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Root-zone Temperatures
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Faculty of Biovesources, Mie University, Tsu, Mie 514

Summary

Relative contributions of supraoptimal air and root-zone temperatures on the growth in-
hibition of cucumber (Cucumis sativus L.) during hot seasons were evaluated. Seedlings
of a Chinese cultivar, Sangoh (Ji huang gua 3) and a Japanese cultivar, Sharp I were
grown in water culture for & days in controlled environment rooms. The environmental
. conditions were : 26/26 °C, 26/37 °C, 37/26 °C or 37/37 °C daytime air/root-zone temper-
ature regimes (air temperature in the night was 5 °C lower than that in the day), 80/90
9% relative air humidity, and a 15-hr photoperiod of ca. 480 ,umol°m'2°s_1 PPFD.

Temperature of leaves was approximately equal to air temperature during the daytime.
Although plants thrived best at 26/26 °C and worst at 37/37 °C combinations, when
growth at 26/37 °C and 37/26 °C regimes was compared, high air temperature was more
inhibitory than high root-zone temperature. Root growth, leaf expansion rate, leaf water
content, photosynthetic rate and leaf mineral concentrations were reduced more severely
by high root-zone température. Seedlings of ‘Sangoh’ were significantly more tolerant to
high root-zone temperature than were those of ‘Sharp I'. Possible causes of growth inhibi-
tion by high air temperature compared to that by high root-zone, temperature and the
mechanisms of the cultivarietal difference in thermotolerance of cucumber plants are dis-
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Fig. 1. Effect of high temperature in the air and/or root-zone on leaf
temperatures of ‘Sharp I' (A) and ‘Sangoh’ (B) cucumber seedlings.
Plants were grown for 8 days in water culture in growth rooms with
day/night air humidity of 80/90% and a 15-hr photoperiod of ca. 480
pmol-m™%+s™! PPFD. Standard errors are all smaller than the symbols.

Table 1. Effect of high temperatures in the air and/or root-zone on the growth of cucumber seed-

lings®.
~ Air/root-zone Plant Dry weight (g*plant™) Root/shoot
Cultivar temperatures height dry wt.
() (em) Shoot Root Total ratio
26/26 62.7a" 14.53a 2.00a 16.53a 0.14a
Sharn 1 26/37 44.3b 10.82b 0.52¢ 11.34b 0.05b
arp 37/26 33.2¢ 8.68¢ 1.12b 9.80c 0.13a
37/37 21.7d 6.41d 0.53¢ 6.94d 0.08b
26/26 53.8a 12.01a 2.15a 14.16a 0.18a
Sangon 26/37 49.0ab 11.19 0.90b 12.09ab 0.08b
ango 37/26 38.8be 8:42b 1.74a 10.16b 0.21a
37/37 37.2¢ 8.75b 0.88b 9.63b 0.10b

Z  Growth conditions are as shown in Fig. 1.
¥ Means in columns followed by different letters are significantly different at the 5% level by Dun-
can’ s multiple range test.
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Table 2. Effect of high temperatures in the air and/or root-zone on leaf area, leaf
thickness and leaf water content of cucumber seedlings®.

. Air/root-zone Leaf area Index of Leaf water

Cultivar temperatures (em2+plant™!) leaf thickness content -1
(c) . P (mg-cm™?) (g+100g ' w)

26/26 2653a” 4.0c¢ 84.6a

Sharp 1 26/37 1336¢ 5.6a 77 .4c

37/26 1493b . 4.4 83.4b

37/37 } 749d 5.7a 78.3¢

26/26 2147a 4.0b - 86.2a

Sangoh 26/37 1553b - 5.4a 81.1b

37/26 1823a . 3.9 84.9a

©37/37 1243¢ 5.2a 80.2b

* Growth conditions are as shown in Fig. 1.
¥ Means in columns followed by different letters are significantly different at the 5%
level by Duncan’ s multiple range test.
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Fig. 2. Effect of high temperature in the air and/or root-zone on tran-
spiration rate of leaves in ‘Sharp I' (A) and ‘Sangoh’ (B) cucumber
seedlings. Growth conditions are as shown in Fig. 1. Vertical bars in-
dicate standard errors.
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Fig. 3. Effect of high temperature in the air and/or root-
zone on photosynthetic rate of leaves in ‘Sharp I’
cucumber seedlings. Growth conditions are as shown
in Fig. 1. Vertical bars indicate standard errors.
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Fig. 4. Effect of high temperature in the air and/or root-zone on diffusion
resistance of leaves in ‘Sharp I' (A) and ‘Sangoh’ (B) cucumber seedl-
ings. Growth conditions are as shown in Fig. 1. Vertical bars indicate
standard errors.
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Table 3. Effect of high temperatures in the air and/or root-zone on mineral nutrient concentrations in leaves of cucumher

