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INFLEUNCE OF NITROGEN LEVELS AND NO3:
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COMPOSITION OF CUCUMBER ‘
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ABSTRACT

.Two field experiments were carried out at the Experimental Farm of the Faculty of
Agnculturp, Suez Canal University during the two successive seasons of 2001 and
2002 to investigate the effect of nitrogen levels ( 30, 60 and 90 kg N/fed) and NO; :
NH, ratios on vegetative growth, yield and elemental status of cucumber (Cucumis
sativus, L.)

Resuilts indicated that increasing the applied nitrogen levels from 30 up to 90 kg
Nffed. increased all the vegetative growth parameters (No. of leaves, plant height,
shoot fresh and dry weights and leaves area /plant). Conceming the N-form ratio, the
results declared that the ratio of 2:1 NO3 : NHs gave the highest values of all
parameters followed by 3:0,1:1, 1:2 and the lowest values were obtained when NH,
was the sole source of nitrogen. : '

Yield components, * No. of fruits/plant, total yield/ plant and yield/ fed. were
increased significantly with increasing nitrogen leve!l, however the average of fruit
weight and the early yield /plant were higher with 60 kg Nffed. than with other two
rates. Regarding the NOs: NH, ratios, results showed thatthe average number of
fruits/ plant were higher with the ratio of 1:2 than 1:1 or 3: 0 . However, the average
fruit weight was higher with the ratios of 2:1 and 1:1 than the other ratios. The highest
early and total yield/ plant and total yield/ fed. were found with ratio of 1:2 followed b
1:1and the lowest values were observed with the ratio of 3:0.

Total nitrogen, phosphorus and potassium contents of the leaves increased with
increasing nitrogen applied levels from 30 to 90 kg N./fed. Both N and P contents in
the leaves ‘increased corresponding to the increase of NHe-N proportion in the
mixture. However, the lowest K contents were found with the NHs- N fed plants and
increased with increasing the NOi: NH, ratios.

INTRODUCTION

The growth and yield of cucumber and other cucurbits depend much on_
the supply of nitrogen and are generally increased by the application of.
nitrogen fertilizers.

Ammonium and nitrate represent the major and available inorganic forms
of nitrogen, taken up by the roots of higher plants (Devlin and Witham, 1983).

As ammonium or nitrate comprise about 80% of the total cations and..
anions taken up by plants, the form of nitrogen supply has a strong but
inverse impact on the uptake of other cations and anions (Marschner, 1995).
The preference of either ammonium or nitrate as sole source of nitrogen for
plant growth and yield formation depends on plant species and for many a
mixture is much better (Kirkby, 1981). )

Species susceptible to ammonium nutrition such as cucumber and pea
grow without toxicity symptoms if the concentration of ammonium is moderate
and the pH in the growth medium is maintained near neutrality. Unfavorably
high concentrations of ammonium nitrogen in the soil or in the nutrient
solution may, however, lead to NH, toxicity which is considered to be the

“sult of effects such as ammonium- induced mineral nutrient deficiency
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sed by impaired uptake of ions, acidification of the mizosphgre.
:?t:raﬁonsyin tlfe osmots: balance, or modified phytohormone metabolism
(Gerendas et al. 1997). ) o

The high demand of carbon skeletons for ammonium agsnmllanor_! is
reflected on the doubling of the rates of O, consumption per unit root weight
compared with nitrate-fed plant (Matsumoto and Tamura, 1981). As a resyit
sugar content of those supplied with ammonium is lower in the root than \yrth
those fed by nitrate plants. Accordingly, plant growth, is poor in ammonium
fed plants when ammonium concentration or root zone temperature is high.

The relative advantage of both forms of nitrogen on plant growth also
strongly depends on the extemal concentrations. At low concentrations the
growth differences between ammonium and nitrate supply are small but it
depend on plant species. However, with increasing extemal concentration,
the advantage of nitrate as sole source of nitrogen increases and relative
depression by sole ammonium supply become distinct. Highest growth rates
are achieved with mixed supply of both forms of nitrogen, the optimai
proportion depend strongly on the total concentrations supplied (Gerendas
and Sattelmacher,1990).

