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ABSTRACT

Two field experiments were carried out during both successive winter seasons
of 2008/2009 and 2009/2010 in a private farm near Gamasa city, Dakahlia
Govemorate to evaluate the effect of Nitrogen fertilization forms (NH, : NO3) and
Potassium fertilization levels on plant growth, chemical composition, yield and quality
of radish plants (Raphanus salivus, L., cv. Radish early 40 days).

Factorial-experiment in a randomized compilete block design was used. The
experiment included 15 freatments: First factor: 5 treatments of N-forms {NHs : NOJ),
i., N1=100% NH,, N2=75% NH4.+25% NQCa, N3=50% NH, + 50% NOs;, N4=25%
NH+75% NOs and N5=100% NO: Second factor 3 treaiments of K-levels: K1 = 40,
K2 = 70 and K3 = 100 Kg K20fed,

The results obtained from this work could be summarized as follow:

» The maximum values of vegetative growth parameters, total chlorophyll, N%, K%,
yield and its components and quality parameters were recorded for the plants
supplied with N-forms as N3 treatment (50%NH,4 + 50%NO0;) and N4 treatment
(25% NH,; + 75% NOs3). Whereas, the lowest one were produced when 100% NH,
was the only N-form. This trend was true in the two seasons.

= The highest values of these parameters were realized for the tr-atments of K2 (70
kg K2Offed) or K3 (100 kg K2Offed).

« With regard to the effect of interaction between N-forms and K-levels, it can be
observed that the best vegetative growth parameters, chemical constituents, yield
and quality parameters were documented for the plants received the N forms as N3
(50%NH, + 50%NO3) followed by N4 (25% NH4 + 75% NOs) of N-fertilizers at the
rate of 100 kg N/fed combination with K2 level (70kg KzOffed). Whereas, the jowest
one were produced when 100% NH, was the only N-form with all levels of
potassium during the both seasons under the conditions of new sand cultivated
area of Dakahlia Govermnorate, Egypt.
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INTRODUCTION

Radish {(Raphanus sativus L.) is both annuat and biennial and belongs
to the Cruciferae, or Brassicaceae or mustard family.

Plants absorb N only as inorganic nitrate ions (NO4), or ammonium
(NH,") and or amino {NH_') ions. Available N is often a more limiting factor
influencing plant growth than in any other nutrient. in the same line, Hartman
et al. (1986) studied the influence of nitrate: ammonium ratios on tomato
plants. They reported that vegetative growth prior to fruit set was increased
significantly by adding 25% of the N as NH,, although higher NH, ratios
reduced vegetative growth. Talaat (1995) pointed out that the dry weight of
shoots was higher in radish plants supplied with ammoniurn nitrate than those
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supplied with ammonium sulphate due to the stimulatory effect of this N
source. Also, Naguib ef al (2003) studied the response of three radish
cultivars (Japanese, White and Red radish) to urea, ammonium suifate and
ammonium nitrate applied singly or in combination with chelated zinc sprays.
Japanese radish was superior in terms of growth parameters and yield of
roots. Urea-N fertilizer proved highly significant simulation of the growth and
roots parameters compared to the other two N-sources. In addition, Shafeek
ef al. (2004) supplied radish plants with three nitrogen forms (ammonium
nitrate, ammonium sulfate and urea) with three nitrogen rates (30, 60 and 90
kg Nffeddan). Nitrogen fertilizer in the form of ammonium sulfate resulted in
the best growth characters and chemical constituents, followed in descending
order by urea and ammonium nitrate forms. Fallovo ef al. (2009) observed
the growth, yield, nitrate content, total N and S concentration in shoots, and
water uptake of hydroponically grown Brassica rapa and Brassica juncea in
greenhouses. Plants were supplied with nutrient solutions having equal N
concentrations of 11 mM in different forms: 100% NH,, 50% NH+50% NO;,
and 100% NO,. Nitrogen supplied as 100% NH, reduced fresh and dry shoot
biomass, leaf area, and leaf number in both Brassica species. Fresh shoot
biomass was maximized in Brassica rapa when photosynthetically active
radiation level was above the medium value and nitrate was supplied in the
nutrient solution as NO; or as a mixture of 50% NO; and 50% NH,. In the
same line, Bybordi {(2010) found that the biomass production of canocla plants
at 75% NH,: 25% NO; was lower than that of plants at 0 % NH, : 100 NO,.

Potassium is one of essential nutrients required for plant growth and
reproduction. It is essential for plant respiration and development of
photosynthesis processes and chlorophyll content and also, it plays a vital
role in promoting the assimilation rate of CO, and photosynthesis capacity
(Mengel and Kirkby, 1982). In the same line, Bokhatiar et al. (2001) showed
that the yield increased with every increase in the level of K up to a certain
limit, thus signifying that higher dose of K fertilizer is required in this soil for
obtaining the satisfactory radish yield. The highest vield was noted in K3
treatment (160 kg K;O/ha) which was closely foliowed by K2 treatment (120
kg K;O/ha). Patnaik and Sadhu (2006) observed that K rates had slight
effects on the vegetative growth of radish plants. Moreover, Lukacs and Sardi
(2009) suggested that increases in fresh and dry matter production of radish
plants strongly responded to increasing rates of potassium fertilizer. The
highest values in dry matter production were observed at the highest rates of
K supply.

The aims of this investigation are to evaluate the effect of nitrogen form
ratio, the optimum leve! of potassium and their interaction effect on growth,
chemical composition, yield and quality of radish plants.

