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ABSTRACT

This investigation was carried out on the variety Florence of sweet
fennel to throw light on the growth and yield of growing plants to efficiency to
tolerate different salinity levels in irrigation water.

This experiment was designed to irrigate plants with three concentrations
of saline drainage water, which were 1000, 2000 and 3000 ppm. in addition to the
control one which received only tap water. Data were recorded on the physical
and chemical characteristics of 5 plants ages representing 30, 60, 90, 120 and 150
days from seed sowing. The great significant tallest planis, number of leaves per
plant, plant fresh weight, bulb fresh weight, bulb size and bulb perimeter during
the various development stages were obtained from irrigation with saline water at
the concentration of 2000 ppm. While the least number was exerted from the
highest concentration of 3000 pp. Bulb acidity, phosphorus, potassium, oil and
dry matter contents were not significantly affected by the increase of different
salinity levels in all the tested ages. Bulb carotenaids content significantly
increased with the increase in salinity concentrations from 1000 to 3000 ppm. in
all the examined ages from 90 to 150 days.

INTRODUCTION

Most attempts on the estimation of plant height in some vegetable crops
showed a characteristic contious depression with the increase in salinity levels. In
parsley, studies of the growing behavior under saline conditions (0, 1500, 3000
and 6000 ppm. NaCL and Ca CL,) gave signs that the plants could tolerate the
salinity levels up to 3000 ppm. during the first and second months of growth but
generatly irrigation with saline water significantly depressed plant height (Salem,
1974).

Regarding the effect of irmigation with saline water on the number of
leaves, it was found that celery plants subjected to 300 mml Na CL desiccated
and lost the older leaves which in tum led to a substantial reduction in the number
of viable leaves at final harvest. (Loescher ef af.. 1994).
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In garlic, irrigation with water salinized with 1 Na CL: 1 Ca CL, {W/W)
at EC 1.4 (control), 3.1, 5.8, 8.8, 12.0 and 14.8 ds/m reduced bulb size by 14.3%
with each unit increase in soil salinity > 3.9 ds/m, (Francois, 1994).

There is evidence in the literature that T.S.S. increase in onion butb with
the increase in salinity levels in irrigation water. (Singh and Abrol, 1985).

On the other hand, it was found that nitrogen content in parsley plants
decreased with every increase in salinity levels from zero to 6000 ppm in
irrigation water (Salem, 1974). This was also noticed in another investigation as
the increase in salt level from 2 to 10 ds/m. reduced the dry weight content in
onion plants (Habib ef a/, 1987). Irrigation with saline water at 600 M/ ha. to
depth of 40 to cm at class A pan. Evaporimeter readings of 40, 80 or 120 cm
minimized the total oil content in sweet fennel with every increase in soil salinity

(Lo-Cassio ef al, 1988),
MATERIALS AND METHODS

The variety Florence of sweet fennel (Foemiculum vulgare var. dulce
Aill) was used in this investigation. The experiment was done in a private farm at
Abo-Zabal, Kalubia Governorate during the two successive winter scasons of
1995/1996 and 1996/1997, to elucidate the effect of saline irrigation water on the
resulted plants and its quality characteristics. The soil type of this area was sandy-
Loam, The design of the ¢xperiment was complete randomized blocks with four
replicates. Surface irrigation by furrows was applied and other agriculture
practices took place whenever it was necessary.

A pot experiment was conducted to investigate the effect of saline
drainage water used in irrigation on the development of sweet fennel plants. Pots
were arranged in four replicates. Every replicate consisted of 20 pots each one
contained 4 plants. The used water was brought from Karoun Iake at El-Fayoum
Governorate then diluted to the required three concentrations. 1000, 2000 and
3000 ppm. The control irrigation water was tap water at 260 ppm. The ¢hemical
analysis of the saline drainage water is shown in Table (1}. Ten sceds were sown
per pot (No. 50) on September 15" in the two scasons of the experiment. The
seedlings were thinned to 4 plants per pot afier 10 days from planting. Data were
recorded on 5 plant ages which were 30, 60, 90, 120 and 150 days after seed
sowing on the following items:

A- Physical characteristics: Plant height, number of leaves/plant, fresh weight
and bulb fresh weight, size and perimeter of buib.

B- Chemical constituents: Bulb total soluble solids, ascorbic acid, acidity, total
carotenoids, nitrogen, phosphorus, potassium, dry weight and total oil
content.

Determination procedures:

1~ Plant height was estimated in cm,

2-  Number of leaves/plant was counted.

3- Fresh weight of the whole plant and bulb only were weighed in g.
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Bulb size was determined in cm® by dipping the bulb in a container flied with

water and the displaced water was measured by a graduated cylinder.

