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ABSTRACT

The objective of the present study is to asses the effect of mineral and bio-
nitrogen fertilizers on the nitrate content of cucumber fruits. Two field experiments
were carried out at Sakha Agricultural Research Station Farm, Kafr El-Sheikh
Governorate, Egypt during the twe successive summer seasons of 2004 and 2005
using the recommended cucumber hybrid seeds. Split split plot design was used
with four replicates. The plot area was 20 squire meter. The main plots were
assigned to two inoculation methods of 1- the inoculum was added as liquid and, 2-
the inoculum was added as tablets. The sub plots were assigned to three mineral
nltrogen levels of 1- zero mtrogen (check treatment), 2- 30 kg N fed™ (fed = 4200
m?), and 3- 60 kg N fed”. The mineral nitrogen was added as ammonium nitrate
33%. The sub sub plots were assigned to two inoculation treatments of 1- without
inoculation and 2- Inoculation with effective strains of non symbiotic Na-fixing
bacteria. Nitrate content of the cucumber fruits was measured during the early,
middle and late cuttings.

The most important results can be summarized as follows:

e Increasing mineral nitrogen levels led to dramatic increase of nitrate content in
cucumber fruits and petioles in both seasons.

¢ Clear increases in nitrate content of cucumber fruits and petioles were detected
due to inoculation with non symbiotic N2-fixing bacteria in both seasons.

¢ No clear differences in nitrate content of cucumber fruits and petioles were
observed due to inoculation methods in both seasons.

* The highest nitrate content was observed in the samples from the early cut and
the lowest with the samples of late cut in both seasons.

¢ Increasing the mineral nitrogen levels led to clear increases of nitrate and nitrite
in the soil in both seasons.

¢ Nitrate and nitrite in the soils were increased by the inoculation with non
symbiotic No-fixing bacteria.

INTRODUCTION

How and what do we eat affects on our health? What is the best way
to eat well and keep our healthy?. Research can help us to find the answer to
these questions, by telling us what we eat, it's links with a good health.

Contaminant food is a reason of human diseases. Nitrate is one of
the contaminating materials which affect human health. Methemoglobinemia
was first recognized by Comiey (1945) who related infant ilinesses to nitrate
contaminated private weiis in lowa. Nitrate can be reduced to nitrite in the
digestive tract and nitrite interferes with oxygen transport in the blood. The
human saliva plays a vital role in converting nitrates into carcinogens, which
come into force at the gastro oesophageal junction.
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National Research Council-NRC (1978, 1984) and Council for
Agricultural Science and Technology-CAST (1992) reported that the potential
for gastric cancer from ingested nitrate and nitrite and subsequent
conversion to nitrosamines. Kross et al. (1972) stated that the U.S. standard
in drinking water (maximum contaminant level) MCL of 10 mg L' of NOs-N
was established by the United States Environmental Protection Agency
(USEPA) in 1977 as a safeguard against infantile Methemoglobinemia.
Arnaoot (2001) reported that the highest permissible limit for human total
consumption is 3.65 mg NOs-N and 0.133 mg NO--N for adult one.

Nitrate occurs naturally in fruits and vegetables but the use of extra
fertilizers was maximised. Olson et al. (1971) found that environmental
factors favoring the accumulation of nitrate in plants include high level of
nitrate in the soil, cloudy periods, shading, drought, excessive temperatures,
damage on plants from insects or weed control chemicals and nutrients
imbalance in the soil. Knany and Atia (2003) found that the nitrate content of
the rice grain collected from Kafr El-Sheikh Governorate districts was
between 10.1 and 3.2 ug g". This value less than the destructive effects, but
it becomes dangerous when there are additional sources entering to the body
like, drinking water and vegetables. Weirnin et al. (2003) stated that twenty
vegetable crops including 29 pak-choi cultivars, inbred lines of spring-
summer radish and their F; from different ecological area in China were
tested for nitrate content, the results indicate that some vegetables such as
lettuce, radish, celery and pak-choi accumulated a relatively high nitrate.

Cucumber is one of the most important salad crops which fresh
consume daily. It produce along the year in the open field, green house and
tunnels.

Many investigator used the organic agricultural for producing the
organic food. Organic food would not prove to be a healthier option because
it also contained substantial levels of nitrate some of which come from
natural fertilizers such as manure.

Biofertilization simply means the use of beneficial microorganisms
as a soil or seed inoculant to provide part of the nutrient requirement of the
host plant.