Researches indicated that the highest crop yields are generally obtained
with a mixture of NO3 and NH, than with either form alone (Barker and Mills,
1980; Hagin ef al. 1990). The effects of mixed systems differ with species,
physiological stage of growth and the ratio of NH, to NO, supplied (Errebhi
and Wilcox, 1980).

Most nitrogen fertilization studies on cucumber focus on rate, kind,
method and time of application, however, the changes in NOy: NH,- ratios
received less attention.

The aim of this study is to investigate the effect of both N levels and NOs:
NH; ratios on vegetative growth and yield of cucumber.

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of the
Faculty of Agriculture Suez Canal University during the two successive
seasons of 2001 and 2002 to investigate the influence of nitrogen levels (30,
60 and 90 kg Nffed) and NO; : NH, ratios (3:0, 2:1, 1.:1, 1:2 and 0:3), for
each level of nitrogen,respectively, on the growth , yield and its components
and elemental status of cucumber.

The experiments were carried out on sandy soil in texture with 95.2 and
95.4 sand, 3.0 and 2.6 silt, 1.8 and 2.0 clay, 0.92 and 0.84 organic matter, pH
7.98 and 8.01, total N (g/kg) 0.11 and 0.08, P (g/kg) 5.74 and 5.63, K (meg/L)
0.51 and 0.48, CaCO, (%) 0.68 and 0.75 in the first and second seasons,
respectively.

A split-plot system in randomized blocks with four replicates was used.
Nitrogen levels were arranged in main plot and the sub piot was devoted to
the NOy. NH, ratios. Seeds of cucumber cv. Medina were sown at first and
third of April for the first and second seasons, respectively, in hills, 50 cm
apart on one side of the ridges one meter width. Two plants were left per hill.
The area of the sub plot was 21m?(1/200 of fed). Nitrogen supply was divided
to three equal portions. One-third was added during soil preparation and the

2714



J. Agric. Sci. Mansoura Univ., 29(5), May, 2004

other two thirds were equally added every two weeks. The sources of N were
ammonium sulphate (20.5%) and calcium mtrate {15.5%). Farmyard manure
was added at soil preparation at the rate of 30 M/fed., other fertilizers and all
recommended agricultural practices for commercnal cucumber production
under sandy soil conditions.were applied.

After 55 days of planting, three plants from each sub-plot were randomly
taken to measure the vegetative growth parameters expressed as plant
height (cm), number of leave/piant, shoot fresh weight/plant (gm) Shoots dry
weight/plant were determined after they oven dried at 70°C for 72 hours.
Leaves area (m? Yplant was calculated according to the following equation

. Leaves area/plant = Fresh weight of leaves /plant x Area of the disks
Fresh weight of disks

At the beginning of harvest season fruits from each treatment were
picked at two to three days intervals up to the end of harvesting season. The
average number and weight of fruits/ plant, early yield and total yield g /plant
as well as yield as ton / feddan were calculated.

Leaf mineral contents as percentage of dry weightof N. P and K were
determined as follow;

- Total nitrogen in leaves as described by A.O.A.C.(1975).

- Phosphorous was determined according to Jackson (1967).

- Potassium was determined using flame photometer as described by
Jackson (1967).

- Statistical analysis. The obtained data were subjected to statistical analysis
according to Snedecor and Cochran (1989).

RESULTS AND DISCUSSIONS

1- Vegetative growth.
1.a. Effect of nitrogen levels.

