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Abstract

This study was conducted to develop mathematical model of respiration rate of cucumber plants
under varying environmental conditions. 8.55% of gross photosynthesis of individual cucumber plant
was used as respiration. Growth respiration coefficient was estimated as 0.0935. Maintenance respira-
tion rate was estimated as 000158 ¢ CH,O - g - b at 24°C of air temperature and it increased expo-
nentially as air temperature became higher. Respiration rate decreased proportionally as conient of
storage carbohydrate became lower. Ion uptake respiration rate of roots was estimated as 0.6648 g
CH,0 - (g N)™.
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ion uptake respiration, mathematical model of respiration rate
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Table 1. Variations of shoot respiration rate due to variations of air temperature.

Temp. Respiration rate Temp. Respiration rate Temp. Respiration rate
°C) (umolCO, - g - & °C) (LmoICO, + g+ s Q) (UmolCO, - & - s
7.5 02026 16.3 02765 217 02977
7.8 01962 19.9 01732 229 02217
79 01262 19.9 02642 24.0 03740
10.1 00721 19.9 .02709 240 04229
10.1 01347 20.0 .02942 24.0 .04939
10.5 .00902 20.0 02199 25.6 04081
10.5 01308 20.0 02206 289 04283
10.9 01747 20.1 .02350 29.1 .04290
11.2 .00878 20.8 .02456 30.7 05229
11.6 01397 209 .03880 30.8 05461
12.7 01113 215 02623 313 .05299
14.4 .01896 216 .02705 328 05094
15.1 02765 21.6 02877 33.0 05682
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Fig. 1. Variations in shoot respiration rate due to variations
in air lemperature.
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Table 2. Variations of shoot respiration rate in accordance with the variations of air temperature, shoot dry weight and shoot

gross photosynthelic rate.

T SDW GPR RR T SDW GPR RR
238 981 832.140 128.304 24.0 933 814.860 109.188
239 223 117.612 2700 24.0 1.191 892.728 143.748
239 191 126.684 24.408 24.0 996 1021.356 140.292
239 261 327.132 35.208 24.0 1.395 1033.020 131.652
239 567 461.376 48.600 24.0 1.481 1065.528 161.892
239 1.199 995.544 137.700 24.0 1.335 1152.252 155.628
239 985 1166.076 138.348 24.0 837 1272.780 146.340
239 1.830 1538.028 225.612 240 1.761 1277.856 160.704
239 2.088 1780.312 257.040 24.0 1.691 1291.572 165.240
239 2.025 1865.376 246.240 24.0 .884 1313.820 145.908
239 2.129 1935.576 323.892 240 1.734 1397.520 223.884
239 2,127 2355.588 319.248 24.0 1.976 1758.672 267.948
24.0 200 40.284 8.532 24.0 2.074 1765.260 302.292
24.0 216 47.412 4.536 24.0 1.608 1871.316 218.484
24.0 212 49.680 4.752 24.0 1.695 1874.124 265.572
240 192 51.548 18.576 24.0 1.465 1882.116 192.240
24.0 238 83.700 4.752 24.0 1.807 2005.452 256.716
240 218 143.208 16.092 24.0 2.536 2319.192 390.528
24.0 220 145.584 20.196 24.0 2472 2421.468 380.052
24.0 505 258.120 31.428 4.3 1.183 1474.632 200.664
24.0 254 261.036 31.752 243 1.248 1542.888 213.300
24.0 196 285.228 27.324 24.3 1.316 1553.796 205.956
24.0 252 353.808 30.132 243 1.690 1586.952 217.512
24.0 300 355.320 35.964 24.3 1.563 1748.520 197.964
24.0 660 403.272 41.904 243 1.893 1885.032 262.872
24.0 321 433,728 45.144

T : Air temperature (°C), SDW : Shoot dry weight (g), GPR : Gross photosynthetic rate of plant (umol CO, * plant” * b™)

RR : Respiration rate of plant (umol COs + plant” + h'")

Resps = 0.0855<GPR + 52 8813w
R? =0.9867
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Fig. 2. Comparison of measured regpiration rate at air tem-
perature of 24°C with predicted respiration rate by the
model equation.
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Fig. 4. Vanations of shoot respiration of cucumber in dark
period slarting at 18:00.
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Table 3. Variations of dry weight of organs, lotal nitrogen contents and root respiration rates due to the variations of N con-

centration in nutrient solution.

Dat N conc. in medium Dry Weight (g) Total N content (%)
ate

(mmol) Leaves Stem Roots Leaves Stem Roots
3 3.035 : 7758 515 372 3.28 37
Jan. 23 6 3.391 794 543 4,23 335 3.57
11 1.791 445 198 491 3.96 4.46
3 5.153 1.635 693 4.18 3.40 3.89
Jan. 26 6 5.339 1.682 663 5.25 4.35 3.20
11 3.349 1.019 415 6.02 475 4.65
3 6.367 2.493 802 4.20 3.76 3.82
Jan. 29 6 8.325 3.152 1.053 4.88 417 4.07
11 4,421 1.602 482 5.08 5.03 4.24
3 8.166 3.449 1.135 428 3.16 4,23
Feb. 1 6 11.222 4,207 1.449 3.82 3.25 3.04
11 6.101 2.363 678 4.06 3.79 3.63
3 12.590 5.017 2273 4,62 3.57 4.35
Feb. 4 6 15.665 5.964 3.625 4.85 3.54 4,13
11 8.469 3.128 963 5.50 471 4.65

Table 4. Variations of total nitrogen contents of plant. dN/dt. root respiration rate and estimated value of ion uptake respira-
tion rate due to the variations of N concentration in nutrient solution.

Date N conc, Total N dN/dt Root respiration TUR*
in medium (mmol) (g - plant™) (g N - plant! - d) {(umol CO, - g1 - s

3 0.157 0.02273 0.01867 0.38578

Jan. 23 6 0.189 0.02940 0.01898 042130
11 0.114 0.01771 0.01657 0.11239

3 0.298 0.03369 0.01265 0.15867

Jan. 26 0.375 0.04406 0.01048 0.02750
11 0.269 0.02591 0.01449 0.16099

3 0.392 0.04992 0.01599 0.41506

Jan. 29 (§ 0.580 0.06604 0.01373 0.33935
11 0.326 0.03791 0.01379 0.15783

3 0.860 0.10962 0.02854 3.64102

Feb. 4 6 1.121 0.14836 0.02485 4.65102
11 0.658 0.08112 0.01521 0.43349

* JUR : estimated values of ion uptake respiration rate (mmol CO; - plant” - d)

Table 5. Estimated values of parameters and goodness of fit
with model of dN/dt = r=N.

N conc. in 2
medium (mmol) N r df R
3 0.1734 0.1311 3 0.9718
6 0.2179 0.1349 3 0.9411
9 0.2318 0.1218 3 0.9476

2% 9= 9tk 3t} Pemning de Vries(1975)%0
ol sgle] Aot fAEEETE AT A
R(shoot)o] RS} LT, el We)e] oleFs
o WE TFETE TE A FAHE AR 55
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HEERe.2A 7 4= Qink. F710] ARERE AlgelA
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