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ABSTRACT

The main objective of this investigation was to study the effect
of injection of citric and phosphoric acids with drip irrigation on
behavior of some nutrients and heavy metals in soil irrigated with
wastewater; the field experiment was conducted in EL-Sadat City,
Minufiya Governorate, Egypt situated 31° 51 N latitude and 30° 36 E
longitude which irrigated with treated industrials wastewater.
Behavior of some elements in the soil, its concentrations in the shoots,
roots and in the grains of red radish and celery vegetables as well as
yield of vegetables were determined. Application of citric acid with
treated industrial wastewater decreased soil pH value suddenly in the
emitting point in the zero time after irrigation, below the emitter and
within 0-10 cm depth compared to phosphoric acid. After that, the
peak of pH value increased gradually with time, get way horizontally
from the emitter and increasing soil depth. Concentration of N and K,
were found mostly in the upper 0-40 cm soil layer. Such increases in
the ryhizospher (0-40 cm depth) are 3.0 and 1.5 % for N and 13.8 and
0.6 % for K with injection of citric acid or phosphoric acid,
respectively as compared with the control treatment. On the other
hand, chemically available P trend is highly increased with application
of phosphoric acid compared with application of citric acid. Such
increases in the ryhizospher (0-40 cm depth) reach 0.37 and 1.2% in
the treatments of citric acid and phosphoric acid, respectively, as
compared with the control treatment. The concentrations of Fe, Mn,
Zn and Cu in the upper layer (0-40 cm) were 30.6, 19.7, 14.3 and 7.8
fold for Fe, Mn, Zn and Cu respectively as compared with control
treatment. Where as, the increases of such elements with injection of
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phosphoric acid was 22.5, 10.0, 10.8 and 7.0 fold, respectively. The
concentration of Co and Ni in the soil treated with citric acid recorded
67 and 27% more than the control, respectively. Where as, the
increases of such elements with injection of phosphoric acid reached
58 and 22 % more than the control, respectively. Whereas, Pb-DTPA-
extractable was increased with injection of citric acid compared to the
control or phosphoric acid treatment. Data indicate an increase in
NPK concentrations in red radish and celery shoots and grains with
injection of citric or phosphoric acid with irrigation water as compared
to the control treatment. The amounts of grain yield of both radish and
celery vegetables crops increased due to the injection of two acids as
compared with the control treatment. Such increases record 40 and
20% for radish with the injection of citric acid and phosphoric acid,
respectively. Whereas, grain yield of celery increases were 2.3 and 1.2
fold with the injection of citric acid and phosphoric acid compared to
the control, respectively. Heavy metals in the grains increased resulted
injection of citric acid with irrigation water for cultivated red radish,
which recorded 0.7, 1.4, 2.3, 1.6, 4.5, 1.7 and 1.8 fold over the control
for Fe, Mn, Zn, Cu, Co, Ni and Pb, respectively.

Key words:Citric acid- phosphoric acid- industrial wastewater- red
radish - celery - sandy soil- macro nutrients- micro
nutrients- heavy metals.

INTRODUCTION

Values of pH for optimal availability of all the nutrients are in
the rank of 6-6.5. The main factor affecting pH in the ryhizospher is
NH4/NOs ratio in the irrigation water especially in sandy soils and
inert substrates with low buffer capacity such as rockwool.
Ryhizospheric pH determines the phosphorus availability since it
affects the processes of  precipitation/solubilization  and
adsorption/desorption of phosphates pH also influences the
availability of micronutrients (Fe, Zn, Mn) and the toxicity of some of
them (Al, Mn).

