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ABSTRACT: Topsi, Famox F1, Corox F1, and Altox F1 radish cultivars grown in controlled 20 and 12oC 
cabinets and they subjected to 0, 33, 66, and 100% depletion of peat moss available water capacity 
(AWC) to determine cracking, pithiness, rootless and malformed storage roots of radish in response to 
varying temperatures and irrigation levels. Therefore, seeds sown in trays filled with peat moss and then 
subjected to the continuous 12 and 20oC. 20oC temperature significantly increased the incidences of 
storage root pithiness, malformed storage roots and plants failed to form storage roots, particularly in 
Topsi Cultivar. However, 12oC substantially increased radial and longitudinal cracks of storage roots. 
Inadequate watering substantially increased cracking incidences in storage roots, particularly with 66 
and 100%AWC depletions. Cultivars ordered according to their potencies as following: Altox F1, Corox 
F1> Famox F1> Topsi. 
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INTRODUCTION 
 

 Radish production is usually accompanied with non-marketable yield, where rootless, malformed, cracked and 
pithed hollow, numerous leaved plants are produced called physiological disordered. The defects caused by 
incorrect applications of fertilizers, irrigation, and other cultural practices under varying revealing environments 
(Abdel and Al-Sabari, 2009). The increased injury resulting from hollowness progressively intensified with rapid 
thickening growth during the later growth period (Kano and Fukuoka, 1989; Kano and Fukuoka, 1991). 
Temperatures as low as 4°C also influence quality characteristics such as root length, diameter and shape. The 
brittleness of carrot roots increases with cooler soil temperatures, and the roots crack. Nantes carrot types, largely 
because they do not have strong central core development, split or crack more easily in extremely cold weather 
than other carrot types (Anonymous, 1997). Extremely high temperatures (>40°C) cause a bitter taste, reducing 
sweetness and increasing fibrous texture of the storage root (Rubatzky et al., 1999). Other physiological disorders, 
such as cracking in tomato, cherry and apple fruit, occur in tissues lacking sufficient Ca upon hypo-osmotic shock 
following increased humidity or rainfall, presumably because of structural weaknesses in cell walls. The percentage 
of growth cracks and discoloration not affected by P and K fertilization and probably related to weather conditions 
(Sanchez et al., 1991). The objective of this investigation was to found the physiological disorder defects responses 
of  four radish cultivars to continuous varying temperatures 12 and 20oC (no thermoperiodism) and varying 
irrigation levels 0, 33, 66 and 100% AWC depletions. 
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Materials and Methods 
 This experiment was conducted in controlled growth cabinets at Institute Fur Gartenbauliche Produckions 
Systeme, Biologie, Liebniz Universitat, Hannover, Germany. The objective of this trail was to evaluate the 
photosynthesis performance of four radish (Raphanus sativus L. var. sativus) cultivars namely Topsi, Famox F1, 
Corox F1 and Altox F1 grown in cabinets of two varying (12 and 20 oC) temperatures and four varying water 
availabilities (0, 33, 66 and 100% depletion from the available water capacity AWC).  
  Untreated seeds of the evaluated cultivars were produced Verschliessung in 2013-2014, EG-Norm 
Standardsaatgnt DE 08-9387st. These cultivars can perform storage root of 2.5-2.75 mm diameter. Lots number of 
Topsi RA0002CTP (T) was 01972-007, Famox F1 RA4798CTP (F) was 00013-001, Corox F1 was 07110-000 (C) 
and Altox F1 (A) was 00212-007. 
 
Experimental Design  
  Split plot with in Factorial Complete Randomized Block Design (S F-CRBD) was chosen for the trail where Factor 
(A) was represented by cabinet temperature of 20oC (a1) and cabinet temperature 12oC (a2). Factor (B) was 
represented by four water availabilities, sustain peat moss moisture at and below field capacity 0 AWC% depletion 
(b1), 33% AWC depletion (b2), 66% AWC depletion (b3) and wilting point, 100% AWC depletion (b4). Factor (C) 
was represented by four radish cultivars namely Topsi (c1), Famox F1 (c2), Corox F1 (c3) and Altox F1 (c4). 
Therefore, 32 treatments were included in the trail each replicated four times with 18 plants for a replicate.  
 
Cultural practices 
  Experiment conducted in two cabinets, radish cultivars in the first cabinet (figure, M1) subjected to controlled 
temperature 120C, while the second (figure, M2) radish cultivars exposed to controlled temperature 20oC. 
Therefore, 176 plastic trays dedicated to 128 trays for investigation, besides 48 guard trays, each tray contains18 
cells of 5.4749732831g dry peat moss. Trays filled with peat moss and taken to the controlled cabinets (Figures, 
M1, and Figure, M2) then trays were set according to the above-proposed statistical design. 
  Trays were brought up to field capacity on December 9th 2013, and then one seed was sown in each cell. 15 days 
from sowing undesired plants replaced by transplants from guard trays to maintain uniformity and then these 
transplants substituted by seedling grown in separate plastic plates. Immediately, after transplanting plants were 
brought to field capacity and irrigation schedule was commenced according to AWC% depletion adopting weighing 
methods with 2 decimal electrical balances. A compound fertilizer type (2 Mega special) composed of Macro 
nutrients NPK (Mg), 16-6-26(3,4) Magnesium. In addition to that it possesses micro nutrients precisely 0.02% B, 
0.04% water soluble CU, 0.04% EDTA Cu, 0.1% water soluble Fe, 0.1% EDTA and EDHHA Fe, 0.05% water 
soluble Mn, 0.05% EDTA Mn, 0.01% water soluble Mo and 0.01% water soluble Zn, 0.01% EDTA Zn, EDTA with 
pH 3, 11 and EDHHA with pH 1 and 10. Plants were fertilized four times on 11, 20, 28 and 32 days after sowing by 
dissolving 5g.l-1 in irrigation water. Percentages of plants failed to form storage roots, cracked roots, malformed 
roots and pithed or hollowed roots was calculated from the following equations: Defect root number/ total root 
number in each replicate*100. Bulk size measured by water replacements, and then bulk density calculated from 
root weight/ root volume. Exceeding % = higher value – low value/ low value. Sas 9.3 and Minitab 16.1 software 
used for statistical analysis and regression.  
 
