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Summary

This study was carried out in order to obtain some basic data necessary to
develop the cultural practices to increase freezing tolerance of Citrus tree in

cold season. The seasonal changes in freezing tolerance of Citrus leaves, and

mineral and carbohydrate contents were analyzed from Nov. 1987 to Apr. in

1988.

The results obtained are summarized as follows:

Freezing temperature observed in leaf of C. unshiu cv. Aoshima was -7.2C
in Nov., gradually decreased down to ~10.5C in Feb., and rapidly increased
from Mar. Seasonal changes in water content and water potential of leaf
showed the same pattern as those of leaf freezing temperature.

The leaf temperature observed on a clear and calm winter day were higher
by about 4C during daytime and lower by 0.5C at night than the ambient
air temperature.

Cold injury was increased by the longer duration of low temperature and
by the rapid cooling or thawing.

The TTC reduction(%) were remarkably decreased by the incubation of leaf
at -2°C for 2 h in Dec., while it was not affected by the treatment at -10C
for 2 h in Jan. and Feb. In Mar., the TTC reduction(%) was decreased by
the treatment at -4C for 2 h.

Only nitrogen content among various leaf inorganic elements often showed
the positive correlation with leaf freezing tolerance in the same season. Sea-
sonal changes in nitrogen contents, however, were not consistent with those

in freezing tolerance.



6. Seasonal changes in the contents of total sugars, reducing sugars and total
carbohydrates in the leaf were closely correlated with those in the freezing
tolerance, while the correlation between the carbohydrate contents and the
freezing tolerance was not recognized among trees in the same season.

7. The application of excess nitrogen up to 24kg/10a(2 times of standard level)
increased both the leaf nitrogen content and the freezing tolerance, wherease
3 times of standard nitrogen didn't.

8. Late harvest decreased the leaf freezing tolerance in the trees with heavy

crop.
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Moisture content Water potential
Month (%) (bars)
Early Nov. 50.4+1.17 -18.1x0.4
Early Dec. 56.2%3.1 -27.9%0.7
Mid  Jan. 54.3%1.0 ~-32.1%£0.5
Mid Feb. 49.9+(0.5 -39.9+0.8
Early Mar. 55.0+0.1 -30.9+1.0
Late Apr. 55.6%0.2 -13.0%0.8
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Table 2. Correlation coefficients between TTC reduction (%) and mineral
contents in Citrus leave

cv. and Time of observation

mineral element Nov, Dec. Jan. Feb. Mar.

C. wunshiu cv. Okitzu :
N 0. 730* 0. 834** 0. 556* 0.311 0. 269
P 0. 258 ~-0. 129 -0. 038 -0. 203 0. 580
K 0. 034 -0. 129 -0. 186 -0. 281 0.413
Ca -0. 268 0.108 -0. 083 -0. 182 -0. 259
Mg 0. 098 0.120 -0. 258 -0. 388 0.013
Mn 0.751*  -0.700* -0. 300 0.075 0. 364
Zn 0.532 -0. 421 0.117 -0. 061 0. 235
Cu 0.317 0.611 0.297 0.042 0. 269
Fe 0.629 0. 365 -0. 007 -0. 519 0.127

C. unshiu cv Aoshima
N 0. 685* 0.575 0. 545* 0.327 0. 422
P -0. 015 -0. 406 -0. 403 -0. 134 -0. 243
K 0. 656 0. 038 -0. 266 -0. 067 0. 059
Ca 0. 260 -0. 391 0.125 0.204 0. 311
Mg -0. 307 -0.633 0.285 -0. 357 -0. 383
Mn 0. 683* 0. 460 0.315 0.333 0.014
Zn 0.348 ~0. 525 0. 201 0.195 0. 605
Cu 0.227 -0. 341 -0. 039 0. 158 -0. 084
Fe 0. 286 -0. 517 -0. 046 0. 300 -0. 188

C. natsudaidat cv. Hwangkeum Hakyool
N -0. 060 0. 744* 0.703** -0. 023 0. 666*
P 0. 149 -0. 023 0. 494 0. 000 0.213
K -0. 222 0. 585 -0. 225 -0.318 -0. 236
Ca ~0. 565 -0.131 0. 385 0. 300 0.339
Mg 0.721*  -0.434 0. 181 0.148 0. 156
Mn 0.418 -0. 565 -0. 168 0. 065 -0. 087
Zn 0. 359 0. 070 -0. 428 0.328 0. 080
Cu 0. 484 0. 455 0.438 0. 107 ~0. 042
Fe -0. 199 0.403 0. 438 -0. 151 0. 048

* : Significant at 5% level
** . Significant at 1% level
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Fig. 12. Seasonal fluctuations in total carbohydrate and starch contents in Citrus
leaves
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Fig. 13. Seasonal fluctuations in total sugar and starch contents in Citrus leaves

Table 3. Correlation coefficients between TTC reduction (%) and sugar, starch
or total carbohydrate contents in Cilrus leaves from Nov. in 1987 to

- 7Mar. in 1988_'__;;_~_4_ L
Correlation coefficient
Cultivar Sugar Total
- Starch
Total Reducing carbohydrate
C. unshiu cv. Okitzu 0.843** 0. 698** 0.178 0. 665**
C. unshiu cv. Aoshima 0. 835*%* 0. 665** 0.178 0.726**
C. natsudaidaicv. Hwangkeum 0- 696** 0.304** -0.163 0. 640**
Hakyool