MATERIALS AND METHODS

Materials:

Two fiekd experiments were carried out during both successive winter
seasons of 2008/2009 and 2009/2010 in a special farm near Gamasa city,
Dakahlia Governorate to evaluate the effect of Nitrogen fertilization forms and
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Potassium fertilization levels on plant growth, chemical composition, yield and
quality of radish plants (Raphanus sativus, L.) cv. Radish early 4C days.
The experimental design and treatments:

Factorial experiment in a randomized complete block design was used
with four replicates for each treatment. The experiment included 15
treatments: 5 treatments of N-form combinations (NH,: NO; ratio) and 3
treatments of K-levels:

First factor (N-forms):
N1=100% NH, = 500 kg/fed (NH,),SO,.
N2=75% NH4+25% NOy= 375 kg/fed (NH,),SO,) + 166 kg/fed Ca (NO;),.
N3=50% NH, + 50% NO; = 303 kgffed NH,;NO,.
N4=25% NH,+75% NO;= 125 kgffed (NH,);SO,) + 500 kg/fed Ca (NOj),.
N5=100% NO, = 666 kg/fed Ca (NO,)..
Second factor (K-levels):
K1 = 40-Kg K;0O ffed.
K2 = 70 Kg K;Offed.
K3 = 100 Kg K,Offed.
Cultivation:

Radish seeds were sown in lines by hand in hills on November 25 in
both seasons of 2008/2009 and 2009/2010, respectively. Row-to-row and
plant-to-plant distances were 20 ¢cm and 20 cm, respectively. There were 5
rows in each plot with 10 plants per row. The piot area was 2 m? ie., 2m x
1m. Thinning of seediings was done after two weeks from sowing. The
seedlings were diminished to one plant per hill.

The physical and chemical properties of the experimental soil have
presented in Table (1).

Table (1);: Physical and chemical properties of the experimental soil
during both seasons of the experiment.

O.M | CaCQ, | Total sand| Siit Clay Texture EC H s
% % % % % class | {soil paste) dS/m P P
4.6 3.22 83.0 8.0 8.0 sandy 1.25 7.70 | 320

Table 1: continue
Available {ppm) lons meg/100 g soll
P K Ca” [ Mg | K Na’ CO;" | HCOy | CI' | 8O,

144 {011 ] 2.44 0.00 0.63 1.10 ; 455

N
4301 11.0 280 2.00

Fertilization:

Nitrogen fertilizer was added in the forms of NH, and NO; of
Ammonium sulphate ((NH)2.S0,; 20% N) and Ammonium nitrate (NH(NO,,
33% N) are residually acid forming whereas Calcium nitrate {Ca (NOs).,
15.6% N) is residually basic forming. These fertilizers added at the level 100
kg N/fed. Potassium fertilizer was added in the form (K;S0,) at three levels
(40, 70 and 100 kg K;Offed.)

N and K fertilizers were divided into two equal parts; the first addition
was done after 20 days from planting and the second one at 30 days later.
The other agricuitural practices were done as the farmers do in the
experimental area. '
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Sampling dates and data recorded:
Three plants were randomly taken from each plot at harvest (after 90
days after planting; DAP) to determine the following parameters:
Plant growth parameters:
1-Leaf length. 2- Leaf width.
3-Number of leaves /plant. 4- eaves fresh weight /plant.
5-Leaves dry weight /plant
6- Leaf area/ plant It was calculated according to the method
mentioned by (Koller, 1972).
Chemical composition:
1- Total chiorophyil was determined in radish leaves at harvest (80 DAP).
2- N, P and K contents were determined in the leaves and roots of radish at
harvest (after 90 DAP).
Roots vield and its components:

1-Root length, 2-Root fresh weight /plant.
3-Root dry weight /plant. 4- Shoulder diameter of root.
5-Middle diameter of root. 6- Roots yield: At harvesting stage;

yield of radish roots was calculated as kg/m*® by multiplying the average

weight of root /plant * 25 plants.

Quality parameters:

1-NQO;-N and NO,-N contents were determined in the leaves and roots of
radish plants at harvest {after 80 DAP).

2-Total sugars % and TSS % were determined in the roots of radish plants at
harvest (after 50 DAP).

Meothods of analysis:

Soil analysis:

Socil samples were collected and mechanical analysis was determined
using the international pipette method (Kilmer and Alexander, 1949). For
chemical analysis, the soil samples were digested as described by Jackson
(1967) using a modified Kjeldahl procedure to determine chemical properties
as follows:

- pH was measured in 1: 2.5 soil water suspensions as described by Jackson
{1967). EC of the 1: 5 and soil paste extracts were measured by EC meter
according to the method of US Salinity Lab (1954). O.M %: it was
determined using Walkely's rapid titration method (Jackson, 1967).

- Calcium carbonate was determined using Collin's calcimeter method (Piper,
1950).

- Available N was measured using the conventional method of Kjeldahl as
described by Bremner and Mulvany (1982). Available P was determined
using Spectrophotometer as described by Olsen and Sommers (1982).
Available K was determined by using Flam photometer according to Black
(1965).

Plant analysis:

¢ Chlorophyli content, it was determined accordlng to the method described
by Goodwine (1965).

e N,Pand K
The oven dry materials of plant samples were ground and wet digested by
a suifuric-percloric acid mixture as described by Peterburgski (1968). The
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total N, P and K were determined using the following technique: Total
nitrogen (%) was determined according to the methods described by Pregle
(1945), using micro-Kjeldahl. Total phosphorus (%) was estimated
colourimetrically as described by Jackson (1967). Potassium (%) was
determined using a flame photometer according to Black {1965).