Results and Discussion  
Radish response to varying temperatures 
  The highest percentage of roots failed to form storage root (12.949%) observed in 20oC grown cabinet, which 
significantly exceeded radish grown in 12oC cabinet. These results suggested that low rate of cell expansions 
facilitate the allocation of assimilate to the roots on the account of leaves. Therefore, continuous low temperature 
shorten the duration of leaves growth and assist the commencement of taproots swelling (Table, R1). Insignificant 
differences detected between urea rates in term of number of plant that failed to perform reasonable storage root 
per m2. A positive linear correlation found to govern the response of rootless plant numbers per m2 to urea rates 
(Al-Hamadany and Abdel, 2008). They revealed that plants grown under higher urea rates constrained to 
experience severe light competition owing to the high rate of leaf growths. 
  The highest malformed storage roots (22.554%) detected in radish grown in 20oC cabinet (Table, R1), which 
significantly exceeded radish grown in 12oC cabinet. These results confirmed the superiority of 12oC for radish 
production. External quality parameters such as root length and diameter differed significantly between the 
temperature treatments and only the length of carrot roots did not differ significantly between the cultivars. Root 
diameter for both cultivars was significantly greater at 10°C than at 18°C. The only defects observed were green 
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shoulder and misshapen roots. Although not significant, the percentage green shoulders and misshapen roots were 
higher at 18°C than at 10°C. Carrots were significantly firmer at the low temperature (10°C) than at 18°C. The total 
soluble solid content of carrots however, grown at 18°C was significantly higher than, those grown at 10°C 
(Manosa, 2011).  
  The highest percentages of cracked roots (7.869%) observed in radish grown in 12oC (Table, R1), as compared 
to 20oC. Marketable radish root yields ranged from 5.22 to 10.01 Mg·ha-1. The amount of growth cracking, 
expressed as a percentage of total radish root mass average, was 2% in Spring 1986, 8% in Winter 1986, 17% in 
Spring 1987, 47% in Winter 1987, and 18%. The percentage of growth cracks and discoloration not affected by P 
and K fertilization and probably related to weather conditions (Sanchez et al., 1991). Calcium is an essential plant 
nutrient. As the divalent cation (Ca2+), it is required for structural roles in the cell wall and membranes, as a 
counter-cation for inorganic and organic anions in the vacuole, and as an intracellular messenger in the cytosol 
(Marschner, 1995).  
  The highest roots bulk density (1.00661 g/cc) observed in radish grown at 120C (table, R1), however, radish 
grown at 20oC gave lower value (0.85068 g/cc). These results suggested that growing radish at 20oC showed 
efficacy to produce large storage roots of low weight, because of higher cell expansion rates during hypocotyl 
swelling time, such roots are highly exposed to pithiness particularly, at over-ripening. There is a positive 
correlation between change in temperature and photosynthesis. But, when temperatures exceed the normal 
growing range (15°C to 45°C) of plants heat injury takes place and high temperature (HT) hurts the enzymes 
responsible for photosynthesis. Even in the absence of heat stress injury, photosynthesis declines as temperature 
increases because photorespiration increases with temperature faster than does photosynthesis (Schuster and 
Monson, 1990). 
  High temperature 20oC substantially exceeded 12oC in pithiness incidences (824.52%). Pithiness can be detected 
in field by submerging storage roots in water, floated roots are completely pithed and their pith tissues destroyed 
completely, semi-floated are slightly pithed or pith tissue commenced destruction and roots settled in the bottom 
are the best marketable roots (table, R1). High cell growth rate resulted in high pithiness incidences. Therefore, 
application of gibberellin (GA3) found to increase pithiness in radish (Abdel, 2007). Pithiness, also called 
sponginess, is one of the main determinants of the quality of radish tubers. Magendans (1991) characterized 
pithiness by death of xylem parenchyma cells in which gas accumulates. Pithy tissue originates in the largest cells, 
which are relatively far from strands of vascular tissue and which are located halfway between the center and the 
periderm of the tuber. By elongation of the tuber, the dying cells torn apart, eventually leading to hollow tubers. 
Pithiness in radish tubers might, to some extent, be comparable to pith autolysis. Pith autolysis is a syndrome in 
many dicotyledonous herbaceous plants where the storage pith of the stem, petiole, or lower stalk is autolysis by 
the plant's cell wall-degrading enzymes, leaving a hollow stem (Aloni and Pressman, 1981; Carr et al., 1995). 
Radish responses to varying irrigation levels 
  Insubstantial differences detected among irrigation levels on percentage of rootless radish plants (Table, R2), 
however, gradual reduction in the percentage accompanied the gradual reduction in water availabilities. 
Regression analysis (Figure, R2), showed that rootless percentages responses to varying irrigation levels 
overwhelmed by linear type and can be estimated by the following equation: Storage root failure (%) = 8.111 – 
0.02027 (AWC %). Results observed different susceptibilities between cultivars as it found in spring and summer 
cultivars (Aguilar et al., 2010). There was no clear influence of the over-maturity on the hollowness and on the 
malformation of the taproots, as is sometimes said, but there are indications that the availability of water through 
the media might have had some influence on cracking and of secondary roots emission (Maroto, 2002). 
  Insignificant differences detected among irrigation levels in term of malformed storage roots (Table, R2). 
Regression analysis of misshapen root responses to irrigation levels (Figure, R1) governed by cubic regression 
type and can be forecasted by the following equation: Misshapen storage roots (%) = 9.947 + 0.5185 (AWC %) -
0.01317 (AWC %)2 + 0.000061 (AWC%)3. These results revealed that irrigation levels slightly affected malformed 
storage roots, as compared to varying temperatures influences.  
   Gradual root cracking increases with water availabilities reductions, and thus the highest cracked roots (9.258%) 
observed in radish irrigated by 100% AWC depletion (Table, R2), which insignificantly differing from 66%AWC 
depletion. In contrast the lowest cracking percentage (2.083%) concomitant to 33% AWC depletion, which 
insubstantially varied from 0%AWC (2.778%). Regression analysis (figure, R3), revealed that root cracking 
response to irrigation levels dominated by linear type and can be predicted by the following equation: Cracked 
roots (%) = 1.115 + 0.06966 (AWC %). Increasing cracked roots under inadequate irrigation attributed to the low 
transpiration and irregular cell growth. Since Calcium and boron are translocated with xylem stream. Clarkson and 
Hanson (1980) proposed that by forming crosslinks in pectin, boron protects Ca in the cell wall. The hydroxyl H-



Intl J Farm & Alli Sci. Vol., 5 (2): 185-198, 2016 

 

188 
 
 

bonding and borate ester formation may pull carboxylate groups of the polymers into close proximity and allow 
calcium or magnesium binding by the polymers (Blevins et al., 1978).  
  Insignificant differences observed among irrigation levels in terms of bulk density and pithiness of storage roots. 
Regression analysis (figure, R4) revealed that bulk density responses to irrigation levels overwhelmed by quadratic 
type and can be estimated from the following equation: Bulk density (g/cc) = 0.9748 – 0.003517 (AWC %) + 
0.000033 (AWC %)2 . While, root pithiness incidence percentage (Figure, R5), governed by linear regression and 
can be predicted by the below equation: Percentage of root pithiness incidence = 1.416 + 0.00759 (AWC).   
 
