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ABSTRACT: The ob]ectlve of the present investigation was to study the
effect of different levels of salinity and irrigation water regime on mineral
content of potato leaves. ‘

Four levels of saline irrigation water E.C.0.4, 1.5, 3.0 and 4.5 dS m™ were used
in the present study. Plants in each treatments were irrigated with one of the
four mentioned salinity levels either once or twice a day every two days in
pots containing sandy soil during fall 1998, 1999 and summer seasons of
1999, 2000. Diamant potato cultivar was used.

Twice irrigation significantly increased FW and Dw of foliage and produced a
higher leaf content of chlorophyll, nitrogen, potassium and higher starch
content while it decreased the both sodium and proline content. The
beneficial effect of irrigation frequency on reducing sodium content was
more pronounced under the condition of using high levéls of salinity i.e.
E.C.3.0 and 4.5 dS m'. FW and DW of foliage decreased as salinity
concentration lncreased

High salinity level significantly increased the accumulation of free proline
and sodium content in potato leaves. Leaf content of potassium took -a
reverse trend to that recorded for sodium content. Total chlorophyll was
decreased gradually with the advance of plant age while free proline was
increased in the same order. Leaf content of total chiorophyll and nitrogen
decreased as saline irrigation water increased. The reduction of chlorophyll
content may be due to the decrease in magnesium uptake as a result of
increasing sodium level.. In potato leaves a positive relation was shown
between total sugars concentration and level of saline water. The high
salinity concentrations increased the reducing and non — reducing sugars till
75 DAP then decreased at 90 DAP. Also, total soluble sugars increased with
irrigation once than twice.

Key words: Salinity, Irrigation frequency, potato, Chlorophyll, Proline, FW.,
DW, reducing sugar, Starch.

INTRODUCTION.
Salinity is a major factor in limiting crop productivity in semi — arid areas
of the world. Potatoes are moderately salt — sensitive (Pulivval and Yadav
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1980) and very sensitive to water stress (Klein Kopf 1983). Also, salinity
problems already exist especially in the reclaimed areas, which use ground
water for crop irrigation.

In Egypt to face the increased consumption of food it is necessary to
investigate both the vertical improvement of productive and semi -
productive lands as well as the horizontal extension through the deserts.
Both the vertical and horizontal extension for the cultivated area would be
usually faced with salinity problems whether created from irrigation water or
soil. There is a little information on the quality of tubers from plants irrigated
with saline water.

Therefor, the purpose of the present study was to provide information on
the effect of salinity and irrigation frequency on the growth and chemical
constituent of potato plants.

MATERIALS AND METHODS.

Two experlments of both fall and summer seasons were conducted at the
experimental farm of Vegetable Research Department of the Horticulture
Research Institute, Agriculture Research Center, Ministry of Agriculture at
Dokki, Giza. The sand culture technique was used in this investigation.
Diamant cultivar planted on October 25 and 20 for fall seasons of 1998 and
1999 respectively, and on February 17 and 15 for summer seasons of 1999
and 2000 respectively Four levels of saline water E.C. 0.4 as a control, 1.5,
3.0 and 4.5 dS m” were used. Plants in each treatment were irrigated wnth
one of the four mentioned salinity levels either once or twice a day every two
days.. Complete randomized blocks in factorial design were used with four
replicates. each experimental unit contained 8 pots.

The saline water was prepared by dissolving Na Cl and CaCl salts in a
ratio of 1: 1 Na: Ca. Feeding nutrient solution (Hoagland and Aron 1950) was
prepared just before application to the pots by dilution with tap water Four
plants from each treatment were taken at 75 days after planting (DAP) for
determination the fresh and dry weight of foliage. Also, three samples each
four plants from four different pots were randomly taken 60, 75 and 90 DAP
for determinations the both total chlorophyll and free proline in fresh leaves.
The leaf content of total chlorophyll in representative samples determined
spectro photometrically as described by Arnon (1949). The free proline was
determined according to Bates et al (1973). For measuring leaf content of
reducihg, non ~ reducing, total sugars and mineral composition of plant, i.e.
sodium and potassium, leaves were dried at 60°c for 72 hours to a constant
weight then they were ground to determine the reducing and total sugars
content by using the method in A.0.A.C. (1975). Non — reducing sugar was
calculated by subtracting reducing sugar from total sugar, Tuber content of
starch was determined by using the method described in A.O.A.C. (1975), the
sodium and potassium was also determined by using the flame photometer
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method (Jackson 1973), total nitrogen by micro kjeldahl analysis
(A.O.A.C.1975).