5- Bulb perimeter was estimated in cm.

6- Total soluble solids were determined by abbe refractometer (A.O.A.C. 1980).

7-  Ascorbic acid was determined as mg/ 100 g fresh weight using dye 2,6-
dichioro phenolindophenol (A.Q.A.C., 1980).

8- Dry matter percentage was determined by drying a hundred g of fresh plants

or bulbs and 70 °C till constant weight was reached. The results were

calculated as g /100 g fresh weight.

Total acidity of the blended flesh was determined by titration with NaOH

0.01 N using phenolphethaline indicator (A.O.A.C., 1980). The results were

calculated as mg. citric acid per 100 g. fresh weight.

10- Total carotenoids were determined colorimetrically as mg/100 g fresh weight
(A.0.A.C, 1980).

11- Total nitrogen was determined according to the micro-Kjeldahl method
(A.O.A.C., 1980).

12- Phosphorus was determined colorimetrically using the ascorbic acid method
(Matik, 1970).

13- Potassium was determined photometrically by using the flame photometer
method (Richard, 1954).

14- Total oil was determined in g /100 g dry weight by using soxelit method

(A.O.A.C., 1980).

4

9

Statistical Analysis:

The physical and chemical characteristics of both the whole plants and
the bulb with the saline irrigation water were subjected 1o the analysis of variance
method. (Snedecor, 1956).

Table (1): Chemical analysis of diluted saline drainage water used in
irrigation (meq./1).

Treatments (dgﬁn) HCOs| CF ca" | Mg™ | Na* | K* |SAR®
0 ppm | 04 | 30 ] 15 (01191 15 ] 11102 08
1000 ppm | 14 | 3.1 | 105 02125] 33 ] 77 (03] 45
2000 pmm | 3.0 | 310 ] 241 05 1291 66 1 17.5 [ 0.4 [ 8.1
3000 pmm | 45 | 310 ] 353 ] 0.8 ] 3.5 ] 100 | 350 | 0.7 | 9.7

{SAR) = Sodium adsorption ratio.

SO,

RESULTS AND DISCUSSION

A- Plant Growth:
1- Plant height:

The changes in plant height due to irrigation with the various levels of
saline water are presented in Table (2). The general view in all the examined ages
from 30 to 150 days reflected that both the medium (2000 ppm) and low (1000
ppm) concentrations resulted in the tallest plants, and the medium concentration
{2000 ppm) was the most obvious. The highest salinity concentration (3000 ppm)
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induced the shortest ones. However, this picture was clear in the last examined
age (150 days) as the tallest plants were obtained from irrigation with the medium
level (2000 ppm) of saline water followed by those of the low one (1000 ppm)
while the shortest plants came from using the highest level (3000 ppm). All the
differences are significant except that between the highest concentration (3000
ppm) and the control in the first season,

Numbers of leaves plants:

The data presented in Table (2) show the cffect of irrigation with the
various concentrations of saline water on the number of leaves per plant in the
two seasons of study. The data in both seasons exhibit that significant differences
in thig character started to be shown at the age of 60 days till the last examining
age of 150 days due to the irrigation with the different concentrations of saline
water. However, the resuits in both seasons show that using 2000 ppm saline
water gave the highest significant rise in this number during the various
developmental ages after 60 days age while the least number resulted from the
highest concentration (3000 ppm).

Plant fresh weight:

The results for the effect of irrigation with saline water on plant fresh
weight in the two seasons of growth are shown in Table (2). The result in both
scasons exhibit that this weight gained increment with the increase in saline
concentrations up to 2000 ppm then a serious reduction occurred due to the
irrigation with the highest concentration (3000 ppm).

B- Yield:
Bulb characteristics:
a- Physical Characters:
Fresh Weight

The results in Table (3) summarize the effect of irrigation with the
various concentrations of saline water on the average bulb fresh weight in the two
scasons of 1995/1996 and 1996/1997. The values in both seasons exhibit that
therc was a simultancous increase in average weight of bulb with the increase in
salinity concentration till 2000 ppm then a sharp reduction occurred at the highest
concentration (3000 ppm). On the other hand, it is ‘clear that the lowest weight
was obtained from plants irrigated with the highest concentration (3000 ppm) but
significant differences existed in the last examined age (150 days) only.

Size:

The results in Table (3) clear the effect of irrigation with the various
concentrations of saline water on bulb size in the two seasons of the experiment,
The data show that this character increased with the increase of saline
concentration till 2000 ppm then a severe drop occurred when the concentration
reached 3000 ppm. However, the results showed in both seasons that using both
the concentrations of 1000 and 2000 ppm gave the largest significant size over the
control ones with the superiority of 2000 ppm.



le €2): Effect of irrigation with saline water on plant physical characteristics at various a

in 1995/1996 and 1996/1997 seasons.