Cultivar responses  
  Topsi was the worst cultivar, since it gave the highest rootless percentage (18.403), which substantially exceeded 
other investigated cultivars. However, insignificant differences observed among other cultivars (Table, R3). 
Differences among cultivars in the percentages of roots failed to form storage roots attributed to genome diversity 
and expression at their precise time, such gene expression enables the plant to switch on genes required for the 
commencement of hypocotyl swellings through shifting assimilate partitions to the favour of hypocotyl on the 
account of leaves. Torres et al. (2013) found that ‘Spring White’ was more susceptible to cracking and 
malformation than ‘Spring Favor’ while ‘Spring Favor’ showed a greater susceptibility to hollowness and secondary 
root emissions, Spring White taproots were longer and less wide than ‘Spring Favor’. Over-maturity taproots did not 
influence on the hollowness and malformation. Among the three used substrates, perlite behaved worse in the 
incidence of almost all studied physiological disorders, while it seems that sand and coir dust did not adversely 
affect them. No many significant interactions were detected between cultivars x substrates. 
  The highest percentage of storage roots misshapen (15.457%) observed in Topsi (Table, R3), which 
insignificantly differing from Famox F1 (12.418%). However, the lowest value detected in Corox F1 (9.907%), which 
insignificantly differed from Altox F1 (9.722%) and Famox F1 (12.418%). Differences among cultivars attributed to 
their gene diversities, which conserved during seed productions from their mother plants. The cultivar ‘Spring 
White’ was more susceptible to malformation than ‘Spring Favor’, especially estimated through the Average Ratio 
of Malformation (ARM), while the different substrates did not affect this ratio or the percentage of plants affected by 
intense malformation. No significant interaction cultivar x substrate for both parameters were found (Torres et al., 
2013). Insignificant differences detected among cultivars in the percentage of cracked roots, root bulk density, and 
pithiness of roots. 
 
Radish responses to varying temperatures and irrigation levels 
   The obtained results (Table, R4) showed that temperatures are the most potent factor in manipulating the values 
of roots failed to form storage roots, where subjecting radishes to continuous 20oC substantially increased the 
rootless plants, as compared to 12oC. These results suggested that high temperature favoured a rapid leaf growth, 
which consuming synthesized assimilate to keep producing leaves and increasing their sizes and deprived root 
hypocotyl. This phenomenon do not occurred in field due to thermoperiodism where, the higher growth rate at 
higher day temperatures antagonized by low growth rate of lower night temperatures. Notwithstanding, high 
temperatures favoured the leaf growth on the account of hypocotyl swelling, in contrast low temperatures restrict 
the leaf growth and recruiting hypocotyl swelling. When combined, plants grown with low root temperature and O3 
expected to show slightly higher R/S ratios than plants grown with warm root temperatures and O3 Plants grown at 
18oC RZT showed a trend towards lower R/S ratios, but plants at 13oC RZT showed R/S ratios similar to plants 
grown without O3. However, low root temperatures cause a biomass shift to the roots (Gladish and Rost, 1993). 
  The obtained results (Table, R4) manifested that the highest malformed root percentage (30.903) confined to 
radish irrigated by 33%AWC grown at 20oC. However, the lowest value (0.00%) observed in adequately irrigated 
radish grown at 12oC, which insubstantially varying from all other irrigation treatments of radish grown in 12oC 
cabinet. In general, radish grown at 20oC significantly exceeded that grown at 12oC in malformed storage roots, 
regardless to irrigation treatments. Therefore, cultivars arranged according to their superiorities as following: Altox 
F1> Corox F1> Famox F1> Topsi. Defects of carrot roots include physiological disorders such as forking, cracking, 
splitting, bruising, misshapen, green shoulder, internal greening. Forked and cracked roots are more common in 
summer when temperatures are high than in the cooler times of the year (Valenzuela and Lai, 1991; Joubert et al., 
1994; Alam et al., 2004). 
  The highest percentage of cracked roots (13.424%) observed in radish irrigated with 100%AWC grown in 12oC 
(table, R4), which insubstantially differed from radish irrigated by 66%AWC grown in 12oC cabinet. However, the 
lowest percentage value (0.463%) detected in radish grown at 20oC irrigated by 0 and 33% AWC depletions. These 
results suggested that adequate uniform water application combined with 20oC substantially reduced cracked roots 
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due to maintaining reasonable transpiration. Calcium and Boron conducted to require tissues for building well 
performed cell wall. In vascular plants, boron moves from the roots with the transpiration stream, and accumulates 
in growing points of leaves and stems (Lovatt, 1985).  
  The highest bulk density of storage roots (1.111g/cc) observed in radish irrigated with 100%AWC depletion grown 
in 12oC cabinet (Table, R4), which insubstantially varying from all irrigation levels grown at 12oC, 0 and 33%AWC 
levels grown at 20oC. However, the lowest bulk density (0.735g/cc) confined to radish irrigated by 66%AWC 
depletion grown at 20oC, which insignificantly differing from radish irrigated by 33%AWC depletion grown at 20oC. 
These results suggested that 12oC gave the best bulk density regardless to irrigation, which might be due to low 
cell growth rate and normal cell division, since such temperature affects cell expansions profoundly, but not cell 
division. Low temperature (4ºC) influenced the development of radishes by increasing biomass accumulation in 
storage organs further (roots) and accelerating plant growth (relative growth rate, net assimilation rate). Increased 
shoot: root ratio and specific leaf area showed that under ordinary temperature conditions (18/14ºC) radish grew 
more leaves but accumulated less assimilate products in roots (Sirtautas et al., 2011).  
   In general, 20oC substantially dominated root pithiness regardless to irrigation levels, particularly with 66%AWC 
depletion treatment, which showed the highest pithiness percentage (5.093%), as it insignificantly differing from 
pithiness percentage of radish grown at 20oC irrigated with either 0, 33, or 100%AWC depletion and from radish 
grown at 12oC grown at 100%AWC depletion. The lowest pithiness incidences observed in radishes grown at 12oC 
irrigated with either 0, 33, or 66%AWC depletion (Table R4). These results suggested that high growth rate of pith 
tissue cells produces large uncompact cells loosely bounded of sluggish fragile cell wall easily torn. Hagiya (1957) 
concluded that pithiness in radish correlates with a rapid tuber growth rate and a small shoot: tuber ratio. Kano and 
Fukuoka (1991) observed that more hollow roots occurred in Japanese radish when the growth rate of the roots 
increased by reducing plant density.  
 