The objectives of the present study are investigate to obtain more
information about the effects of three nitrogen fertilizer levels, inoculating the
soil with some microorganisms and two soil inoculating methods on
cucumber nitrate content as well as soil and petioles nitrate content.

MATERIALS AND METHODS

A field experiments was carried out at Sakha Agricultural Research
Station Farm during the two successive summer seasons of 2004 and 2005
using the recommended cucumber hybrid to asses the effects of nitrogen
fertilizer levels, inoculating the soil by effective strains of non symbiotic No-
fixing bacteria and two different inoculation methods on the nitrate pollution
in cucumber fruits. The plot area was 20 square meter. Spilit split plot design
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with four replicates was wsed The main plots were assigned to two
inoculation methods of 1) Inocullum was added to the soil as a liquid, 2) The
inoculum was added to the sod s tablets added beside the plants roots. The
sub plots were assignec to three nitrogen levels of 0, 30 and 60 kg N fed”
(fed. = 4200 m®). The sub sub plots were assigned to two inoculation
treatments of 1) With inoculation and 2) Without inoculation. Nitrogen
fertilizer was applied as ammonium nitrate 33% N and splited into two equal
doses with the first and the third imigation. The inoculum was a mixture of
effective strains of non symbiotic N--fixing bacteria prepared by Department
of Soil Microbiology-Soil, Water and Environment Institute Agric. Res.
Center. The recommended dose of phosphorus and potassium fertilizers
were added before seedling. Three cucumber fruit samples were taken from
the early, middle, and late cutting as well as samples of the 6" leaves
petioles. Nitrate in the fresh samples was extracted by crushing the samples
in presence of acetic acid 2%. It was determined colorimetrically in the
extracts using N-1 naphthyetheline diamine dihydrochlorid powder mixture
indictor according to Singth (1988). soil samples were collected from the
experimental soils before seedling to determine some soil physical and
chemical properties (Table 1) according to Jackson (1958) and Black et al.
(1965) and during the season through collecting fruits samples to determine
the NO; and NO, content according to Singth (1988).

Table (1): Some physical and chemical properties of the experimental

soils,
= Variables 1" season | 2™ season
Mechanical analysis
Clay % 53.21 4917
Silt % 2514 26.11
ISand % 21.85 2472
Texture Clayey Clayey l
pH (1: 2.5 soil: water suspension) 8.05 8.2 !
EC dSm™ (soil paste extract) 2.1 2.4
Organic matter 1.70 1.60 ;
Available-N mg kg™ (1 M KCI extracts) 36 28
Available-P mg kg™ (0.5 N NaHCO: extracts) 6.1 5.8
Available-K mg kg™’ (ammonium acetate extracts) 280 214

RESULTS AND DISCUSSION

Data presented in Table 2 show that inoculating the soils cultivated with
cucumber by non symbiotic No-fixing bacteria increased the nitrate content of
cucumber fruits in both seasons. The increases were ranged from 11.48 and
z&mgmﬁmm%am¢mmgmﬁmmzmaMLMmgmﬂom1
mmzsomgkg‘memm043mm032w039mm1n2nmkgwnme
early, middle and late cuts, respectively as compared to without inoculation
treatment. This impact may be due to that nitrogen fixed by bacteria which
increased available soil-N. These results could be enhanced with those
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obtained by Hagin (1997) who reported that there is much evidence that
organic farming may cause the same or greater nitrate pollution than
mineral-N application.

Dramatic increase of nitrate content in cucumber fruits was obtained
due to mcreasmg the mineral nitrogen fertilizer levels from 0 to 30 and 60 kg
N fed (Table 2). In the early cuts the increases were from 5.10 mg kg™’ to
15.50 and 18.98 mg kg™ in the f|rst season. While, in the second season the
increases were from 1.92 mg kg™ to 3.61 and 5.33 mg kg™ In the middle
cuts the increases were from 0.43 to 1.39 and 7.75 mg kg in the first
season, while in the second season the increases were from 0.57 to 2.05 and
3.70 mg kg"'. In the late cuts the increases of nitrate content in cucumber
fruits due to increasing the mineral nitrogen ferhllzer from O to 30 and 60 kg
N fed™' were from 0.18 to 0. 59 and 1.22 mg kg™’ in the first season, and from
0.36 to 0.83 and 1.57 mg kg’ in the second season. This may be due to that
increasing NOs-N in the soil encourage NO; absorption by plants and NO;
accumulation in the tissues. These resultis could be supported by those
obtained by Prakasa and Puttanna (2000) and Song et al. (2002) who
concluded that the concentrations of NO3-N accumulated in plants increased
rapidly with increasing N application, they also reported that NO:--N
accumulation had a close relation with soil property.