(1995/1996 season)
FPlant age Plant height (cm) Number of leaves / Plant Plant fresh Weight (g)
P ) 30 { 60 | 9% | 120 | 150 | 30 | 60 [ 90 | 120 | 15 | 30 [ 60 | % | 120 | 150
936 | 1531 | 3133 | 69.80 | 73.20 | 3.53 | 661 | 10.53 | 13.04 | 15.18 | 27.24 [ 10839 | 21692 | 31125 | 366.65
12.66 | 2445 | 4555 | 8690 | 8935 | 364 | 664 | 1150 | 15.18 | 17.26 | 44.28 | 151.53 | 29528 | 41323 | 48804
12.49 | 29.38 | 3005 | 99.15 | 10487 | 3.88 | 919 | 1650 | 21.02 | 24.51 | 79.50 | 18428 | 36663 | 616.77 | 74591
3000 783 | 1514 | 2786 | 59.04 [ 63.67 | 264 | 496 | 888 | 1004 | 11.28 [ 14.38 | 67.83 | 19170 | 252.82 [ 294.17
LSDwt5% | 352 | 688 | 7.70 | 866 | 1295 | NS | 257 | 347 | 3.66 | 3.68 | 1692 | 47.42 | 78.70 | 10520 111.01
(1996/1997 Season}
control | 10.96 | 17.43 | 32.92 | 73.08 | 80.29 | 3.36 | 7.15 | 11.30 | 14.10 | 15.01 | 24.12 | 96.64 | 256.73 | 370.57 | 422.68
1000 | 1077 | 2231 | 4346 | 79.86 | 93.08 | 394 | 7,73 | 11.96 | 1471 | 17.03 | 28.93 | 98.52 | 267.00 | 403.19| 493.90
2000 | 1237 | 23.18 | 44.70 | 85.18 [ 11079 3.53 | &.79 | 1563 | 22.47 | 27.29 | 38.03 | 12504 | 329.07 | 552.35 | 688.95
' 872 | 1264 | 2287 | 59.15 | 6604 | 293 | 573 | 850 | 11.94 | 13.27 | 17.48 | 69.07 | 17.34 | 230.36 | 32676
LSPat3% 1 214 | 454 [ 367 | 709 [ 1283 | NS [ 149 | 3.03 | 490 | 491 | 1208 | 21.04 | 63.81 | 104.02] [1587

Table (3): Effect of irrigation with saline water on bulb physical characteristics at various a

in 1995/1996 and 1996/1997 seasons.

(1995/1996 season)
Plant age Bulb fresh Weight Bulb Size (cm™) Bulb Perimeter (cm)
(days)

Salinity 30 60 90 120 150 30 60 %0 120 150 30 60 90 120 150
m)

60 control | 8.85 | 19.44 | 70.75 | 146.83 | 233.44 17.42 | 40.50 |129.40}242.37 3771.04] 3.38 8.23 | 1953 ] 24.20 | 26.78
1000 12.49 | 50.80 [ 107.74[178.251290.49] 21.98 | 51.43 |169.89[299.881426,92| 4.78 | 10.58 | 20.60 | 28.20 | 30.98
2000 14.74 | 40.12 1120.62[220.37{301.36] 22.19 | 60.99 [182.98|359.97[508.44| 5.68 | 11.83 | 23.33 | 35.33 | 37.18
3000 603 [ 1681 | 58.41 | 96.62 [152.991 15.69 [ 35.36 [ 98.18 [135.28 (188.11] 1.60 | 5.73 { 11.70 | 21,95 | 23.58

LSDat$%] 3.29 | 1502 | 35.84 | 63.84 { 55.11 | 3.35 [ 1149 | 34.78 | 50.29 | 41.45 | 0.67 1.01 066 | 206 { 3.10

(1996/1997 n

60 control | 1i.10 | 24,72 | 87.29 [130.03[227.227 15.47 [ 58.13 1169.77(274.44[431.46] 3.78 | 868 | 18.65 | 25.93 | 27.38
1000 16.65 | 41.48 [109.10]15839[296.01] 18.81 | 73.83 |198.72[374.78 [856.20] 5,05 | 11.35 [ 21.98 | 28.38 | 30.65
2000 17.59 | 43.16 | 111.32]165.37]332.55] 20.45 | 81.85 1222 461440.25]585.94] 628 | 12.00 | 24.10 | 35.63 | 36.95
3000 9.30 [ 16.8] |69.77 | 99.52 |150.25[ 15.39 | 51.80 | 119.59 [155.51[184.45] 1.88 [ 6.28 | 11.95 | 22.60 | 23.38