Data presented in Table (1) show the significant effect of the levels of
nitrogen 30, 60 and 90 kgN/fed on vegetative growth parameters. Results
declared that number of leaves/plant, plant height, both fresh and dry weight
of shoot as well as the area of leaves per plant increased with increasing
nitrogen level from 30 up to 90 kg.N/fed. This was evident in the two seasons
of the study. The obtained results were in agreement with those of Abo-
Sedera (1990); Mohamed (1999) on cucumber;, Feleafel ef al.(2000) on
pumpkin and Tartoura (2001) on pea. The increment in plant growth
parameters reflect the vital importance role of nitrogen as a plant nutrient,
since itis an integral part of the chlorophyll molecule, nucleic acids, proteins,
and other important substances (Deviin and Witham, 1983). Nitrogen
stimulates the menstimatic activity for producing more tissues and organs.
Abd-El-Fattah and Sorial (2000) ensured that increasing nitrogen levels
increased of CYT and GA which enhance cell division and cell enlargement
and thus increased vegetative growth of squash.

1.b. Effect of N-form ratio.

Concerning the influence of N form ratic on the vegetative growth of
cucumber, it is clear from the results of Table (1) that the lowest values of all
parameters were obtained when NH,-N applied as sole source of N. The
increase in the ratio of NOy: NH, led to corresponding increase in number of
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leaves/ plant, plant height, the fresh and dry weight of shoots and leaves area
per plant. Generally, the ratio of 2:1 gave the best values followed 3:0,1. :1
then 1:2, respectively. The beneficial effect of mixed sources of N was also
reported by Osman and Wilcox.(1986) on muskmelon, Alan (1989) on
cucumber, Gameily et al.(1991) on onion, Ansary (1998) on spinach; William
at al. (1999) on squash. The optimal growth of most plants grown with mixed
supply of NO3 and NH, explained by (Raven, 1985; Allen et al.1988) as when
both NO; andNH, are supplied, pH stat may be achieved by similar rates of
H* production (NH, assimilation) and H* consumption (NO, assimilation) and
thus a very low energy requirement. Also, the mixture may enhanced the
plant roots to grow and increased the production of CYT which export to the
shoots (Wang and below, 1996). The rapid assimilation of ammonia cause
the depletion of carbohydrate supply to plants utilize NH4 as sole source to a
low point which in turn cause growth reduction of the plants (Devlm and
Witham, 1983).

1.c. Effect of interaction. .

Data in Table (2) show that NO,: NH, ratios affected all vegetative growth
parameters of cucumber. With 30 kg N. fed the greatest values of piant height
and leaves area were obtained with the ratio of 30:0 NO,: NH, foliowed by the
ratios of 20: 10, 15: 15, 10: 20 and 0: 30,respectively. Concerning the number
of leaves, fresh and dry weight of shoots, the ratio of 20: 10 gave the highest
values followed by those of 15: 15, 30: 0 and the lower values of alt
parameters were obtained with the ratios of 10: 20 and 0: 30.

Results also show that with the level of 60 kg N/fed. the ratio of 40: 20
gave the highest values for all parameters, followed by 30: 30 for No. of
leaves, dry weight of shoots and 60: O for plant height and fresh weight.
However leaves area had no significant differences between the ratios 40: 20
or 60:0. Generally, plants fed with NH, alone had the lowest vegetative
growth values followed by those grown with the ratio of 20 : 40 NO;: NH,. -

Plants received nitrogen fertilizer at rate of 90 kg N/fed had also the
highest growth parameter values with the ratio of 60:30 followed by the ratio -
of 45:45 , 90:0, 30 :60 NOs: NH, and the lowest values were gained when
NH, was ‘the only source of nitrogen. Matsumoto and Tamura (1981) stated
that the demand of carbon skeleton for ammonium assimilation is reflected on
the doubling of the rate of O, consumption per unit root weight compared-to
nitrate-fed plant as a result sugar content weil be lower, and the plant growth’
is poor in ammonium fed plants specially when the concentration is high. The
relative advantage of both forms of N on plant growth strongly depends on
the external concentrations, and the highest growth rate achieved with mixed
supply of both forms of nitrogen (Gerendas and Satteimacher, 1990).

