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ABSTRACT

INTRODUCTION

Salinity is an environmental stress phology, physiology and metabolism (Hilal ef
that limits growth and development of plant.  al,, 1998).

The response of plants to excess NaCl is com- _ )

plex and involves changes in their mor- Translocation of salt into roots and
then to shoots is an outcome of the
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transpiration flux required fo maintain the
water status of the plant and unregulated
transpiration may cause toxic levels of ion
accumulation in the shoot (Yeo, 1998). The
supply of mineral ions to the leaf growing
region may decline. Lower transpiration rate,
decline coupled with reduced ion uptake by
the roots, or reduced xylem loading, may
cause poor supply via the ylem. So it is
possible that an adequate supply of ions to the
expanding region may restrict cell division
and/or expansion when plants are grown at
high levels of NaCl (Berstein et al., 1995). In
expanding leaves, salinity has disturbed con-
centration of K (Jeschke and Wolf, 1985) and
P (Martinez and Lauchli, 1991).

The responses of plants to high Sali-
nity may be expected to vary with different
growth stages. This has been shown by
Chartzoulakis and Klapaki (2000) in pepper;
Chartzoulakis and Loupassaki (1997) in egg-
plant; Dumbroff and Copper (1974) in tomato.

One of the major factors inducing leaf
senescence is the decrease of chlorophyll
content under saline conditions (Chen et al,
1991). Leaf senescence is also comelated with
increased membrane permeability at high salt
concentration (Dhindsa et al., 1981).

It was reported that excess NaCl in
the growth medium induces structural changes
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in bean roots, as well as leakage of ions
correlated with alterations of the cell mem-
branes (Cachorro et al., 1995).

Investigation on tolerance to saline
environments frequently pointe to restricted
ion accumulation and organic solutes syn-
thesis as major adaptations leading to salt
resistance in glycophytes (Greenway and
Munns, 1980).

Other workers have linked NaCl
stress with macronutrient deficiencies, for
example high NaCl concentration has been
shown to induce phosphorus and potassium
deficiencies in tomato (Adams, 1988, 1991)
and in cucumber (Sonneveld and Kreij, 1999).

Kaya et al. (2002) found that seedling
growth, vegetative growth, total chiorophyll
were significantly reduced in spinach and
lettuce by high salinity. He also pointed out
that supplementary K and P produced fresh
weight, chlorophyll concentration values simi-
lar to or slightly lower than the controls. With
regard to the effects of NaCl on lettuce and
spinach, Kaya er al (2002) reported that
spinach growth parameters appeared to be less
affected than those of lettuce, and sodium
{Na) concentration in plant tissues increased
for both species, especially in lettuce.

MATERIALS AND METHODS

An outdoor pots experiment was
conducted at The Experimental Fam of the
Faculty of Agriculture, Moshtohor, Benha
University, during the two winter seasons of
2007/2008 and 2008/2009, to study the res-
ponse Balady cv. of lettuce (Lactuca sativa L.)
from Qalyoubia Governorate and spinach
(Spinacia oleracea L.) c.v. Saloniki plants that
grown under saline conditions to the possi-
bility of alleviating deterious effects of differ-
rent ievels of salinity through the use of some
chemical substances (KH, PO, and Scamino).

The chemical analysis of the soil and
Seamino (is a chemical compound contains of
17 kinds of free amino acids in the form of L.,
in addition to herbage and sea algae extracts.

that used in this investigation is shown in
Tables (1 and 2), respectively.

Seeds of lettuce were sown on
October 1™ in nursery during the two seasons
of this work. Forty days after sowing, two
uniform seedlings were transplanted in each
pot (30 cm in diameter), placed in the open
field, thinning took place leaving one plant in
a pot. With respect to spinach, ten seeds per
pot were sown on October 20% in the two
scasons, Two weeks later, plants were thinned
into four plants.

The experiment included 9 treatments
which were the interaction of the two factors
Musedinthiswqﬂtas follows:
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a- Salinity: 0(S0),1500(S1) or 3000 (S2)
ppmas Na Cl.

b- Chemical substances: 2mM of KH, PO,
Iml of Seamino and tap water (control).

(at 3000 ppm NaCl)

12.6

6.4

1.13

14.8

Anions (meq./L.)