LSDats5% | 296 [ 1628 [ 2080 ] 2724 ( 5889 | 332 [ 14.21 | 2803 (4292|4761} 075 | 090 | 120 | 2.19 | 223
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Perimeter:
The changes in bulb perimeter due to the irrigation with various

concentrations of saline water are presented in Table (3). The general view in all
the examined ages from the ages of 30 to 150 days reflected that the medium
salinity concentration (2000 ppm) induced significantly the longest bulb
perimeter followed by the low one (1000 ppm) then the control. However, the
bulbs resulted from using the high concentration (3000 ppm) showed the shortest
significant perimeter.

b- Chemical constituents:
Total soluble solids:

The results in Table (4) show the effect of irrigation with the various
concentrations of saline water on the bulb T.5.S. content in the two seasons of
study. In this respect, increasing the salinity concentrations till 2000 ppm caused
the increase of T.5.S content in all the examined ages from 30 fo 150 days. So,
the results showed in both seasons that using 2000 ppm saline water gave the
highest content of T.S.S .

Ascorbic Acid:

The data presented in Table (4) show the effect of irrigation with the
various concentrations of saline water on bulb ascorbic acid content in the two
seasons of growth, The results in both scasons show that significant differences in
this vitamin started to appear from the age of 60 days till the last examining age
(150 days) due to the application of the different concentrations of saline water.
The obtained values reflect that ascorbic acid content was increased with the
increase in saline concentrations till 2000 ppm after which the high concentration
(3000 ppm) reduced this content in both seasons.

Total acidity:

Changes in total acidity due to irrigation with the various concentrations
of saline water in the two scasons of the experiment are shown in Table (5). It is
evident from the results that there were no significant differences in the total
acidity due to the application of the various concentrations of saline water during
the different bulb developmental stages.

Carotenoides;
The results in Table (5) show the effect of irrigation with the various

concentration of saline water on total carotencids content in the two growth
seasons of 1995/1996 and 1996/1997. The general scope extracted from the
results of all the examined ages from 60 10 150 days indicate that increasing the
salinity concentration from 1000 to 3000 ppm caused proportional increase in the
total carolenoids content.

Total nitrogen:
The changes in total nitrogen content due o imgation with the vanous

concentrations of saline water in the two seasons of study are demonstrated in
Table (6). The results of both scasons exhibit that this content was increased with
the increase in saline concentrations till 2000 ppm



Table (4): Effect of irrigation with saline water on bulb T.5.S and ascorbic acid contents at various ages in 1995/1996 and 1996/1997

(1995/1996 season
ap) TSS % ‘Ascorbic acid (mgu‘ongW)
\7)
Sadimity » | 60 9% 120 150 30 60 920 120 150
gantrol 2.10 277 3.28 "4.15 4.20 9,98 14.81 21.10 23.89 33.66
2.19 2.83 3.48 4.43 4.48 9.95 16.09 2470 33.80 37.37
00( 2.23 2.9 425 5.58 3.63 11.47 18.02 25.55 36.56 39.77
3900 2.22 2.91 4.10 5.50 5.62 8.81 14.30 18.29 21.39 23.85
L.S.D at 5% N.§S N.§ 0.58 0.93 0.92 N.S 1.56 1.86 2.47 1.98
(1996/1997 Season)
260 comtrol 2.18 2.62 3.12 4.16 4.25 10.22 14.70 21.34 30.93 34.10
1000 2.34 2.97 3.55 4.92 498 10.34 16.38 254 34.22 37.94
2000 2.56 3.36 4.54 6.10 6.15 12.15 17.63 26.00 35.68 41.75
J000 241 3.23 4.57 5.48 5.59 9.57 14.63 18.74 23.06 25,98
L.S.D at 5% N.§ N.S 0.69 0.99 0.98 N.S 1.03 2.04 2.55 245
Table (5): Effect of irrigation with saline water on bulb total acidity and total carotenoids at various ages in 1995/1996 and
1996/1997 seasons.
(1995/1996 season) '
Plant agc; Total acidity (mg/ 100 g FW)~ Total carotenoids (mg/ 100 g FW)
ays
Salinity (pp 30 60 % 120 150 30 60 920 120 150
260 control 90.15 110.23 160.44 193.50 270.61 46.26 87.83 155.18 244.07 264.69
1000 90.34 115.00 163.15 199.01 268.24 44.57 59.90 165.19 253,78 293.92
2000 92.11 109.25 161.26 196.54 273.70 45.42 91.15 183.21 272.48 315.03
3000 89.60 112.06 162.43 197.22 271.65 47.24 94.79 190.00 284.23 251.16
L.S.D at 5% N.§ N.S N.S NS | NS N.§ N.§ 24.64 35.05 37.41
(1996/1997 Season
160 control 88.24 153.34 188.21 245.62 298.37 45.69 88.55 154.86 233.59 252.90
1000 91.14 151,20 183.46 250.33 287.19 45.53 90.14 167.02 265.83 283.08
2000 90.16 159.26 186.34 247.65 292.70 43.20 93.62 190.01 280.97 299.69
3000 93.37 154.18 183.17 251.64 29568 46.13 £9.98 191.57 306.70 386.32
S.D at 5% N.S N.§ N.S N.S N.§ N.S N.S 30.10 33.73 34.91
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Phosphorus;

