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ABSTRACT:

The main purpose of this work was to evaluate the possible use of humic
acid mixed with the irrigation water through a drip irrigation system to
alleviate the harmful effects of salinity stress on growth, fruit yield and quality
of tomato plants (Lycopersicon esculentum, c.v. 1077 hybrid). To achieve this
target a field experiment was carried out on a private farms at Sedmant El
Gabal village, Beni-Suef Governorate, Egypt, which represents one of the
those are occupying the desert zone adjacent to the western edge of the Nile
Valley during two successive seasons of 2005-2006 and 2006-2007. Two
irrigation water resources were used, i.e., the Nile water (C1S1, ECiw = 0.56
dS/m and SAR = 2.13) and a mixture of agricultural drainage saline water with
the Nile water at a ratio of about 1:1 (C2S1, ECiw = 1.89 dS/m and SAR =
5.35). Humic acid was applied at rates of 75, 150 and 225 mg/L through a drip
irrigation system twice/week and for a period of 4 months after transplanting.

The obtained data reveal that the studied soil is mainly encompassing
the wind blown sand deposits as a parent material, and it is classified as
Typic Torripsamments, siliceous, hyperthermic and it could be evaluated as
marginally suitable. The results also show that usage of saline water resulted
in relative increases of the ECe and ESP values in the root zone reached 18.95
and 33.09 % as compared to the initial state of soil, respectively. Meanwhile,
the corresponding relative increases of the ECe in case of amended saline
irrigation water with humic acid at rates 0. 75, 150 and 225 mg/L were 11.75,
5.09 and 2.98 %, vs 10.84, 3.76 and 1.73 % for the ESP values, respectively,
with its optimal case at a rate of 225 mg/L. Moreover, the applied humic acids
played an important role in improving the values of soil bulk density, total
porosity, available water and hydraulic conductivity, organic matter content,
pH, CEC and available nutrients. The latter may be due to modified air-
moisture regime that leads to alleviate the depressive effect of salinity stress
on the released nutrient from organic residues.

These favourable conditions of the improved soil due to amended
irrigation water positively reflected on the vegetative growth and flowering
parameters of tomato plants, i.e., plant height, number of leaves/plant,
thickness of stem/plant at soil surface, number of branches/plant, leaf area,
number of inflorescences/plant, number of flowers/inflorescence, dry
weight/plant, and the chlorophyll a & b contents. It is evidently that such
beneficial effect of humic acid on the dry matter productions was more
attributed to the leaves area and number, which are contributed to more
photosynthesis and better carbohydrates yield. Also, the ability of humic acid
for increasing plant nutrient uptake is due to its chelating property. Moreover,
the applied humic acid at all the different rates resulted in significant increases
for N, P and K in tomato leaves. The reverse was true for Na and CI, probably
due to alleviate the harmful effect of saline irrigation water. In addition, using
humic acid at the rates of 150 and 225 mg/L mixed with saline irrigation water
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registered almost similar tomato yields to those irrigated with the Nile water
and higher than those irrigated with either saline water or treated with at a rate
of 75 mg/L humic acid. The relative increases in fruit yield/plant or fed could
be attributed to significantly higher increments in dry weights and number of
flowers/plant. The parameters of tomato fruit quality, i.e. average weight of
fruit, fruit firmness, total soluble solids (TSS), vitamin C (ascorbic acid),
titrable acidity (citric acid) and total sugar showed significantly increased
when treated with amended saline irrigation water with humic acid at the
applied rates as compared to the effect of used saline water solely. Thus, the
present study shows that the best rate of the applied humic acid mixed with the
used irrigation saline water was 150-225 mg/L for achieving the greatest
tomato yield of high quality.

Key words: Sandy soil, tomato, humic acid, drip irrigation system and saline
irrigation water, tomato vegetative growth and fruit quality.

INTRODUCTION:

The continuous extension reclamation and cultivation of desert soils of
Egypt either those are characterized by calcareous or sand in nature as well as the
development of their techniques have become urgent and essential due to the
tremendous increase in population. Such extension needs new surface or
underground water supplies due to the inadequate of the Nile water supply for
irrigating the agricultural new areas beside the ancient ones. Hence, the reuse of
drainage water mixed or even not mixed with the Nile water may be the only
possible choice in such specific localities. The continuous usage of such low
quality water on the short or long run is expected to cause a deterioration of soil
characteristics depending on the nature or chemical composition of irrigation
water. For example, the hazardous effect of applied saline irrigation waters
depends mainly on their salinity levels and attained specific ions as well as soil
nature (Rajesh and Bajwa, 1997).

Several recent studies have indicated that addition of organic manure, as a
natural or synthetic organic materials, to sand soil is necessary due to it has the
unique ability to improve the chemical, hydrophysical and biological
characteristics of soils or growing media. However, its buffering effect helps
maintaining an uniform reaction in soil media, beside it can hold up to 20 times
its weight in water. This is important particularly for sandy soils to improve soil
moisture conditions, especially during summer seasons. It is evident that humic
acid plays a very important role in metal mobilization, availability of nutrients,
chelation of heavy metals from soils and adsorbed on the mineral surfaces by
functional groups. Moreover, the functional groups gave key information
regarding the nature, reactivity and the chemical structures of the humic
substances (ElI Ghazoli, 1998 and Abdel Fattah and Abdel Hady, 2004).

