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Varietal Differences in CO, Assimilation Rate and Leaf Area Increasing Rate
and Their Changes in Breeding Process of Sweet Potato Plants.
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of Agriculture, Kyushu University, 46-06, Fukuoka 812.
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Table 1. Varietal difference in CO, assimilation rate {P) transpiration rate (E), leaf conductance (gl),
mesophyll conductance (gm) and dark respiration (r) of sweet potato plants.

P E gl gm r
mgCO, mgCO,mg gH,0dm™? i . mgCO,
dm~2hr~'  Chl'hr! hr-! om s cm s dm~%hr!
Native cultivars

Shichifuku 25.9 5.15 3.78 0.631 0.243 1.70
Tsurunashigenji 21.4 3.55 2.74 0.428 0.251 2.34
Choshu 24.8 4.40 3.57 0.726 0.217 1.98
Yoshida 25.4 5.29 2.94 0.497 0.266 1.79
Genki 22.7 3.93 3.57 0.607 0.186 1.92
Genki 298 14.0 2.77 2.52 0.418 0.108 1.08
Yaeyamakanda 30.3 6.03 2.90 0.497 0.315 2.74
Mean and standard 48

.. 23.5+4.7 4.45%£1.04 3.14+0.45 0.543%£0.099 0.226+0.060 1.94%90.
deviation :

Cultivars improved before 1955

Okinawa No. 100 36.7 7.85 3.90 0.670 0.417 2.72
Gokokuimo 28.6 6.02 4.23 0.745 0.253 1.60
Kyushu No. 1 20.7 3.62 2.69 0.453 0.193 1.85
Kyushu No. 6 22.2 3.71 3.18 0.570 0.188 1.86
Kyushu No. 12 19.7 3.95 2.06 0.359 0.262 0.81
Kanto No. 3 22.5 4.63 3.05 0.328 0.271 3.10
Kanto No. 33 28.0 5.90 3.28 0.552 0.288 2.23
Norin No.2 30.0 5.51 3.96 0.699 0.304 1.57
Norin No.7 32.2 5.26 3.87 0.652 0.326 1.84
Kokei No.14 22.8 4.50 3.00 0.491 0.215 1.15
Fukuwase 25.6 5.36 3.67 0.654 0.220 2.04
Kakei 3-268 26.1 5.23 3.16 0.543 0.282 1.38
Kurousirazu 21.9 5.60 2.80 0.470 0.224 1.04
Okimasari 29.0 6.54 3.55 0.673 0.265 2.56

Mean and standard

.. 26.1+4.7 5.26+x1.15 3.31%£0.57 0.561+0.123 0.265+0.058 1.84+0.66
deviation

Cultivars improved after 1955

Kanto No. 48 28.8 4.48 3.34 0.564 0.256 3.28
Kakei 7-120 28.2 6.19 3.95 0.582 0.226 1.81
Beniwase 22.6 5.44 2.64 0.473 0.229 1.19
Tamayutaka 25.5 4.79 3.87 0.734 0.213 1.97
Satsumaaka 26.0 5.14 3.40 0.552 0.275 0.91
Kyukei 7408-5 33.9 6.22 2.76 0.459 0.464 3.38
Kyushu No. 58 26.3 4.62 4.40 0.806 0.199 2.35
Kyushu No. 76 34.0 7.70 4.17 0.747 0.291 2.61
Koganesengan 29.7 6.44 5.74 0.735 0.288 1.48
Minamiyutaka 34.2 6.02 2.83 0.474 0.566 2.80

Mean and standard

.9£3. .70£0. . .
deviation 28.9x3.8 5.70+0.95 3.71+0.89 0.613+0.124 0.301£0.113 2.18+0.81
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Table 2. Varietal difference in leaf emergence rate (A), mean area per leaf (B), leaf area increasing rate
(A X B), specific leaf area (SLA) and stomatal frequency (Sf) of sweet potato plants.

(A) (B) (AXB) SLA Sf*
No. day™! cm?leaf™! cm?day™! cm?g! No. 103cm™2
Native cultivars

Shichifuku 0.75 98 74 311 37.5
Tsurunashigenji 1.11 90 100 291 32.1
Choshu 0.65 79 51 300 33.2
Yoshida 0.82 64 53 263 34.7
Genki 0.76 74 56 329 31.8
Genki 298 0.78 62 48 293 31.2
Yaeyamakanda 1.03 67 69 340 41.1
Mean and standard 0.84+0.15 76+13 64+17 303424 34.2+3.1

deviation

Cultivars improved before 1955

Okinawa No. 100 0.63 114 72 308 28.3
Gokokuimo 0.51 56 29 303 30.8
Kyushu No. 1 0.98 48 47 275 28.4
Kyushu No. 6 0.71 66 47 263 34.2
Kyushu No. 12 0.63 29 18 241 30.6
Kanto No. 3 0.74 66 49 240
Kanto No. 33 0.88 85 75 272 38.4
Norin No. 2 0.59 48 28 293 36.3
Norin No. 7 42.0
Kokei No. 14 0.81 92 91 286 29.7
Fukuwase 0.66 52 34 309 38.5
Kakei 3-268 0.62 44 27 271 21.4
Kurousirazu 0.73 65 47 319 31.8
Okimasari 0.38 81 31 306 33.6
Mean and standard 0.68%0.15 6522 46+21 284+25 32.6+5.2
deviation