The data in Table (6) exhibit the resuits of the effect of irrigation with
the various concentrations of saline water on the phosphorus content in the two
seasons of growth. The resuits of both seasons clear that the irrigation with the
different concentrations of saline water did not show any significant effect on the
contents of this element.

Potassium:
The changes in potassium content due to the effect of irrigation with the

various concentrations of saline water in the two seasons of the experiment are
demonstrated in Table(6). The results clear that this content was not significantly
affected by the increase of the different salinity levels.

Dry matter percentage:

The data obtained on the dry matter percentage as affected by irrigation
with the various concentrations of saline water in the two seasons of growth are
presented in Table (7). The results clear that the irrigation with the different
concentrations of saline water had no significant effect on the bulb dry matter
percentage in all the tested ages in the two seasons.

031l content:
The effect of irrigation with saline water on bulb total oil content in

1995/1996 and 1996/1997 seasons is shown in Table (7). The results in both
scasons were clear in indicating that there was no significant differences existed
in this content due to the application of the various salinity levels at all the
examined ages.

Quantitative data of sweet fennel placed this crop among the moderately
sensitive ones while what was reported by Gabriels (1972) indicated that feanel
was a moderately tolerant crop , though no definite information’s are is available
regarding its salt tolerancc (Pascale and Barbieri 1995). Some scattered reports
done before on fennel point that plant height, number of leaves per plant, plant
and bulb fresh weight and size were decreased rapidly under high salinity levels
(Singh et al 1986; Lo-cascio et al.. 1988). Thus, this research work was conducted
to answer the question, to what extent of salinity levels can fennel be
economically productive?

The results obtained from using the three salinity levels 1000, 2000 and
3000 ppm in irrigation water reflected clearly that fennel plant height , weight and
number of leaves per plant beside bulb fresh weight, perimeter and size were
increased significantly up to the level of 2000 ppm after which ali these
characters were significantly decreased when the concentration reached 3000 ppm
except values number of leaves per plant and plant fresh weight which did not
reach the significance level. Thus. two main trends were noted from the obtained
results The first cleared a positive increase effect on the studied plant physical
characteristics due to the irrigation with saline water within 2000 ppm. The
second one showed a negative drop in these characteristics with the increase in
salinity fevel up to 3000 ppm.



Table (6): Effect of irrigation with saline water on bulb total nitrogen, phosphorus and potassium at various ages in 1995/1996 and

1996/1997 seasons.
{1995/1996 season)
(days) Total nitrogen (g/ 100 g DW) Phosphorus (g/ 100 g DW) Potassium (g/ 100 g D
Salinity (p 30 60 90 120 150 30 60 % 120 150 30 60 % 120 150
260control 035 | 080 | 148 | 241 | 297 | 020 | 034 | 046 | 0.50 § 052 | 1.39 | 1.45 | 2.32 | 3.23 | 3.67
1000 041 | 084 | 194 | 294 [ 327 1021 {036 042 1 052 1 0551 143 | 1.62 | 247 | 3,36 | 3.12
2000 049 | 1.11 | 234 | 368 | 395 ] 023 {036 ] 047 | 055 056 | 1.38 | 1.83 | 2.56 | 3.60 | 3.89
3004 033 (077 1 156 | 213 [ 229 [ 021 [ 033 ] 033 | 051 | 054 | 1.38 | 1.55 | 244 [ 325 | 360
LSDat5% | 009 | 005 | 046 | 052 [ 074 | NS N.S N.§ N.S N.§ N.S N.S N.S N.S N.S
(1996/1997 Season)