« Nitrate and nitrite, were determined according to the method described by
Singh (1988).

e Total soluble solids (TSS %), it was estimated using Gali 110
Refractometer.

¢ Total sugars %, it were determined according to the method described by
Frosee (1938). :

Statistical analysis:

The obtained data were subjected to statistical analysis as factorial
experiment in a randomized complete block design with four replicates in the
both growing seasons according to Gomez and Gomez, (1984). Means of
treatments were compared using Duncan Multiple Range test at 0.05%
probability according to Duncan {1955).

RESULTS AND DISCUSSION

Vegetative growth characteristics.

The parameters used for measuring the vegetative growth in this study
are length and width of leaves, number of leaves per plant, leaf area, fresh
and dry weight of leaves.

Effect of N-forms:

Regarding the effect of N-forms, data presented in Table {2) indicated
that addition of the combinations of Ni, and NO, produced the greatest of
vegetative growth parameters in comparison to addition of NH, or NO; alone.
The maximum values of these parameters were observed for the plants
supplied with N3 treatment (50%NH, + 50%NQO;) and N4 (25% NH, + 75%
NO;) at 90 DAP. On the other hand, the lowest one was produced when
100% NH, was used. This trend was true in the two seasons.

This could be attributed to, in most cases plants grown in ammonium
medium without nitrate generally that contain lower concentrations of
potassium, calcium and magnesium than those supplied with nitrate alone
because of the 100 % NH, treatment reduced uptake of these elements. This
effect led to the reduction of vegetative growth (Haynes and Goh 1678; El-
Gamiely, 1988). However, excess NH, can reduce plant growth by depleting
carbon reserves required for growth, particularly during the seedling stage
when phofosynthesis capacity is low or when environmental conditions
severely limit photosynthesis. In contrast, nitrate assimilation results in less
carbon translocation from leaves to roots, providing iess potential for either
reducing “feedback” inhibition of photosynthesis or depleting carbon reserves
requnred for growth. This is because nitrate assimilation occurs to large extent
in shoots and significant quantities of nitrate are stored as N reserves before
being assimilated (Tsai ot a/., 1982).
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NH4 NO; ratio available to roots affects physiological process by
number of mechanisms: 1- The NH,. NO; ratio in roots medium affects N
absorption rates by roots. Relative rates of NH;. NO; absorption are affected
by the stage of plant growth, pH and ionic composition of the soil solution. 2-
The rhizosphere tends to become acidic when NH, is the dominant N-form
absorbed by roots and tends to become alkaline when nitrate is the dominant
N form absorbed. These pH changes indirectly affecting the availability of
plant nutrients or toxic elements to plant roots. 3- Since N is absorbed in
relatively large quantities compared with other inorganic plant nutrients, the
ionic form of N absorbed affects uptake of other cations and anions. This
affects on the level of inorganic nutrients absorbed by plant roots and also the
metabolic requirements for regulating ionic balance and pH within the plant
(Hageman, 1984).

These results on growth parameters agree with results obtained by
others on different crops such as Talaat (1995), Naguib et al. (2003), Shafeek
et al. (2004}, Al-Obeid (2008), Salem (2009) on radish; Hartman ef al. (1986)
on Tomato; Fallovo et al. (2009) and Bybordi (2010) on Brassica spp.

Regarding the effect of K-levels, data in Table (2) showed that
significant differences were found among the values of vegetative growth
parameters at 90 DAP. The highest values of these parameters were realized
for the treatment of K2 (70 kg K;O/fed) or K3 (100 kg K.Offed). Higher K
levels, i.e,, 70 or 100 kg K;O ffed led to produce maximum mean values
without significant differences between both treatments. This trend was true
during the two seasons.

in this respect, the enhancement effect of potassium on the vegetative
growth may be due to not only promoting the translocafion of newly
synthesized photosynthesis but, also it has a beneficial effect on the
metabolism processes which reflected on plant growth (Mengel and Kirkby,
1982). Potassium has a beneficial effect in water consumption. Also, K is
essential for plant respiration and development of photosynthesis processes
and chiorophyll content and also, it plays a vital role in promoting the
assimilation rate of O, and photosynthesis capacity. in addition, the
enhancing effect of potassium application by using on the dry matter content
might be due to the increase in the photosynthetic capacity to which the
number of leaves per plant could be a reliable index and might contribute
much for the superiority in the dry weight content of radish plants (Gardener
ot al., 1985). ‘

These results were in accordance with those obtained by Bokhtira et al.
(2001), Bilekudari et al. (2005), Patniak and Sadhu (2006) and, Lukacs and
Sardi (2009) and Zhao sf al. (2010) on radish.

Effect of interaction:

With regard to the effect of interaction between N-forms and K-levels
(Table, 2), it can be observed that plants fertiized by 50%NH+50%NO;
followed by N4 treatment (25%NH+75%NO;) combined with K2 {70kg
K;O/fed) had the highest values of all aforementioned traits. Whereas, the
lowest values were produced when 100% NH, was the only used N-form with
all leveis of potassium during the both seasons.
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Table (2): Effect of N- forms, K-levels and their interactlon on vegetative growth parameters of radish plants at
harvest during both seasons of 2008/2009 and 2009/2010.