The use of hydrogels, as a soil amendment, to avail suitable environments
for planting sandy soils under the severe conditions of the Egyptian desert, i.e.,
the limited water resources, the inadequate moisture retention and the low
fertility of the soils has become an accepted practice. Such supper absorbent
material is associated quickly with irrigation water to form a gel, and in turn
increases sand soil capacity to retain more pronounced water content. Water
retained in this way is available to plants for some considerable time as required,
in addition to it leads to alleviate the effect of salinity stress may be due to
reduce the osmotic potential. Both chemical and biological properties of the
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conditioned soil are also improved. Moreover, nutrients uptake, water and
fertilizers use efficiency by plants are beneficially increased, consequently plant
growth and yield tendency to increase (El Hady et al., 2003).

Management of saline irrigation water must be oriented to minimize the
salinity level of soil as well as to provide an adequate environmental for plant
roots. Daif et al. (2004) found that humic acid drastically reduced anions
sorption either when added with them or introduced before. The reduction rate is
dependent on the concentration of organic ligands, pH value of the system and
chain length and/or carboxyl density as well as the way in which anions and
humic acid are added. They added that, the most effective concentration of
humic acid is 11.6% w/w. Salib (2002) and Abou-Zied et al. (2005) reported
that application of humic acid, as an organic soil amendment used either
individually or in combination with others, resulted in a significantly increase in
crop yield in the sandy soils. This is due to its positive effects on improving
hydrophysical properties and nutrients availability in such soils as well as
favourable soil media for the nutrients uptake by the grown plants.

Tomato (Lycopersicon esculentum Mill) is one of the important widespread
crops in the world, and is considered moderately sensitive to salt stress, since it
can tolerate a pronounced salinity level. However, salt tolerance of tomato plants
increased when the application of salinity was delayed, and fruit quality could be
improved, while yield was not significantly reduced when 4 dS/m saline water
was applied 16 days after transplanting (Shugin et al., 2007).

To gain more benefits about organic materials, this work was undertaken
using humic acid through a drip irrigation system to evaluate its positive role for
alleviating the hazardous effect of saline water on the grown tomato plants
therein.

MATERIALS AND METHODS:

The main purpose of this work was to evaluate the possible use of humic
when mixed with the saline irrigation water and added to soil through a drip
irrigation system to alleviate the harmful effect of salinity stress on tomato plants
grown herein. The humic acid (90.3% producing by Alpha Chemika, Mumbali,
India) was used at different levels, i.e., 0, 75, 150 and 225 mg/liter, and added to
the experimental soil mixed with saline water (1.89 dS/m) through a drip
irrigation system twice/week for a period of 4 months after transplanting. The
Nile fresh water (0.56 dSm) was used as a control treatment. The applied saline
irrigation water represents a mixture of agricultural drainage (3.27 dS/m) and the
Nile fresh water (0.56 dS/m) resources with a ratio of about 1:1. The chemical
analyses of applied humic acid (Table, 1) and the above-mentioned irrigation
water resources are presented in Table (2).

Table (1): Chemical constituents of applied humic acid

The Humicacid] N P K Ca Mg S Fe Mn Zn Cu Na Other
component (net)

% 90.29 095 | 104 | 146 | 281 | 0.92 | 0.48 | 0.61 | 0.09 | 0.32 | 0.55 | 0.04 | 0.44
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Table (2): Chemical analysis of the used irrigation sources (as an average of

two successive seasons of 2005-2006 and 2006-2007.

Water characteristics The Nile Drainage Mixed
water water Water

pH 7.32 7.81 7.46
ECiw (dS/m) 0.56 3.27 1.89
Total dissolved solids (mg/l) 358.4 2092.8 1209.6
Soluble ions (me L™):
Ca™ 1.61 5.34 4,78
Mg*™ 1.19 7.16 3.12
Na* 2.50 19.00 10.65
K* 0.35 1.45 0.60
COy” 0.00 0.00 0.00
HCOs. 2.20 9.00 5.75
Cr 2.35 15.38 9.86
S04~ 1.10 8.57 3.54
SAR 2.13 7.60 5.35
RSC - - -
Irrigation water suitability Ci1S1 C3S2 C2S1
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To achieve this target, a field experiment was conducted on a sandy soil at
a private farm occupied a portion of the desert zone adjacent to the western edge
of the Nile Valley, namely Sedmant El Gabal village, Beni-Suef Governorate,
Egypt, during two successive agricultural growing season 2005/2006 and
2006/2007. Some physical and chemical properties of the studied soil were
determined and presented in Table (3). The experimental treatments were
arranged as follows: 1) saline irrigation water alone, 2) saline irrigation water
mixed with humic acid at a rate of 75 mg/L, 3) saline irrigation water mixed with
humic acid at a rate of 150 mg/L, 4) saline irrigation water mixed with humic
acid at a rate of 225 mg/l and 5) the Nile water as a control treatment.

Tomato seeds (Lycopersicon esculentum, cv. 1077 hybrid) by Ferry-Morse
Company were sown in the nursery on July 9, 2005 and July 6, 2006. Thirty days
after seed sowing seedlings were transplanted to the experimental field. The
different treatments were arranged in complete randomlzed blocks design with
three replicates. The experimental plot was 480 m?, each plot was planed to
include 20 rows (20 m long and 120 cm width), and 'the interplant spacing was
30 cm within each row (about 11000 plants/fed). The irrigation water was
applled daily through in-line drippers (two plant/emitters with a discharge of 4 L
h?). The applied fertilizers were added as fertigation system, however, the
nutrients mixed with water through drip irrigation system. The used fertilizers
were urea (46% N) and mono- potassium phosphate (15% P05 and 48% K;0),
with rates of 100 kg N fed™, 40 kg P,Os fed™ and 48 kg K,O fed™. Through the
fertigation system, N, P & K fertilizers were injected in weekly intervals through
the in-line drippers. The general agricultural practices were applied as
recommended for commercial tomato production.
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Table (3): Some physical and chemical properties of the studied soil (as an average
of two successive seasons of 2005-2006 and 2006-2007.