269 control 026 1 082 [ 1.58 | 260 | 279 | 0.19 | 0.30 { 0.46 | 0.60 061 1 1.37 [ 1.78 | 2.14 | 3.68 | 3.81
1000 034  1.07 | 181 [ 293 | 321 | 020 { 031 { 047 | 064 | 066 | 1.54 [ 182 [ 218 [ 3.72 | 3.88
2000 044 | 130 | 272 [ 366 | 395 | 020 [ 03] { 050 | 065 ] 067 ] 139 | 177 [ 231 | 3.77 | 3.91
3000 024 1 076 | £14 | 201 | 222 | 017 | 028 | 045 | 059 | 062 | 136 | 1.73 [ 226 | 364 | 3.79

LSDat5% | 010 | 023 1 063 1 057 [076 | NS | NS | N§ [ NS [ NS | NS [ N§ | NS | NS | NS

Table (7): Effect of irrigation with saline water on bulb total oil content and bulb dry weight al at various ages in 1995/1996 and
1996/1997 seasons.
(1995/1996 season)
(days) Total oil (g/ 100 g D W) Dry matter percentage
Salinity (pp 30 60 90 120 150 30 60 %0 120 150
260 control 0.10 0.16 0.42 0.98 1.65 1.40 2.63 5.1 8.05 10.12
1000 0.13 0.19 047 0.95 1.60 1.48 2.59 5.48 8.38 10.35
___2000 0.12 0.18 045 0.97 1.60 1.54 2.47 513 7.95 9.97
3000 0.10 0.17 0.4} 0.94 1.70 1.66 2.58 5.32 8.24 9,92
L.S.D at 5% N.S N.S N.§S N.§ N.S N.S N.S N.§ N.§S N.S
(1996/1997 Season) _
260 control 0.14 0.18 0.46 0.96 1.83 1.57 2.66 5.12 3.02 9.92
1000 0.15 0.19 0.44 0.91 1.88 1.59 2.49 515 7.84 9.83
2000 0.13 0.19 0.45 0.94 1.87 1.60 2.49 4,59 791 9.65
3000 0.14 0.18 043 0.97 1.82 1.65 2.47 4 87 8.11 9.99
L.S.D at 5% N.S N.S N.§ N.§ N.§ N.S N.S N.S N.§ N.S

(DW) = Fresh weight.

{FW) = Fresh weight,
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Regarding the increase in the physical characteristics of fennel plant due
to the irrigation with saline water up to 2000 ppm, it is well known that the salt
tolerance of any crop may be appraised according to three criteria: (1) The ability
of the crop to survive on saline medium, (2) the resulted yield of the crop
developed on this medium, and (3) the relative yield of the crop grown on the
used saline medium as compared with its vield on a nonsaline one under similar
growing conditions (Ayers 1952). However, in our experiment the maximum
amount of salts under which sweet fennel grow safely and gave the highest
significant yield was the 2000 ppm. with the nominated different kinds of saits
shown in Table (1). In this concemn, it was reported that many halophytes have a
special and distinguishing feature enable their growth to be improved by low
levels of salt but beyond a certain level growih was reduced (Ruskin ef al., 1990).
This view was observed in a series of investigations which, pointed that there are
many plants require some amounts of salts in their growth medium or in other
words need moderate salinity conditions. These salts positively promote plant
growth, enhance productivity and improves quality than salt free conditions
(Pasternak 1987 and Gupta 1990). For example, moderate salinity induced
increases in the obtained yield of cotton (Pasternak er a/., 1979) and the fruit yield
of tomato (Lo-cascio et al,, 1988). Physiologically speaking, sodium chloride
which is the main salt in saline water plays an important role through ionic Na
that is absorbed by plants in this form. Thus, the informations summarizing the
results of studics carried out in the United Kingdom with sugar beet, the claim is
made that sodium is essential for this crop. More recently, sodium was shown by
Australian workers to be an essential element for a group of plants exhibiting the
so-Called hatch-slack pathway of carbohydrate metabolism. These studies threw
light on crops is stimulated by applications of sodium. In some cases this benefit
has been obscrved when there was a deficiency of potassium and in other cases
when the supply was adequate. So, crops responding largely to sodium
fertilization in the presence of adequate potassium were for example, celery,
sugar beet, sweiss shard, table beet and turnip while those responding in absence
of potassium were lettuce, onion, barsley, potato ,soy bean, spinach, squash and
strawberry (Tisdale and Nelson 1975).