Chlnchn Leaf length Loaf width Number of leaves / Leaf area Fresh welght of Dry weight of
. {cm) ~{cm) plant (cm?) leaves (g/plant) leaves (g/plant)
Seasons - s nd " nd s d ot ]
rrestments 1 ™ 1 2 1 2 1 2" 1 ™ 1 2™
A: N-forms (100 unit N}
N1 = 100% NH, 355d | 377e | 139e | 141e | 16.00b [ 16.33b | 28876c | 20104d | 267.01d | 271.26d | 24.36d | 2453 d

IN2=75%NH + 26%N0,| 36.7¢C | 389d | 144d | 145d | 1611b | 16.44b | 2886.7¢ | 2025.1d | 274.81¢c | 278.78c | 2545¢c | 2555 ¢
IN3250%NH,+ 50%NO,| 39.8a | 420a [ 15.7a | 158a | 16.56a | 16.80a | 29761a | 3006.7a | 291.27a | 20561a | 27.76a | 27018
N4=25%NH,+ 75%NO;| 38.5a | 41.6b | 155b | 166b | 16.67a | 17.11a | 2951.7ab | 29787b | 202.11a | 296.10a { 27884 | 2800 a

N5 = 100% NO, 385b ] 406¢c | 15.0c | 15.2¢c | 1656a | 17.00a | 2933.4b | 20582c | 285.57b | 28031 b | 26.96b | 27.08b
IB: K-leveis (K:O kgifed) .

K1=40 330c | 352c | 128c | 13.0c | 1533¢c | 1567 c | 2839.7b | 28754 b | 249.07¢c | 25351 ¢c | 21.85¢c | 22.01¢
K2 =70 37.7ab{399ab|i46ab|14.7 ab| 16.20 ab | 16.60 ab [ 2857.7 ab | 2880.2 ab | 277.39 ab | 281.77 ab|25.81 ab | 25.99 ab
K3 =100 4338 ]| 454a | 17.3a | 174a | 17.60a | 18.00a | 3090.0a | 3108.2a | 320.00a | 323.36a | 31.78a | 31.87a

C: interaction (A * B)_
K1 3061 1329m | 12.0n | 121 n | 15.00f | 15.33d | 2883.3ef | 2021.4fg | 235230 | 239.700 | 19910 | 20.100
N1 K2 4008 | 422e | 159 | 16.1e | 17.00ab | 17.33b | 2963.6de | 2085.9e | 300.33 e | 304.00e | 29.038 | 28.15¢
K3 359h | 3781 | 13.9] 14.0j | 16.00de | 1633 ¢c | 2815.9f | 2851.0hi | 26547 | 270.07) | 24.14j | 24.33j
Ki 325k | 3471 | 126m | 127m | 15.00f | 15.33d | 2880.1ef ; 2916.81g | 245.43n | 248.90n | 21.34n | 21.50n
N2 K2 41,.1d | 433d [ 164d | 166d [ 17.33ab | 1767 b | 3019.4cd | 3036.7d | 308.774d | 311.93d | 30.21d | 30.20d
K3 BS5hi 38.7h | 1420 | 143 16.00de | 16.33¢ | 2790.6f | 282181 | 270.23j | 274531 | 2481 | 2497 |
K1 33.2/k | 354k | 13.01 | 1341 1533 ef | 15.67d | 2810.2ef | 2845.2 hi | 249.67m | 254.07m | 21.93m | 22.07m
N3 K2 474a]| 496a | 19.0a | 19.2a [ 18.00a | 18.33a | 32189a | 3240.24a | 340.77a | 34457 a | 3469a | 34708
K3 38.7f | 409f | 16.0g | 1519 | 16.33d | 16.67 ¢ | 2899.1ef | 2034.9f | 283.37g | 2688.209 | 26049 | 26.86¢ |
K1 33911368k | 1311 | 1321 | 1533ef | 1567d | 2788.7f | 28242 255331 | 260871 | 22731 | 22.88)
N4 K2 449b | 47.0b | 178b | 180b | 18.00a | 18.33a [ 3150.0ab | 3168.1b | 330.67b | 334.03b | 33.27b | 33.35b
K3 3988 | 420e | 154f | 156f | 1667 ¢cd | 17.33b | 2916.5¢f | 2943.8f | 28033 f | 20440f | 27.63f | 27.78¢
K1 3481 | 369) ! 136k ; 136k [1600de| 16.33¢c | 2836.1f | 2860.69-i | 250.67k | 264.03 Kk | 23.33 k | 2348k
N§ K2 429c | 450c | 171c | 173c [ 17678 | 18.33a | 3097.9bc | 3110.2¢ | 31047 c | 32227 c | M1.70¢c | 31.77 ¢
[ X8 13789] 3989 | 145h | 147h | 16.00de | 16.33 c | 2866.4ef | 2894.8h | 277.57h | 281.63h [ 2584 h | 26.00h
Means followed by the same letter within each column do not significantly difered using Duncan's Multipie Rang Test at the level of 5%,
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Chemical composition
Effect of N-forms:

As for the effect of N-forms, data presented in Table (3) indicated that
the greatest contents of chlorophyll, N and K contents in both leaves and
roots were achieved at 90 DAP for the plants received the N-forms as N3
(50%NH, + 50% NOj) and N4 (25%NH, + 75% NO3) treatments. On the
other hand, the lowest one was obtained for the plants given the N-form as
N1 (100% NH,). Generally, these results stated that the greatest contents of
chlorophyll were recorded when NO, was the dominant in the combination of
N-forms (NH, *:NOj). This trend was the same in both seasons, These
resuits are in the same line with those reported by Shafeek of al. {2004) on
radish.