Data was statistically analyzed using the analysis of variance according to
Snedicor and Cochran (1980). Least significant difference (L.S.D.) testat 5 %
level was used to verify differences between treatments mean data.

RESULTS AND DISCUSSION

1-Foliage fresh and dry weight.

Twice irrigation significantly increased fresh and dry weight of foliage as
compared to once irrigation in both fall and summer seasons (Table 1)

Increasing salinity from E.C.0.4 dS m™ to E.C. 4.5 dS m" decreased fresh
weight of foliage significantly by 35.19 and 35.06% of fall 1998 and 1999
seasons and 33.87 and 36.32% of 1999 and 2000 summer seasons
respectively. Similar results were obtained for dry weight of foliage. It
decreased as salinity concentration increased by 35.61 and 31.15% for both
fall seasons and 34.40 and 34.86% for 1999 and 2000 summer seasons
respectively. Similar results were obtained by Morpurgo and Silva (1987),
Bilski et al (1988), Abdallah and Ahmad (1990), EL-Kattib (1996), Jefferies
(1996) and Karam et al (1997) who mentioned that increasing salinity caused
a significant reduction in foliage fresh and dry weights, whereas Jorgensen
(1982), Bilski et al (1988), Heuer and Nadler (1995) indicated that salinity
increased the foliage fresh and dry weight.

The interaction effect between irrigation frequency and salinity
concentration on foliage fresh weight was significant in the first fall season,
while that of the second fall and both summer seasons was not significant.
Similar results were obtained in foliage dry weight it was significant in both
fall seasons, whereas it did not reach to a significant level in both summer
seasons.

2-Chlorophyll content.

. Results indicated that there was an increase in total chlorophyil in potato
leaves as a result of using two irrigation frequencies comparing to one

irrigation frequency during the different stages of growth under study i.e. 60,

75 and 90 DAP in the two fall and summer seasons (Fig .1).

With respect to the effect of saline water concentrations, it was obvious
that total chlorophyll was decreased gradually with the advance of plant age
as well as the increase in saline water concentrations during the two
successive studied seasons. The lowest values were recorded after 90 DAP
and when the highest level of saline water was used.

In summer seasons, similar results showed that chiorophyll content of
potato leaf tended to increase under low salinity level then decreased with
increasing salinity levels. The reduction of chlorophyil content may be due to
the decrease in magnesium uptake as result of increasing sodium level.
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Table 1: Effect of irrigation frequency and concentration of saline water on foliage fresh and dry weight of
potato plants at 75 days after planting during fall of 1998 and 1999 and summer seasons of 1999

and 2000.
Once irrigation Twice trrigation Average Average
E.C.dSm!
Seasons years 04 15 0 45 04 15 8 45 04 15 30 45  once twice
Fresh weight.

Fall 1998 9419 9716 7292 58.57 9570 100.07 78.37 6449 9494 98.62
1999 8849 9547 7087 5518 9527 97.90 7610 6220 90.38 96.54
Summer 1999 8460 9312 5290 5450 6853 93.07 7652 5998 8656 93.10
2000 8405 8923 6630 5171 8840 9130 6991 5610 8623 90.77
' Dry weight.
Fall . 1998 1349 1407 1062 847 1403 1443 1139 924 1376 1425
1999 1284 1379 1033 843 134t 1448 1108 995 1313 1399
Summer 1999 1248 1343 1006 801 1328 1137 1129 869 1273 1225
2000 1243 1278 1044 799 1321 135 1070 870 1282 1347

