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ABSTRACT

The objective of the present study is to asses the effect of minera! 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 two 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 incculum was added as liquid and, 2-
the inoculum was added as tablets. The sub plots were assigned to three mineral
nitrogen levels of 1- zero nitrogen (check treatment), 2- 30 kg N fed (fed = 4200
mz), 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- Inocuiation with effective strains of non symbiotic No-fixing
bacteria. Nitrate content of the cucumber fruits was measured during the early,
middie and late cuttings.

The most important results can be summarized as follows:

+ Increasing minera! nitrogen levels led to dramatic increase of nitrate content in
cucurnber fruits and petioles in both seasons.

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

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

* The highest nitrate content was observed in the samples from the eariy 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 s0il in both seasons.

+ Nitrate and nitrite in the soils were increased by the inoculation with non
symbiotic N2-fixing bacteria.

INTRODUCTION

How and what do we eat affects on our health? What is the best way
o eat well and keep our healthy?. Research can help us to find the answer to
these guestions, 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 Comley (1945) who related infant illnesses to nitrate
contaminated private welis in lowa. Nitrale can be reduced to nitrile 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 Councll-NRC (1978, 1984) and Councit for
Agricultural Science and Technology-CAST (t1992) reported that the potentiat
for gastric cancer from ingested nitrate and nitrite and subseguent
conversion to nitrasamines. Kross ef al. (1972) stated that the U, 8 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 1877 as a safeguard against infantile Methemoglobinemia.
Amaocot (2001) reporied that the highest permissible limit for human total
consumption is 3.65 mg NOa-N and 0.133 mg NO,-N for adult one,

Nitrate cccurs naturally in fruits and vegetabies but the use of extra
fertilizers was maximised. Olson et al (1971) found that environmental
factors favoring the accumulation of nitrate in ptants include high levei of
nifrate 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 Ei-Sheikh Governorate districts was
between 10.1 and 3.2 pg 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 vegetabies. Weirnin ef al (2003) stated that twenly
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
iettuce, 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 agriculturat for producing the
organic food. Organic food would not prove to be a healthier oplion because
it also contained substantial ievels of nitrate some of which come from
natural fertilizers such as manure.

Bicferilization 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 objeclives 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 tmethods on
cucumber nitrate content as wel as soll and petioles nitrate content.

MATERIALS AND METHODS

A field experiments was carried out at Sakha Agriculturat Research
Station Farm during the two successive surnmer 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 poltution
in cucumber fruits. The plot area was 20 square meter. Split split plot design
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with four replicates was used. The main plots were assigned to two
inoculation methods of 1) Inoculum was added to the soil as a liquid, 2) The
inoculum was added to the soil as tabiets added beside the plants roots. The
sub plots were assugned 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 inocuiation and 2) Without inoculation. Nitrogen
feriilizer was applied as ammonium nitrate 33% N and splited into two equal
doses with the first and the third irrigation. The inoculum was a mixture of
effective strains of non symbiotic N;-fixing bacteria prepared by Department
of Soil Microbioclogy-Soil, Water and Environment Institute Agric. Res.
Center. The recommended dose of phosphorus and potassium fertitizers
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
petioies. 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 naphthyetheljine diamine dihydrochlorid powder mixture
indictor according to Singth (1988). scil samples were coliected from the
experimental soils before seedling to determine some soil physical and
chemical properties (Tabie 1) according to Jackson (1958) and Black &f 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 1

lay % 53.21 4917
Silt % 2514 26.11
Sand % 2165 2472
Texture Clayey Clayey
pH (1. 2. 5 soil: water suspensicn) 8.05 8.2
EC dSm™ (soil paste extract) 21 2.4
KOrganic matter 1.70 1.60
Available-N mg kg {1 M KCli extracts) 36 28
Available-P mg kg’ (0.5 N NaHCO; extracts) 6.1 58
Available-K mg kg_(ammomum acetate extracts) 280 214

RESULTS AND DISCUSSION

Data presented in Table 2 show that inoculating the soils cultivated with
cucumber by non symbiotic Nz-fixing bacteria increased the nitrate content of
cucumber frults in both seasons, The :ncreases were ranged from 11 48 and
263 mg kg’ to 14 90 and 4.61 mg kg, from 2.10 and 1.31 mg kg’ to 411
and 2.90 mg kg~ and from 0.43 and 0 82 to 0.89 and 1.02 mg kg~ in the
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 soi-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 poliution than
mineral-N application.

Dramatic increase of nitrate content in cucumber fruits was obtained
due to increasing 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 flrst 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 I-<g'1 in the late cuts the increases of nitrate content in cucumber
fruits due to increasing the mineral nitrogen fertnl:zer from 0 to 30 and 60 kg
N fed” were from 0.18to 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 NO3-N in the soil encourage NO; absorption by plants and NO;
accumulation in the tissues. These results couid he supported by those
obtained by Prakasa and Puttanna (2000} and Song ef al. (2002) who
concluded that the concentrations of NO4-N accumulated in plants increased
rapidly with increasing N application, they alsc reported that NOs-N
accumulation had a close relation with soil property.

