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Abstract

The present investigation was carried out to discover the relationship between endogenous element
content determined by Wavelength-Dispersive X-Ray Fluorescence (WDXRF) spectrometer and
development of hollowing in the radish root by varying cultivars. Four radish (Raphanus sativus
L.) cultivars (‘Siyah’, ‘Beyaz’, ‘Antep’ and ‘Iri Kirmizi’) were used as plant material in this work.
Cultivars varied significantly in their resistance to development of hollowing. ‘Siyah’ was found to be
more resistant than ‘Antep’, ‘Beyaz’ and ‘Iri Kirmizi’. Significant correlations between development
of hollowing and endogenous element content of the radish cultivars used in this study: N (» = 0.701,
P<0.01), Na (»r=0.703, P <0.01), Cl (r=0.672, P <0.01), Ca (r = 0.544, P < 0.01), Mn (r = 0.414,
P <0.05), Zn (r=0.567, P<0.01), Br (r=0.393, P <0.05) and Ba (» = 0.528, P < 0.01). In addition to
simple correlation coefficients of hollowing and endogenous elements; similar results were obtained in
stepwise multiple regression analysis. Regression equation [Y =35.104 + (49.94 x Na) — (2935.93 x Ba)
—(4.29 x N) — (20978.88 x Sn)] and R square (0.823, P < 0.01) were determined. According to results
of this study, the providing of extra or deficient plant nutritional elements in soil or growing media
such as especially N, Cl, Ca, Mn, Zn, Br, Sn and Ba may affect development of hollowing in the case
of cvs. ‘Beyaz’, ‘Antep’ and ‘Iri Kirmizi’. However, cv. ‘Siyah’ may not be affected by the endogenous

elements because of its resistance and thus hollowing does not develop.
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Introduction

Radish, Raphanus sativus L., is a member
of the Brassicaceae family. They are cool season,
fast maturing, easy to grow annual or biennial her-
baceous plants grown for their roots and they do not
grow well in hot and dry weather (Decoteau, 2000).
Although, it is generally considered hardy in cold
temperatures, its optimum growth temperature is
14-16°C (Gtlinay, 2005). In addition, they are culti-
vated almost all year round throughout Turkey with
approximately 170.000 tons of annual production.
However, it is known that hollowing is one of the
biggest physiological disorders and inhibits their
production for fresh marketing in Turkey and other
producer countries.

This physiological disorder, hollowing,
most frequently occurs when radishes are sown

during midsummer, and it causes serious problems
for growers (Kano, Fukuoka, 1995). Development
of hollowing originates from the intercellular spa-
ces formed in the central region of the pith (Kano,
1989); spaces that are normally filled with large
cellular elements as some of the protruding cells
formed within the space continue cell division and
enlargement (Fukuoka, Kano, 1992).

Several investigations have reported about
occurring or suppressing of development of hollow-
ing on radish roots. Kano (1989), Kano and Fukuo-
ka (1995) reported that anatomical observations of
the development of hollowing revealed that heat
treatment, in which the soil temperature was kept
around 35°C during the middle of the growth pe-
riod caused the intercellular spaces to coalesce into
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longitudinal cavities. Other than this, the frequency
of hollow root is lowered by spraying plants with
a high concentration of the sodium salt of alpha-
naphthaleneacetic acid (NAA), mainly due to the
severe suppression of the rate of root growth (Kano,
1987). Kano and Fukuoka (1996 a) to see the effects
of 1-(2-chloro-4-pyridyl)-3-phenylurea (CPPU) on
the development of hollowing in the roots of Japa-
nese radishes, solutions of 5 mg I of CPPU were
sprayed on the leaves of plants in different times af-
ter sowing. The size of the hollow cavity in the roots
of Japanese radishes became significantly smaller
with CPPU treatment, in contrast to that of the con-
trol. Similarly, Kano and Fukuoka (1996 b) reported
that the production of endogenous cytokinin in the
roots of radish cultivars, prone to hollowness, was
reduced at higher soil temperatures; while in cul-
tivars that were resistant to hollowness cytokinin
production was higher.

Physiological disorders in vegetable pro-
duction can be associated with nutritional imba-
lances within the plant or non-optimal environ-
mental conditions during the growing season (De-
coteau, 2000). For example, on soils deficient in
boron, symptoms appear as curling and rolling of
the leaves, deformed foliage, brown curds or flower
buds, and hollow stem centres in broccoli and cauli-
flower (Swiader et al., 1992). Examples of relations
with elements and physiological disorders can be
increased such as magnesium deficiency and Chlo-
rosis, calcium deficiency and Black Heart in celery;
extra nitrogen and Catfacing in tomato or boron and
magnesium deficiency and poorly flavored in musk-
melons (Swiader et al., 1992).