Data presented in Table 2 show that no clear trend of the differences
in nitrate content due to the inoculation methods. In general the nitrate
content of cucumber fruits was the highest in the early cuts and decreased in
the middle cuts and it was lower in the late cuts with all treatments. This may
be due to that the available nitrogen in the root zone was decreased in the
middle and late cuts (Table 4). It is noticeable that the nitrate content valuss
were higher in the first season than that of the second season and this mas
be due to the differences in environmental factor i.e., temperature, droug™
shading, etc..

These findings are inagreement with those obtained by Liyanags &
al. (2000) who reported that three major factors are generally considersc &
be involved in the accumulation of nitrates by plants are genetic factors, figw
factors from ecological environment and nutritional factors.

In spite of the high NOs-N content in some cucumber fruit sampies
especially in the early cuts (1.6-22.6 mg kg™') the total NOs-N reaches 1o te
human body is less because the quantity consume from the cucumber Sss
is less. But it become danger when there are additional sources liks nas
Usha et al. (1993) reported that nitrate content in some varieties of nge
Pakistan have exceeded the permissible level. In Egypt Knany am2
(2003) found that NOj; in the rice was between 3.2 and 10.1 mg &
drinking water, other vegetables, Moller et al. (1989) in Denmam
Liyanage et al. (2000) in Sri Lanka reported that in a rural population 2
water and vegetables were two major sources of nitrates poliution of
diets. In India Usha et al. (1993) stated that NO; to 270 mg kg am2
and tubers 31 to 2043 mg kg

1178



J. Agric. Sci. Mansoura Univ., 31 (2), February, 2006

Prakasa and Puttanna (2000) reported that in Poland, maximum
acceptable limit of nitrate was exceeded in 8.2% of the samples of radish
and 65% of lettuce, in Brazil the legally permissible limit of nitrate |n milk is
1000 pg L. However measurements have shown 50 to 180 pg L™ nitrites
and 20 to 2100 ug L™ nitrate in pasteurized milk.

Table 2: Effect of biofertilization, moculat:on methods and nitrogen
levels on nitrate content (mg kg™) of cucumber fruits in 2004
and 2005 season.

Treatments NO3; mg kg" |
Inoculation |Nitrogen |Inoculation| Early cuts Middle cuts Late cuts
1st 2m:l 1§t znd 1st 2nd
methods evels season|season|season|season|season|season
N Without 3.80 160 | 0.20 | 0.58 | 0.00 | 0.30
. With 6.98 | 1.83 | 1.06 | 060 | 062 | 0.30
Liquid N3 Without 1470 | 270 | 0.80 | 0.95 | 0.40 | 0.70
With 17.18. | 547 160 | 290 | 0.94 0.78 |
Nas Without | 15.95 | 3.60 | 4.44 1.85 | 0.90 1.33 |
With 2260 | 8.03 | 9.70 520 | 1.76 1.60
N Without 3.80 160 | 020 | 0.48 | 0.00 | 0.30
4 With 580 | 265 | 026 | 0.60 | 0.08 | 055
T ablets Nao Witi_wout 1470 | 270 | 0.80 1.43 | 0.40 ' OTE
With 1642 | 355 | 236 | 290 | 066 | 1.15
Neo Without | 15.95 | 360 | 596 | 255 | 0.90 ‘ 1.60
With 2142 |1 610 | 970 | 520 | 1.30 | 1.75
—— Without 1148 | 263 | 2.10 1.31 043 | 082 ‘
With 14.90 | 4.61 4.1 290 | 0.89 | 1.02
No 510 | 192 | 043 | 0.57 | 0.18 0.36 |
Nitrogen levels Nig 15.50 | 3.61 1.39 | 205 | 059 | 0.83
Neo 18.98 | 533 | 7.75 | 3.70 1.22 1.57
inoculation Liquid 1354 | 387 | 297 | 201 | 0.77 | 0.84
methods Tablets 12.85 | 3.37 321 2.19 | 0.56 1.01