CO5

HCOy

0.58

S04

23.85

Cl

10.5

Macro elements (ppm)

75

20

520

5.46

2.18

0.76

842

7.6

311

“1.60

Herbage and sea algae extracts

Free amino acids

Nitrogen

Potassivm

Magnesium

Calcium

Iron

This experiment includes 108 pots
resulting from the combination of 9 treatments
within 3 replicates and every replicate con-
sisted of 2 pots for each crop (lettuce and
spinach). Each pot was filled with 7 kg of clay
loam and sand in the ratio of I:1. Sodium
chloride salt was added by the different doses
that mixing with soil before filling pots with
the used amount of soil {0,10.5 and 21 gm of
NaCl salt for S0, S1, and S2, respectively).

Plants were sprayed three times with
an aqueous soh;tionprHgPOmndseanﬁno

(2ZmM and 1 ml/litre) respectively. The spra-
ying times were 1, 3 and 6 weeks after trans-
planting.

Plants were weekly irrigated 1-2
times with tap water.

All pots received 2 gm of N fertilizer
twice during the growing seasons. This expe-
riment was conducted as a factorial design in
complete randomized block with three repli-
cates.
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Average temperature and relative
humidity of the experimental region are
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presented in Table (3).

Table (3): Average temperature and relative humidity of the experimental region during

2007[2008 andz seasons

Data recorded:
I- Vegetative growth:

All plants were taken from cach
treatment (60 days after sowing spinach seeds
and 70 days after transplanting lettuce plants)
to record the following data:

1- Plant height (cm).

2- Number of leaves per plant.
3- Root length (cm).

4- Fresh weight per plant (gm).
5- Dry weight per plant (gm).

II- Chemical composition of leaves:
a- Photosynthesis pigments:

Chlorophyll a, b and total chlorophyll
(mg/100gm fresh weight) in recently expan-
ded leaves were determined calorimetrically
as described in A.O.A C. (1970),

b- Macro and micro elements:

1- Total phosphorus (%) was determined
calorimetrically according to, the method
described by Murphy and Riely (1962), as
maodified by John (1970).

2- Potassium (%) was assayed flam-photo-
metrically as described by Brown and
Lilleland (1946).

3- Sodium (%) was determined flam-photo-
metrically” as described by Brown and
Lilleland (1946).

4- Chloride (mg/100gm dry weight) was
assayed according to the method des-
cribed by Jackson (1958).

Statistically amalysis: Al recorded
data were statistically analyzed according: to
the method described by Gomez and Gomez
(1983).

RESULTS AND DISCUSSION

I- Vegetative growth:
Effect of salinity:

Data presented in Tables (4 and 5)
revealed that, plant growth of lettuce and
spinach expressed as plant height, number of
leaves, fresh and dry welght per plant sigmi-
ficantly decreased with' increasing salinity
level. These results were the same for all of
lettuce and spinach plants during the two
seasons. The deterious effect of the salinity on
growth might be due to the role of NaCl on
plants grown under salinity stress in which
cause harmful changes in their morphology
and physiology and metabolism. Increasing
NaCl in plant growth medium may cause
unregulated transpiration water, restrict cell
division and cell expansion.

These results are in agreement with
those reported by Hilal er al (1998), Yeo
(1998), Berstein et al. (1995) and Kaya et al.
(2002).

Effect of chemical substances:

Data in Tables (4 and 5) illustrated
that vegetative growth characters of lettuce
and spinach plants exhibited the highest
values when plants received mono potassium
pho-sphate with significantly differences than
plants sprayed with seamino or tap water.
Plants that treated with secamino showed more
vigorous growth than those treated with tap
water alone with significant differences.
Obtained results indicated that lettuce and
spinach plants that treated with P and K or
scamino were less affected to NaCl in
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comparison to plants that reccived tap water
alone. Application P and K in the form of
mono potassium phosphate resulted in high
values in plant growth characters for lettuce
and spinach that grown under saline condition
with significant differences compared with
control. These results might be due to the
physiological role of NaCl on disturbance the
concentration of K and P elements in plants
cells that reflected in plant showed deficien-
cies of macro and micro elements, so plants
need to be compensated with these elements.

These results are in harmony with
those reported by Jeschke and Wolf (1985),
Adams (1988 and 1991), Martinez and
Lauchli (1991), Sonneveld and Kreij (1999)
and Kaya et al. (2002).