Data presented in Tabie 2 show that no clear {rend of the differences
in nitrate content due to the inocuiation 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 (Tabie 4). It is noticeabie that the nitrate content values
were higher in the first season than that of the second season and this may
be due to the differences in environmental factor i.e., temperature, drought,
shading, etc..

These findings are inagreement with those obtained by Liyanage ef
al. (2000) who reported that three major factors are generally considered to
be involved in the accumulation of nitrates by piants are genetic factors, light
factors from ecological environment and nutritional factors.

In spite of the high NOs-N content in some cucumber fruit samples
especially in the early cuts (1.6-22.6 mg kg") the total NO5-N reaches to the
human boedy is less because the quantity consume from the cucumber fruits
is iess. But it become danger when there are additional sources like rice,
Usha ef al. (1993) reported that nitrate content in some varieties of rice in
Pakistan have exceeded the permissible level. In Egypt Knany and Atia
(2003) found that NO; in the rice was between 3.2 and 10.1 mg kg'1 and
drinking water, other vegetables, Moller sf al (1989) in Denmark and
Liyanage ef al. (2000) in Sri Lanka reported that in a rural population drinking
water and vegetables were two major sources of nitrates pollutron of their
diets. In India Usha ef af. (1993) stated that NO; to 270 mg kg and roots
and tubers 31 0 2043 mg kg™
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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 legaliy 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, inoculation methods and nitrogen
levels on nitrate content (mg kg'™') of cucumber fruits in 2004
and 2005 season.

Treatments NO; mg kg~ i
Inoculation |Nitrogen|Inoculation; Early cuts Middle cuts Late cuts

1T 7™ 1§t_ 2™ 1 an

methods levels season|season|season|seasoniseason|season
No Without | 3.80 | 1.80 | 0.20 | 0.58 | 0.00 | 0.30
With 698 | 183 | 106 | 060 : 062 | 0.30
Liquid Nso Without | 1470} 270 | 080 | 085 | 0.40 | 0.70
With 1718 | 547 | 160 | 280 | 094 ; 078
Neo Without | 15.85 360 | 444 | 185 | 0.0 | 133
With 2260 | 803 | 970 | 520 | 1.76 | 1860
No Without | 3.80 | 160 | 020 | 0.48 | 0.00 | 0.30
With 580 | 265 | 026 | 060 | 0.08 | 055
T ablets Nao Without 1470 | 270 | 0.80 | 143 | 040 | 070
With 1542 | 355 | 236 | 280 | 066 | 1.15
No Without } 1595 | 360 | 596 | 2565 | 0.80 | 1.60
With 2142 | 610 | 970 | 520 | 130 | 1.75
Inoculation Without 1148 | 263 | 210 | 131 | 043 | 082
With 1490 | 461 | 411 , 290 | 088 | 102
No 510 | 192 | 043 | 0567 | 018 | Q.38
Nitrogen levels Nsg 1550 | 3.61 1.39 2.05 0.59 0.83
Neo 1898 | 533 | 7.76 | 370 { 1.22 [ 187
Inoculation Liguid 1354 | 3.87 | 297 | 201 { 0.77 { 0.84
methods Tablets | 1285 | 3.37 | 3.21 | 219 | 056 | 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 petiotes. Nitrate content of cucumber peticles 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
earty 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 t0 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 €.40 and 32.94 mg kg’
'. These results could be enhanced by those obtained by Prakasa and
Puttanna {2000) who reporied that appiication of nitrogen fertifizers can
cause increase in concentration of nitrates and nitrites in crops. Also, Song ef
al.(2002) found that the concentration of NOs-N accumulated in plants
increased rapidly with increased N application. From the data in Table 3, it is
ciear that inoculating the soil which cultivated with cucumber by non
symbiotic Nz-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 NOs mg kg™ |

Inoculation [Nitrogen| Inoculation Early cuts | Middie cuts Late cuts |

.TST 2nd r 1ST znd 1?( znd |

methods | levels |

5€350N; 5eason season seasoniseasoniseason’

N, | Without [ 506 | 275 | 310 1213 | 133 | 162 |

With | 080 | 1450 | 505 | 627 [ 229 | 1.99 |

Liquid Ng | Without | 1256 | 1225 [ 911 | 6.88 | 585 | 3.50 }

With 18.79 | 17.00 112.50 111.23} 841 | 749 ,

N Without 12380 | 32.00 | 14.80 | 2168 9.84 | 13.58 |

* With 27.86 | 3500 | 18.04 13890 ( 10.21 | 46.82 |
N, | Without | 506 | 1450 | 310 ;213 } 133 | 1.99

With 1209 | 1563 [ 686 | 70 | 163 | 3.83 !

T ablets Ny | Without 1187671 17.00 11176 {11,151 472 | 710 i

With 23.88 | 3375 1 1513[21.50] 841 | 749 !