The transfer of heavy metals from soils to plants is dependent on
three factors: the total amount of potentially available elements
(quantity factor), the activity as well as the ionic ratios of elements in
the soil solution (intensity factor), and the rate of element transfer
from solid to liquid phases and to plant roots (reaction kinetics)
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(Marschner, 1995). The leaching of metals into the ground water must
be minimized. Because acid functional groups are deprotonated with
increasing pH, the solubility of organic substances increases, as does
the stability of metal-organic complexes (Harter and Naidu, 1995).
Thus, especially at higher pH, organic substances can contribute to
heavy metal mobilization and accumulation Heavy metal solubility in
soils is mainly controlled by the soil reaction (pH), the amount and
kind of sorption sites, and the total amount of heavy metals in the soil
(Briimmer et al., 1986 and Gray et al., 1999). Hornburg and Briimmer
(1993) found that the proportions of the soluble content of Cd and Zn
increased strongly as pH decreased below 6.5 and 5.3, respectively.
While, the Cu and Pb solubilities increased strongly as pH decreases
below 4.5 and 3.5, respectively; above these values, solubilities are
mainly controlled by organic and inorganic metal complexes.
According to McKenzie (1980), mobilization decreases in the order
Cd > Ni > Zn > Cu > Pb. The mobility of As, however, decreases with
decreasing pH. Nigam et al. (2001) found that the Cd accumulation by
corn after applying the carboxylic acids citric and malic acid to a Cd-
spiked soil (3.5 uM kg-1 or 0.39 mg kg-1) was enhanced; it was also
higher than with the amino acid aspartic acid or glycine. The organic
acids were applied in the same molar concentrations as Cd to the soil,
and the Cd concentrations in corn shoots were more than doubled with
citric acid (to 19 mg kg-1) and also significantly increased with malic
acid (to 15 mg kg-1). A dominant pH effect can be excluded here
because, in all treatments, pH was adjusted to 5.5 with 0.1 M HCIL
This study therefore showed that organic acids, which are commonly
exudated by the roots of corn plants, also effectively enhance
phytoextraction when added to the soil.

The objective of this study was to examine the influence of citric
and phosphoric acids on soil pH, status of different nutrients in soil
and plants. Also, the relationship between enhancing metal solubility
in soils and plants, and applying strategies to minimize the risk of
heavy metal leaching, will be discussed.

MATERIALS AND METHODS

The study was carried out on the experimental farm of EL-Sadat
City, Minufiya Governorate, Egypt situated 31° 51 N latitude and 30°
36 E longitude. Red radish and celery vegetables crops were chosen
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to evaluate the effect of application of citric and phosphoric acids with
treated wastewater to irrigation sandy soil, El-Sadat City, on pH and
behavior of some nutrients of such soil along with crop yield, and
nutrient concentration of such plants. Some physical and chemical
properties of this soil are shown in table, 1a, and characteristics of
irrigation water are shown in table, 1b. In a field experiment, red
radish and celery vegetables crops were planted. Compost was added
to the soil at the rate of 25 ton/ fed. The following three treatments,
replicated three times, were adopted for the study:

a- Control (drip irrigation with treated industrial wastewater).

b- Citric acid injected to reduce the soil pH value to 6.0-6.5 (365g/m’
water).

c- Phosphoric acid injected to reduce the soil pH value to 6.0-6.5
(200ml/m’ water).

The acids were injected at vegetative stage one time for week.
Representative shoots samples were taken at the flowering stage
from red radish and celery plants, red radish and celery grains being
taken at harvest stage. The plant samples were washed with tap water
and 10* M HCI, and then oven dried at 65°C for 48 hours. Plant
materials were ground, mixed well and kept for N, P, K and
micronutrients determination.
Table 1a: Some physical and chemical characteristics of the
selected soils.

Parameter Soil
pH (1:2.5) (soil : water suspen. 8.66
EC, dS.m’! 0.92
CaCO; i 2.08
Sand 91.00
Silt Yo 8.00
Clay 1.00
Textural class Sand
N 20.5
P 5.32
K 920.6
Fe L= 12.4
Mn 8.34
Zn 5.34
Cu 3.80
Ni 0.97
CcO 0.82

Pb 0.86
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Soil samples were taken from 0-10, 10-20, 20-40, 40-60 and 60-
90 cm soil depth at the emitting point, 20- 40- and 60 cm horizontally
away from the emitting point and 0-2-4 and 6 hours after end
irrigation with acid at the emitting point to determined soil pH. Also,
the soil samples were collected from the same depths at flowering
stage to determine chemically available different elements. The
samples were air dried, crushed, sieved through a 2-mm sieve and
stored for different determination.

Soil characteristics were determined using standard methods
outlined by Jackson (1958), Sauter and Stoub (1990), Watanabe and
Olsen (1965) and Baruah and Barthakur (1997). Heavy metals content
of DTPA extract as well as digestion solutions of plant samples were
analyzed using Atomic absorption spectroscopy.

Table 1b: Some chemical composition of the treated industrial
wastewater in Sadat area®.

