues except in the highest salinity treatment.

Effect of salinity on calcium content:

It is clear from Fig. (3) that local cultivar produced the higher calcium in
leaves compared with Fusean cultivar in both years of study. It could be also noticed
that different high saline levels, led to a positive significant effect on calcium content
in leaves. Data presented in Fig. (3) show that the tubers of local cuitivar produced
higher calcium content than those of Fusean cuitivar in both seasons while, the
difference between the two cultivars did not reach to the significant level, in the first
52ason.

- T |
04 15 3 4,5 damt
L.AD g1 05 = 05904

w 8

P -3
i

Pralina tubar contant %
[

04 L5 3 45t
T T v y LD ot 0.5 =0 204
04 15 3 4.5 damd [+ Fmess & 104 |
L5Dat 085= LE4N
Figs (1): Effect of cultivars and saline water on Proline percentage in leaves and
tubers of Jerusalem artichoke during 2004 and 2005 seasons.
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Regarding saline concentration of irrigation water, the results indicate a
sharp increase in calcium concentration at 4.5 d S/m, while no significant differences
were detected in calcium content between the control and the treatment of 1.5 d S/m.
Calcium concentrations increased significanily in Ieaves (from 500 to 700 m M/Kg
for Ec of 0.2 to 10 d S/m) but not in stem and tubers (Newton et al., 1991).
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Figs (2): Effect of cultivars and saline water on sodium percentage in leaves and
tubers of Jerusalem artichoke during 2004 and 2005 seasons,
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