Table 3 show that inoculating the soil which cultivated with cucumber
by non symbiotic N,-fixing bacteria clearly increased nitrate content of
cucumber petioles. Nitrate content of cucumber petioles was highest in the
early cuts, moderate in middle cuts and it was lowest in late cuts. This may
be attributed to the available nitrogen in the soil. In the same season, high
nitrate content of the fruits was attributed with the high nitrate content of the
petioles. increasing the nitrogen levels from 0 to 30 and 60 kg N fed™' led to
dramatic increase of nitrate content of the petioles in both seasons. In the
early cuts the increases were from 8.0 to 18.51 and 28.33 mg kg’ in the first
seasons, while in the second season the increases were from 11.85 to 20.0
and 42.06 mg kg™ In the middle cuts the increases were from 4.53 to 12.13
and 17.86 mg kg in the first seasons, while in the second seasons the
increases were from 5.56 to 12.69 and 34.77 mg, kg”. In the late cuts the
increases were form 1.65 to 6.80 and 9.90 mg kg™ in the first season, while
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in the second season the increases were from 2.43 to 6.40 and 32.94 mg kg
. These results could be enhanced by those obtained by Prakasa and
Puttanna (2000) who reported that application of nitrogen fertilizers can
cause increase in concentration of nitrates and nitrites in crops. Also, Song et
al.(2002) found that the concentration of NO;-N accumulated in plants
increased rapidly with increased N application. From the data in Table 3, it is
clear that inoculating the soil which cultivaied with cucumber by non
symbiotic N:-fixing bacteria as tablets beside the hills roots was effective
than the liquid method.

Table 3: Effect of biofertilization, inoculation methods and nitrogen
levels on nitrate content (mg kg™') of cucumber petioles in
2004 and 2005 seasons.

Treatments NO; mg kg™
Inoculation |Nitrogen| Inocuiation Early cuts Middle cuts Late cuts
1‘§i_ an 15! znd 1‘3 2nd
methods | levels
season, season [season|season|season!season
No Without 5.06 2.75 3.10 | 2.13 1323 1.92
With 9.80 14.50 505 | 827 | 229 | 1.99
Liquid Nao Without 12.56 12.25 9.1 6.88 | 5.65 3.50 .
With 18.79 17.00 1250 111,281 841 7.49 |
Nag Without | 23.80 | 32.00 | 14.80 | 2169 | 9.84 | 13.58
With 27.86 | 35.00 | 18.04 {3890 | 10.21 | 46.82
Ne Without 5.06 14.50 316 | 213 | 133 1.99
With 1209 | 1563 | 686 | 970 | 163 | 3.83
Tablets Nio Without 18.79 | 17.00 | 11.76 | 11.15| 472 | 7.10
With 2388 | 33.75 |15.13|21.50| 8.41 7.49
Neo Witl'_uout 27.86 | 3200 | 17.69|2750| 8.71 | 24.82
With 33.78 69.25 12092 5099 9.84 | 46.74 |
osuiation Witr_\out 15.52 | 18.42 993 |11.91]| 543 8.82
With 21.03 | 3086 | 13.08 {23.43| 6.80 | 19.06 |
Ng 8.00 11.85 453 | 556 | 165 2.43
Nitrogen levels Nag 18.51 | 20.00 | 12.13 |12.69| 6.80 | 6.40
Neg 28.33 42.06 17.86 [34.77| 9.90 | 32.94
inoculaticn Ligquid 16.31 18.92 | 10.43 |14.85]| 6.29 | 12.55
methods Tablets 20.24 30.36 12.58 [20.50| 5.94 165.33

Data presented in Table 4 show that inoculating the scil which
cultivated with cucumber by non symbiotic N.-fixing bacteria led to clear
increase of NOz:-N in the soil. In the first season the increases were from
14.52 to 19.40 mg kg” in the soil samples collected during the early cuts,
from 13.01 mg kg~ to 1€.85 mg kg™ in the so;! samples collected during the
middle cuts and from 5.81 to 8.17 mg kg~ in the soil samples collected
during the late cuts. In the second season the increases had the same trend.
increasing the nitrogen fertilizer levels from 0 to 30 and 60 kg N fed” led to
increase the NOs-N in the soil. In the first season the increases were ranged
from 5.34 mg kg to 17.64 and 27.90 mg kg in the early cuts, from 4.33 mg
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kg”' to 12.70 and 27. 78 mg kg in the middle cuts and from 2.34 mg kg™’ to
6.53 and 12.10 mg kg™ in the late cuts. In the second season the increases
had the same trend. From the tabulated data no clear trend was obtained
due to the inoculation methods. The increases of soil NOs-N due to
inoculation may be due to that the bacteria fixed N, from the atmosphere,
then the bacteria died and by the degradation processes nitrogen released to
the soil. Also, increasing the nitrogen ferilizer levels increased the NO; in
the soil because the nitrogen fertilizer was NH:NOs.