With respect to the interaction bet-
ween salinily and chemical substances, data

(Tables 4 and 5) indicate significant differ-
rences with all vegetative growth characters
for lettuce and spinach during the two seasons.
1t is clearly shown that increasing NaCl led to
decrease obviously all growth parameters of
lettuce and spinach plants, but when plants
treated with P and K or seamino, plant growth
was less affected than those did not receive
vach of these materials during both seasons.
The highest values of plant beight, number of
leaves per plant, fresh and dry weight and root
length per plant were recorded with plants
treated with P and K or seamino under the
different rates of salinity, with superiority to P
and K under low, medium or high salinity,
compared to seamino or control. Differences
were significant, thus it mean that with increa-
sing salinity up to 3000 ppm to the medium
for lettuce or spinach, plant growth show the
least deterious effects when plants were
provided with P and K or scamino.

Table (4): Vegetative growth of lettuce plants as affected by salinity, fertilizing with P, K

and spraying with seamino.
Characters | Plant height |  No. of Fresh D Root length
(cm) H leaves/plant wenghtl[;hnt wengh:?[’:hnt " (em)
Treatments 20077 | 2008/ | 2007/ | 2008/ | 2007/ | 2008/ | 2 2007/

2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009:

So 243 | 253 | 34.1 [ 322 | 451 | 494 { 36.3 | 39.9 { 207 | 20.3

S1 186 | 21.0 | 302 | 285 | 352 | 305 | 328 | 362 | 180 | 16.

S2 160 | 171 [ 250 [ 21.7 | 249 | 265 | 287 | 30.7 | 155 | 148
LSD.at5% | 1.3 | L7 | 1.7 | 1.9 | 195 [ 196 | 1.4 | 21 | i5 | 0.8
Tap. W 175 | 195 | 274 [ 253 [ 307 | 340 | 302 { 329 | 166 | 159
PK 212 | 227 | 315 ] 29117394 | 423 | 352 | 381 | 19.7 | 18.7
Seamino 197 {212 | 305 | 275 351 | 390 | 324 1 358 | 18 | 173
LSD.ai5% | 1.2 | 23 | 24 | 1.6 | 193 | 101 ] 21 | 1.3 | 1 0.9
So+Tap. W | 225 | 238 | 32.1 | 31.4 | 416 | 440 | 34.3 | 360 | 191 | 184
So+PK 26.1 | 27.1 | 354 | 33.1 | 490 | 540 | 38.5 | 432 | 227 | 224
SotSeamino | 24.0 | 25.1 | 349 | 32.1 | 447 | 501 | 360 | 404 | 204 | 20.1
Si+Tap. W | 174 | 214 | 28.1 | 264 | 310 | 370 | 30.1 | 345 { 164 | 154
S1+PK 20.1 [21.1 1 31.0 [ 30.7 | 395 | 420 | 355 | 375 | 194 | 18.1
Si+Seamino | 13,8 | 204 | 30.7 | 284 | 350 | 395 | 320 | 365 | 182 | 169
S2+Tap.W. | 145 | 134 [22.0 | 181 | 195 | 211 | 261 { 281 | 142 | 139
S2+PK 174 | 199 | 27.1 | 23.4 | 297 | 310 | 31.7 | 335 | 169 | 15.7
S2+Seamino | 164 | 17.9 | 259 | 22.0 | 255 | 275 | 282 | 305 | 154 | 149
LSD.at5% | 22 | 37 | 37 | 30 | 334 (241 | 32 | 27 20 | 1§

II- Chemical composition of leaves:
= Effect of salinity:

Data in Tables 6 and 7 indicate that
increasing Na(Cl resulted in significant and
gradual decrease in leaves content of
chlorophyll a, b and total, as well as P and K

in lettuce and spinach plants during the two
scasons. These results may be due to the
deterious effects of NaCl ions on decreasing
water absorption from the soil and cones-
quently plants growth will be affected. With
respect to the effect of NaCl on leaves content
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of Na and Cl, data show that, increasing NaCl
led to significant increase in lettuce and
spinach leaves regarding Na and Cl content
during both season. These results are in agrze-
ment with those reported by Dhindsa et ol
(1981), Chen et al. (1991), Cachorro et al.
(1995) and Kaya et al. (2002).

- Effect of chemical substances:

It is clearly shown in Tables 6 and 7
that application of P,K or seamino led to the
highest values in leaves content of chlorophyll
a, b and total, as well as leaves content of P
and K . These effects were significant during
the two seasons compared to control in which
plants received tap water only. These favourite
effects may be due to the beneficial role of P,
K and seamino as a nutrient materials that
enhance leaves content of chiorophyll, K and
P and consequently plant growth. On the other
hand, plant that receive tap water only as a
control treatment exhibited the highest values
in content of Na and Cl in there leaves,
whereas, the least values were recorded with
plants received P, K and seamino, these results
held true during the two seasons. Obtained
results are in harmony with those reported by
Greenway and Mumns (1980) Adams (1988
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and 1991), Sonneveld and Kreij (1999) and
Kaya et al. (2002).