Soil characteristics Value Soil characteristics Value
Particle size distribution %: Soluble cations (soil paste, meg/l):
Sand 89.21 | ca® 9.37
Silt 7.38 Mg?* 3.48
Clay 3.41 Na* 15.60
Textural class Sand K* 0.25
Soil physical properties: Soluble anoions (soil paste, meg/l):
Bulk density g cm™ 1.63 CO* 0.00
Total porosity % 38.50 HCO5 2.55
Available water % 7.41 cr 15.90
Hydraulic conductivity cm h 10.25 | SO 10.25
Soil chemical properties: Available macro and micronutrients (ma/kg):
pH (1.25 soil water suspension) 7.98 N 13.09
CaCO; % 1.65 P 3.20
Gypsum % 0.23 K 46.75
Organic matter % 0.19 Fe 3.18
CEC (me/100 b soil) 4.15 Mn 0.92
ESP 3.46 Zn 0.75
ECe (dS/m, soil paste extract). 2.85 Cu 0.53
Critical levels of the studied available plant nutrients (mg/kg), after Lindsay and Norvell (1978)

Nutrient N P K Fe Mn Zn
Low <40.0 <5.0 <85.0 <4.0 <1.0 <05
Medium 40.0-80.0 5.0-10.0 85.0-170.0 4.0-6.0 1.0 0.5-1.0
High >80.0 >10.0 >170.0 >6.0 >1.0 >1.0

Data of tomato plant parameters recorded:
a. Vegetative growth and flowering characters: At 60 days after transplanting, a
random sample consisted of eight plants was taken from each experimental
plot to determine some growth and flowering parameters, i.e., plant height,
number of leaves/plant, thickness of stem/plant at soil surface, number of

branches/plant,

leaf area,

number of inflorescences/plant,

number

of

flowers/inflorescence, dry weight/plant, and the chlorophyll a & b contents
(Hiscox and Isrealstam, 1979).
b. Yield potential: Fruit from the whole nine plants were selected at each
experimental plot in the ripening stage to determine vyield and
components, i.e., number of fruit/plant, and fruit yield/plant, while the total
yield was determined with total weight of the harvested fruit through the
whole harvesting period excluding the damaged.
c. Chemical analysis: Leaves were taken from the fourth upper of tomato stem
of eight randomly plants after 90 days from transplanting, washed with
distilled water, dried at 70 °C and wet digested (Van Schouwenberg, 1968)
for determining concentrations of N, P (A.O.A.C., 1990), K, Na (Wilde et
al., 1985) and CI (Higinbotham et al., 1967).

d. Fruit samples: These samples were taken from the 3" harvest at red ripe stage

its

from each experimental plot for determining fruit quality parameters, i.e.,
average weight of fruit, firmness using fruit pressure tester with a probe
diameter of 0.8 cm and values expressed in pounds, total soluble solids (TSS)
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using hand held Brix meter, titrable acidity, vitamin C and total sugar) were
evaluated using the methods undertaken by A.O.A.C. (1990).
Analytical methods of soil properties:

The collected soil samples at the initial state were analyzed for particle size
distribution (International Pipette method after Piper, 1950), bulk density (Black
and Hartge, 1986), hydraulic conductivity and available moisture range (Klute,
1986), organic matter content (Walkely and Black method after Hesse, 1971),
CaCOs content (Wright, 1939), cation exchange capacity, exchangeable sodium
%, pH and soil paste extract (Jackson, 1973). Available macronutrients of N, P
and K in soil were extracted by 1% potassium sulphate, 0.5 M sodium
bicarbonate and 1 N ammonium acetate, respectively (Soltanpour and Schwab,
1977) and their contents in soil were determined according to Jackson (1973).
Available micronutrients of Fe, Mn, Zn, and Cu in soil were extracted using
ammonium bicarbonate-DTPA extract according to Soltanpour and Schwab
(1977), and their contents in soil were measured by using the Atomic Absorption
Spectrophotometer.

Statistical analysis:

The obtained data of plant parameters were subjected to the statistical
analysis, where the least significant difference test (L.S.D.) at 0.05 level was
used to verify the differences between treatments as mentioned by Snedccor and
Cochran (1980).

RESULTS AND DISCUSSION
I. A general view on both experimental soil and used irrigation water:
a. Soil:

The experimental sand soil represents one of the scattered Private Farms
that are mainly encompassing the wind blown sand deposits as a parent material,
and occupying the desert zone adjacent to the Nile alluvium of the western edge
of the Nile Valley, Sedmant EI Gabal village, Beni-Suef Governorate, Egypt. It
is developed under climatic conditions of long hot rainless summer and short
mild winter, with scare amounts of rainfall. Due to the prevailing quartz grains, it
is characterized by siliceous in nature and surveyed as non-saline and non-sodic
sand soil under dry climate as well as poorer in macro and micronutrient contents
and soil retain moisture, Table (3).

Taxonomic unit of the current experimental soil is identified and named on
the basis of soil morphological and physico-chemical properties at the family
level according to Soil Survey Staff (1999) as Typic Torripsamments, siliceous,
hyperthermic, deep. Also, according to parametric system undertaken by Sys and
Verheye (1978), the intensity degrees of soil limitations and suitability
categories for the studied soil were calculated and shown in Table (4). It is
cleared from data obtained that soil texture and gypsum are the most effective
limitations for soil productivity; with an intensity degree for each of soil limitations
lies in the range of slight-very severe (rating >90 - <40). Also, the suitability
condition in either in current or potential classes of the studied soil could be
categorized as marginally suitable (S3s154).
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Table (4): Soil limitations and rating indices for the evaluation of the studied soil.