* . Significant at 5% level
** . Significant at 1% level
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Table 4. Monthly fluctuations in correlation coefficients between TTC
reduction (%) and sugars, starch or total carbohydrate contents in Citrus

leaves
Cultivar Time of observation
Nov, Dec. Jan. Feb. Mar.
Total sugar
C. unshiu cv. Okitzu 0.159 0.734** 0. 047 0. 207 -0. 573
C. unshtu cv. Aoshima 0. 664* 0.220 0.433 0.424 0. 045
C. natsudaidai cv. -0.102 -0. 437 0.283 ~0. 255 0.226

Hwangkeum Hakyool

Reducing sugar

C. unshiu cv. Okitzu 0.185 0.291 0.111 0.217 -0. 067
C unshiu cv. Aoshima ~0. 131 -0. 323 -0.079 0. 709** 0.115
C natsudaidai cv. -0. 440 0.126 0. 032 -0. 147 -0. 471
Hwangkeum Hakyool
Starch
C. unshiu cv. Okitzu -0. 509 -0.018 -0. 103 0. 606 0.574
C. unshiu cv, Aoshima -0. 340 0. 656* -0. 252 0. 341 -0.616
C. natsudaidai cv. 0. 106 -0.720**  0.049 0. 344 -0. 288

Hwangkeum Hakyool

Total carbohydrate

C. unshiu cv. Okitzu 0.153 0. 437 0.173 0.903** -0.130
C. unshiu cv. Aoshima  —0.195 0. 446 -0. 205 0.018 -0. 570
C natsudaidat cv. 0. 156 -0.723**  0.022 -0. 304 -0. 433

Hwangkeum Hakyool

* . Significant at 5% level
** . Significant at 1% level
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Fig. 14. Effects of the levels of nitrogen (N) application on the TTC reduction (%)
and the leaf freezing temperature in C. unshiu cv. Okitzu leaves
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Table 5. Effect of nitrogen (N) application levels on leaf mineral contents?
in C. unshiu cv. Okitzu

Levelsof N

Mineral content
application - o
(kg/10a) N p g’(%) Ca . M% Mn Zn(ppm)C_u_ Fi‘
12

2.54a¥ 0.149a 1.0l1a 1.777a 0.390a 33.3a
2.61b 0.150a 0.948a 1.536a 0.314a 35.9a

2.56a 0.144a 0.870a 1.670a 0.356a 40.6a

24
36

"19.9a 7.4a 68.3a
20.1a 6.5a 60.0a
17.8a 5.8a 84.7a

Z Leaves sampled for the determination-of mineral contens on Feb. 23, 1988

Y Mean separation within column by Duncan’s multiple range test at the 5% level

Talbe 6. Correlation coefficients between TTC reduction (%) and leaf mineral

contents in C. wunshiu cv. Okitzu affected by different levels of
nitrogen (N) application

N p K Ca Mg Mn

TTC reduction

Zn Cu Fe
(%)

0.610 0.318 0.289 -0.653* -0.557 -0.098 0.327 -0.218 -0.054
*.Significant at 5% level
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Table 7. Effect of the levels of nitrogen(N) application on sugar, starch and
total cai..ohydrate contents in the leaf of C. unshiu cv. Okitzu

Levels of N L Sugar _ Starch Total
application Total Reducing carbohydrate

(kg/10a) (%) (%) (%) (%)

12 19.17¢ 6. 61 12.52 53.33

24 19. 77 7.51 14.13 52.75

36 18. 98 6. 84 12.55 51.90

Z NS within columns.

Table 8. Correlation coefficients between TTC reduction (%) and sugar, starch
or total carbohydrate contents in the leaf of C.unshiu cv.Okitzu affected
by different levels of nitrogen (N) application

Correlation coefficient

Total sugar 0.711**
Reducing sugar 0. 713**
Starch 0. 583*
Total carbohydrate 0. 560

* . Significant at 5% level

** o Significant at 1% level
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Table 9. Effect of crop load and harvesting time on leaf mineral contents in
C. unshiu cv. Sugiyama

Treatment Mineral element
Cropload HAlVeSIR& '\ 'p ¥ i Mg Mn Zn Cu Fe
me (%) (ppm)

Light  Early 2.63 0.138 0.879 2.205 0.309 24.1 26.0 9.6 55.4
Late 2.72 0.140 0.843 2.222 0.336 27.0 256 10.5 63.9

Heavy Early 2.68 0.139 0.804 2.167 0.269 22.6 24.4 9.8 56.9
Late 2.59 0.142 0.765 2.517 0.349 26.8 25.2 10.1 60.6

Signficance
Crop load (A)

Harvesting time(B) - - - - * ** - - -
Interaction (AXB) - - - - - - - - -
%
100 o
=
= 90
2
3]
=
i
bt
£
8o}
r=0. 605*
0} o Y=-48. 657 +51. 969X
[ 1 I 1 2 2
2.4 2.5 2.6 2.7 2.8 %

Leaf N content(X)

Fig. 16. Relationship between TTC reduction (%) and ieaf N content in C. unshiu
cv. Sugiyama
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Table 10. Effect of crop load and harvesting time on leaf sugar, starch and
total carbohydrate contents in C. unshiu cv. Sugiyama

Treatment Sugar Starch Total
—_— arc
Crop Harvesting Total Reducing carbohydrate
load time (%) (%) (%) (%)
Light Early 10. 56 3.72 15.91 42. 50
Late 10. 79 4.04 - 17.90 45.18
Heavy Early 10. 56 4.16 16. 64 43.68
Late 10. 54 4. 38 14. 44 40.80
Significance
Crop load (A) - *x - -
Harvesting time (B) - - - -
Interaction (AXB) - - *x -
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