With respect to the effect of inter-
action between salinity and chemical subs-
tances on lettuce and spinach leaves content of
chlorophyll and minerals, data shown in
Tables 6 and 7 indicate that, significant effects
have been recorded during the two season. It
is clearly shown that, leaves content of

_chlorophyll and macro elements such as K and

P, were slightly decreased under the high level
of salinity when lettuce and spinach plants
treated with chemical substances suchan P, K
and seamino compared with that did not
receive these substances. With respect to Na
and Cl, data indicate that leaves content of
these elements were gradually increased with
increasing salinity level, but, with the
application of the used chemical substances,
plants exhibited less affect than those of
control.

Generally, application of K, P. and
searino exhibited favourite results on vege-
tative growth and leaves chemical com-
position of lettuce and spinach plants that
grown under saline conditions. In this connec-
tion, under saline conditions, spinach plants

were less badly affected than lettuce plants, -

Table (5): Vegetauvegrowﬂlofspmachphmsas:ffectedbysahmty fertilizing with P, K

ieaves}pl;mt

Fresh
weight/plant | wei

/ | 2008/
2008 | 2009

2007
2008

78 | 72

183

7.1 | 68

16.4

66 | 58

16

(TSD.ai5% | 1. X 4 1 03

0.8

Tap. W 0 | 16. \ 6.1

15.9

PK . . 7.0

18

Seamino . ] 6.7

17

LS.D.at5 % . 0.3

0,7 |

6.8

173

19,9

18.3

154

17.1

16.6

14.9

16.9

16.1

I inl v Unl 8w M O] w2l )
O] Bafim] O b | ] Lni ¢

[LSD.2t5%

1.3




Table (6): Chemical com ion of lettuce plants as aifected by salinity, fertilizing with P, K and spr with seamino
Total
rs Chlorophyll (b}
(gmpgn;% (mgggggm &";ﬁg‘g‘ P (%) K (%) Na (%) al (%)
Fw)

T 2007/ | 2008/ | 2007/ | 2008/ | 2007/ | 2008/ | 2007/ | 2008/ | 2007/ | 2008/ | 2007/ | 2008/ { 2007/ | 2008/
2008 2009 2008 2000 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009

So. 95.7 106.3 604 54.7 156.1 161.0 | 0500 | 0484 | 5888 | 5813 ] 0.783 | 0.855 § 0534 { 0467