Table 4: Effect of blofertihzatton inoculation methods and nitrogen
levels on NO; (mg kg™) in the soil during 2004 and 2005

seasons.
Treatments NO; mg kg
Inoculation |Nitrogen| Inoculation | First sample |[Second sample Thtrd sample
13 2nd 1§F znd 1 2nd
methods | levels
Season|season|season|season|season|season
N Without 528 | 9.55 3.10 | 1140 | 1.60 3.70
. With 560 | 1240 | 500 | 16.35 | 3.00 | 6.15
Liquid Nao Witr_tout 16.56 | 13.95 | 10.88 | 11.20 | 4.45 4.60
With 20.60 | 16.20 | 11.50 | 17.25 | 6.57 753
N Without | 23.80 | 15.30 | 23.10 | 12.40 | 10.45 | 6.51
o With 35.80 | 19.40 | 26.40 | 22.95 | 12.25 | 12.75
No Without 488 | 1240 | 3.10 7.80 1.60 184 |
With 560 | 16.10 | 6.12 | 1140 | 3.16 465 |
Tablets Nao Without | 12.78 | 16.60 | 11.50 | 10.40 | 557 523 |
" With 2060 | 19.00 | 16.90 | 11.20 | 9.54 6.67
Kis Without | 23.80 | 19.40 | 26.40 | 12.40 | 11.20 | 7.20 i
With 28.10 | 20.80 | 35.20 | 15.05 | 1450 | 9.54 |
. Without | 14.52 | 14.53 | 13.01 | 10.93 | 5.81 486 |
Apcuiton with | 19.40 | 17.32 | 1685 | 1570 | 817 | 7.88 |
No 534 | 12.61 4.33 11.74 2.34 4.1
Nitrogen levels Nag 17.64 | 16.44 | 12.70 | 1251 | 6.53 6.01
Nso 2790 | 18.73 | 27.78 | 15.70 | 12.10 | 9.00
Inoculation Liquid 17.96 | 14.47 | 13.33 | 15.26 | 6.39 6.87
methods Tablets 15.96 | 17.38 | 16.54 | 11.38 | 7.60 5.87

Data presented in Table 5 show that inoculating the soil which
cultivated with cucumber by non symbiotic N,-fixing bacteria was increased
NO,-N in the soil compared to without inoculation treatment In the first
season the increases were from 0.31 to 0.53 mg kg™ m the soil samples
collected during the early cuts, from 0.33 to 0.88 mg kg™’ in the sou samples
collected during the middle cuts and from 0.16 to 0.51 mg kg™ in the soil
samples collected during the Iate cuts. In the second season the increases
were from 0.94 to 1.28 mg kg’ m the soil samples collected during the early
cuts, from 1.29 to 2.04 mg kg in the sml samples collected during the
middie cuts and from 0.59 to 0.98 mg kg™ in the soil samples collected
during the late cuts. Increasing the mineral nitrogen fertilizer increased NO--
N was observed in the soil samples collected during the middle cuts. No
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clear trend due to effects of inoculation methods on NO2-N content in the soil
samples was observed.

Table 5: Effect of biofertilization, inoculation methods and nitrogen levels
on NO, (mg'kg™) in the soil during 2004 and 2005 seasons.

Treatments NO; mg kg™
Inoculation |Nitrogen| Inoculation | First sample |Second sample| Third sample
F znd 1§f_ 2nd .tst 2nd
methods | levels
season|season|season|season|season|season

No Without 0.00 0.36 0.19 0.85 0.10 0.39

With 0.10 0.80 0.42 1.84 0.26 0.82

Liquid Mo Witf_lout 0.27 0.83 0.29 1.30 0.14 0.55
With 0.36 1.25 0.43 2.28 0.29 1.1