N uptake increased when NOs was the dominant N-form while, the
100% NH," treatment reduced the uptake of nitrogen. Also, the addition of
‘NO;™ as a part of N-form resulted in maximum nitrogen percentage in both'
leaves and roots. Moreover, these results stated that, the K uptake in both
ieaves and roots were decreased for the plants supplied with N-form as 100%
NH, only while, the combinations of NH; and NO; increased potassium
uptake. These results are in the same line with those reported by Hartman et
al. (1986). Generally, the positive response of the chemical constituents could
be attributed to the source of N-fertilizer for the plants treated with N3
treatment (ammonium nitrate). It is residually acid forming. Whereas, the
sources of N fertilizers for the plants treated with N4 treatment were
ammonium sulfate and calcium nitrate. These N-fertilizers are residuatly acid
and basic forming. Continued use of these N fertilizers can affect pH of soil
and increasing these elements in rooting zone soluble and availability form
encouraged the plant to absorb more of them, consequently the uptake of the
elements was increased (Hartmann et al., 1888).

Effect of K-levels:

Data presented in the same Table showed that the application of K-
leveis had a marked effect on these conients of radish leaves and roots.
Additionally, the highest values in this respect were recorded in K2 or K3
treatments (70 or 100 kg K;O/fed). The values in both treatments were not
significant differences with each other. These results were true during both
seasons.

Generally, it could be concluded that N and K uptake were gradually
increased in tissues of radish plants with increasing the ievel of potassium
addition. This may be attributed to that increasing the level of K addition
raised the availability of N and P to maintain the nutritional balance in soil
media, consequently their uptakes were increased.

These resuits are in the same line with those reported by Chang {2002)
and Patnaik and Sadhu {2006) on radish.

Effect of interaction:

With regard to the combined effect between the two factors studied on
the contents of chlorophyll, N% and K% in both leaves and roots of radish
plants, the maximum values of chiorophyli, N% in both leaves and roots were
realized by using the freatment of N3 {50%NH,+50%N0,) followed by N4
treatment (50%NH,+50%NO;) combined with K2 (70 kg K;Offed) treatment.
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Table (3): Effect of N- forms, K-levels and thelr interaction on chemical composition of radish plants at harvest
during both seasons of 2008/2009 and 2009/2010.

Total chiorophyfl N% K%
C'“""“”'; ~ (Mgg FW) ~ (Leaves) (Roots) (Leaves) {Roots) _
aasons st " st nd st nd st nd
Treatments 1 2™ 1 ™ 1 2 1 2 1 2
A: N-forms (100 unit N)
[NA = 100% N, 1907d | 1993e | 270c | 2.70d | 163b ! 164c | 2.77d | 253c 1.54b 155¢
l&- 76%NH, + 25%NO, 1862¢c | 2.040d | 2.77b | 2.77c | 168a | 1.69b | 282¢c | 2.83b 1.53 b 1.54 ¢
N3 = 50%NH, + 50%NOC; 2044a | 2130b | 284a | 285b | 1.72a | 173a | 287a | 2.99a 1.65a 167a
[N4 = 25%NH, + 75%NO, 2.053a | 2.139a | 2.80a | 289a | 1.72a | 1738 | 295a | 2.86a 150ab | 1.60b
N5 = 100% NG, 2021b | 2107¢c | 2.86a | 286D | 1.71a | 1.72a | 290b | 291a i64a i.65a
B: K-levels (K20 kg/fed)
[Ki=40 1.788¢ | 1.875¢c | 2.53c | 254c | 1.56¢c | 1.57c | 263c | 249c 147 ¢ 148¢c
K2 = 70 1.987ab | 2.073ab | 2.80ab | 281ab | 1.69ab ]| 1.70ab | 267ab | 2.89ap | 1.58ab | 1.58ab
K3= 100 2217a | 2303a | 3.09a | 310a | 183a | 184a | 3148 | 3.16a 173 a 174 a
C: Interaction (A * B)
K1 16731 | 1.7600 | 2.39h | 2401 | 147f | 149i 249g | 175d 1.38 | 1401
N1 (3 2.132d | 2218e | 3.01c_| 3.02d | 181a | 183b | 274ef | 275ac | 1.558-g | 1.56f
K3 1.815gh | 2.002] 2807 | 260h | 160e | 16tg | 3.09b | 3.10ab | 1.70bc | 1.71¢
Ki 1.763k | 1.849n | 247g | 248k | 1.52f | 153h | 260g | 251¢c 1,391 1.401
N2 K2 2178cd | 2.265d | 306¢c | 3.07c | 182a | 183b | 279e | 28iac | 149gh | 1.51g |
K3 19451y | 2.032c | 2.77e | 2.77g |1.70bd| 1.71de | 3.16ab | 3.17ab | 1.70bc | 1.71¢
Ki 1.802jk_| 1.889m | 2529 | 253j | 1.53f | 1.55h 267f | 268bc | 151fg 152g |
N3 K2 2.297a | 2.383a [ 3.18a | 3.18a | 1.88a | 189a | 2.97c | 298ac | 1.64cd | 1.65d
K3 2033e | 2119g | 283e | 284f | 1.75b | 1.76¢ | 322a | 3.23a 181a 1.83a
Ki 1.8301 | 1.9171 2621 | 2631 | 1.61e | 1.63g 268F | 2.71bc | 1.43Hi 145 h
N4 K2 2.262ab | 2.348b | 314ab | 3.14b | 183a | 184b | 289c | 3.01ab | 1584df | 160e
' K3 2067e | 2.153f | 290d | 290e | 1.72bc | 1.73d 323a | 3.24a 1.758b | 176D
K1 1.873hi | 1.960k | 2.66f | 2.66h | 1.64de | 1.65f 2.80e | 28tac | 162ce | 1.63d
N5 X2 2216bc | 23011 | 3.08bc | 3.08c | 1.81a | 183b | 288d | 290ac | 162ce | 1.63d
K3 1975f | 2061h | 2.82e | 2.83f | 1.68cd | 160e | 3.02c | 3.03ab | 167cd | 1.68¢c
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Whereas, the maximum values of K % in both leaves and roots were realized
by using the treatment of N3 followed by N4 {reatment combined with K3 (100
kg K.O/fed) treatment.