Cultivar responses to varying temperatures 
  The obtained results (Table, R5) manifested that the highest percentage of failed radish to form storage taproots 
(21.528%) confined to Topsi irrigated with 33% AWC depletion, which insignificantly varied from Topsi irrigated by 
0, 66, and 100% AWC depletion. These results suggested that Topsi radish cultivar more disposed to root 
formation failure than the other three cultivars. Since, they substantially reduced the percentages of rootless radish, 
particularly Corox F1, which gave the lowest failure (0.694%), when irrigated by 100%AWC depletion. Δ 
percentage of the differences between adequately irrigated and wilted radish cultivars (Figure, R6) revealed that 
adequate irrigation highly increased storage root failure in Famox F1 and Corox F1, however, Topsi and Altox F1 
slightly affected by irrigation. It seems that low water availabilities slightly reduced the failure percentages. 
Although, water stress has been proved to reduce the cell enlargements which tends to shift the assimilate 
partitioning to the roots, which utilize in generating new fibrous roots not to stimulate the hypocotyl swelling. 
Besides the sluggish, assimilate owing to the reduction in the photosynthesis caused by water scarcity. Land plants 
encountering low water potentials (low ψ) close their stomata, restricting CO2 entry and potentially photosynthesis. 
To determine the impact of stomatal closure, photosynthetic O2 evolution was investigated in leaf discs from 
sunflower (Helianthus annuus L.) plants after removing the lower epidermis at low ψ. Wounding was minimal as 
evidenced by O2 evolution nearly as rapid as that in intact discs. O2 evolution was maximal in 1 % CO2 in the peeled 
discs and markedly inhibited when ψ was below –1.1 MPa. CO2 entered readily at all ψ, as demonstrated by 
varying the CO2 concentration. Results were the same whether the epidermis removed before or after low ψ was 
imposed (Tang et al., 2002).  
  The highest percentage of misshapen storage roots (20.139%) confined to Topsi irrigated by 33%AWC (table R5). 
In contrast, the lowest values observed in Corox F1 irrigated with 66%AWC. Δ percentage of the differences 
between field capacity and wilting irrigation levels (figure, R6), manifested that adequate irrigation highly exceeded 
severe drought Corox F1 and Famox F1 in term of malformed root percentages. However, Topsi and Altox 
influenced more by severe drought. Irrigation increased the size and weight of root vegetables and prevented 
defects such as toughness, strong flavour, cracking and misshapen roots (Sander, 1997). A frequent, uniform 
supply of water is extremely important for radish growth, yield, and yield quality (Singh and Cheema, 1972; Park 
and Fritz 1984; Barker et al., 1983).  
  Insubstantial variation found among cultivar and irrigation level combinations in terms of cracked roots, bulk 
density, and pithiness. Percentage of the differences between field capacity and wilting irrigation treatments 
revealed that severe drought tended to increase cracking incidences of roots in all cultivars particularly Altox F1, 
Famox F1, and Corox F1(Figure, R8). Root bulk density (Figure, R9) increased in Topsi cultivar when adequately 
irrigated, however, Altox F1 showed bulk density increases under severe drought. Root pithiness increased in 
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adequately irrigated Topsi; however, severe drought slightly increased pithiness in all other investigated cultivars 
(Figure, R10).  
 