Neo Without 0.80 1.03 0.73 1.85 0.33 0.77

With 1.60 1.40 1.80 3.40 0.83 1.41

No Without 0.00 | 0.80 | 0.16 0.85 | 0.08 | C.40

With 0.02 1.07 0.42 0.91 020 | 051

Without 0.17 1.30 | 0.19 1.02 | 010 | 055

Felets Nao | “with | 027 | 149 | 043 | 1.30 | 025 | 0.69
Neo Without 0.60 1.30 0.39 1.85 0.18 0.88

With 0.80 1.68 1.80 2.49 1.20 1.88

; Without 0.31 0.94 0.33 1.29 0.16 0.59
inaculation with | 053 | 128 | 0.88 | 2.04 | 051 | 0.98
No 0.03 0.76 0.30 1.11 0.16 053

Nitrogen levels Nag 0.27 1.22 0.34 1.48 0.20 0.73
Neso 0.95 1.35 1.18 2.40 0.64 1.10

inoculation Liquid 0.52 0.85 0.64 1.92 | 0.33 | 0.84
methods Tablets 0.31 127 0.57 1.40 0.34 0.73

Conclusion

Increasing the availabie nitrogen in the soil from any source
(organic-bio-mineral) lead to clear increase in NOs-N accumulation in
cucumber fruits. In spite of the high NOs-N content in some cucumber fruit
samples the total NO3:-N reaches to the human body is less because the
quantity consume from the cucumber fruits is less. But it become danger
when added to additional sources to the human bodies like rice, drinking
water, fruits, other vegetabies and contamination from the observation during
the analysis. NO; decreased with the time in cucumber fruits.

Recommendation
The cucumber fruits can be eaten in the second day after cutings to
avoid the destructive effects of NOa.

REFERENCES

Arnaoot, M.E. (2001). Human and Environment Pollution. The Egyptian Home
for Books, pp. 229-238 (In Arabic).

1182



J. Agric. Sci. Mansoura Univ., 31 (2), February, 2006

Black, C.A.; D.D. Evans; J.L. White; L.E. Ensuminger and F.E. Clark(1965).
Method of Soil Analysis. Am. Soc. Agron. Inc. Publisher. Madison,
Wisconsin, U.S.A.

Comley, H.H. (1945). Cyanosis in infants caused by nitrate in well water. J.
Amer. Med. Assoc. 129: 112-116.

Council for Agricultural Science and Technology, CAST (1992). Water quality.
Agricultures role. Task Force Report No. 120, Amess, lowa, U.S.A.
Hagin, J. (1997). Fertilizers and environment. Dahlia Greidenger International
Symposium on Fertilization and Environment. Technion-Israel Institute

of Technology Haifa 24-27 March pp. 31-36.

Jackson, M.L. (1958). Soil Chemical Analysis. Prentice Hall Inc. Englewood
Diffs, New York, U.S.A.

Knany, R.E. and R.H. Atia (2003). Primary study on nitrate pollution of rice
grain in Kafr El-Sheikh Governorate. The 11" Annual Conf. of the Misr
Soci. Ag. Eng. 15-16 Oct.: 685-694.

Kross, B.C.; A.D. Ayebo and L.J. Fuortes (1992). Methemoglobinemia, nitrate
toxicity in rural America. America Family Physician P. 183-188.

Liyanage, C.E.; M.l. Thabrew and D.S.P. Kuruppuracchchi (2000). Nitrate
pollution in ground water of kalpitiya: an evaluation of the content of
nitrates in the water and food items cultivated in the area. J. Natn. Sci.
Foundation of Sri Lanka 28(2): 101-112.

Moller, H.; J. Landt; P. Jensen; E. Pedersen, H. Autrup and O.M. Jensen
(1989). Nitrate exposure from drinking water and diet in a Danish Rural
Population. International Journal of Epidemiology. 18: 206-212.

National Research Council, NRC (1978). Nitrates National Academy Press,
Washington D.C. 723.

National Research Council, NRC (1981). The health effects of nitrate, nitrite
and nitroso compounds. National Academy Press, Washington D.C.
544,

Olson, R.A.; T.J. Army; J.J. Hanway and V.J. Kilmer (1971). Feed and food
quality in relation to fertilizer use. Fertilizer Technology and use. Soil
Soc. of Amer., Inc. Madison, Wisconsin, U.S.A. pp. 552-554.

Prakasa Rao, E.V.S. and K. Puttana (2000). Nitrates, agriculture and -
environment. Current Science, Vol. 79 No. 9 pp. 1163-1168.