2. Yield and its components.
2.a. Effect of nitrogen leveis.

Results of Table (3) show that number of fruits, yield /plant and total yield
! fed were significantly increased as the applied N levels increased from 30
up to 90 kg N ./ fed in the two seasons. Regarding the fresh weight of fruits
and early yield/ plant, the highest recorded values were obtained with N level
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of 60 kg Nifed. over those of 30 or 90 kg N/fed. The proportional of early to
total yield/ plant were 45%, 44% ;38% ,44 % and 43% 40% for those 30, 60
and 90 kg N/fed in the first and second season, respectively. These results
were in harmony with Abo-Sedera(1990) and Mohamed (1899) on cucumber.
Abd-El-Fattah and Sorial (2000) on squash stated that increasing the yield by
.the application of nitrogen levels may be due to the enhancement effect of
nitrogen. to vegetative growth and leaves area /plant which create a large
surface available for photosynthesis and thus in tum increased the weight of
ruits and total yield. Besides, nitrogen is an important constituent of
chlorophyll, which increase photosynthesis.

2.b. Effect of N-form ratio.

Data in Table (3) show that average number of fruits/ plant was higher
with the ratio of 1:2 than the ratios of 1:1 or 3:0. The results indicated that
number of fruits tend to increase with increasing NH, over NO, fertilizer
atthough the differences between most ratios of NO,. NH, were not
significant Average fruit weight also was higher with the ratio of 2:1 and 1:1
than the other ratios. This was evident in the two seasons of the study.

Concemning early and total yield/plant and total yield/feddan results also
revealed significant differences between the ratios. The highest recorded
values were obtained with the ratio of 1:2 followed by 1:1 and the lowest
values were observed when NO, was the sole source of N. Similar results
were obtained by William ef al{1999) who stated that the highest fruit
biomass of squash plants receiving the ratio of 1:1 treatment indicated more
carbon skeletons available for fruit production, As most of the photosynthetic
energy was used for NO, uptake and assimilation, smaller proportion was
allocated to fruit production. Hartmen et al.(1886) found that the vegetative
growth of tormato shown to increase just before fruit set when 25% of the N
was supplied as NH,.The obtained resuits were in agreement to some extent
with those of Osman and Wilcox (1986) on muskmelon and Gamiely et
al.(1991) on onion
2.c. Effect of interaction.

Number of fruits/ plant increased with increasing N level from 30 up t6 90
kg N/fed. With 30 kg N/fed the highest fruit was observed with the ratio of 1:2
followed by 1:1,2:1, 0:3 and the lowest number of fruits were with ratio of 3:0.
The trend of the results was similar with 60 and 80 kg Nffed. however, most
differences between the ratios were not significant (Table 4).

Conceming the average weight of fruits such data show that the highest
weight of fruits with N level of 30 Kg was observed with the ratio of 3:0
followed by 2:1, 1:1, 1:2 and 0.3, respectively. With the N level of 60 kg/ fed it
is clear from the results that the ratio of 1:1 gave the highest fresh weight of
the fruits followed by 2:1 and 1:2 alithough most differences did not reach the
value of significance. With N. level of 90 kg, such data showed that the ratio
of 1:2 gave the highest fruit weight in the first and second seasons of the
study.

Concemning the early and tota! yield/ plant or yield / fed., data in the two
seasons indicated that the highest values with three N levels were obtained
with the ratio of 1:2 followed by the ratio of 1:1 and the lowest yield were
found when plants fed with Ca(NO,), alone.
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3. NPK contents.
3.a Effect of N. levels and N-form ratios:

Total N, P and K contents in the leaves of cucumber were increased
corresponding o the increase of applied levels of nitrogen from 30 up to 90
Kg Nffed (Table 5). Obtained results are in harmony with the findings of Abo-
Sedera (1991) on cucumber, Abd-El Fattah and Sorial (2000) on squash and
Feleafel et al.{2000) on pumpkin. The highest concentration of N was found
when NH,-N was the only source of N. Increasing the proportions of NO4-N in
the mixture were tied with a corresponding decrease in N contents and the
lowest concentration obtained in the leaves of NOy-N fed plants.