While the same data stated that the lowest effect were more achieved
with N1 {100% NH,) combined with all levels of potassium treatments on
these parameters for radish plants. This trend was confirmed in both seasons
of the study.

Yield and Its components:

The parameters used for measuring the vield and its components in
this study are root length, shoulder and middie diameters of root, fresh and
dry weights of roots and yield/m2 (Table, 4).

Effect of N-forms:

Referring to the effect of N-forms, the maximum values of these
Referring to the effect of N-forms, the maximum values of these parameters
were gbserved for the plants supplied-with freatment N3 (50%NH+50%N0Os)
and N4 (25%NH+75%N0,) combinations. Cn the other side, the lowest one
of these parameters were produced when 100%MNH, was the only form.

The obtained increment of yiela and its components may be due to
more vigor of plant growth and strong rooting system as a result of residuaily
acid forming and availability form of most nutrients to the plants supplied with
N3 as ammonium nitrate and as a result of residually neutral (acid + basic)
forming and availability form of most nutrients to the plants treated with N4
(ammenium sulfate and ‘calcium nitrate).

These results were agreeable with those reported by other workers
such as Naguib ef a/. (2003), Kovacik et al. (2004) and Shafeek sf al. (2004)
on radish.

Effect of K-levels:

As respect of K-levels, data in Table (4) indicated that the highest
mean values of these parameters of radish roots were recorded in K2 or K3
{70 or 100 kg K;O/fed) treatments during the two seasons.

The yield increase was mainly due to increases in root weight, and
length and diameter of the roots. The promoting effect of potassium fertilizer
on yield and its components may be due to that K a part of promotes the
enzymes system and it is needed in formation of protoplasm and
translocation of the carbohydrates (Mengel and Kirkby, 1982) consequently,
increased the roots yield of radish plants.

These results agree with the results obtained by Bokhtiar et al. (2001),
Patnaik and Sadhu (2006), Wang et af. (2006), Yulin &f al. (2007) and Zhu et
al. (2007) on radish.

Effect of interaction:

The highest mean values of these parameters were documented for
the plants received N3 treatment (50%NH,+50%NOC;) followed by N4
treatment (25%NH, + 75%NO;) combined with K2 (70kg K;Offed). In
addition, the results stated that with 100%NH, these parameters were less
than the other combinations of NH,; and NO; or 100%NQO. (Table, 4).
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during both seasons of 2008/2009 and 2009/2010.

Table (3): Effect of N- forms, K-levels and their interaction on chemical composition of radish plants at harvest

Charactsrs Total chlarophyil N% N% K%
{Mgig FW) {Leaves) {Roots) (Leaves) {Roots)
Seasons t ™ t nd ot d st a
Treatments 1 2 1 . 1 2 1 2" 1 o
A; N-forms {100 unit N}
N1 = 100% NH, 1.807 d 1.993 e 2.70¢c 270d | 1.63b 164c 277d 253¢c 1.54 b 1.55¢
N2 = T5%NH, + 25%N0, 1.962 ¢ 2.049d 2.77b 277c | 168a 1.68b 2.82¢c 2.83b 1.53b 1.54 ¢
N3 = 50%NH, + 50%NO, 2044 a 2.130 b 2.84 285b | 1.72a 1,73 a 297 a 299a 1.65a 1.67a
N4 = 25%NH, + 756%NO, 2.053a 2.139a 2.89 a 289a | 1.72a 1.73a 2.95a 2.96 a 1.59 ab 1.60b
N5 = 100% NO; 2021 b 2107 ¢ 2.86a 286b | 1.71a 1.72a 2800 2.91a 164 a 185a
B: K-lsvels (K20 kg/fed)
K1 =40 1.788 ¢ 1.875¢ 253¢ 254¢ 1.56 ¢ 1.57¢ 263c 249¢ 147 ¢ 1.48 ¢
I_K2f= 70 1.987ab | 2073ab | 280ab | 281ab | 1.69ab { 1.70ab | 2.87ab | 2.80ab 1.58 ab 1.59 ab
Ill(i.’,==100 2217 a 2303 a 3.09a 3.10a 183 a 1.84 a 3.14a 3.16 a 1.73a 1.74a
C: Interaction (A * B}
K1 1.6731 1.760 0 2.39h 2401 1471 1.49i 249¢g 1.75d 1,381 1.40§
N1 K2 2.132d 22188 3.01¢ 3.02d | 1.8ta 1.83b 274ef | 2758-¢c | 1.55 1.58f
K3 1.915 gh 2.002 ] 2.60f 269h 16080 16149 3.08b 3.10 ab 1.70 be 1.71¢
K1 1.763 k 1.849n 2479 248k 1.52f 1.53h 250g | 251c¢c 1.39i 1.40i
N2 K2 2178cd | 2.265d 306¢ 307c | 1.82a | _1.83h 279e | 281ac | 1.48gh 1519 |
K3 1.945 fg 2.032¢ 277 e 277g |1.70bdj 1.71de 3.16ab | 2.17 ab 1.70 be 171 ¢
K1 1.802ik | 1.889m 2529 253] 1.53f 1.55 h 267f 2.68 be 1.51 1.52g |
N3 K2 2297 a 2383 a 3.18a 318a | 1882 1.89a 297c | 298 a-c 1.64 cd 1.654d
K3 20338 2119 2.83e 284f 1.75b 1.76 ¢ 3.22a 323a 18148 1.83a
K1 1.830 jj 1.9171 2821 263i 161e 163g | 289f 2.71 be 1.43 hi 1.45h
N4 K2 2262ab | 2348b | 314ab | 314b | 1.83a 1.84b 299¢ 3.01ab 1.58 d-f 160 e
K3 2.067 e 2.153f 2.90d 290e | 1.72bc | 1.73d 3.23a 324a 1.75 ab 1.76b
K1 1.873 hi 1.980 k 266fF 266h | 1.64 de 1.65f 28e | 281ac | 1.62ce 1683d
N5 K2 2.215bc 2.301 1 A08bc | 3.09¢ | 1.8ta 1.83 b 288d | 290ac | 1.62c-e 1.63d
K3 1.875¢ 2.081 h 2820 283f [ 168cd | 1689e 3.02¢ 3.03 ab 1.67 cd 188 ¢
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Obtained results were confirmed during both seasons. It can concluded that
root elongation (root length), root expansion {root diameters), fresh and dry
weights of roots and roots yield of radish plants were affected by both N-
forms and K-levels application.