The harmful effects of irrigation with saline water at 3000 ppm. on
fennel physical characteristics may be related to the decrease in osmotic potential
or in other words the increase in osmotic pressure of saline root media (Mass and
Hoffman 1977), and-or the in curious effect of specific ions such as NaCl, CaCl,
and Na;SO, which inhibited the production of chlorophyll and carotene in leaves,
high sodium concentration that induced calcium and magnesium nutritional
deficiencies and influenced the respiratory pathways in roots (Abel and
Mackenzie 1964). However, long term ecxposure of roots to high salt
concentration make the plants suffer from drought (Berustein 1975), reduced
water and nutrient availability, make direct toxic effect of different ions because
of imbalances of mineral nutrition (Bower 1976), minimized photosynthesis due
to reduction in stomata conductance and increasing stomata limitations to CO; up
take (Pascale and Barbieri 1995) and changed the enzymatic activities in the
plant.
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Apart from the obtained results of plant growth which are generally the
most important consideration it is also very important to check if the quality of
the obtained product under saline conditions is impaired or not. However, the
results of the last examined age showed that the bulb T.S.S and total carotenoids
were significantly increased with the increase in salinity level up to 3000 ppm.
Meawhile ascorbic acid and N contents were also increased but up to 2000 ppm
only then a drop accured however, all the other studied chemical constituents
were not significantly changed. In this regard, it was shown in many reports that
the chemical constituents of different plant or in the part used as food were
influenced or not by saline water irrigation. Hence, in some research work the
increase in salinity levels in the irmigated water decreased the chemical contents in
some plants as oil in India rape (Deo and Ruhal 1971). Total carotenoid in
parsley, radish and cabbage (Shimose and Hayashi 1983). On the other hand, in
other research work the increasc ia salinity levels in the irrigation water did not
affect the chemical contents in some plants as potassium in potatoes (Bernstein et
al., 1951).

The previous results covered some of the experiences and opportunities
in the agricultural use of saline water to the development fennel crop with good
production, This creates greater awareness about fennel as a moderately sali
tolerant plant. Hence, fennel can be used successfully in lands irrigated with 2000
ppm saline water and up to 3000 ppm. with reasenable reduction in production.
However, the latest available information support our results and assured that the
irrigation with moderately saline water up to certain degree is not necessarily
harmful but higher yields may be obtained and some times oven quality of the
product may be (Gupta 1990). So, this experiment succeeded in providing
evidence that fennel which is an imporiant vegetable crop in the field of
exportation to foreign countries can grow well under the previous levels of
salinity,

REFERENCES

AO.A.C. (1980): Association of Official Agricultural chemists Official methods
of analysis, Published by A.O.A.C Washington, D.C., U. §. A,

Abel, GH.; Mackenzie, A.J (1964); salt tolerance of soybean of varieties
{Glycine max L.) during germination and later growth Crop Sci., 4:
157-161.

Ayers, AD. (1952): Seed germination as affected by soil moisture and salinity,
Agron. ], 44: 82-84.

Bernstein, L., (1975): Effect of salinity and sodicity on plant growth. Ann. Rev.
Phyopathology, 13: 295-311.

Bemstein, L.. Mackenzie, A.J. and Wadleigh, C.H. (1951): The salt tolerance of
white rose potatoes. Proc Amer. Soc., Hort. Sci. 27: 231-236.

Bower, G.A. (1976): The effect of soluble saits om soil water availability. North
Dakate. Agric. Ex. Sta. Rep. No. 874, form Res.. 33; 9-14,

Deo, R. and Ruhal, D.V.S. (1971): Effect of salinity on the vield and quality of
Indian rape and linseed. Indian J. Agri. Sci., 41-134-136.



276 Annals Of Agric. Sc., Moshtohor, Vol. 44(1), 2006

Francois, L.E. (1994): Yicldand quality response of salt-stressed garlic. Hort. Sci.,
29:1314-1317.

Gabriels, R. (1972): Tolerance aux scls des cultures agricoles et horticoles Rev.
Agric,, 1: 53-72, (Sci. Hort,, 64: 145- 157).

Gupta, L.C. (1990): Use of saline water in agriculture in arid and semiarid zones
of India Oxford & IBH Publishing Co., New Delhi, Pp 225-252.

Habib, 5. A.; Khrbbeet, HR. and Al-shamma, A M. (1987): Interactive effects of
salinity and the herbicide methazole on onion. J. Agric. Water res.
Res. Plant Prod., 6: 1-12. ,

Lo-cascio, B.; Lombardo, V.; Lo-Cascio, B. and Fierotti, G. (1988): Refkection
on soil and crops irrigated with saline water, Agric. Ricerca, 10: 13-
22, '

Loescher, W.H.; Flore, J.A.; Kann, S.C.; Gucci, R. and Everard, 1.D. (1994); Gas
exchange and carbon partitioning in the leaves of celery (4pium
graveolens L.) at various levels of root zone salinity plant phys., 106:
281-292,

Mass, E.V. and Hoffman, G.J. (1977): crop salt tolerance. Current Assessment, J.
Irrigation Drainage Div. ADCE, 103: 115-134.