 
Cultivar responses to varying temperatures 
  The highest storage root failure (36.458%) occurred in Topsi grown in 20oC, which significantly differed from all 
temperature and cultivar combination treatments. In contrast, the lowest failure of storage root formation (0.347%) 
coincided to Topsi grown in 12oC. Δ differences between 20 and 12oC (Figure, R11) showed that only Topsi 
possessed the efficacy for root failure under 20oC, however other cultivars showed slight tendencies for rootless. 
These results confirmed the dominance of temperatures on cultivar responses. Since, 12oC reduced the 
percentage from 36.458 in 20oC to 0.347. At higher root temperatures, there is less sink demand to the roots, so 
source demands from the leaves are low and biomass remains constant. Because low root temperatures decrease 
root metabolic rates (Kallenbach et al., 1996), sink demand is great for roots to increase growth and compensate 
for decreased metabolism. 
  In general, all cultivars grown at 20oC gave higher percentage of misshapen storage roots, as compared to these 
grown at 12oC (Table, R6), particularly, Topsi (29.61%), which insubstantially differing from Famox F1 (17.116%). 
However, the lowest values observed in FamoxF1 grown at 12oC (0.00%), which insignificantly differed from all 
other cultivars grown at 12oC. Δ differences percentage between 20 and 12oC (Figure, R7) exhibited that all 20oC 
grown radish cultivars except Famox F1 showed tendencies to produce misshapen roots. Summer carrots develop 
a rough appearance or they tend to misshapen when the warmer temperatures limit the quality of the storage root. 
Green shoulder and internal greening are physiological disorders in carrot roots caused by chlorophyll 
accumulating at the crown due to exposure to sunlight and extending internally to the core tissue (Ravishakar et al., 
2007).  
  The highest cracked roots (13.426%) confined to Topsi grown in 12oC cabinet (Table, R6), which insignificantly 
varying from Famox F1 and Corox F1 grown in 12oC cabinet. However, the lowest cracked root incidence (1.388%) 
confined to Corox F1 grown at 20oC, which insignificantly varying from all other temperatures-cultivars interaction 
treatments. Δ percentage differences between cultivars grown at 20oC and their correspondents at 12oC exhibited 
that all cultivars were vulnerable to cracking at 12oC, especially Topsi, Famox F1 and Corox F1(Figure, R13). 
These results suggested that Topsi cultivar was more disposed to cracking incidences at 12oC than other cultivars, 
particularly Altox F1. These finding attributed to the low water transpiration at 12oC, which deprived the growing 
swelling tissues from adequate. Calcium flux to the xylem through the apoplastic pathway influenced markedly by 
transpiration, which could lead to vagaries for Ca supplied to the shoot and the development of Ca disorders 
(Marschner, 1995; McLaughlin and Wimmer, 1999). Furthermore, the apoplastic pathway is relatively non-selective 
between divalent cations (White, 2001; White et al., 2002), and its presence could result in the accumulation of 
toxic solutes in the shoot. By contrast, the symplastic pathway allows the plant to control the rate and selectivity of 
Ca transport to the shoot (Clarkson, 1993; White, 2001).  
  The highest bulk density of storage roots (1.073 g/cc) observed in Altox F1 grown at 12oC, which insignificantly 
differing from Topsi grown at 20 (Table, R6), and the lowest (0.717 g/cc) found in Altox F1 grown at 20oC. Δ 
percentage differences between 12 and 20oC in bulk density of storage roots (Figure, R14) revealed that all 
cultivars except Topsi performed better bulk density of storage roots at 12oC. These result suggested that Topsi 
growth is to some extent preferred 20oC, in contr. These results suggested the varying cultivar responses to 
varying temperatures; in general, temperature apparently dominated the cultivar responses. Cool season cellular 
membrane possesses high non-saturated to saturated fatty acid which sustain membrane fluidity at low 
temperatures and thus resisting low temperature, however, extreme low temperature resulted in the production of 
oxidants mainly in mitochondria peroxisomes and chloroplast (Abdel, 2014).  
  The highest pithiness percentage (5.093%) observed in Topsi grown at 20oC (table, R6), which insignificantly 
varying from Corox grown at 12, 20oC, Famox F1 grown at 20oC. However, the lowest, incidences of pithiness 
detected in Famox F1 grown at 12oC. Δ percentage of the differences between 2 and 12oC (Figure, R15), revealed 
that only Topsi vulnerable to pithiness under 20oC. Strong elongation of the tuber results in breaking of xylem 
vessels, which might be the first step to pithiness (Magendans, 1991). Cell size and the distance between xylem 
vessels increases with increasing tuber size (Joyce et al., 1983; Kano and Fukuoka, 1991), which may result in 
more pithiness (Magendans, 1991).  
Cultivar responses to varying temperatures and irrigation levels 
  The highest storage root failure (41.667%) observed in Topsi irrigated by 33%AWC depletion , grown in 20oC 
cabinet (Table, R7), which insignificantly differed from Topsi grown in 20oC irrigated with either 0, 66 or100% AWC 
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depletions. However, insignificant differences detected among all other triple interaction treatments. These results 
suggested that cultivar responses mainly dominated by temperatures rather than irrigation levels, where Topsi was 
the worst. The negative influence of 20oC was due to high leaf growth rate, which make the leaf source and sink in 
the same time to sustain growth and leaves generation, which deprived root from assimilate and thereby hypocotyl 
swelling. It seems that, not only high temperature tends to increase storage root failure in radish but also high plant 
population, high nitrogen application, gibberellins application and cultivars (Al-Hamadany and Abdel, 2008; Abdel, 
2011). Abdel (2011) found that radish is very sensitive to high population, where the hypocotyl takes a coil shape 
above the soil to enable leaves compete other surrounding plants for light, and thus plants failed to form storage 
taproots because of the alteration of hormonal homoeostasis to auxin (Abdel et al., 2013).  
  The highest percentage misshapen of storage roots (38.889%) accompanied to Topsi irrigated by 33%AWC 
grown in 20oC cabinet. However, the lowest value (0.0%) coincided to radish grown in 12oC cabinet regardless to 
all cultivars under all irrigation levels. These results suggested that temperatures dominated the triple interaction, 
where the highest malformed storage roots detected with radish grown in 20oC, as compared to 12oC. Malformed 
and rootless radish accompanied with rapid growth in fibrous roots system, since assimilate shifted from leaves to 
hairy roots. It was found that temperature had a significant effect on the occurrence of hairy roots. Carrots grown at 
28/20°C had significantly more hairy roots (88.8%) than those at 24/10°C (37.5%), while the occurrence of hairy 
roots on plants grown at 15/5°C (63.8%) was not significantly different from that at the other temperatures. 
Excessive soil moisture can, however, also lead to increased lateral root formation so that the root surfaces appear 
hairy (Drost and Bitner, 2010; Anonymous, 2008). Becard and Fortin (1988) found Cultivars to respond differently, 
although this difference was not significant. It is however also possible, that the high percentage of hairiness was 
caused by the long growing season, and the fact that the soil was kept wet. 
  The highest bulk density of storage roots (1.5762 g/cc) observed in Topsi irrigated with 0%AWC depletion grown 
in 20oC cabinet (Table, R7), which insignificantly differing from Altox irrigated by 100%AWC grown at 12oC. In 
general, all cultivars except Topsi performed better at 12oC than 20oC, this finding confirmed that Topsi preferred 
20oC where other cultivars preferred 12oC. In response to High temperature, the reaction catalyzed by ribulose-1,5-
bisphosphate carboxylase oxygenase (RuBisCO) can lead to the production of H2O2 as a consequence of 
increases in its oxygenase reactions (Kim and Portis, 2004). On the other hand, low temperature (LT) conditions 
can create an imbalance between light absorption and light use by inhibiting the activity of the Calvin–Benson 
cycle. Enhanced photosynthetic electron flux to O2 and over-reduction of the respiratory electron transport chain 
(ETC) can also result in ROS accumulation during chilling which causes oxidative stress (Hu et al., 2008). 
  The highest percentage of pithiness incidences (12.963%) detected in Topsi grown at 20oC irrigated with 0%AWC 
(table, R7). Fresh mass of the tubers strongly increased with increasing irradiance and intera plant distance. 
Pithiness increased with plant age and thus, when plants of the same age compared, the degree of pithiness was 

smallest at the lowest intera plant distance, but there was no significant difference between the 7 and 9.5 cm intera 
plant distance. Pithiness increased with increasing irradiance, when plants of the same age compared. Pithiness 
could be ascribed to plant age and treatment (light or plant density), as well as to plant age and tuber fresh mass, 
indicated statistically by comparing the deviance of the generalized linear mixed models with different fixed terms. 
Hence, the effects of the treatments on pithiness were similar to those on tuber fresh mass or the effects on tuber 
mass (Marcelis et al., 1997) mediated the treatment effects on pithiness. 
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Figure (M1). Temperature at Cabinet 1, 12oC 

 
Figure (M2). Temperature at Cabinet 2, 20 oC 

 

Table (R1). Physiological disorders of radish storage roots grown in controlled cabinet under varying temperatures, (*). Figures of unshared 
characters significantly differs at 0.05 level, Duncan (only Horizontal lines) 

Temperature Rootless plant % Malformed roots% Cracked roots % Root bulk dens. g/cc Pithiness % 

20 oC A 12.949 A 22.554 B 2.083 B 0.85068 A 3.2409 

12 oC B 0.260 B 0.781 A 7.869 A 1.00660 B 0.3471 

 