Although many researchers have shown re-
lations between development of hollowing and dif-
ferent factors, such as soil temperature (Kano, 1989;
Kano, Fukuoka, 1995), plant density (Kano, Fukuo-
ka, 1991), endogenous cytokinin activity, suppres-
sive effect of CPPU or NAA (Kano, 1987; Kano,
Fukuoka, 1996 a, b) have been reported and most
researches do not cover the relationship between en-
dogenous element content and hollowing in radish.

Therefore, the present investigation was
carried out to discover the relationship between
endogenous element content determined by Wave-
length-Dispersive X-Ray Fluorescence (WDXRF)
spectrometer and development of hollowing in the
radish root by varying cultivars.

Material and methods

The study was conducted in field condi-
tions at Atatiirk University, College of Agriculture,
Erzurum, Turkey, in 2004 and 2005. In this work,

four radish (Raphanus sativus L.) cultivars (‘Siyah’,
‘Beyaz’, ‘Antep’ and ‘Iri Kirmizi’) were used as
plant material.

The soil type of the experimental area was a
loam, Lithosol (according to FAO) with neutral pH.
It had 1.80% organic matter, 3.69 kg ha' P,O, and
278 kg ha' K O.

Seeds were sown on plots of 6 m? in field on
12 July in both 2004 and 2005, in rows 280 cm long,
at a separation between rows of 40 cm and between
plants of 20 cm (Giiveng, 1995; Ara et al., 1999).
The plants were thinned after the emergence when
they formed 4-5 leaves. The plants were irrigated
with furrow irrigation. During the development
phases, all of the plant care practices were applied
in each plot.

All plots received 100 kg ha' N and
80kgha! P O, as calcium ammonium nitrate and
triple super phosphate, respectively (Thapa et al.,
2003). All of the P,O, and half of the nitrogen ferti-
lizer were applied uniformly prior to planting onto
soil surface by hand and incorporated. The remai-
ning half of the nitrogen was given 20 days after
emergence (Srinivas, Naik, 1990).

Twenty plants were sampled in 45 plants
and hollowing was measured. To measure the de-
gree of hollowing, roots were cut lengthwise along
the central axis 80 days after sowing and the maxi-
mum cross and length-wise dimensions of any cavi-
ties were measured. Any root with a cavity larger
than 1.5-2 cm? was classed as a hollow root and the
ratio of hollow roots was calculated for each culti-
var (Fukuoka, Kano, 1997). After this process, hol-
low roots and other roots were dried separately for
all cultivars in an oven at 67.5°C and this material
was used for all XRF analyses.

A WDXREF spectrometer (Rigaku ZSX-100e
with Rhodium target X-ray) was used for the analy-
sis of the roots element content (Figure). This instru-
ment was controlled by a computer using ZSX soft-
ware (“Rigaku”, Japan). The ZSX-100e WDXRF
spectrometer characteristics included; analysis of
elements from B to U, 4 kW 70 kV end-window
X-ray tube, micro area mapping down to 0.5 mm,
up to five primary beam filters, 4 analyzing crystals
[LiF, Ge (111), PET (002) and TAP (100)], and eight
limiting area diaphragms, optional secondary colli-
mators, automatic sample changer, compact design
and multi window, multi-function fundamental pa-
rameters software.

Dry roots were ground in a porcelain mortar.
The ground material was used for all XRF analyses.
In the XRF laboratory, 2 g weight, 2.5 mm thick-
ness and 35 mm diameter pellets were produced by
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applying 15 t of pressure with a spex press (Cat.
B25). After the preparation of the pellets, they were
incubated at 80°C for 20 min to remove all moisture
and were then used for element determination. LiF,
Ge (111), PET (002) and TAP (100) crystals were
used to separate the X rays coming from the pellets
in WDXREF spectrometer. At the end of the WDXRF
analysis, the major, minor and trace element con-
tents of hollow and non-hollow radish roots were
determined as mass percentage (wt%) (wt% = ele-
ment mass x 100 / total mass).

The laboratory and field experiments were
conducted as randomized complete block designs,
with four replicates. Arcsine transformation was
made in percentage data before statistical analysis.
Data obtained were subjected to Anova and differ-
ences between means compared using Duncan’s
multiple range test. Additionally, stepwise multiple
regression and the correlation coefficient () bet-
ween hollowing and endogenous elements were de-
termined.

