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Statistical Analysis of the Development of Internal Browning in Japanese Radish in Relation to Thermal
Condition Using Logit Model
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Abstract

To clarify the correlation between the occurrence of internal browning (IB) in Raphanus root and the thermal condition,
especially, during the later growth period, a logit model was established, using the severity of IB in plant grown under different
covering materials along with air and/or soil temperature data. Analytical results demonstrated that independent variables of 35°C
for maximum air temperature or 29°C for maximum soil temperature were the most adaptable. The percentages of correct
predictions using those models were high, ranging from 80% to 90%. These observations strongly suggest that the severity of IB
is closely correlated with thermal conditions during the later growth period, and could be controlled by changing these conditions.

Key Words : air temperature, covering materials, soil temperature
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Changes in maximum air (A) and soil (B) temperatures during treatment.

@ : control, O : PE film (PE), [] : Infrared ray blocking film (IRB), A\ : Black shade film (BS).
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Effect of different tunnel film materials on plant growth during treatment. A, B and C indicate leaf weight, root weight and root

diameter, respectively. Means for samples during the same growth period followed by the same letter are not significantly different at

the 5% level (Duncan’s multiple range test).

@ : control, O : PE film (PE), [ : Infrared ray blocking film (IRC), /\ : Black shade film (BS).
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Fig. 3  Effect of different tunnel film materials on the occurrence

of internal browning during treatment. Means for samples
during the same growth period followed by the same letter
are not significantly different at the 5% level (Duncan’s
multiple range test).

@ : control, O : PE film (PE), [] : Infrared ray blocking film
(IRB), A\ : Black shade film (BS).
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Table 1 Values of McFadden’s R? on logit model estimates.

Degree of browning
Dependent variable
Level 1 or above Level 2 or above Level 3 or above Level 4
25°C or above” 0.1770 0.1593 0.1008 0.2158
29°C or above 0.1619 0.1384 0.0840 0.1932
30°C or above 0.1760 0.1550 0.0966 0.2115
31°C or above 0.1891 0.1711 0.1087 0.2295
Kie 32°C or above 0.2703 0.2744 0.1907 0.3181
T 33°C or above 0.4127 0.4339 0.3051 0.3584
34°C or above 0.5450 0.6060 0.3592 0.3628
35°C or above 0.6672 0.6278 0.3505 0.3345
36°C or above* 0.6313 0.6613 0.3555 0.3280
38°C or above 0.6012 0.6472 0.3288 0.3116
39°C or above 0.5993 0.6420 0.3208 0.3032
Independent
variables 25°C or above 0.2168 0.2107 0.1440 0.2714
26°C or above 0.3776 0.4165 0.2995 0.3613
27°C or above 0.3652 0.4114 0.2917 0.3549
28°C or above 0.4355 0.4987 0.3343 0.3455
29°C or above 0.6813 0.6102 0.3749 0.3422
Soil 30°C or above 0.6304 0.6184 0.3602 0.3276
temperature 31°C or above 0.6304 0.4965 0.2644 0.2987
32°C or above 0.6304 0.5791 0.2469 0.2788
33°C or above 0.3310 0.3511 0.2126 0.2691
34°C or above 0.3310 0.3511 0.1982 0.2463
35°C or above 0.3310 0.3511 0.1314 0.1703
36°C or above 0.1933 0.1771 0.0958 0.1328

“Same of 26°C or above, 27°C or above and 28°C or above.
¥ Same of 37°C or above.

Table 2 Logit model estimates for the occurrence of internal browning.

Dependent variable

Degree of browning

Level 1 or above Level 2 or above Level 3 or above Level 4
— Root weight | 0.0034  (1.902)" 0.0022*  (2.075) 0.0017*  (2.347) 0.0029** (3.378)
. ngée Airtemp 35°C | 1.4548%* (4.579) 1.0022** (5.796) 0.2775%* (6.036) 0.2131** (5.807)
Air temp 35°C | coetiicient Constant  |-5.7296%* (=5.226) —S.2811%* (=5.668) —3.0477** (-6.228) —4.9782** (-6.393)
adoption Model
McFadden’s R? 0.6672 0.6278 0.3505 0.3345
Percentage of correct predictions 90.0 92.2 81.1 82.2
o Root weight | 0.0074** (3.967) 0.0060%* (4.514) 0.0031** (4.174) 0.0039** (4.217)
. S;ff"a.e Airtemp 36°C | 1.5457*  (2.257) 0.9789** (6.462) 0.2712** (5.849) 0.1935%* (5.772)
Air temp 36°C | coetlicient Constant —4.0831%*% (-4.869) —4.8869** (=5.773) —3.1056** (-6.332) —4.9118** (-6.432)
adoption Model
McFadden’s R? 0.6313 0.6613 0.3555 0.3280
Percentage of correct predictions 89.4 91.1 81.7 82.8
B Root weight = 0.0034** (3.162) 0.0014  (1.853) 0.0021*  (2.557)
. oot | Soiltemp29C | 3.0614*%  (5.045) 0.6892%*  (6.046) 02579%* (6612) 02015** (5.964)
Soil temp 29°C | coeflicient Constant —1.8970%* (-5.587) -3.6434** (-5.456) —2.5727** (-5.577) —4.3430** (-6.428)
adoption Model
McFadden’s R 0.6795 0.6102 0.3749 0.3422
Percentage of correct predictions 93.3 91.7 80.0 83.9

* The values in parentheses are t-values. * and *** represent significance at 5% and 1%.
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Fig. 4 Occurrence accumulation distribution of internal browning.

O : level 1 or above, [ ] : level 2 or above, A : level 3 or above, @ : level 4.
“ the roman numerals represent occurrence of level 1 (I), level 2 (II), level 3 (III) and level 4 (IV).
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