7565 6153 8071 8466
7349 5869 TI 8212
6471 514 M8 7982
6811 5491 7182 769

101 886 1166 1227
1071 904 1127 1216
1068 835 1085 11.16
10.57 835 1091 1154

LS.D.5%

Fresh weight
Fall Summer Fall
1938 1999 1999 2000 1998
Irrigation frequency 085 144 8.22 073 0.11
Salinity concentration 120 1.6 11.63 1.69 0.16
Irrigation x salinity 170 NS N.S. NS 0.23

Dry weight
Summer

1999 1939 2000

034 NS 048
048 325 0.2
068 NS, NS.
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Fig (1). Effect of once and twice irrigation frequencies with different
concentrations of saline water. 0.4, 1.5, 3.0 and 4.5 dS m™ on total
chlorophyli content (mg / g fresh weight) in potato leaves
at 60, 75 and 90 days after planting (DAP) during fali
1998 (A), fall 1999 (B), summer 1999 (C)
and summer 2000 (D) seasons.
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3-Free proline content.

Data showed that one irrigation frequency produced a figher level of
proline as compared to two irrigation frequencies (Fig 2.).

High salinity level significantly increased accumulation of proline in
potato leaves over the control (E.C. 0.4 dS m™). This was true at the three
plant ages under study. Also, the accumulation was increased with the
advance in the plant age. These results are in agreement with those of Levy
et al (1988), Abdullah and Ahmad (1990) Perez et al (1993), Salsikala and
Prasad (1994), Nadler and Heuer (1995), Heuer and Nadler (1998) and Evers et
al (1999) who reported that proline content in leaves increased with
increasing salinity. Salinity stress induces a characteristic change in the
levels of free amino acids, especially a great increase in free proline which
could be due to increase in proline synthesis or decreased proline
degradation or both (Stewart and Lee 1974, and stewart et al 1980).
Increasing proline accumulation with increasing salinity level was according -
to Potluri and Prasad (1993) due to new synthesis rather than breakdown of
existing proteins. The large amount of accumulated free proline might also
be a source of energy and nitrogen for the plant use when stress is relative
(Barnett and Naylor 1966, Blum and Ebercon 1976).

4 - Starch content of tubers.

Twice irrigation frequency showed a significant increase in tuber starch
content as compared to once irrigation frequency (Fig. 3). The highest
concentration of saline water 4.5 dS m™ show a significant decrease for tuber
starch content. Abdullah and Ahmad (1990), Bolarin et al (1995}, and Barakat
(1996) stated that increasing salinity reduced the tuber starch content.

In summer seasons, tuber content of starch was similarly affected by
irrigation frequencies and salinity levels compared to fall seasons. However
it was generally noticed that the starch tuber content in the fall seasons were
higher than that recorded in the summer seasons.

5 - Reducing sugars.

Fig. {(4) illustrate the effect of irrigation frequency, water salinity
concentrations and their interaction on leaf content of reducing sugars in
mg./g. dry weight of potato leaves at three plant ages i.e. 60, 75, and 90 DAP
during fall and summer seasons of 1998, 1999, and 1999, 2000 respectively.

it Is clear that reducing sugars contents in potato leaves significantly
increased when irrigation was carried out once a day as compared to twice
irrigation frequency. Data indicated that the reducing sugars content
increased by increasing water saline concentration and piant age from 60 to
75 DAP. Thereafter, they were dropped down where the minimum vaiue were
obtained at plant age of 90 DAP. These results are in agreements with
Abdullah and Ahmad (1990), Potluri and Prasad (1993), Bolarine et al (1995)
and Nadler and Heuer (1995) who indicated that increasing salinity level ied
to increase the reducing sugars content.
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Fig (2). Effect of once and twice irrigation frequencies with different
concentrations of saline water 0.4, 1.5, 3.0 and 4.5 dS m”on proline
content (mg. / g. dry weight) in potato leaves at 60, 75 and
90 days after planting (DAP) during fall 1998 (A),
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summer 2000 (D) seasons
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In summer seasons, the leaf content of reducing sugars was similarly
affected with irrigation frequencies and salinity levéls to that recorded in fall
seasons.

6 — Non - reducing sugars.

Once irrigation frequency produced a higher content of non- reducing
sugars as compared to twice irrigation frequency. (Fig.5).