Singth, 1.P. (1988). A rapid method for determination of nitrate in soil and
plant extracts. Plant and Soil, 110: 137-139.

Song, S J.; T.W. Kang; S.M. Sohn and U.Z. Kual (2002). Transformations of

N-urea and N uullzatlons and nitrate accumulations of Chinese
cabbage in two soils. 17" WCSS Symposium, 14-21 August Thailand
Paper No. 1216, p. 1-9.

Usha, G.; A.N. Naidu and K. Kamala (1993). Food Compos. Anal., 6, 242-
249,

Weirnin, Z.; L. Shijun; G. Lihong; C. Laibing and Z. Dabiao (2003). Genetic
diversity of nitrate accumulation in vegetable crops. ISHS Acta
Horticulture. lil. International Symposium Diversification of vegetable
crops. p. 467.

1183



Knany, R.E.and Mnal, A.E.R. Abd Alla

Judd) A uﬁjﬂ\é\yulcd‘pﬂjuamuagj)uﬂw
& L Saallae JUa g u.ahSdac-LAu!uLua.U
s — 03l = A 50 Sl S5m Al y slially oY) Sigay g
Hea — o3l — Aol 3l digagd S — Ofted) Sgay gaa — il Siga aud 00

L}—‘J‘—,‘.JJL‘SQSJ:“}L‘JQJMQQJM;:‘“S“):ii‘j)’-'d]],m‘—.-‘*ﬂ
— D A Bilaa L Ll 3 Gigaall Aaae A e lia B a0 i aagl 8ty S 0
M@\.J}i%;‘-}i),ﬁgmeri-cs?vc-f uL_li:\..A!!‘;‘LAu,J DA« prev
c,L;_.:a‘,.c_,_,._;..Y-@ﬂmamum,.aJﬁeJiLguu}umA\éﬁmJsL.m.y\
tlaa il 3 k] by Ly B adadl
.JmehaJﬁécM!&.aJ ==y
co9a) s &Y g€ 3 spe (A oG g Y
fh b 4B el e Sl s S0 AN alidl) clik
R Aalad) s -
. ol ey paey Ve =Y
e HoTY agigd O 53 550 B Juny Al S el Cipal Ll Gaay R Sy e ST
T 4,0y L 4 g e
elil) lilaleay s Ciasl) adll) clilg
(155 i 0y )
Al g slualy uinl SV iy gy ool VY Ln gl g Sae
¢l Tl e el e A 5alid y A 50y 5,8 LAl Clbees e Dlie (and 5
Ll s Al YL 2y Al
b {IF 3 W LN R )
o AN L i D (g e B daanly 3 () Pl g il el Glagles iyl e
_ .(,_,j;\‘}.WHJ,:\_)‘_;J,\}!5:.;1;,3‘;.1)@5,::.,..1&15,9}‘...,.1\
Gy D TAD L0, 22 () Gl L) SN G A (ssina a5 gl e
aile el ALl &L eenpall 8 LLHSSY
g DA Aastied) 2 a0 55k o D e LAD 5 fae B Gyl iy olad el e
Ay el
Gl 2 JH g S IO Claaad o calS laly 95D gl a8 el o a0l e maady e
cOpam gl B llny 3 ALD Cileanll aa culS
P VL iy @ 50 58 555 I o iy ) pedd splaasl 3 e
d,u._.::‘ll
opasgall A YL ,4,,ujun.ﬁ,)us\m\s:yu,plmuysuucﬁmujus =
S — u_’..ac-)J_.a.ndlw‘),.\:‘sﬁuh.uuﬁﬁmu;\:_._,_)smaag_)ulc_ﬁ.aai»_@nc_:‘_uw_, e
Lol jo s o Ll el siad e at s sl LS B S AN S S5 B sam (s —
A Gy L gt goadl Jeal W Lgia Gl pus Joad ) 08D Y1 LD 8 ol
HJLH&_,IS“JP\ ﬁh;&,&%ga)&gﬁalﬁ@ﬁcﬁjupﬁ:\‘ww\
Oy (5 AV il a8l 5 ol sy (Y007 dglae y (SUS) OV Jle dpesdl Dbl
Lase s
e 3 AL Claaall 3 JF 558 Jlad L 3 A0 s giad o Qe w5 (e BadUD (e tigagi
a5 St ey (JSVI O 30 pand day JLdle 5 Ji 4y 5_S0al Cilaand i
gl G paall ey U apll LSS A 5

1184