Mattk, J. (1970); Colorimetric determination of phosphorus in soil and plant
materials with ascorbic acid. Soil sci., 109: No. 4.

Pascale, S. and Barbieri, G. (1995): effects of soil salinity from long term
irrigation with saline - sodic water on yicld and quality of winter
vegetable crops. Sci. Hort,, 64; 145-157.

Pasternak, D. (1987): salt tolerance and crop production a comprehensive
approach Ann. Rev. phytopath., 25: 271-291.

Pasternak, D.. Twersky, M. and Malach, Y, (1979): Salt resistance in agricultural
crops. Strees physiology in crop plants. H. Mussel and R.C. staples,
eds, John wiley and sons Inc., New York, PP. 127-142.

Richard L.A. (1954): Diagnosis and improvement of saline and alkli solid,
U.S.L.A.H. and book 60.

Ruskin, F.R,; John, H. and Michael, M.D. (1990): Saline agriculture National
Acadmy Press. Washington, DC.

Salem, HH.H. (1974): Physiological studies on salt tolerance of some vegetable
crops. D.Ph. Thesis, Faculty, Agriculture, Ain Shams University,

: Egypt.

Shimose, N. and Hayashi, N. (1983): Salt tolerance of parsley, welsh onion,
radish and cabbage, Scientific reports, Faculty Agric. Okayama Univ.,
62: 25-30.

Singh, G.P. and Abrol, 1.P (1985); Effect of exchangeable sodium percentage on
growth, yield and chemical composition of onion and garlic. J. Indian
soci. Soil scie., 33: 358-361.

Singh, G.P.; Yadava, A. and Mangal, J.L. (1986): Effect of different levels of soil
salinity on germination, growth, yield and quality of coriander and
fennel South Indian Hort., 34: 26-31

Snedecor, G. W. (1956): statistical methods (5 th Ed)., The lowa state univ press,
Amer. Lowa. U.S.A,

Tisdale, S. and Nelson, W. (1975): Soil fertility and fertilizers Macmillan
Pablishing Co., Inc., New York, thord ed.. pp 98-99.



Effect Of Irrigation With Saline Water On Growth &..... 277

LS gl Jpuaney gai o Gala oy gt 20
caaadl gl il 26 dgan psdl) 36 ¢ 230 gl 4o A e
daaf iy 30 3 pasa
DAY Aaala — Aot 30 A5 il o

o g—sall WY ail ol Chiia LS giill dym&blﬂ‘n:lﬁ Cg_);‘
s ol ol pa! S oy Tgaldl ol (5 gl Jguanal 134 JaaS 520 e
A hilag Joe j s Aga Y1AV1A4T VAAN-1A90 L (5 il g gl
@i)}“t_i)aﬂ“.ba&nmiaﬁljgsjm‘;_)n1.3_)_:3.“»..15Mt@xm‘
J,Qi_a-ﬂ-“o\__jn._a\_qii)m_,ovﬁl‘“qjabrttn S IS u._,z.a:;.h“
Iwas oo clilll 4 LSy Lpapdd) @l sl (gl (3 e jo Y0)
foc UV PR EL VPR PR Y REVIR DRV T RUNL | RIS RN RUN S Y5 PPy
:wﬂ‘é@h&aﬂ\

S0 A gina sy I ol iea Yoo e iS50 Dl sboe il (5 54
g kb sy el b 5505 Al o 3508 3y e Jsb (e
odod pfe Caa fya A lay 100 jaall v Ao Jamay cJua¥ spay idhaldl
Ogtlall e Yoo Jadid die 334 3

ol e Ao gle 330 5 Gyien Jua D ZICH 13030 LLal o yall s b )
et Jena¥1 (5 3ine 33 L eyl i e g Tove im0
Gae Sy ol Beja Yeoo da gl ele da e a5 dly)Sinl
18 S oyl Gladl ()50 g pgpeatigally g phasdl) y Dia gasdh o Jlaaas W
et S8 A da gLl o 3S 5 e gl Lgiaa

Vo e Oa ey Dygina 22l 5 LK iy 180 G JaW1 (5 53aa 30
Ao T G Ve Gadagdlidlgjaalag V00 jao ey
Aa sl 3ol ae Ay gina 5aly 5 SN G g il e Jla¥ (g giae 35 o gkl
e Vaos ‘,L\aﬁubc‘namg);uunii&hr:u_”uiqgsﬁ Yeee da

Ogaladl S