Parameter FAO ,WHO
Wetland
guidelines

pH 6.5-8.4 a2
EC dS.m <3 4.04
TDS <450 212
COD 150
BODs 95.2
Ca*t 215
i\/lgz+ 54.9
Na* <70 549
K" 34.2
Total N <30.0 65.2
NOj 10 19.51
POy v 8.6 3.23
B ppm <1.0 0.16
Cr A <140 9203
HCO3 <90 628.8
Fe 5.0 2.48
Mn 0.2 0.95
n 2.0 0.72
Cu 0.2 0.31
Ni 0.2 0.27
CcO 0.05 0.08
Cd 0.01 0.06
Pb 5.0 1.28
SAR <9.0 8.62

* C.F El-Arby and Elbordiny (2006)
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RESULTS AND DISCUSSION

Effect of citric and phosphoric acids on soil pH value.

Data in figures (la, b and c¢) show change in soil pH value
thought profile varied with time, horizontally and vertically from the
emitting point as affected by the applied citric or phosphoric acid with
irrigation treatments. Generally, injection of citric acid with industrial
wastewater for irrigated radish or cereal vegetables decreased soil pH
value suddenly in the emitting point in the zero time after irrigation,
below the emitter and within 0-10 cm depth. After that, the peak of pH
value increased gradually with time, get way horizontally from the
emitter and with increasing soil depth. For example, soil pH value
reached 7.09, 7.06 and 7.06 in the zero time after irrigation, below the
emitter and within 0-10 cm depth, respectively. The change in the soil
pH value between the first time after irrigation and after six hours
from irrigation was 0.62 units. Whereas, the change in the soil pH
value between below the emitter and 60 cm horizontally from the
emitter was 1.12 units. While, the change in the soil pH value between
soil surface layer (0-10 cm) and 90 cm soil depth was 1.36 unit. Also,
application of citric acid with irrigation water decreased soil pH value
in the ryhizospher (0-40 cm depth) from 8.66 to 7.17. Whereas, with
injection phosphoric acid soil pH value take the same trend such as
citric acid within 10 cm soil depth. After that the beak of pH value
increased quickly after tow hours from irrigation, at 20-40 cm soil
depth and 20 cm horizontal distance from the emitter. After that the
soil pH value decreased steadily up to six hours from irrigation, up to
90 cm depth and 60 cm horizontal distance from the emitter. Beyond
four hours from irrigation, 40 cm horizontally far from the emitter and
40 cm soil depth the soil pH value found to be uniform through the
time, horizontally distance and soil depth. Application of phosphoric
acid with irrigation water changed the soil pH value form 8.66 in
control treatment (without acid) to 6.81, 6.73 and 6.77 at the first time
after irrigation, at 20 cm horizontal distance from the emitter and at 0-
10 cm soil depth, respectively. The soil pH value changed from
6.81after irrigation to 7.94 after tow hours from irrigation. The change
in the soil pH value between the first time after irrigation and after six
hours from irrigation was 1.73 units. Whereas, the change in the soil
pH value between below the emitter and 60 cm horizontally from the
emitter was 1.95 units. While, the change in the soil pH value between
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soils surface layer (0-10 cm) and 90 cm soil depth was 1.79 units.
Also, injection of phosphoric acid with irrigation water decreased soil
pH value in the ryhizospher (0-40 cm depth) from 8.66 to 7.66. The
lower pH in the ryhizospher zone is causally related to the enhanced
H" secretion from roots in concentration with cell extension,
(Weisenseel, et al., 1979) or to the net excretion of HCO3; and OH"
due to imbalance between cation and anion uptake, (Nye, 1986). Also,
the evaluation of CO; by root respiration and release of low molecular
weight root exudates (e.g. organic acids and amino acids especially
citrate) are responsible.

Effect of citric or phosphoric acids on chemically available N, P
and K in soil.

Data in table, 2 show that injection of either citric acid or
phosphoric acid with drip irrigation to the sandy soil leads to a significant
increase in the amount of chemically available nitrogen in the soil for
both red radish and celery plants. The N concentration, at flowering stage
was found mostly in the upper 0-40 cm soil layer. Such increases in the
ryhizospher (0-40 cm depth) were 3.0 and 1.5 % in the soils treated with
citric acid and phosphoric acid, respectively as compared with control
treatment. The concentration of N below 0-10 cm depth decreased with
increasing soil depth with application of any acid acid.