= S a
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wn wn
Current 100 { 100 | 30 | 100 | 100 | 90 100 27.00 S3 S3s154
Potential 100 { 100 | 30 | 100 | 100 | 90 100 27.00 S3 S3s154

It is cleared from data obtained that soil texture (s1) and gypsum (s4) are the
most effective limitations for soil productivity, respectively. The relative coarse
texture (s1) has a direct adverse effect due to the dominant of sand fraction, which
is not partially capable to retain neither soil moisture nor nutrients for growing
plants and organisms. Also, such soil is located at the end of irrigation canal tail,
hence it is water shortage particularly in the summer season. Moreover, it is poor
not only in the nutrient-bearing minerals, but also in organic matter that represent
a storehouse of the essential nutrients in soil. Consequently, such severe
conditions of inadequate fresh irrigation water resource; saline water utilization
in irrigation gets more and more attention.

b. Irrigation water:

According to Ayers and Westcot (1985) scale, the used irrigation Nile
water belongs to the first class (C1S1, ECiw < 0.75 dS/m and SAR < 6.0), which
denoted no problems for soil salinity and sodicity. On the other hand, the
agricultural drainage water lies within both the third and second categories for
salinity and sodicity levels (C3S2, ECiw > 3.0 dS/m and SAR 6.0-9.0) that
denote severe and increase problems are expected for soil sodicity, respectively.
The mixed water lies in between (C2S1), where the ECiw = 0.75-3.00 dS/m and
SAR < 6.0, that denote an increase problem for soil salinity and no problems are
expected for soil sodicity.

In order to facilitate the safe use of saline water for irrigation, the effects of
salinity on crops should be understood and the optimal management strategies
should be developed. A field experiment was carried out during two successive
growing seasons (summer seasons of years 2005 and 2006) to investigate the
effect of saline water on tomato yield and fruit quality under humic acid
application through drip irrigation system. The experiment was consisted of a
control treatment (the Nile fresh water with ECiw of 0.56 dS/m) and saline water
with ECiw of 1.89 dS/m in combination with four humic acid rates (i.e., 0, 75,
150 and 225 mg/L, twice/week and for a period of 4 months after transplanting)
to know farther information about the beneficial influence of humic acid on
moisture and salinity stresses as well as the biological activity in the experimental
soil, consequently their positive reflection on vegetative growth, yield and its
components of tomato as a test crop.

1. Influence of amended saline water with humic acid on soil properties:

Undoubtedly, executing an amendment for the low quality water, i.e.,
saline drainage water is one of the most additional developments, which
accelerated the direction towards agricultural utilization at the newly reclaimed
desert areas of Egypt. This aspect is more related to the fact that agriculture
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utilization can be grown as a supplemental approach to increase the recycling of
the low quality water sources by using updated techniques.

Table (5): Effects of different applied irrigation waters on the studied soil physico-
chemical properties and available nutrient contents in both seasons
of 2005-2006 and 2006-2007.

. Saline irrigation water amended with humic acid .
. . Growing The Nile
Soil properties at rates
season water
0 75 mg/L 150 mg/L | 225 mg/L
2005-06 1.77 1.70 1.64 1.62 1.61
Bulk density (g/cm?®)
2006-07 1.79 1.72 1.65 1.64 1.63
. 2005-06 33.21 35.85 38.11 38.87 39.25
Total porosity %:
2006-07 32.45 35.09 37.74 38.11 38.49
. 2005-06 6.37 6.94 7.65 8.02 7.56
Available water %
2006-07 6.28 6.89 7.60 7.96 7.48
. 2005-06 7.96 9.13 8.75 7.94 10.32
Hydraulic cond. (cm/h)
2006-07 7.83 8.98 8.67 7.81 10.25
. 2005-06 0.18 0.20 0.26 028 0.21
Organic matte%
2006-07 0.16 0.21 0.30 0.31 0.23
2005-06 8.17 8.03 7.68 7.61 7.95
pH (1:2.5 water susp.)
2006-07 8.21 8.07 7.70 7.64 7.98
. 2005-06 4.19 4.82 5.53 5.64 4.23
CEC (me/100 g soil)
2006-07 4.24 4.94 5.67 5.75 4.27
2005-06 3.38 3.17 2.98 2.92 2.89
ECe (dS/m)
2006-07 3.40 3.20 3.01 2.95 291
Esp 2005-06 4.59 3.81 3.58 3.50 3.47
2006-07 4.62 3.86 3.60 3.54 3.50
Macro and micronutrients (mg/kg soil):
N 2005-06 13.35 18.56 24.97 26.78 20.95
2006-07 14.01 19.12 25.12 27.24 21.17
p 2005-06 3.50 4.15 5.09 5.37 4.87
2006-07 3.62 4.27 5.21 5.42 4.33
K 2005-06 49.85 50.92 63.75 67.58 58.60
2006-07 52.91 54.70 65.08 69.64 60.32
Fe 2005-06 3.45 3.87 4.89 5.08 4.79
2006-07 3.62 3.99 4.67 5.13 4.95
Mn 2005-06 0.82 0.97 1.07 1.15 0.92
2006-07 0.85 1.01 1.12 1.24 0.97
Zn 2005-06 0.64 0.75 0.91 0.95 0.87
2006-07 0.68 0.79 0.65 1.02 0.81
cu 2005-06 0.42 0.55 0.81 0.86 0.73
2006-07 0.49 0.59 0.89 0.92 0.76