Flat crystal

Primary

Sample

Figure. The detection geometry of the spectrometer

Results and discussion

Cultivars varied significantly (P < 0.01)
in their resistance to development of hollowing
(Table 1). ‘Siyah’ was found to be more resistant
than ‘Antep’, ‘Beyaz’ and ‘Iri Kirmizi’. In other
words, it can be clearly said that ‘Siyah’ was resistant

Secondary
soller slit

Detector

cultivar to hollowing in view of the fact that it did
not develop in ‘Siyah’ both 2004 and 2005 although
hollowing for ‘Antep’, ‘Beyaz’ and ‘Iri Kirmizi’
roots were determined in different ratios (Table 1).

Table 1. Development of hollowing in the roots of different radish cultivars (%)

Cultivars 2004 2005 Mean
‘Antep’ 26.92 a** 35.35 a** 31.13 A**
‘Beyaz’ 32.26 a 34.73 a 3349 A

‘Iri Kirmizi’ 2233 a 2494 a 23.63 A
‘Siyah’ 1.28b 1.28 b 1.28 B

Note. ** —

Alan et al. (1995) and Kaymak (2006) re-
ported that although hollowness did not occur in
‘Siyah’, development of hollowing in other cultivars
varied with sowing time both spring and summer
sowings. At the same time, Ozzambak et al. (1996)
obtained that both sowing time and late harvest af-
fected the development of hollowing and hollow-
ing increased as the harvest was delayed. Besides,

indicated that 0.01 probability level (P < 0.01).

in this study, sowings were made in mid July and
the maximum air and soil temperature (5 cm depth)
of experimental area were on average 28-30°C and
25-26°C respectively, in experimental years. These
temperatures might have affected the development
of hollowing as it was reported that hollowing often
occurs when radishes are sown during midsummer
(Kano, Fukuoka, 1995). Results of the study were
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similar to previous studies conducted by Alan et al.
(1995), Kano, Fukuoka (1995), Ozzambak et al.
(1996), Kaymak (2006).

As it was shown in Table 2, major and minor
elements were varied according to the cultivars
and differences among cultivars were statistically
significant at 0.01 probability level in both years of
experiment. Data about the element content (major,
minor and trace) could not be collected for ‘Siyah’
due to the fact that development of hollowing was not
seen in all experimental years (Table 1). The major
elements with contents of > 0.1 wt% in hollow and
non-hollow roots were N and K. The amounts of N in
non-hollow roots ranged from 2.79 wt% (‘Antep’) to
4.00 wt% (‘Iri Kirmizi’) in experimental years. The

amounts of K were 3.12 wt%, 4.72 wt%, 5.74 wt%
and 7.23 wt% in ‘Siyah’, ‘Antep’, ‘Beyaz’ and ‘Iri
Kirmizi’, respectively. Nitrogen contents were less
in hollow roots than non-hollow roots in 2004 and
2005. However, K contents were higher in hollow
roots than non-hollow roots except for ‘Beyaz’ and
‘Iri Kirmizi’ in 2005.

Minor elements with content values of less
than 0.1 wt% in all samples in both experimental
years were: Na, Mg, P, S, Cl and Ca (Table 2). We
found similar results in minor elements as found
in major ones. Minor element content of roots was
higher in hollow roots than non-hollow roots in all
experimental years, except P and S in ‘Beyaz’ and
‘Iri Kirmizi’.

Table 2. The amounts of major and minor elements in different radish cultivars (wt%)

Cultivars
‘Antep’ ‘Beyaz’ ‘Iri Kirmizi’ ‘Siyah’
means of 2004 and 2005 P values
major N 2.79 3.29 4.00 3.25 0.387
elements K 4.72 5.74 7.23 3.12 0.000
N Na 0.25 0.31 0.21 0.13 0.000
on-
hollow Mg 0.27 0.32 0.40 0.21 0.010
roots minor P 0.45 0.57 0.55 0.37 0.080
elements S 0.62 0.69 0.80 0.62 0.006
Cl 0.26 0.35 0.42 0.18 0.001
Ca 0.51 0.63 0.81 0.48 0.000
major N 2.16 1.36 1.98 — 0.258
elements K 6.52 6.20 7.75 - 0.330
Na 0.34 0.62 0.38 = 0.006
Hollow Mg 0.38 0.34 0.38 - 0.534
10013 minor P 0.57 0.50 0.43 - 0.346
elements S 0.73 0.58 0.72 - 0.200
Cl 0.46 0.54 0.44 - 0.178
Ca 0.77 0.84 0.90 - 0.399

Note. ‘—’#— indicated that development of hollowing was not seen, i.e. data could not be collected.