Using water with high salt content in irrigation led to significant increase
in the non-reducing sugars at the early and middle stages i.e. after 60 and 75
* DAP, whereas it significantly decreased at 90 DAP. The effects of irrigation
frequency, salinity concentrations and their interaction on ieaf content of
non-reducing sugars during summer season did not differ from that
observed in fall seasons.

7 — Total soluble sugars.

In leaves, total soluble sugars concentration increased by irrigation once
a day than twice a day at all stages of growth (Fig. 6).

The maximum value of total soluble sugars was obtained at age of 75 DAP
by using water salinity. 4.5 dS m™ under once irrigation then it tended to
decrease until it reached the lowest value at age of 90 DAP. In fall seasons,
the interaction effect between irrigation frequency and salinity
concentrations did not reach a significant level at all plant ages under study,
whereas the interaction was significant at 90 DAP in the first summer season.

It could be also noticed from the. present study that plants grown in
summer season contained a higher amount of total soluble sugars than
those grown in fall season did. This may be due to the evaporation rate,
which was higher in summer than fall season and subsequently led to
increase the total soluble sugar concentration in leaves.

8 -Leaf nitrogen content.

Data presented in (Fig.7) reveal that nitrogen concentration in potato
leaves was significantly increased under the conditions of two irrigation a
day as compared to one irrigation frequency in both fall and summer
seasons. Regarding saline concentration of irrigation water, the results
indicate a sharp decrease in nitrogen concentration at. 3.0 and 4.5 dS m’
while no significant dlfferences were detected in nitrogen content between
the control treatment 0.4 dS m" and the treatment. Generally, the treatment
of irrigation” frequency during summer seasons showed similar effects. On
the other hand, the interaction between Irrigation frequency and salinity
levels on nitrogen content was significant at the ages of 60 and 90 DAP in the
first fall season and 60 DAP In the second season, while that it was
significant only 60 DAP in the first one. These results are in harmony with
those noticed by Nadler and Heuer (1995) and EL- Khattib (1996) who noticed
that increasing salinity reduced the nitrogen content in plant leaves. The
reduction in nitrogen uptake may be attributed to specific inhibitory effects
of Na on the metabolic carriers responsible for anion absorption (No;) as
mentioned by EL — Nimr (1986).
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9 - Leaf sodium content.

Increasing irrigation frequencies from once to twice a day decreased leaf
sodium content in both fall and summer seasons, whereas increasing water
salinity enhanced higher accumulation of sodium concentration in leaves.
This increment may be due to the increase of this cation in root media,
moreover this accumulation indicated the important role of this element in
raising the osmotic pressure that led to facilitate the absorption of water
which was needed for plants to tolerate the harmful effect of salinity on
growth. Moreover, the beneficial effect of irrigation frequency on reducing
sodium contents was more pronounced under the conditions of using high
level of salinity i.e. at 3.0 and 4.5 dS m™ (Fig. 8).

These resuits are in agreement with those obtained by Jorgensen (1982),
Potluri and Prasad (1993), Nadler and Heuer (1995), Barakat (1996), EL-
Khattib (1996) and Alhagdow et al (1999) who indicated that increasing -
salinity led to increase sodium content in plant leaves.

10 -Leaf potassium content.

Data presented in Fig. 9 reveal that the effect of irrigation frequencies and
salinity levels on leaf content of potassium took a reverse trend to that
recorded for sodium content. In this respect irrigation two times a day
significantly increased potassium content, whereas increasing salinity level
in irrigation water reduced leaf potassium content. .

Generally, the interaction between irrigation frequencies and salinity
levels on potassium content at different plant ages was significant in both
fall and summer season. The highest value of potassium content was noticed
in the plants irrigated twice a day with tap water. 0.4 dS m”, whereas the
lowest value was recorded in plants |rr|gated once a day wuth water having
4.5 dS m” salinity. These results were in agreement with those recorded by
Cramer et al 1995, Nadler and Heuer 1995, Barakat (1996), EL- Khattib (1996)
and Cano et al (1998) who reported that increasing salinity Ied to a decrease
in potassium content.
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