Data presented in Table (5) showed the hazard effects on soil properties as
a result of the used saline drainage water for irrigating the untreated soil plots
(control treatment), whether the salinity and alkalinity levels tended to be
increased as compared with the initial soil data (Table, 3). Such conditions are
negatively reflected on the different physical, chemical and fertility properties of
the soil under investigation. The abovementioned statements are emphasized by
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a marked increased of the ECe and ESP values (as an average of the two
seasons) in the root zone of the untreated soil reached 18.95 and 33.09 % as
compared to the initial state of soil, respectively. Meanwhile, the corresponding
relative increases were 1.75 and 0.72 % in case of using the Nile fresh water. On
the other hand, the relative increases in the ECe values in case of amended saline
irrigation water with humic acid at rates 0. 75, 150 and 225 mg/L were 11.75,
5.09 and 2.98 % as compared to the initial state of soil, respectively. The
corresponding relative increases in the ESP values were 10.84, 3.76 and 1.73 %,
respectively.

From these obtained results, it is clear that the applied humic acid plays an
important role in reducing the salts accumulation in the experimental soil
reached its optimal value when soil was irrigated by amended saline water with
humic acid at a rate of 225 mg/L, where the ECe value decreased from 3.390 to
2.935 dS/m, with a percentage relative decrease from 18.95 to 2.98 %. As for the
ESP value, it decreased from 4.605 to 3.520, with a percentage relative decrease
from 30.09 to 1.73%. Under such actual favourable conditions of soil salinity
and sodicity the associated soil physical properties, i.e., bulk density, total
porosity, available water and hydraulic conductivity as well as chemical ones,
I.e., organic matter content, pH and CEC should be improved, as shown in Table
(5).

a. Soil physical properties:

Concerning the variations in soil bulk density among the different used
amended irrigation water treatments, data show that a gradually decrease in its
values was occurred with increasing the applied humic acid rates, where the
greatest rate (225 mg/L) gave the lowest soil bulk density value. This positive
effect might attribute to the pronounced content of organic colloidal particles,
which plays an important role for modifying distribution pattern of pore spaces
in soil. These findings are in agreement with those obtained by Batey (1990)
who reported that soil bulk density was closely related to solid phase properties
and pore spaces. Since the applied humic acid possesses a positive effect for soil
bulk density (i.e., reduced its value), hence it leads to increase total porosity of
the soil. However, the amended saline irrigation water with humic acid
encouraged the creation of medium and micro pores (i.e., water holding and
useful pores) between simple packing sand particles, and in turn increasing
capillary potential.

The abovementioned case is more attributed to an increase in soil moisture
content at field capacity, which is more dependent upon the modified soil
structure, surpassed that occurred at the wilting point, which is more affected by
soil texture that is non-effected, and consequently a pronounced increase in soil
available water range was achieved. These findings are confirmed by Askar et
al. (1994) who found that the addition of organic materials to soil greatly
increased the water holding pores and decreased the area between the boundary
lines (drying and wetting curve) of the hysteresis loops. In addition, such organic
substances of humic acid have high ability to retain a pronounced content of
water. These results are emphasized by Cheng et al. (1998) who reported that
active organic acids decreased the loss of soil moisture, and in turn enhanced the
water retention. Also. it is noteworthy to mention that one of the valuable
characteristics of humic substances is the ability to absorb and retain quite large
amounts of water. This is mainly due to humic acid can also soluble in water and
make available to plants certain nutrients that would be unavailable otherwise.
These humic substances also allow the reduced supply of water in its very thin
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film to be more easily released during drought conditions, and thus be made
available to the roots of the plants. In addition, humic acid helps water penetrate
and permeate plant cells, assisting nutrient uptake and water storage during
drought conditions. That means it may balance water during drought conditions
and assist plant transpiration, the transport of water and nutrients of the cell
tissues as well as assist in the accumulation of soluble sugars which helping to
prevent wilting (Jackson, 2006).

Results presented in Table (5) also show that the applied humic acid
affected differently the hydraulic conductivity values of the studied soil, where a
gradual decrease in the hydraulic conductivity value was parallel with increasing
the applied humic acid levels in irrigation water. The improvement of hydraulic
conductivity in such loose soil may be attributed to the positive effects of such
released active organic acids, which occupy the larger pores and encouraged the
creation of medium and micro pores between the simple packing sand particles,
consequently inhibiting the rapid velocity of down-movement of water in
saturated condition.

b. Soil chemical properties:

Data in Table (5) also showed that applying humic acid levels in
combination with saline water regardless the absolute changes in some soil
chemical properties, i.e., pH, organic matter content and CEC were noticeable,
however, soil ECe, ESP and pH values tended to decrease with increasing the
humic acid levels vs an increase for each of soil organic mater content and CEC.
This was true, since the accumulation of such active organic acids in soil leads to
reduce soil pH vs an increase in soil organic component, besides the cation
exchange capacity of humic acid is high and varies from 200 to 500 milli-
equivalent per 100 grams at pH 7, and in turn positively reflected on soil CEC.