Trace elements were varied according to
the cultivars for both experiments. The differences
between cultivars were statistically significant at 0.05
and 0.01 probability levels for both years (Table 3).
Trace elements among all samples were: Mn, Fe,
Cu, Zn, Al, Ti, N1, Br, Rb, Sr, Sn and Ba. The values
of trace elements were ranging between 0.0003 wt%
and 0.026 wt% in all samples (Table 3).

The WDXRF analyses allowed the deter-
mination of major, minor and trace elements which
changed depending on cultivars (Table 2 and 3) in
hollow and non-hollow roots. Decoteau (2000) re-
ported that radishes had 30 mg 100 g! Ca, 31 mg

100 g' P, 1 mg 100 g' Fe and 322 mg 100 g' K.
Additionally, Peirce’s (1987) results certify Deco-
teau (2000) findings. Similarly, Salerno et al. (2005)
reported that radish cultivars had 7252 mg kg' Ca,
80140 mg kg!' K, 9300 mg kg' Mg, 6982 mg kg
P, 202 mg kg! Fe, 9 mg kg Cu, 31 mg kg! Mn, 70
mg kg! Zn and 39700 mg kg' N in 1 kg dry matter
and elements. Our present results on elements were
obtained from non-hollow roots in accordance with
previous studies (Peirce, 1987; Decoteau, 2000;
Salerno et al., 2005). However, we did not find any
detailed reports in other researches about the ele-
ment content in hollow roots of radishes.
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Table 3. The amounts of trace elements in different radish cultivars (wt%)
Cultivars
el:;?:ﬁts ‘Antep’ ‘Beyaz’ ‘Iri Kirmizi’ ‘Siyah’
means of 2004 and 2005 P values

Mn 0.002 0.002 0.003 0.002 0.001

Fe 0.018 0.020 0.019 0.034 0.000

Cu 0.0010 0.0007 0.0008 0.0008 0.596

Zn 0.0020 0.0023 0.0027 0.0023 0.040

Al 0.024 0.019 0.025 0.045 0.000

hljﬁgw Ti 0.0016 0.0018 0.0015 0.0034 0.003
roots Ni 0.0013 0.0010 0.0009 0.0008 0.120
Br 0.0030 0.0034 0.0036 0.0015 0.000

Rb 0.0028 0.0033 0.0038 0.0013 0.001

Sr 0.0037 0.0043 0.0048 0.0030 0.045

Sn 0.0008 0.0007 0.0005 0.0005 0.035

Ba 0.0058 0.0058 0.0054 0.0049 0.418

Mn 0.003 0.003 0.003 — 0.975

Fe 0.024 0.034 0.019 - 0.105

Cu 0.0008 0.0007 0.0006 - 0.274

Zn 0.0040 0.0040 0.0084 - 0.014

Al 0.025 0.027 0.017 - 0.180

Hollow Ti 0.0022 0.0030 0.0013 - 0.045
roots Ni 0.0010 0.0009 0.0009 — 0.767
Br 0.0037 0.0042 0.0036 - 0.718

Rb 0.0029 0.0025 0.0025 - 0.851

Sr 0.0048 0.0044 0.0047 - 0.910

Sn 0.0003 0.0007 0.0006 - 0.000

Ba 0.0045 0.0042 0.0036 - 0.689

Note. ‘—’#— indicated that development of hollowing was not seen, i.e. data could not be collected.

It was mentioned that physiological disor-
ders in vegetable production can be associated with
nutritional imbalances within the plant. Similarly, as
shown in Table 4, significant correlations between
development of hollowing and endogenous element
content of the radish cultivars were evident. N (r =
0.701, P <0.01), Na (= 0.703, P < 0.01), Cl (» =
0.672, P <0.01), Ca (r=0.544, P < 0.01), Mn (r =
0.414, P <0.05), Zn (r = 0.567, P < 0.01), Br (» =
0.393, P <0.05) and Ba (= 0.528, P < 0.01) were
significantly and positively correlated with hollow-
ing (Table 4).

In the present study, high N content promot-
ed hollowness concomitant with Na, Cl, Ca, Mn,
Zn, Br and Ba. Thus we can conclude that higher
N contents in radish roots may cause cellular en-
largement. Because, although it is known that the
hollow cavity in the root is formed by intercellu-
lar spaces (Fukuoka, Kano, 1992), these spaces are
usually filled with large and globular cellular ele-
ments (Kano, Fukuoka, 1992).

In addition to simple correlation coefficients
of hollowing and endogenous elements; similar re-
sults were obtained in stepwise multiple regression
analysis (Table 5). In other words, near direct effect
of endogenous elements, indirect effect of endo-
genous elements was determined. Regression equa-
tion and R square (0.823, P < 0.01) were shown in
Table 5. According to stepwise multiple regression
analysis Na, Ba, N and Sn clearly and significantly
affected the development of hollowing in radishes.