seedlings®.
Air/root-zone Macronutrients Micronutrients
Leaf . . -
position” Cultivar tempéa%a)tures N P K . Ca Mg Fe Mn_1 Zn
(g-100g™ dw) (ug-gdw)

26/26  5.51a%  1.22a  2.85b  2.77b  0.54a  192.6a  93.3p 61.6a
[ /3 325 0.4 1.44c 1.46c  0.48b 86.4b " 69.8c  30.6¢
Sharp 87/26  5.41a  0.97b  3.14a  3.00a  0.54a 98.0b  123.7a  57.7p
Upper 37/37 3.68b 0.41c 1.87¢ 1.64c 0.33b 69.1b 63.2¢ 33.8¢
leaves 26/26  5.12a  1.23a  3.16a  2.9ab  0.44ab  83.8a  74.3p 45.9p
Sansoh 26/37 . 3.87b  0.49¢ 1.87  2.35¢ 0.36b 50.5b  39.4c 29 .8
aago 37/26  5.14a  1.01b  3.06a  3.45a  0.50a 83.4a  113.8a  55.2,
37/37  3.85b  0.55¢ 2.32b  2.76ab  0.42ab  50.5b  42.6c  36.6
26/26  3.98b 1132 3.152  6.11a  0.94a  161.1a  203.0b 72.2b
Sharp I 20/37 2914 0.27d  1.82d  4.10b  0.67b  115.8p 153 3¢ 35.1d
Sharp 37/26 4.64a 1.02b 2.65b 6.15a 1.04a 142.0a  259.7a  89.8,
Lower ©37/37  3.44¢ 0.43¢ 2.06c  4.22b  0.81b  101.1b  149.7c  54.2
leaves 26/26-  4.31a  1.22a  2.91a  6.72ab  0.77b 95.9b  200.1b  64.6p
Sanson 26/37  3.09¢ 0.36b  1.35d°  5.37¢ 0.68b 66.5c  132.2c  38.6¢
AnEo S7/26 458 1.26a  2.45b  7.00a  0.94a  115.32  248.35 755,
37/37  3.38  0.53b  1.93c 5.93bc  0.87a 69.5¢c - 141.5¢  34.1c

* Growth conditions are as shown in Fig. 1.
¥ Upper leaves include all unfolded leaves above the 4th or 5th node depending on the treatments.
* Means in columns followed by different letters are significantly-different at the 5%level by Duncan’s multiple range test.

Table 4. Effect of high temperatures in the air and/or root-zone on mineral nutrient concentrations in roots of cucumber

seedlings®.
Air/root-zone Macronutrients Micronutrients

Cultivar tempefatures N P K Ca Mg Fe Mn 7n

() (g-100g dw) : (ug g ldw)
26/26 5.06a"  1.18¢ 6.95a 0.75d  0.23a 1028d 5664 143d
Sharo 1 26/37 4.52b 1.26b 5.52b 1.43a 0.24a 1702b 686¢ 188¢
arp 37/26 4.05¢ 1.28b  5.66b 1.01c 0.23a 1534¢ 1022 233
37/37 4.58b 1.37a 5.88b 1.31b 0.22a 25442 11352 278a
26/26 4.75b 1.190  6.37a 0.88b  0.24a 1174¢ 561ab  167b
Sancoh 26/37 4.89a 1.32a 4,55 1.30a  0.26a 2235a 583ab  288a
ango 37/26 4.81b 1.21b 6.61a 0.94p 0.26a 1863ab 6642 192b
37/37 4.79h 1.20b  4.89b 1.26a 0.26a 1772b 4685  195b

Growth conditions are as shown in Fig. 1.
¥ Means in columns followed by different letters are significantly different at the 5%level by Duncan’ s multiple range test.
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