As a general view, the obtained results indicated that building up of soil
salinity and sodicity herein was due to the influence of water salinity in the
absence of humic acid. On basis of soil ECe and ESP values, soil salinity and
sodicity were generally lower in the case of amended saline water with high
humic acid level vs a greater salinity sodicity levels in the case of untreated
humic acid saline water, probably due to the occurrence of the charged sites (i.e.,
COO0-) accounts for the ability of humic acid to chelate and retain cation in non-
active forms.

c. Soil available macro and micronutrient contents:

The magnitudes of available nutrients in the initial state of the tested sandy
soil, Table (3) showed that the studied nutrients (N, P, K, Fe, Mn, Zn and Cu) lay
within the low-medium range, according to the critical levels of nutrients
undertaken by Lindsay and Norvell (1978). In general, this is true since this soil
is not only poor in the nutrient-bearing minerals, but also in organic matter
content, which are considered as storehouse for the essential plant nutrients. On
the other hand, data illustrated in Table (5) indicated that the available contents
of the studied macro- (N, P and K) and micronutrients (Fe, Mn, Zn and Cu) in
soils irrigated with the tested saline water were drastically negative affected by
the excess salts in the soil media, but their contents gradually increased with
increasing the applied humic acid levels mixed in the saline irrigation water,
which were nearly similar to those irrigated with the Nile fresh water or more in
case of the highest level (225 mg/L). These findings are in harmony with those
outlined by Humax (2006) who pointed out that humic acid has a high
complexation ability with ions in the environment due to the high carbon content
(60 %) of both aliphatic and aromatic character and the richness in oxygen-
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containing functional groups such as carboxyl, phenolic, alcoholic and quinoid
groups, which is beneficial for plant nutrition.

In general, the relative increase in available nutrient contents may be
attributed to the modified suitable air-moisture regime that control the
availability of nutrients, besides the applied humic acid leads to alleviate the
depressive effect of salinity stress on the released nutrient from either organic
residues or nutrient bearing minerals. These findings are supported by those
obtained by Hegazi (1999) who found a negative correlation between salinity
and available plant nutrients in soil. In addition, the suitable air-moisture regime
in such sand soil positively affected biological activity and the supply of
available nutrients, particularly from the organic source. Moreover, humic acid
its self is considered as a chelated agent for some macro and micronutrients.

It was also observed that the humic acid and the attached nutrients, as
easily soluble ones, were retained at a shallow depth (within the surface 30 cm
depth) under drip irrigation system, and consequently their organo-metalic
molecules and ions entirely soil are more mobile and available to uptake by plant
roots. Alva and Mozzafari (1995) confirmed these findings as they reported that
using drip irrigation method maintained high concentrations of nutrients at
shallow depth of soil.

I11. Influence of amended saline water with humic acid on plant parameters:
a. Vegetative growth and flowering parameters:

Vegetative growth and flowering traits of tomato plants, i.e., plant height,
number of leaves/plant, thickness of stem/plant at soil surface, number of
branches/plant, leaf area, number of inflorescences/plant, number of
flowers/inflorescence, dry weight/plant, and the chlorophyll a & b contents were
drastically affected by excess of salts in case of applied irrigation saline water
(Table, 6).

These findings are in harmony with those reported by Gupta and Gupta
(1984) who found that salinity stress negatively affected plant growth through
the influence of several factors on physiological processes, i.e., photosynthesis,
osmotic potential, specific ion effect and ion uptake. The previously behaviour
could be primarily due to an adjustment of subcelluler ion distribution to
maintain osmotic potentials and favourable water relations (Treeby and Van-
Steveninck, 1988). Also, these results are in agreement with those reported by
El Masry and Hassan (2001).

Since vegetative growth represents a part of the total biological yield of any
crop, its parameters play an important role determinant of the economic yield.
Data of the studied tomato growth parameters irrigated with either fresh or saline
water amended with different humic acid levels through drip irrigation system
also showed significantly increases with increasing the applied levels up to 225
mg/L. It is evidently that impact of the applied treatments of humic acid on the
dry matter productions was more attributed to the leaves area and number. This
is due to the obtained increases in the total dry matter accumulations which can
be interpreted on the fact that higher leaves area and number contributed to more
photosynthesis and better carbohydrates yield. These findings are in harmony
with those obtained by Duncan (1971) who obviously cleared the importance of
canopy structure in light interception, vegetative growth and yield. Also, higher
values of such plant parameters were more related to drip irrigation system,
which represents an efficient irrigation procedure than furrow irrigation. This
finding is in agreement with it has been reported by Chawla and Narda (2000).
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In addition, soil application of humic acid to tomato through drip irrigation
system increased the availability and uptake of nutrients, and decrease the ECe
values (Table, 5) when added up to 225 mg/L, all that reflected the best result on
plant growth and flowering parameters. The mechanism of humic acid on
stimulating growth may be similar to that of plant growth regulators as humic
substances include auxins or function as auxins and thus affect plant metabolism
in a positive manner (Senn and Kingman, 1973).

Chlorophyll a and b contents were significantly higher in plants irrigated
with either fresh water or saline water amended with humic acid added through
drip irrigation system. This is testimony for the longer source activity in such
efficient irrigation system, where humic acid levels were applied through about
35 split doses to match the nutrients uptake by crop. This enhanced the current
photosynthesis for developing vegetative growth parameters that leading to the
development of dry matter production per plant in the case of amended saline
irrigation water as compared to the plants irrigated with untreated saline water
(Table, 6). These findings are in harmony with results obtained by (Hebbar et
al., 2004).

In general, mixed the humic acid with saline irrigation water had a greatly
positive effect on vegetative growth and flowering parameters of tomato plants
as compared to the applied saline irrigation water alone. However, tomato plants
treated with humic acid at a rate of 225 mg/L caused an insignificant increase in
vegetative growth and flowering parameters in both seasons as compared to
those treated with 150 mg/L, hence both rates (150 and 225 mg/L of humic acid)
gave the same effect of the fresh irrigation water (the Nile water as a control
treatment).