Also, results show that the available P increased with injected
acid with irrigation water. Chemically available P trend to highly
increase with injection of phosphoric acid compared with application
of citric acid. Such increases in the ryhizospher (0-40 cm depth) reach
0.37 and 1.2% in the treatments of citric acid and phosphoric acid,
respectively as compared with control. Such results could be
explained according to release of organic acids which enhance the
solubility and availability of P. Other possibilities could be: (a) Effect
of organic acid on lowering the fixation of phosphorus through several
mechanisms such as chelation and formation of organic complexes
relatively available for plants (b) Effect of organic acid through
coating the CaCOs; particles as protective mechanism against
precipitation and adsorption of various elements, (ELgala and
Amberger, 1982., and El-Leboudi et al., 1988). On the other hand, the
increase of available P with injection of acid with irrigation water
treatment may be also due to the production of CO,, thus formation of
H,COs, which contributes to phosphate solubility (Barsoom, 1998).
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The distribution of available P in the soil profile was almost
similar to that of available N. The P concentration decreased towards
the deeper layers up to 40 cm depth and then mentioned
approximately a constant value till 60-90 cm depth. This may be due
to the consistently wet and acidified condition around the emitter
ensures that the conversion of complicated elements form such as
organic and adsorption on colloidal to available form occurs in
relatively drier zone, where more oxygen is available (Laher and
Avnicmelech, 1980).

Table 2: Effect of acidification irrigation water by citric or
phosphoric acids on chemically available some nutriments in the soil.

Soil depth N P K Fe Mn n Cu Co Ni Pb

(cm) ppm

Citric acid

0-10 139 114 139 2717 1778 114 851 116 099 116
10-20 121 8.46 131 306 2452 169 904 168 111 181
20-40 97 47 118 364 198 176 88 217 171 263
40-60 36 32 109 199 989 682 43 105 078 115
60-90 244 1.95 104 153 602 408 213 088 063 086

Phosphoric acid

0-10 97.6 18.2 127 254 1897 136 840 168 139 09
10-20 88.2 134 122 258 1636 130 891 143 124 103
20-40 241 8.22 114 193 1376 882 658 163 092 106
40-60 235 3.5 101 175 485 528 336 103 073 101
60-90 22.0 2.12 101 1270 461 346 251 092 059 081

Control

0-10 334 8.82 118 177 19 85 75 18 147 228
10-20 283 6.2 116 179 963 818 748 15 123 213
20-40 222 2.68 107 134 863 553 413 108 0% 1.05
40-60 207 217 989 149 481 331 211 098 076 0.96
60-90 18.1 1.86 915 121 420 323 173 062 067 078

Concerning the values of available K, data show similar trend to
that obtained previously for N. Generally, the injection of citric or
phosphoric acid increased the amounts of available K in the soil.
Table, 2 shows that the amount of available K increased in the soil
after injection of citric acid compared with injection of phosphoric
acid with irrigation water. Such increases in the ryhizospher (0-40 cm
depth) reach 13.8 and 0.6% in the treatments of citric acid and
phosphoric acid, respectively as compared with the control. This could
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be due to citric acid supplies H™ as well as citrate anion, which serves
as a ligand. The citrate ligand may form an inner-sphere complex with
surface most of elements, thereby facilitating its detachment and
enhancing dissolution; in addition to complex formation in solution
that enhances solubility. Moreover, surface colloidal may be
exchanged by citrate, ligand exchange. As mentioned above citric acid
treatment gave the highest extractable-elements from soil.

Chemically available Fe, Mn, Zn and Cu in the soil.