Table (5): Effect of nitrogen levels and NO,: NH, ratios on total nitrogen,
phosphorus and potassium contents as a percentage of
dry weight in the leaves of cucumber during 2001and

2002 seasons
N levelgNitrocgen|Phosphorus| Potassium |Nitrogen PhosphorusiPotassium
(kg/fed) % % % % % %
2001 ] 2002

30 298 ¢ 0.189 ¢ 377 ¢ 272 ¢ 0.175¢ 375 ¢
60 310 b | 0.196b 403 b |286b | 0.191b 420 b
90 328 a | 0203a 442 a 1299 a| 0204a 445 a

03 : NH4 Ratios

0 290 e | 0.190d 480 a | 258 e | 0.184c 459 a
2:1 301 d 0.194 ¢ 459 b 274 d 0.186 ¢ 445 b
1:1 314 ¢ 0.185¢c 435c¢c |29 c | 0187¢c 419 ¢
1:2 323b | 0.199b 350d | 297b | 0.193b 381d
0:3 332a| 0202a 312 ¢ |30%a| 0199a 362 ¢

The leaf contents of P showed a trend very similar to nitrogen with alf N-
form ratios. On the other hand K contents were highest when the ratio of
NC;: NH, was 3:0 followed by 2: 1, 1:1 and 1:2, respectively, and the lowest
contents were found with the ratio of 0:3. Results held well in the two
seasons. Our results coincided with those of Osman and Wilcox (1986) on
muskmelon, Alan (1989) on cucumber, Ansary (1998) on spinach; William et
al.(1999) on squash and contradicted with El-Nemr et al(2002) on green
bean.

3.b. Effect of interaction.

Data in Table (6) indicated that nitrogen, phosphorus and potassium
contents in the leaves increased as the level of N increased from 30 up to 90-
kg N/ fed. N and P increased as the ratio of NO ; :NH, decreased to reach
the highest content with the ratio of 0:3 with all levels of nitrogen. However, K
content decreased corresponding to the increase of NH.-N in mixture also
with all the applied nitrogen levels. The trend was similar in both seasons.
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Table (6): Interaction effect of nitrogen levels and NO;: NH, ratios on
total nitrogen, phosphorus and potassium contents as a
percentage of dry welghtinthe leaves of cucumber during

2001and 2002 seasons
Mool |NO3:NH4| Nitrogen [Phosphorus| Potassium | Nitrogen [Phosphorus| Potassium
gfted % % % % % % %
2001 2002
0.0 | 271 0.184 .70 749 0.169 a7
20:.10_ | 290 | 0.188 436 | 262 0.171 4.28
1515 | 3.01 | 0188 3.96 271 0173 3.84
20 10:20 | 341 | 0.191 2.6 2.83 0.176 3.21
0:30 | 3.8 | 0193 2.82 3,04 0.182 293
60:0 | 287 | 0191 | 482 | 2.6 0.186 4.5
4020 | 296 | 0.154 456 | 2.74 0.186 .41
[ 30.30 | 343 | 0.9 4,38 292 0.188 a7
60 20.40 | 322 | 0.197 3.4t 296 0.194 3.89
0.60 | 331 0.201 282|311 203 3.93
90,0 | 3.41 | _0.185 4.38 268 0.197 479
80:30 | 3.8 | _0.198 462 386 0.201 4.68
90 45:45 | 328 | 0203 374 3.06 0.201 456
30:60 | 337 | 0208 4.06 314 0.206 422
0:90 | 348 | 021 3.61 322 0.213 .01
F test - NS . - NS -
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