Table (6): Vegetative growth and flowering parameters of tomato as influenced by
the different irrigation water qualities in both seasons of 2005-2006 and

2006-2007.
The applied irrigation water treatments
Growth & . — - —
flowering Growing Saline irrigation water amended with humic acid The Nile L.S.D. at
parameters season at rates water 0.05
0 75 mg/L 150 mg/L | 225 mg/L
Plant height 2005-06 37.93 58.41 75.85 76.97 80.25 5.88
(cm) 2006-07 40.24 60.03 78.34 79.16 82.14 8.18
Leaves 2005-06 78.76 81.07 83.45 87.79 88.97 6.21
Nos./plant 2006-07 81.32 82.76 85.01 89.05 90.54 7.54
Thickness of 2005-06 1.34 1.53 1.75 1.87 1.84 0.14
stem (cm) 2006-07 1.42 1.65 1.84 1.90 1.89 0.15
Branch 2005-06 13.21 16.34 18.65 19.98 17.89 2.20
Nos./plant 2006-07 14.67 17.75 19.74 21.05 18.76 2.31
Mean of leaf 2005-06 34.97 41.84 62.97 65.80 64.81 6.26
area (cm?) 2006-07 36.03 44,12 63.18 68.05 66.03 7.41
Inflorescence | 2005-06 16.73 20.87 35.93 38.02 36.25 6.86
Nos./plant, 2006-07 17.32 22.41 37.27 39.45 37.68 6.93
Flower Nos./ 2005-06 3.20 4.25 5.83 6.12 5.35 0.82
inflorescence 2006-07 3.84 4.60 6.02 6.94 5.76 0.88
Dry weight/ 2005-06 43.56 50.89 89.74 90.68 86.90 9.54
plant (g) 2006-07 47.13 52.72 92.10 93.02 87.23 10.01
Chlorophyll 2005-06 0.67 0.87 1.07 1.32 0.97 0.14
(a&h)* 2006-07 0.69 0.93 1.24 1.43 1.18 0.11
*mg/g fresh weight
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b. Chemical constituents (N, P, K, Na and CI contents in plant tissues):

The ability of humic acid for increasing plant nutrient uptake is due to its
chelating property, which makes the nutrients more available to plants as well as
owing to its ability to enhance cell permeability that making a more rapid entry
of nutrients into plant cells. Humic acid can also reduce the surface tension of
water and increase the effectiveness of nutrients or chemicals. In addition, using
drip irrigation with humic acid and attached nutrients had a significantly higher
N, P and K contents and uptake by tomato plants over that irrigated with saline
water (Table, 7). These increases in N, P and K uptake were due to the frequent
application of these nutrients in better availability in root zone coupled with
better root activity. Furthermore, it was also due to the reduced loss of these
nutrients, particularly under such skeletal soil as compared to furrow irrigation.
Similar observations were reported by Van Sane et al. (1996). This means that
the applied humic acid through drip irrigation system plays an important role for
increasing the supplying power of soil capacity against nutrient loss and
deficiency. On the other hand, Na and Cl contents were significantly reduced,
probably due to the pronounced decreases in irrigation water salinity. Also, this
benefit was positively reflected on the vegetative growth and plant contents of N,
P and K. These findings are in agreement with those obtained by Habashy
(2005) who reported that fertigation system increased N, P and K contents in leaf
tissues of tomato.

Table (7): N, P, K, Na and Cl % in tomato plants as influenced by different
irrigation qualities in both seasons of 2005-2006 and 2006-2007.

Nutritive The applied irrigation water treatments
& non- Growing Saline irrigation water amended with humic . L.S.D. at
nutritive season acid at rates The Nile 0.05
elements 0 75 mg/L | 150 mg/L | 225 mg/L water
2005-06 2.84 3.19 3.67 3.69 3.23 0.44
N 2006-07 2.90 3.26 3.75 3.63 3.34 0.56
p 2005-06 0.34 0.50 0.53 0.52 0.42 0.07
2006-07 0.32 0.52 0.53 0.54 0.44 0.06
2005-06 1.96 2.07 2.20 2.22 2.26 0.16
K 2006-07 2.04 2.08 2.24 2.31 2.35 0.15
2005-06 1.19 1.10 0.75 0.70 0.67 0.09
Na 2006-07 1.20 1.11 0.79 0.73 0.69 0.15
al 2005-06 0.95 0.89 0.55 0.49 0.46 0.11
2006-07 0.97 0.90 0.58 0.52 0.47 0.16

The above-mentioned results are also in harmony with many various
benefits of humic acid, which have been reported to promote an increase in
nutrient uptake and stimulate plant growth. However, it promotes plant growth
by its effects on ion transfer at the root level by activating the oxidation-
reduction state of the plant growth (Table, 6) medium and so increased
absorption of nutrients, especially micronutrients, by preventing precipitation in
the nutrient solution. In addition, it enhances cell permeability, which in turn
made for a more rapid entry of nutrients into root cells and so resulted in higher
uptake of plant nutrients. This effect was associated with the function of
hydroxyls and carboxyls in these compounds. Moreover, the principal
physiological function of humic acid may be that they reduce oxygen deficiency
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in plants, which results in better uptake nutrients (Abadia, 1984 and Arancon et
al., 2003).

It is noteworthy to mention that tomato plants treated with 150 mg/l humic
acid registered almost similar contents of N, P, K, Na and Cl in both the studied
seasons as compared to the applied rate of 225 mg/L humic acid.

c. Tomato fruit yield and quality:

Of course saline stress, as resulted from either irrigation water or soil, is
one of the most serious problems faced the agriculture development. However,
salinity of irrigation water and soil nutrient deficiencies herein represents the
main factors controlling the reduction of the crop yield, particularly under the
prevailing arid conditions. In addition, irrigation water salinity may be
considered not only diminishing the absorbed nutrients but also possibly playing
an important role in damaging the translocation vascular system in higher plants
(Shukla and Mukhi, 1985).