Data in table, 2 show that generally, the injection of citric acid or
phosphoric acid increases the availability of Fe, Mn, Zn, and Cu as
compared with control. This could be due to reducing of soil pH as
well as increasing Fe solubility as a result to application of such
organic group. Lindsay and Norvell (1972) reported that Fe
availability in soil was controlled largely by soil pH increases and the
redox potential, i.e., every unit decrease in soil pH increases the
concentration of Fe’"1000 times and the concentration of Fe®'
increases 100 times. The obtained results show that the amounts of
DTPA- extractable Fe, Mn, Zn and Cu resulted from injection of
phosphoric acid with irrigation water was less than citric acid. This
may be due to the citrate anion can influence the solubility of such
elements in soils in different ways causing an increase in the solubility
of micronutrient cations by forming relatively stable organic
complexes. However, the ability of the citric acid supplies H" which
decreased soil pH value has also been reported. The mobilization or
immobilization effect of organic materials is dependent on the soil
reaction which influences the behavior of organic form of these
nutrients, (Abou-Seeda et al., 1992). The micronutrients
concentrations, at flowering stage were found mostly in the upper 0-
40 cm soil layer. Such increases in the ryhizospher (0-40 cm depth)
with injection of citric acid were 30.6, 19.7, 14.3 and 7.8 fold for Fe,
Mn, Zn and Cu respectively as compared with control treatment.
Where as, the increases of such elements with injection of phosphoric
acid was 22.5, 10.0, 10.8 and 7.0 fold, respectively. The concentration
of different micronutrients below 0-10 cm depth was found to increase
with increase in soil depth up to 40 cm layer and then mentioned
constant value till 90 cm depth. Kabata-Pendias and Pendias (1992)
reported that both mineral and organic compounds of Fe are easily
transformed in soils. Wasay et al., (1998) found that salts of citrate,
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tartarate and oxalate effectively removed Cu, Zn, Pb and Cd from the
soil; citrate salts removed 80-99.9 % of all four metals within 24h at
pH 2.3 to 7.5. McBride and Blasiak (1979) stated that the adsorption
of Zn*" can be reduced at lower pH by competing cations and these
results in easy mobilization and leaching of Zn from light acid soils.
At higher pH values, while an increase of organic compounds in soil
solution become more evident, Zn-organic complexes may also
account for solubility of this metal.

Solubility of Co, Ni and Pb in soil.

The behavior of heavy metals in soil depends not only on the
level of contamination as expressed by the total content, but also on
the form of the metal. Concerning chemically available Co, Ni and Pb
in the studied soil as affected by injection of citric acid or phosphoric
acid with irrigation water, tables, 2 show that DTPA-extractable of
different heavy metals in the upper layer (0-10 cm) treated with citric
acid were markedly decreased by about 42.6, 32.7 and 49.1% for Co,
Ni and Pb, respectively compared with control treatment. Whereas,
the same elements in the same layer decreased by about 2.0, 5.4 and
57.9 respectively with injected phosphoric acid with irrigation water.
The concentrations of Co and Ni at lower depth (60-90 cm) remained
almost similar and equal to the heavy metals concentrations in the
control treatment. Bloomfield (1981) reported that soluble Ni may be
quite mobile in soils with high complexation ability. Also, values of
DTPA-extractable of Co and Ni in the ryhizospher (0-40 cm depth)
generally increased with injection of citric acid compared with
phosphoric acid. The concentration of Co and Ni in the soil treated
with citric acid recorded 67 and 27% more than the control,
respectively. Where as, the increases of such elements with injection
of phosphoric acid reached 58 and 22 % more than the control,
respectively. Whereas, Pb-DTPA-extractable was increased with
injection of citric acid compared to the control or phosphoric acid
treatment. This agrees with the findings of Petrovic et al., (1999) who
reported that solid and aqueous phases is controlled by properties such
as surface area, surface charge (induced by the formation of organic
coatings on the surface), pH, ionic strength, and concentration of
complexing ligands. Metal mobilization through precipitation and
adsorption is also considered a common mechanism to decrease the
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hazards of heavy metal in contaminated soils (Malakul et al., 1998;
Ma et al., 1993).

Concentration of studied elements in shoots and roots of red
radish and celery vegetables crops.

Concentrations of NPK in shoots and roots of red radish and
celery plants as affected by type of injected acid are shown in table, 3.
Data indicate an increase in NPK concentrations in red radish and
celery shoots with injection of acid with irrigation water as compared
to the control treatment. The obtained results indicate also, the
superiority of citric acid treatment relative to phosphoric acid
especially with N ad K. Generally the N concentration increased in
shoots of red radish and celery plants with injection of citric acid by
about 2.1 and 0.9 fold that of control treatment.