S1 89.0 91.9 509 45.1 139.9 1370 | 0392 | 0360 | 5178 | 4.881 1.064 1.144 | 0.850 1.017

S2 80.3 82.7 455 40.5 1258 | 1232 | 0267 | 0230 | 4114 | 3837 | 1383 | 1297 | 1207 | 1112
LSD.st5% 35 2.0 2.6 1.7 1.8 4 0.03 0023 | 0198 | 0.299 | 0.145 | 0075 | 0032 | 0.082
Tap. W 81.7 86.5 415 427 | 1292 | 1292 | 0338 | 0300 | 4351 | 4314 | 1284 { 1340 | 0923 | 0.890
PK 93.9 100.5 56.8 50.6 150.7 151.1 0.441 0400 | 5778 | 5444 | 0900 | 0898 | 0800 | 0.787
Seamino 89.3 939 525 47.1 141.8 141.0 | 0.381 0373 | 5050 ;| 4774 1.047 1057 | 0867 | 0827
LS.D. st 5% 33 20 3.0 1.4 26 22 0.02 0.02 0.32 0.29 0.05 0.07 0.03 0.04
So+Tap. W 94.0 103 58.8 51.7 152.8 1547 | 0450 | 0420 | 5432 | 5.210 | 0.850 | 0921 0.590 | 0490
So+PK 99.0 111 63.1 584 | 1621 | 1694 | 0571 | 0521 | 6411 | 6820 | 0700 | 0773 | 0450 | 0.440
So+Seamino 94.0 105 59.3 54.1 1533 | 1591 | 0480 | 0510 |.5820 | 5410 | 0800 | 0870 { 0561 { 0470
S1+Tap. W 85.0 85.1 46.7 41.3 1317 | 1264 | 0353 | 0300 | 4511 | 4321 | 1301 | 1.290 | 0.870 | 0.940
S1+HPK 93.0 99.4 55 49.1 1480 | 1485 | 0442 | 0410 | 6012 | 5311 | 0900 ; 0940 | 0830 | 0910
S1+Seamino 89.0 91.1 51.1 449 140.1 1360 | 0381 0370 t 5010 | 5012 | 099 1.201 0.850 | 0.900
S$2+Tap. W. 66.0 71.3 37.1 35.1 103.1 1064 | 0211 018 | 3110 | 3411 1.700 1810 1.310 1.240
S2HH+PK 89.0 91.0 524 442 142.1 1352 § 0310 | 0270 | 4912 | 4200 1.100 | 0.980 1.120 1.010
S24Seamino 85.0 85.7 47.1 423 i32.1 1280 ¢ 0281 | 0240 | 4320 | 3901 1356 | 1.100 | 1.190 | 1.110
LSD. at5% 58 35 4.9 2.6 4.1 5.1 0.04 0035 | 0487 | 0506 | 0159 | 0126 | 0.049 | 0.095
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Table (7): Chemical composition of spinach plants as affected by salinity, fertilizing with P, K and spr with seamino.
haracters Chlorophyli (b) Total
it (g0 gm ooty P (%) K (%) Na (%) a)
Tre 20077 | 2008/ | 2007 | 2006/ | 2007/ | 2008/ | 2007 | 2008/ | 2007 | 2008/ | 2007 | 2008 | 2007 | 2008/
2008 | 2000 | 2008 | 2000 | 2008 | 2009 | 2008 | 2000 | 2008 | 2009 | 2008 | 2009 | 2008 | 2000
So 1264 9.6 20.7 73.1 207.1 167.5 0.518 (.545 6017 5.760 0.704 0.651 0.530 0.550
ST 165 | 842 | 760 | 733 | 1925 | 1572 | 0422 | 0411 | 4907 | 4490 | 0923 | 0932 | 0.830 | 0856
S2 1110 ] 786 | 655 | 614 | 1764 | 1397 | 0345 | 0364 | 3710 | 4.147 | 1011 | 0957 | 0953 | 1.092
LSDais% | 50 | 20 [ 57 | 18 | 20 | 10 1 0017 | 0016 | 0172 | 0330 | 0.046 | 0057 | 0019 | 0.023
TapW | 1132 | 807 | 690 | 664 | 1831 | 1471 | 0352 ] 0386 | 4310 | 4250 | 1017 | 0914 | 0843 | 0%7a
% 1220 1 911 | 783 | 721 | 2003 | 1625 | 0492 | 0495 | 5410 | 5350 | 0.768 | 0.798 | 0.720 | 0.797
Seamino | 1186 | 855 | 740 | 693 | 1926 | 1547 | 0441 | 0437 | 4520 | 4.800 | 0854 | 0827 | 0.747 | 0.828
TSDa5% | 21 | 20 | 25 1 23 | 45 | 10 | 0031 | 0028 | 0207 | 0244 1 0020 | 0032 | 0031 | 0.022
Sot+Tap. W 121.7 91.0 75.0 1.1 196.7 162.1 0412 0473 5410 5.110 0.750 0.710 0.550 0.561
SotPK 1304 | 090 | 843 | 750 | 2147 | 1742 | 0501 | 0617 | 6710 ] 6400 | 0.651 | 0.601 | 0520 | 0.540
SotSeaming 127.1 929 82.7 73.2 2008 166.1 0.551 0545 5.930 5.770 0.710 0.641 0510 0.550
S1+Tap. W 112.7 30.1 714 69.1 184.1 1492 0.353 0373 4410 4000 | 1.505 0.982 0970 0.870
S1+PK 118.1 894 814 76.4 199.5 1658 0493 0.450 5.300 4.930 0.810 0.893 0.730 0810
S1+Seamino 118.7 83.0 75.1 743 193.8 1573 0421 0411 5010 4.460 1.910 0921 0.790 0.890
S2+Tap. W. 105.3 71.1 63.2 59.1 168.5 130.2 $.292 0.313 3.100 3.550 1.251 1.050 1.010 1.190
S2HPK | 1175 | 881 | 6901 | 647 | 1866 | 1488 | 0393 | 0419 | 4220 | 4710 | 0.842 | 0.901 | 0910 | 1040
S2+Seamino 110.1 20.7 64.1 60.3 17142 141 0.350 0.360 3810 4.180 0.941 0.920 0.940 1.045
LSDas% | 57 1 35 | 67 1 37 1 66 | 17 10047 [ 6032 | 0338 | 0473 | 0062 | 0072 | 0.048 | 0.038
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