Ng | VVithout | 27.86 | 3200 | 76912750 G71 | 2482 |

With 33.78 | 6925 (20.62 150991 ©.84 | 46.74 |

inoculation Without | 1552 | 1842 | €63 1101 543 J €82 |
With 21.03 | 30.86 | 13.08 |23. 431 680 | 19.05 !

Ne 800 [ 11.85 { 453 }-=5e | 165 fz 431

Nitrogen levels Nao 18.51 | 20.00 ) 1213 /1269] 680 | 640 |
Neo 28.33 | 4208 | 17.86 |34.77| 9.90 | 32.94
Inoculation Liquid | 16.31 | 18.82 | 10.43 i14.85 629 | 1255
methods Tablets | 20,24 | 30.36 | 12.58 {20.50| 594 | 1533

Data presented in Table 4 show that inoculating the soil which
cultivated with cucumber by non symbiotic N:-fixing bacteria led to clear
increase of NOs-N in !he soil. In the first season the increases were from
14,52 to 19.40 mg kg in the soil samp!es coliected during the eary cuis,
from 13.01 mg kg~ to 16.85 mg kg™’ in the son sampies collected during the
middie 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 63 kg N fed' led to
increase the N03~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™ t6 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 fo 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 fertilizer levels increased the NO; in
the soil because the nitrogen fertilizer was NH4NG,.

Table 4: Effect of biofertilization, inocutation 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
137 2nd 151 Z"d 151 znd
methods | levels season|season|season|season|seasoniseason
N Without 528 | 955 3.10 | 11.40 | 1.60 3.70
0 With 560 [ 1240 | 500 [ 16.35 | 3.00 8.15
Liquid No Without 16.56 | 13.85 | 10.88 | 11.20 | 4.45 4.60
With 2060 | 16,20 1 11.50 | 17.25 | B.57 7.53
Nao Witi_wut 2380 | 1530 12310 | 1240 | 1045 ; 6.51
With 3590 { 1940 | 26.40 | 22,95 | 1225 ) 12.75
N Without 488 | 1240 | 310 7.80 1.60 1.94
0 With 560 [ 1610 | 612 | 1140 | 316 | 465
Tablets No Wittjout 12.78 | 16.60 | 11.50 | 10.40 | 5.57 5.23
With 2060 | 19.00 | 16,90 | 11.20 | 9.54 6.67
N Without | 23.80 | 19.40 | 26.40 | 12.40 | 11.20 | 7.20
60 With 28.10 1 20.80 | 35.20 | 15.05 | 1450 | 8.54
. Without | 14.52 [ 14,53 | 13.01 § 10.93 | 5.81 4.86
Inoculation With | 1940 | 17.32 | 1685 | 15.70 | 817 | 7.88
Ng 534 | 12611+ 433 | 11.74 | 2.34 4.1
Nitrogen levels Nag 17.64 | 16.44 | 1270 | 12.51 6.53 6.01
Neo 2790 | 1873 | 27.78 | 15.70 | 1210 | 9.00
Inoculation Liquid 17.96 t 1447 | 13.33 | 1526 | 639 | 6.87
methods Tablets 1596 1 1738 | 16.54 | 11.38 | 7.60 5.87

Data presented in Table § 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 in the soil samples
collected during the early cuts, from 0.33 to 0.88 mg kg’ in the soil samples
coliected 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 1o 1.28 mg kg™ in the soil samples collected during the early
cuts, from 1.29 to 2.04 mg kg’ in the soil samples collected during the
middle cuts and from 0.59 to 0.98 mg kg~ in the soil sampies 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 NO,-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
methods | levels il 1 2 = 2"

season|season{season|season|season| season
No Without 0.0C 0.36 .19 .85 0.10 0.39
With 010 0.80 0.42 1.84 C.26 0.82
Liquid Nao Witr}out 027 | 0.83 0.28 1,30 | G.14 0.55
With 0.36 1.25 0.43 2.28 0.28 1.11
Neo Witr_mout 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
N Without 0.00 { 080 | 0.16 0.85 | 0.09 | 040
¢ With 002 [ 1.07 | 042 | 091 | 0.20 | 0.51
Tablets N Without 0.17 1.30 | 0.19 1.02 0.40 0.55
With 0.27 1.49 .43 1.30 0.25 0.69
N Without 0.60 1.30 0.39 1.85 ¢18 0.88
i With 080 | 168 { 180 | 249 | 120 | 1.33
inocutation Witf_\out 0.31 0.94 0.33 1.29 0.16 0.59
With 0.53 1.28 0.88 2.04 0.51 £.98
No 003 | 076 | 0.30 111 | 0.16 | 0.53
Nitrogen levels Nag 027 | 122 ) 0.34 148 | 0.20 | 0.73
Neg 095 | 135 118 [ 240 1 0.64 1.10
Inocuiation Liguid 0.52 0.95 .64 1.92 0.33 084 1
methods Tablets | 03¢ | 127 | 057 | 140 | 034 ; 073 |
Conclusion

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

Recommendation
The cucumber fruits can be eaten in the second day after cutings fo
avoid the destructive effects of NO;,
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