Table (R2). Physiological disorders of radish storage roots grown in controlled cabinet under varying irrigation levels (*). Figures of unshared 
characters significantly differs at 0.05 level, Duncan (only horizontal lines) 

Irrigation levels Rootless plant % Malformed roots % Cracked roots % Root bulk dens g/cc Pithiness % 

0% awc A 8.007 A 9.947 B 2.778 A 0.97351 A1.62 

33% awc A 7.639 A 15.625 B 2.083 A 0.89823 A0.926 

66% awc A 5.382 A 10.069 B A 5.786 A 0.88474 A2.778 

100% awc A 5.392 A 11.029 A 9.258 A 0.95807 A1.851 

 

Table (R3). Physiological disorders of four radish cultivars storage roots grown in controlled cabinet (*). Figures of unshared characters 
significantly differs at 0.05 level, Duncan (Horizontal lines only) 

Cultivars Rootless plant % Malformed roots % Cracked roots % Root bulk dens cc Pithiness % 

Topsi A 18.403 A 15.451 A 7.870 A1.00002 A2.778 

Famox F1 B 2.788 B A 12.418 A 4.861 A0.91496 A2.083 

Corox F1 B 1.930 B 9.079 A 3.933 A0.90456 A0.694 

Altox F1 B 3.299 B 9.722 A 3.241 A0.895 A1.621 
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Figure (R1). Malformed storage root responses to AWC% depletion 

 
Figure (R2). Storage root cracks responses to AWC% depletion 

 
Figure (R3). Plants failed to form storage root responses to AWC% depletion 

 
Figure (R4). Storage root bulk density  responses to AWC% depletion 
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Figure (R5). Storage root pithiness  responses to AWC% depletion 

 

Table (R4). Physiological disorders of radish storage roots grown in controlled cabinet under varying temperature and irrigation levels, (*). 
Figures of unshared characters significantly differs at 0.05 level, Duncan. (only horizontal lines) 

Temp./AWC Rootless plant % Malformed roots % Cracked roots % Root bulk dens cc Pithiness % 

20/0% A 15.666 B 19.894 C0.463 BA0.9918 BA3.241 

20/33% A 14.931 A 30.903 C0.463 BA0.87 BA1.853 

20/66% A 10.417 B 19.792 BC2.315 B0.7358 A5.093 

20/100% A 10.784 B 19.628 BC5.092 B0.8051 BA2.777 

12/0% B 0.347 C 0.000 BC5.092 BA0.9552 B0 

12/33% B 0.347 C 0.347 BC3.704 BA0.9264 B0 

12/66% B 0.347 C 0.347 BA9.258 BA1.0337 B0.463 

12/100% B 0.000 C 2.431 A13.424 A1.1111 BA0.925 

 

Figure (R6). Reduction percentages in 
storage rootless of four cultivars caused 

by wilting, as compared to FC 

 
Figure (R7). Reduction percentages in 

misshaped storage root of four cultivars 
caused by wilting, as compared to FC 

 
Figure (R8). Reductionpercentages in 
cracked storage roots of four cultivars 
caused by wilting, as compared to FC 

 
Figure (R9). Reduction percentages in 

storage root bulk densities of four 
cultivars caused by wilting, as compared 

to FC 
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Table (R5). Physiological disorders of four radish cultivars storage roots grown in controlled cabinet under varying irrigation levels (*). Figures of 
unshared characters significantly differs at 0.05 level, Duncan. (only horizontal lines) 

Irrig:Cvs Rootless plant % Malformed roots Cracked roots % Root bulk dens cc Pithiness % 

0%T A 19.444 B A C 12.5 A8.333 A1.2213 A6.482 

0%F B 4.861 B A C 7.639 A2.778 A0.9072 A0 

0%C B 4.943 B A C 13.399 A0 A0.9051 A0 

0%A B 2.778 B C 6.250 A0 A0.8604 A0 

33% T A 21.528 A 20.139 A6.482 A0.9042 A0 

33% F B 4.167 B A 17.361 A0.927 A0.9594 A0 

33% C B 1.389 B A C 11.806 A0.925 A0.9128 A0.927 

33 % A B 3.472 B A C 13.194 A0 A0.8165 A2.778 

66% T A 17.361 B A C 16.667 A7.408 A0.8837 A3.705 

66% F B 1.389 B A C 13.194 A2.778 A0.9254 A4.63 

66% C B 0.694 C 4.167 A6.478 A0.9219 A0 

66% A B 2.083 B C 6.250 A6.481 A0.8079 A2.778 

100%T A 15.278 B A C 12.5 A9.259 A0.9908 A0.927 

100%F B 0.735 B A C 11.479 A12.962 A0.8679 A3.702 

100% C B 0.694 B C 6.944 A8.33 A0.8784 A1.85 

100%A B 4.861 B A C 13.194 A6.482 A1.0952 A0.926 

 

Figure (R10). Reduction percentages in 
storage roots  pithiness of four cultivars 

caused by wilting, as compared to FC 

Figure (R11). Reduction percentages in 
storage rootless of four cultivars caused 

by 20oC, as compared to 12oC 

Figure (R12). Reduction percentages in 
malformed storage root of four cultivars 

caused by 20oC, as compared to 12oC 

 
Figure (R13). Reduction percentages in 
cracked storage root of four cultivars 
caused by 20oC, as compared to 12oC 
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Figure (R14). Reduction percentages in 

storage root bulk densities of four 
cultivars caused by 20oC, as compared to 

12oC 

Figure (R15). Reduction percentages in 
storage root pithiness of four cultivars 
caused by wilting, as compared to FC 

 

  Table (R6). Physiological disorders of four radish cultivars storage roots grown in controlled cabinet under varying temperatures (*). Figures of 
unshared characters significantly differs at 0.05 level, Duncan. (only horizontal lines) 

Temp: Cvs Rootless plant % Malformed roots Cracked roots % Root bulk dens cc Pithiness % 

20 Topsi A36.458 A29.861 B2.315 A1.0321 A5.093 

20 Famox F1 B5.229 AB24.837 B1.852 BA0.8402 BA4.166 

20 Corox F1 B3.513 B17.116 B1.388 BA0.8134 B0.463 

20 Altox F1 B6.597 B18.403 B2.778 B0.717 BA3.241 

12 Topsi B0.347 C1.042 A13.426 BA0.9679 B0.463 

12 Famox F1 B0.347 C0 BA7.871 BA0.9897 B0 

12 Corox F1 B0.347 C1.042 BA6.478 BA0.9958 BA0.925 

12 Altox F1 B0 C1.042 B3.704 A1.073 B0 

 