Generally, these resuits may be due to excess ammonium can reduce
plant growth and consequently decreased yield by depleting carbon reserves
required for growth (Tasi et al., 1982).

Quality parameters:
Nitrate and Nitrite accumulation in the leaves and roots:
Effect of N-forms:

As for the effect of N-forms, data in Table (5) stated that in most cases,
the lowest values of NO.-N and NO3-N were recorded for the plants supplied
with N1 treatment (100% NH,}, N2 (75% NH, + 25%NO; ) and N3 treatments
(50% NH, + 50%NOQ;)} followed by N4 treatment (25% NH; + 75%N0O,). But
the highest contents of NO, and NO; in leaves and roots of radish plants
were produced when 100 % NO; was used through the growth cycle during
both seasons. This evident that NO; and NO; contents decrease when NO;
was not the dominant in the combinations of N-form (NH, / NO; ratio).

These findings are good accordance with data recorded by the
previous investigators such as Al-Obeid (2008), Salem (2009}, Wang et al.
(2010) on radish; Angelino et al. (2007) on turnip; Fallovo ef al. (2009) on
Brassica spp.

Effect of K-levels:

It is evident from the effect of K-levels that the lowest values of NO-N
and NO;-N contents in leaves and roots were realized through the growth
cycle with the treatment of K3 (100 kg K0 / fed) followed by K2 (70 kg KO /
fed). This trend was true during the two seasons. That, the contents of NOs-N
and NOy-N decreased with rise in the level of potassium application.

Obtained results are in accordance with those reported by Amelin {1999) and
Chang (2002) on radish.

Effect of interaction:

Regarding the effect of interaction between N-forms and K-levels on NO;-N
and NO;-N of both leaves and roots, data in Table (5) showed a significant
differences. The results stated that the lowest accumulation of NO,-N and
NO;-N were recorded for the plants supplied with N-form as N1, N2 and N3 X
K3 (100kg K;O/fed} followed by N4 with the same level of K. But, the highest
mean values of these parameters were achieved for the plants which
supplied with N-form as 100% NO, only combined with K1 {40kg K.Offed).
This trend was true in the two seasons of the experiment.

Total soluble sugars and TSS % of roots:

Effect of N-forms:

The highest mean values of total sugars were fulfilled for the treatment
of N1 or N4 followed by the N2 and N3 treatments during the two seasons
(Tabie, 5). However, the maximum values of TSS obtained at 90 DAP for the
plants treated with the treatment of N3 (50%NH,+50%N0Q;) followed by N4
treatment (25%NH+ 75%NO;). This trend was true in the two seasons of the
experiment.
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Table (4): Effect of N- forms, K-levels and thelr interaction on yield and its components of radish plants at
harvest during both seasons of 2008/2009 and 2008/2010.