In general, heavy metals concentrations in red radish and celery
shoots and roots reflect the amounts of the chemically available metals
present in the cultivated soil, which in turn are highly affected by type
of acid injected with irrigation water. However, the applied acids
tended to increase concentration of heavy metals in shoots and roots
of red radish and celery plants compared to the control treatment. Data
show also that concentrations of various heavy metals in shoots of red
radish and celery plants were markedly lower compared with those in
roots. Several authors have shown that heavy metals tend to
accumulate in roots of plants, among them Zhang and Wang (1991),
Wang et al., (1997) and Elbordiny (2001). Generally injection of citric
acid with irrigation water was more effective than phosphoric acid on
concentration micronutrients and heavy metals in red radish and
celery shoots and roots. Pulford (1982) reported that the affinity
between Fe’™ and H,PO™ ions is known to be great and therefore the
precipitation of FePO*!. 2H,O can easily occur under favorable
conditions. Furthermore, P anions compete with the plant roots for Fe
and thus P interferes with Fe uptake and with the internal Fe transport.
Abbas (1993) reported that alkalinity of soil reaction, retention of
elements by mineral and organic colloids, competition between heavy
metals for the same site of adsorption and limited translocation of
these elements to plant tops are all factors contributing to reducing
uptake of the heavy metals and eliminating plant toxicities.



Table 3: Effect of citric acid and phosphoric acid injected with irrigation water on the macro, micronutrients and heavy metals concentrations in the shoots and

roots of red radish and celery plants

N P K Fe Mn In Cu Co Ni Pb
Treatment Shoots Roots  Shoots  Roots  Shoots  Roots  Shoots Roofs  Shoots  Roots  Shoots  Roots  Shoots  Roots  Shoots  Roots  Shoots  Roots  Shoots  Roots
- """"""""'""""""""""""'bPpn1 ‘....-.-.---..--...-.-_._.--._.-.-.-_.-_...-.
Red radish

CGuwe 267 131 050 096 182 235 192 285 168 279 213 387 101 211 254 330 215 379 196 522
Phosphoric 131 (054 096 126 132 166 169 232 125 194 197 328 85 190 138 171 164 292 101 365

Conwol 087 029 025 074 052 088 109 166 67 131 126 262 61 138 032 157 083 129 053 087

Celery

CGuwe 183 080 065 102 189 148 354 418 255 488 198 339 140 189 239 389 192 287 174 188
Phosphoric 142 079 087 1.04 181 150 236 292 204 361 176 264 114 145 097 161 LI14 226 113 134

Conwol 096 054 048 061 098 078 194 250 169 294 15 193 73 112 073 091 042 124 023 065

§0Z-681 (27) ¥ ‘600C “'10S "uONAUY WY “JoIg ‘[

10¢
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Grain yield and concentration of studied elements in red radish
and celery vegetables crops:

Data presented in table, 4 indicate that the amounts of grain yield
of both radish and celery vegetables crops increased due to the
injection of citric acid and phosphoric acid as compared with the
control. Such increases record 40 and 20% for radish with the
injection of citric acid and phosphoric acid, respectively. Whereas,
grain yield of celery increases were 2.3 and 1.2 fold with the injection
of citric acid and phosphoric acid compared to the control,
respectively. Such increases could be due to the positive effect of
injection acid with irrigation water on improving nutritional status and
nutrients release and hence their availability to the growing plants.
The injection of citric acid was generally superior as compared with
that of phosphoric acid.

Concentration of Fe, Mn, Zn, Cu, Co, Ni and Pb in both red
radish and celery vegetables crops as affected by injected two acids
with irrigation water were shown in table 4. Data illustrate that the
injection of two acids increased concentrations of different heavy
metals in the grains, compared to the control treatment. The highest
increase resulted from injection of citric acid with irrigation water for
cultivated red radish, which recorded 0.7, 1.4, 2.3, 1.6, 4.5, 1.7 and 1.8
fold over the control for Fe, Mn, Zn, Cu, Co, Ni and Pb,
respectively. The increases in concentration of different
heavy metals in red radish due to injection of citric acid may be
related to reducing soil pH, consequently increasing solubility and
availability of some nutrients via plant roots absorption.