Table (R7). Physiological disorders of four radish cultivars storage roots grown in controlled cabinet under varying irrigation levels (*). Figures of 
unshared characters significantly differs at 0.05 level, Duncan (only horizontal lines) 

Temp: Irrig:Cvs Rootless plant % Malformed roots Cracked roots % Root bulk den. g/ cc Pithiness % 

20 0% T A38.889 A-D 25 A1.852 A1.5762 A12.963 

20 0% F B8.333 B-E 15.278 A0 C0.8242 B0 

20 0% C B9.886 A-C 26.797 A0 C0.754 B0 

20 0% A B5.556 C-D 12.5 A0 C0.8128 B0 

20 33% T A41.667 A 38.889 A0 A-C0.9877 B0 

20 33% F B8.333 A 34.722 A0 A-C0.966 B0 

20 33% C B2.778 A-D 23.611 A1.85 C0.799 B1.853 

20 33% A B6.944 A-C 26.389 A0 C0.7273 BA5.557 

20 66% T A34.722 AB 33.333 A5.556 C0.6577 BA5.557 

20 66% F B2.778 A-C 26.389 A0 C0.8044 BA9.259 

20 66% C B0 DE6.944 A0 C0.8133 B0 

20 66% A B4.167 C-D 12.5 A3.703 C0.6679 BA5.557 

20 100% T A30.556 A-D 22.222 A1.852 BC0.9068 B1.853 

20 100% F B1.471 A-D 22.958 A7.407 C0.7662 BA7.403 

20 100% C B1.389 C-E11.111 A3.703 BC0.8871 B0 

20 100% A B9.722 A-D 22.222 A7.407 C0.6601 B1.852 

12 0% T B0 E 0 A14.813 C0.8664 B0 

12 0% F B1.389 E 0 A5.555 A-C0.9902 B0 



Intl J Farm & Alli Sci. Vol., 5 (2): 185-198, 2016 

 

197 
 
 

12 0% C B0 E 0 A0 A-C1.0563 B0 

12 0% A B0 E 0 A0 BC0.9079 B0 

12 33% T B1.389 E1.389 A12.963 C0.8207 B0 

12 33% F B0 E0 A1.853 A-C0.9527 B0 

12 33% C B0 E0 A0 A-C1.0266 B0 

12 33% A B0 E0 A0 BC0.9057 B0 

12 66% T B0 E0 A9.26 A-C1.1098 B1.853 

12 66% F B0 E0 A5.557 A-C1.0464 B0 

12 66% C B1.389 E1.389 A12.956 A-C1.0305 B0 

12 66% A B0 E0 A9.259 A-C0.948 B0 

12 100% T B0 E2.778 A16.666 A-C1.0749 B0 

12 100% F B0 E0 A18.517 A-C0.9695 B0 

12 100% C B0 E2.778 A12.956 A-C0.8696 B3.7 

12 100% A B0 E4.167 A5.557 AB1.5302 B0 

 
REFERENCES 

 
Abdel C. G. 2007. Production of well irrigated radishes (Raphanus sativus L.): 5 – The influence of Gibberellic acid (GA3) on growth and yield of 

local black radish cultivars grown under plot and furrow cultivations methods. J. Dohuk Univ., 10, 2:40-49. 
Abdel C. G. 2011. Improving the production of radish (Raphanus sativus L.cv. local black) by Fe-EDDHA and carrots (Daucus carrota L. var. 

sativus cv. Nates by indole-3-butyric acid (IBA). African Journal of Agricultural Research. 6, 4: 978-985. 
Abdel C. G. 2014. Generation of Cell Oxidants in Response to Abiotic Stresses. Lambert Academic Publishing, Germany, 978-3-659-51531-6.  
Abdel C. G. and M. R. S. A-Sabari 2009. Production of well-irrigated radishes (Raphanus sativus L.): 3. the influence of Naphthalene acetic-3- 

acid (NAA) on growth and yield of furrow cultivated local black radish cultivar J. of college of Education Babylon Univ. 1,5: 98-106.  
Abdel C. G., S. A. Yaseen, and K. H. Yousif 2013. Production of Selenium containing radish (Raphanus sativas L.) cultivars for utilization in 

health therapy. INTERNATIONAL JOURNAL OF PHARMACEUTICAL CHEMISTRY RESEARCH, 2, 3: 16-33. 
Abdel C. G. (2014). Generation of Cell Oxidant In Response to Abiotic Stress. Lambert Publishing House, Germany 
Aguilar J. F., J. F. Torres, G. Solís, M. S. Bono, A. San Bautista, S. Lopez-Galarza, J. Alagarda, B. Pascual and J. V. Maroto 2010. In Torres et 

al. 2013. Influence of growing media on physiological disorders incidence in oriental radishes. Acta Hort. 1013, ISHS, 521-528. 
Alam S., K Coares, S. Lee, E. M. Lovergove, M. Robalino, T. Sakata, D. Santella, S. Surendran and K. Urry 2004. Energy in, energy out. 

Columbia University, USA. 
Al-Hamadany S. Y. H. and C. G. Abdel 2008. Improving radish yield by the application of nitrogen fertilizer. J. of Tikrit Univ. for Agricultural 

sciences, 8, 2:360-370. 

Aloni B. and E. Pressman 1981. Stem pithiness in tomato plants: The effect of water stress and the role of abscisic acid. Physiologia Plantarum 
51: 39-44. 

Anonymous 1997. Agriculture and rural development. Food Res. Int. 30, 8: 611-618. 
Anonymous 2008. The carrot today. World carrot museum. www.carrotmuseum.com.  
Barker A. V., J. F. Laplante, and R. A. Daman 1983. Growth and composition of radish under various regimes of nitrogen nutrition. J. Am. Soc. 

Hort. Sci., 108: 1035. 
Becard G. and J. A. Fortin 1988. Early events of vesicular arbuscular mycorrhiza formation on RiT–DNA transformed roots. New Phytol. 108, 

211-218. 
Blevins, D. G., N. M. Barnett, and W. B. Frost (1978). Role of potassium and malate in nitrate uptake and translocation by wheat seedlings. 

Plant Physiol., 62: 784–788. 

Carr S. M., M. Seifert, B. Delbaere and M. J. Jaffe 1995. Pith autolysis in herbaceous dicotyledonous plants. A physiological ecological study of 
pith autolysis under native conditions with special attention to the wild plant Impatiens capensis Meerb. Annals of Botany76: 177-189. 