Researchers have shown relations between
hollowing and soil temperature (Kano, 1989; Kano,
Fukuoka, 1995), plant density (Kano, Fukuoka,
1991), endogenous cytokinin activity, suppressive
effect of CPPU or NAA (Kano, 1987; Kano,
Fukuoka, 1996 a, b). Similarly, the statistical results
clearly revealed that endogenous elements had a
significant effect on the development of hollowing
in the root of radish and that the development of
hollowing was closely related to extra or deficient
of elements (Table 4 and 5).
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Table 5. Stepwise multiple regression analysis of hollow root ratio and endogenous elements in radish

cultivars
Unstandardized coefficients Standarfiized
coefficients
B Std. error Beta t P values
Constant 35.104 7.207 4.871 0.000
Na 49.942 9.477 0.541 5.270 0.000
Ba —2935.928 1092.151 —0.260 —2.688 0.013
N —4.287 1.388 —0.330 —3.089 0.005
Sn —20978.884 6981.742 —-0.277 —3.005 0.006
R square = 0.823
Y =35.104 + (49.94 x Na) — (2935.93 x Ba) — (4.29 x N) — (20978.88 x Sn)
Conclusion

Consequently, it can be concluded that en-
dogenous elements, most likely connected with soil,
influence development of hollowing in the roots and
this effect in hollowness may result from deficient
or extra plant nutritional elements in soil. In addi-
tion, according to results of this study, simple corre-
lation coefficients and stepwise multiple regression
analysis show that the providing of extra or defi-
cient plant nutritional elements in soil or growing
media especially such as N, Na, Cl, Ca, Mn, Zn, Br,
Sn and Ba may affect development of hollowing in
the case of cvs. ‘Beyaz’, ‘Antep’ and ‘Iri Kirmizi’.
However, our resistant cultivar ‘Siyah’ did not de-
velop hollowing because it might not be affected by
the endogenous elements.
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RySys tarp endogeniniy elementy Kiekio ir valgomojo ridiko
(Raphanus sativus L.) Sakny tus¢iaviduriSkumo formavimosi
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Santrauka

Tyrimai atlikti siekiant nustatyti rysj tarp bangas sklaidancios rentgeno spinduliuotés fluorescencijos
(BSRSF) spektrometru nustatyto endogeniniy elementy kiekio ir jvairiy veisliy ridiky Sakny
tus¢iaviduriSkumo formavimosi. Tirtos keturios valgomojo ridiko (Raphanus sativus L.) veislés: ‘Siyah’,
‘Beyaz’, “‘Antep’ ir ‘Iri Kirmizi’. Tirtos veislés i§ esmés skyrési atsparumu Sakny tusciaviduriSkumo
formavimuisi. Veislé ‘Siyah’ pasirodé atsparesné uz veisles ‘Antep’, ‘Beyaz’ ir “Iri Kirmizi’. Nustatyta
esming¢ koreliacija tarp tus¢iaviduriSkumo formavimosi ir valgomojo ridiko veisliy endogeniniy elementy
kiekio: N (= 0.701, P < 0.01), Na (» = 0.703, P < 0.01), Cl (r = 0.672, P < 0.01), Ca (r = 0.544,
P <0.01), Mn (r=0.414, P <0.05), Zn (r = 0.567, P < 0.01), Br (»=0.393, P <0.05) ir Ba (= 0.528,
P <0.01). Be nustatyty ridiky Sakny tus¢iaviduriskumo ir endogeniniy elementy koreliacijos koeficienty,
panasiis rezultatai gauti atlikus regresijos daugialype¢ analize. Nustatyta regresijos lygtis [Y = 35.104 +
(49.94 x Na) — (2935.93 x Ba) — (4.29 x N) — (20978.88 x Sn)] ir R kvadratas (0.823, P <0.01). Tyrimy
rezultatai parodé, kad dirvos arba auginimo terpés papildymas trilkstamomis maisto medziagomis, ypac
N, Cl, Ca, Mn, Zn, Br, Sn ir Ba, turéjo jtakos tus¢iaviduriskumo formavimuisi valgomojo ridiko veisliy
‘Beyaz’, ‘Antep’ ir ‘Iri Kirmizi’ Saknyse. Taciau endogeniniai elementai neturéjo jtakos veislei “Siyah’
dél jos atsparumo, todél Sios veislés ridiky Saknyse tusc¢iaviduriSkumas nesiformavo.
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