The obtained data in Table (8) indicate that humic acid added, at a rate of
225 mg/L, as mixed with saline irrigation water through a drip irrigation system
registered almost similar yields to those irrigated with the Nile fresh water as
well as higher ones over that irrigated with saline water under the same irrigation
system. Such relative increases could be attributed to significantly higher
increments in dry weights and number of flowers per plant, which positively
reflected on the higher number of tomato fruit and yield per plant and fed.
Moreover, this distinctive tomato yield advantage reflected under these
prevailing conditions is further amplified by such drip system, which leads to
maintenance of a favorable available soil water and nutrients status in the root
zone.

Table (8): Tomato yield parameters as influenced by the different irrigation water
gualities in both seasons of 2005-2006 and 2006-2007.

The applied irrigation water treatments
Fruityield | Growing Saline irrigation water amended with humic . L.S.D. at
. The Nile
parameters season acid At rates water 0.05
0 75mg/L | 150 mg/L | 225 mg/L

Fruit 2005-06 19.69 26.38 32.95 35.81 33.45 3.09
Nos./plant 2006-07 20.17 26.96 34.93 36.42 34.41 2.45
Fruit yield/ 2005-06 0.80 1.65 2.47 2.92 2.62 0.36
plant (kg) 2006-07 0.82 1.74 2.80 3.06 2.87 0.31
Fruit yield 2005-06 8.97 18.68 29.44 32.31 29.25 3.20
(ton/fed) 2006-07 9.10 19.20 30.29 33.89 31.62 3.76

d. Tomato fruit quality:

Tomato fruit quality can be evaluated by different parameters, i.e., average
weight of fruit, fruit firmness, total soluble solids, vitamin C (ascorbic acid),
titrable acidity (citric acid) and total sugar, as shown in Table (9).
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Table (9): Tomato fruit quality parameters as influenced by the different
irrigation water qualities in both the studied two seasons.

The applied irrigation water treatments
Fruit quality Growing Saline irrigation water amended with . L.S.D. at
L The Nile
parameters season humic acid at rates water 0.05
0 75mg/L | 150 mg/L | 225 mg/L
Average fruit 2005-06 39.31 63.32 83.12 82.01 79.11 7.89
weight (g) 2006-07 40.16 65.07 81.00 83.82 82.99 9.03
Fruit firmness 2005-06 6.94 7.22 7.64 8.05 7.98 0.31
(Ibs) 2006-07 7.02 7.37 7.93 8.17 8.01 0.35
Total soluble 2005-06 6.97 5.82 4.92 4.82 4.57 0.68
solids% (TSS) 2006-07 6.92 5.75 4.66 4.75 4.46 0.96
Ascorbic acid 2005-06 15.73 16.14 17.42 17.92 18.24 0.91
(mg/100g fresh wt) 2006-07 15.95 16.65 17.82 18.10 19.71 1.01
L 2005-06 0.37 0.40 0.44 0.47 0.45 0.04
Citric acid %
2006-07 0.39 0.41 0.46 0.48 0.46 0.03
2005-06 1.12 1.35 165 1.84 1.78 0.03
Total sugar %
2006-07 1.19 1.48 1.72 1.97 1.85 0.05

The obtained results showed positively significant differences in all the
abovementioned parameters as affected by amended saline irrigation water with
humic acid at the applied rates added through the drip irrigation system as
compared to the effect of the used saline irrigation water solely. This may be due
to their better effects on the grown tomato plants. This is in harmony with the
findings outlined by Abou Zied et al. (2005) who found that using some organic
polymers and humic acid improves the productivity and quality of some crops
grown on a sandy soil. Therefore, it can be concluded that availability of
nutrients evenly with humic acid mixed with saline water through a drip
irrigation system was responsible for improving tomato yield and the different
parameters of fruit quality. Also, these results are in agreement with those
reported with Maggio et al. (2006) who mentioned that such organic substances
control many stress adaptation responses including stomatal closure, osmotic
adjustment, ion comparetimentation, regulation of shoot versus root growth and
modifications of root hydraulic conductivity properties. Also, tomato plants
treated with 150 mg/l humic acid registered almost similar fruit quality
parameters in both the studied seasons as compared to the applied rate of 225
mg/L humic acid or the used Nile water (control).

Thus, the present work shows that the best rate of humic acid added to a
mixture of agricultural drainage saline water with the Nile water at a ratio of
about 1:1 (C2S1, ECiw = 1.89 dS/m and SAR = 5.35) for tomato plants was 150
or 225 mg/L for producing the greatest fruit yield with high quality.

Finally, it is evident from the abovementioned results that application of
organic substances such as humic acid achieve many of the beneficial effects on
soil hydrophysical properties and fertility status as well as grown plant
parameters, since such acids partially capable to retain water and nutrients in soil
for grown plants as well as these organic substances acted like plant growth
hormones (O'Donnell, 1973). In addition, it could be interpreted these beneficial
reacts of the added humic acid on the basis that it would act as chelating agent,
through -OH and -COOH as active groups for micronutrients and water
molecules (Sayed et al., 2007), this minimizes the loss of nutrients by leaching.
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Moreover, such organic substances are considered as a storehouse with easily
mobile or available to uptake by plant roots, and in turn reflected positively on
development of crop vyield and its attributes. At the same time, the
abovementioned results revealed that if suitable management practices were
adapted, it was feasible to irrigate tomato using relatively high saline water under
arid conditions of Egypt. These management practices included irrigation daily
by using drip system, applying balanced fertilization system and using an
organic material such as humic acid with irrigation water to alleviate the harmful
effects of excessive water and soil salinization for crop production.
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