Clarkson D. T. 1993. Roots and the delivery of solutes to the xylem. Philosophical Transactions of the Royal Society of London Series B 341: 5-
17. 

Clarkson, D. T., J. B. Hanson 1980. The mineral nutrition of higher plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 31:239–98. 
Drost D. and W. Witner 2010. Radishes in the garden. In: N. E. Cockett (ed.). Department of Agriculture, Vice President for extension and 

Agriculture, Utah State University, USA. 
growth dynamics and lateral root distribution in garden pea (Pisum sativum L., cv. Alaska). Environmental and Experimental Botany 33: 2, 243-

258. 
Hagiya K. 1957. The occurrence of pithy tissue in root crops. 3. The influence of culture conditions on the occurrence of pithy tissue. Journal of 

the Japanese Society for Horticultural Science26: 111-120. 
Hu, W. H., X. S. Song, K. Shi, X. J. Xia, Y. H. Zhou and J. Q. Yu 2008. Changes in electron transport, superoxide is mutase and ascorbate 

peroxidase isoenzymes in chloroplasts and mitochondria of cucumber leaves as influenced by chilling. Photosynthetica, 46, 581-588. 
Joubert T. G., G. La, B. H. Boelema, and K. C. Daiber 1994. The production of carrots. Vegetable and Ornamental Plant Institute, Agricultural 

Research Council-Roodeplaat. 
Joyce D. C., D. Aspinall and G. R. Edwards 1983.Water deficit and the growth and anatomy of the radish fleshy axis. New Phytologist 93: 439-

446. 
Kallenbach R. L., A. G. Matches, and J. R. Mahan 1996. Sainfoin regrowth declines as metabolic rate increases with temperature. Crop Science 

36: 1, 91-97.  



Intl J Farm & Alli Sci. Vol., 5 (2): 185-198, 2016 

 

198 
 
 

Kano Y. and N. Fukuoka 1989. Effects of root growth - especially of the growth of the central part of the root - on the occurrence of hollow root 
in Japanese radishes. Bull. Ishikawa. Agric. Coll., 19: 17-23.  

Kano Y. and N. Fukuoka 1991. Effect of planting density on the occurrence of hollow root in Japanese radish cv. Gensuke. J. Jpn. Sot. Hortic. 
Sci., 60: 379-386.  

Kim, K., and J. Portis 2004. Oxygen-dependent, HO●2 production by Rubisco. FEBS Letters, 571, 124-128. 
Lovatt, C. J. 1985. Evolution of xylem resulted in a requirement for boron in the apical meristems of vascular plants. New Phytol, 99:509–22. 
Magendans J. F. C. 1991. Elongation and contraction of the plant axis and development of spongy tissues in the radish tuber (Raphanus satisus 

L. cv. Saxa Nova). Wageningen Agricultural University Magendans JFC. 1991. Elongation and contraction of the plant axis and 
development of spongy tissues in the radish tuber (Raphanus sativus L. cv. Saxa Nova). Wageningen Agricultural University Papers 91 
(1). 

Manosa N. A. 2011. Influence of temperature on yield and quality of Carrots (Daucus carota var. sativa). M. Sc. Thesis University of the Free 
State Bloemfontein. 

Marcelis L. F., E. Heuvelink, and D. Vandijk 1997. Pithiness and growth of radish tubers as affected by irradiance and plant density. Annals of 
Botany, 79, 397-402. 

Maroto J. V. 2002. Horticultura Herbcea Especial. Mundi Prensa (5ed.). Madrid, Spain. 
Marschner H. (1995). Mineral Nutrition of Higher Plants, 2, Academic Press, London, U.K., pp. 889.  
McLaughlin, S. B., and R. Wimmer 1999. Calcium physiology and terrestrial ecosystem processes. New Phytologist, 142: 373-417. 
Park K. W. and D. Fritz 1984. Effects of fertilization and irrigation on the quality of radish (Raphanus sativus L.) var. Niger grown in experimental 

pots. Acta. Hort. (ISHS), 145: 129-137. 
Ravishakar P., R. Lada, C. D. Cladwell, S. K. Asiedu, and A. Adams 2007. The effect of light, rehilling and mulching on green shoulder and 

internal greening in carrots. Crop Sci. 47, 1151-1158. 
Rubtzky V. E., C. F. Quiros and P. W. Simon 1999. Carrots and related vegetable Umblelliferae. CABI Publishing, New York. 
Sanchez C. A., M. Lockhart, and P.S. Porter 1991. Response of Radish to Phosphorus and Potassium Fertilization on Histosols. 

HORTSCIENCE 26, 1: 30-32. 
Sander D. C. 1997. Vegetable crop irrigation. Extension Horticultural Specialists. Department of Horticultural Science. North Carolina 

Cooperative Extension Service. North Carolina State University Raleigh, North Carolina, USA. 
Schuster, W. S and R. K. Monson 1990. An examination of the advantages of C3-C4 intermediate photosynthesis in warm environments. Plant, 

Cell & Environment, 13, 903-912. 
Singh K. and G. S. Cheema 1972. Effect of nitrogen, sulphur, and potash fertilizers on the mineral composition and metabolites of radish 

(Raphanus sativus L.). Haryana J Hortic Sci 14:71–75. 
Sirtautas R., G. Samuoliene, A. Brazaityte, P. D. Yste 2011. Temperature and photoperiod effects on photosynthetic indices of radish 

(Raphanus sativus L.). Agriculture, 98: 1, 57-61. 
Tang A. C., Y. Kawaitsu, M. Kanchi, and J. S. Boyer 2002. Photosynthetic oxygen evolution at low water potential in leaf discs lacking an 

epidermis. Annals of Botany89: 861-870. 
Torres J. F., D. Siurana, M. S. Bono, P. Laza, N. Pascual-Seva, A. San Bautista, B. Pascual, J. Alagarda, S. Lopez-Galarza, and J. V. Maroto 

2013. Influence of growing media on physiological disorders incidence in oriental radishes. Acta Hort. 1013, ISHS, 521-528.  
Valenzuela H. and S. Lai 1991. Quality characteristics for cultivar evaluation of vegetable crops. Department of Horticulture-CTAHR, University 

of Hawaii at Manoa, USA. 
White, P. J. 2001. The pathways of calcium movement to the xylem. Journal of Experimental Botany, 52: 891-899. 
White, P. J., S. N. Whiting, A. J. M. Baker, and M. R. Broadley (2002). Does zinc move apoplastically to the xylem in roots of Thlaspi 

caerulescens? New Phytologist, 153: 199-211. 
 
 