Characters Root length | Shoulder diameter | Middle diameter | Fresh weight of roct | Dry weight of root Yield
cm) {em) {cm) {g/plant) _{g/plant) Kg/ m*
Seasons = o nd at nd at nd o s d
reatments 1 2™ 1 2 1 2 1 2 1 ™ 1 2
A: N-forms (100 unit N)
N1 = 100% NH, 35.8e | 35.80 ] 3.21d 3.26d 1.80e [1.99e | 358.70d ] 361.42d | 23.204 | 2345¢ | 8.968d | 8.036d
2275%NH+ 25%N0y 38.1d | 38.2d | 3.35¢ 340c | 2.01d [210d{36633c| 369.33c | 2443 ¢ | 2465c | 9158¢ | 9.233 ¢
N3=50%NH,+ 50%4NOy 420a | 42.0a | 3.53a 3.58a 2232 !232al37450a{ 377658 | 2567a | 2588a | 9.365a | 9.441a
INA=25%NH+ 75%N0s 41.1b [ 41.2b | 349ab | 3.54ab | 218b |227b|37426a| 377.42a | 2562a | 25.85a | 9357a | 94352
EE = 100% NO, 396¢c139.7c| 343bc | 348bc | 210c [ 219¢c1371.00b] 37401b | 2513b | 25360 | 9.275b | 9.350hb
: K-levels (K,0 kgifed)
K1=40 31.2¢ ] 31.3c| 296¢ 3.01¢c 1.68c | 1.77¢c | 344.93¢ | 34786¢c | 21.22¢ | 21.38¢c | 8.623¢c | B.69%6 ¢
K2 =70 38.6 ab[38.6 abl 3.38ab | 3.43ab | 2.01ab [2.10ab|369.20 ab| 372.50ab | 24.86 ab | 25.16 ab | 9.230ab | 9.313 ab
K3 = 100 4829 482a| 3.86a 391a 256a 2658 [30280a| 39554a | 28.40a | 28588 | 9.820a | 9.889a
C: Interaction (A * B)
K1 280n 12810 274hc | 279bc | 151n [1680n /33211 m| 334590 | 1930m | 19340 | 8.303m | 8.3650
N1 K2 4398 | 43.9¢e | 367cd | 3.72cd | 233e | 2420 )382.78e| 385.41e | 26.90e | 27.06e | 9.570e | 9635
K3 355j | 355 | 3.21gh | 3.26gh | 184 | 1.93j 361.22i | 364.26j | 2367i | 23.95) | 9.031i | 9.107j
K1 300m| 301n]| 2.89j 294] | 165m [1.74m]| 341,411 [ 344.13n | 20651 | 2083 n | 8.5281 | 8.603 n
N2 K2 458d {459d | 3.76bc | 3.81bc | 240d |249d | 388.67d | 391.47d | 27.78d ( 27.08d | 9.717d | 9.787d
K3 385h | 385h | 341ef | 346ef | 1.99h (2.08h]360.22h [ 37239h | 2487 [ 2513 h | 9.230h | 9.310h
K1 3 Aim[312m| 2881 3.03% | 1.71Im | 1801 ] 344.001 | 347.17m | 21.08! 1 21.26m | 86001 | 8679 m
N3 K2 53.0a | 53.1a] 405a 410 a 277a (2868 [40211a | 40475a | 2980a | 29952 | 10.053a | 10.119a
K3 4191 | 41.8f | 3.55de | 3.60de | 221f | 230f | 377.67f | 381.03f | 26.13f | 2642f | 9.442f | 9526 f
K1 3281 3291 { 3.06h4 | 311 h- | 175kl |1.84kl| 351.33k | 354.481 22,18k | 2234 | 8.783k | 8.8821
N4 K2 50.5b | 506b | 3.93a 398a | 269b ]2.79b [ 39811b | 400.72b | 29.20b | 29.38b | 9.853b | 10.018b
K3 400014009 348e | 353e [ 209g |218g(37333g| 37708 25489 | 25829 | 9.333g | 94269
Ki M1k |342k | 312¢g-1 | 3.17g-i | 1.80jk (1.89jk| 356.11j | 358.92k | 22.90] | 23.10k | 8.903] | 8.973k
N5 K2 477¢c|477¢c) 388ab | 383ab | 259c |1268c|39233¢c ) 365.33¢ | 2833¢c | 28.55¢c | 9.808¢c | 9.883¢c
K3 3710 [ 371i | 3.27fy | 33219 1901 { 2.00i | 364.56i | 367.781 | 24.17h | 24451 | 91141 | 9,194
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Generally, the increment of total sugars may be due to arising from enhanced
sucrose movement from leaves to roots with NH, assimilation compared with
that for nitrate assimilation {Tasi of al,, 1982). These results on agree with the
results obtained by Naguib et al. (2003) and Shafeek et al. (2004) on radish.
Effect of K-levels:

As for the effect of K-levels, the highest contents of total sugars and
TSS % were realized for the plants treated with K3 (100 kg KO / fed)
followed by K2 (70 kg K.O/fed) treatments (Table, 5). On the other hand, the
lowest percentage of total sugars and TSS were happened for the plants
fertilized with K1 (40 kg KO / fed). These results may be due to that
potassium enhances translocation of sugars and starch. Sugars produced in
photosynthesis must be transported through the phioem to other parts of the
ptant for utilization and storage. The plants transport system uses energy in
the form of ATP. If K is inadequate, less ATP is available, and the transport
system breaks down. This causes photosynthesis to build up in the leaves
and the rate of photosynthesis is reduced. An adequate supply of K helps to
keep all of these processes and transportation systems functioning normally
(Armstrong, 1998).

Effect of interaction:

It is also observed that, plants fertilized with N-form as N1 (100%NH,)
combined with K3 {100kg K.Offed), followed by N2 or N3 treatments with
same level of potassium, had the highest mean values of total sugars (Table,
5). Whereas, the highest mean values of TSS were recorded for the
treatments of N3 (50%NH,+50%NO;) followed by N4 (25%NH,+75%NO;)
combined with K2 (70 kg K20/fed) at 90 DAP. The same trend was true in
the both seasons of this study.

Conclusion

From the abovementioned resuits, it was noficed that, the vegetative
growth, chemical constituents, vield and quality parameters are affected by
both N-forms and K levels. Also, with 100% NH, or 100 %NOQj, these
parameters were less than the other combinations of NH; and NO.

Generally, this investigation suggested that, the best vegetative growth,
chemical constifuents, yield and quality parameters were documented for the
plants received the N-forms as N3 (50%NH4 + 50%NO0O3) followed by N4
(25%NH4 + 75%NO3) of N-fertilizer at the rate of 100 kg N/fed combined with
K2-ievel (70 kg K20/fed.) under the conditions of new sandy cultivated area

in Egypt.
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