Regarding the ability of two plants on accumulation of different
heavy metals in grains yield, celery plants were more efficiency on
accumulation heavy metals compared to red radish plants. This may
be due to the celery plants were more efficiency on transfer different
heavy metals from the soil solution to shoots and other organs than the
red radish plants. Such increases in the Fe, Mn, Zn, Cu, Co, Ni and Pb
reach 20.4, 22.7, 86.1, 43.6, 85.8,50.7 and 85.8 in the grains yield of
celery crop, respectively, as compared with grains yield of red radish
crop. Kabata-Pendias and Pendias (1992) who reported that different
micronutrients uptake and transport between plant organs are highly
affected by several plant and environmental factors, of which soil pH,
concentration of Ca and P and ratio of several heavy metals are most
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pronounced. Norvell et al., (1987) who reported that the specific
effects of P on the concentration of Zn®" in the solution were small
and observed only when the Zn*"content was raised previously by Zn
fertilizers. However, the addition of P also caused small decreases in
the concentrations of other divalent cations in the solution. Das (2000)
observed that application of phosphate precipitated Cu as its
phosphates, beside the Cu-P antagonisms effect that occur in root
media as phosphates have a strong tendency to adsorb Cu.

Table 4: Effect of citric acid and phosphoric acid injected with
irrigation water on the grain yield and nutrients concentrations in
grains of red radish and celery plants

f;z{:;‘ Fe Mn Zn Cu Co Ni Pb
Treatment
kg/fed ppm
Red radish
Citric 19.7 10.14 1.50 1.94 2.36 1.20 1.42 1.69
Phosphoric 17.4 8.36 1.23 1.86 2.10 0,93 0.98 1.32
Control 14.2 6.07 0.62 0.59 0.91 0.22 0.53 0.61
Celery
Citric 371 12.21 1.84 3.6l 3.39 223 2.14 3.14
Phosphoric 25.2 8.43 1.34 2.84 321 1.42 1.50 2.02
Control 11.3 6.81 0.80 0.73 0.79 0.22 0.64 0.78
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	The main objective of this investigation was to study the effect of injection of citric and phosphoric acids with drip irrigation on behavior of some nutrients and heavy metals in soil irrigated with wastewater; the field experiment was conducted in EL-Sadat City, Minufiya Governorate, Egypt situated 31° 51َ N latitude and 30° 36 َE longitude which irrigated with treated industrials wastewater. Behavior of some elements in the soil, its concentrations in the shoots, roots and in the grains of red radish and celery vegetables as well as yield of vegetables were determined. Application of citric acid with treated industrial wastewater decreased soil pH value suddenly in the emitting point in the zero time after irrigation, below the emitter and within 0-10 cm depth compared to phosphoric acid. After that, the peak of pH value increased gradually with time, get way horizontally from the emitter and increasing soil depth. Concentration of N and K, were found mostly in the upper 0-40 cm soil layer. Such increases in the ryhizospher (0-40 cm depth) are 3.0 and 1.5 % for N and 13.8 and 0.6 % for K with injection of citric acid or phosphoric acid, respectively as compared with the control treatment. On the other hand, chemically available P trend is highly increased with application of phosphoric acid compared with application of citric acid. Such increases in the ryhizospher (0-40 cm depth) reach 0.37 and 1.2% in the treatments of citric acid and phosphoric acid, respectively, as compared with the control treatment. The concentrations of Fe, Mn, Zn and Cu in the upper layer (0-40 cm) were 30.6, 19.7, 14.3 and 7.8 fold for Fe, Mn, Zn and Cu respectively as compared with control treatment. Where as, the increases of such elements with injection of phosphoric acid was 22.5, 10.0, 10.8 and 7.0 fold, respectively. The concentration of Co and Ni in the soil treated with citric acid recorded 67 and 27% more than the control, respectively. Where as, the increases of such elements with injection of phosphoric acid reached 58 and 22 % more than the control, respectively. Whereas, Pb-DTPA-extractable was increased with injection of citric acid compared to the control or phosphoric acid treatment.  Data indicate an increase in NPK concentrations in red radish and celery shoots and grains with injection of citric or phosphoric acid with irrigation water as compared to the control treatment. The amounts of grain yield of both radish and celery vegetables crops increased due to the injection of two acids as compared with the control treatment. Such increases record 40 and 20% for radish with the injection of citric acid and phosphoric acid, respectively. Whereas, grain yield of celery increases were 2.3 and 1.2 fold with the injection of citric acid and phosphoric acid compared to the control, respectively. Heavy metals in the grains increased resulted injection of citric acid with irrigation water for cultivated red radish, which recorded 0.7, 1.4, 2.3, 1.6, 4.5, 1.7 and 1.8 fold over the control for Fe, Mn,  Zn, Cu, Co, Ni and Pb, respectively. 