Cultivars improved after 1955
Kanto No. 48 0.89 77 69 272 22.7
Kakei 7-120 0.49 38 19 252 32.3
Beniwase 0.75 71 53 311 32.3
Tamayutaka 0.67 55 37 265 36.4
Satsumaaka 0.73 98 72 322 28.8
Kyukei 7408-5 0.48 161 77 286 28.8
Kyushu No. 58 1.13 69 78 300 27.9
Kyushu No. 76 0.59 149 88 308 30.5
Koganesengan 0.91 122 111 289 28.6
Minamiyutaka 0.80 122 98 287 27.1
Mean and standard 0.74%0.19 96+39 70426 28921 29.5+3.4

deviation

Sf is total stomatal number in adaxial and abaxial.
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Fig. 1. Relationship between leaf area
increasing rate and CO, assimilation rate.
Data were obtained from Table 1 and
Table 2. (Native cultivars A, Cultivars
bred before 1955 O, Cultivars bred after
1955 @)

Tsurunashigenji

Yoshida 21.4(100)
Shichifuku 25, 4(53)
25.9(74) Norin No.2
Okinawa No. 100 30. 0(28)
Chyoshu 36.7(72)
24. 8(51)
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Fig. 2. Changes in CO, assimilation rate and leaf area increasing rate in breeding process of
cv. Kanto No. 48. Numerals are CO, assimilation rate (mgCO,dm?hr~*) and ones in parenthe-
sis are leaf area increasing rate (cm?day ™).
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Table 3. Appearance frequency of cultivars belonging to group runked by F, values of improved
cultivars to parent cultivars in sweet potato plants

Characteristics F, values Total
Small Medium Large cultivars
T 5 6 4 15
CO, assimilation rate (33.3) (40.0) 267 1o
Leaf area increasing rat b 8 2 15
eaf area increasing rate (33.3) 53.9) 150 o

Cultivar’s name runked to large value class in CO, assimilation rate: Okinawa No. 100, Goko-
kuimo, Kanto No. 48 and Minamiyutaka. Cultivar’s name runked to large value class in leaf area

increasing rate : Kanto No. 33 and Koganesengan.
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Table 4. Number and ratio of cultivars belonging to group ranked by values of leaf conductance
(gl) and mesophyll conductance (gm) in sweet potato plants.

gl (cm s7Y)

gm {cm s°!) 0.3-0.5 0.5-0.7 0.7-0.9 Total

Native Below 0.2 1 1 1 3 (43)
cultivars 0.2-0.3 2 1 0 3 (43)
Above 0.3 1 0 0 1 (14)

Total 4 2(29) 1(14) 7(100)

Cultivars Below 0.2 2 1 0 3 (22)
improved 0.2-0.3 3 3 1 7 (50)
before Above 0.3 0 4 0 4 (28)
1955 Total 5 8(57) 1 (7) 14(100)
Cultivars Below 0.2 0 0 2 2 (20)
improved 0.2-0.3 1 1 1 3 (30)
after Above 0.3 2 2 1 5 (50)
1955 Total 3 3(30) 4(40) 10(100)

Numerals in parenthesis indicate ratio.

P = 0.925 + 15.656gl + 45.208gm (R = 0.9337%%x¥%)
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Fig. 4. Influence of leaf conductance (gl) and mesophyll conductance (gm) on CO, assimila-
tion rate. Data were obtained from Table 1. Numerals in A and B indicate values of
mesophyll conductance and leaf conductance, respectively. (Native cultivars A Cultivars

bred before 1955 O, Cultivars bred after 1955 @)
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Summary

This study was carried out to know varietal differences in net CO, assimilation rate and
leaf area increasing rate and their changes in breeding process of main cultivars of sweet
potato improved in Japan. The cultivars used in this study were 7 native cultivars, 14
cultivars bred before 1955 and 10 cultivars bred after 1955 (Table 1).

They were grown in pot culture for measurement CO, assimilation and transpiration, and
in field for survey of leaf area increasing rate, respectively. Rates of CO, assimilation and
transpiration were simultaneously measured by a climatic-controlled assimilation chamber
method in September, 1982. Leaf area increasing rate was calculated from multiplication of
leaf emergence rate and mean area per leaf for 12 days surveyed in September, 1982. Results
obtained were as follows,

1. There were large varietal differences in CO, assimilation rate. However, most of
improved cultivars were higher in CO, assimilation rate as cmpared with native cultivars.

2. There also were varietal difference in transpiration rate. Transpiration rate of
improved cultivars was higher than that of native cultivars.

3. There was a high positive correlation between CO, assimilation rate and transpira-
tion rate. Most of improved cultivars were higher in both rates of CO, assimilation -and
transpiration as compared with native cultivars.

4. There were large differences in dark respiration rate. Cultivars bred after 1955 were
larger than that of cultivars bred before 1955.

5. Leaf conductance had high positive correlations with CO, assimilation rate and
transpiration rate, respectively. Leaf conductance values in improved cultivars were higher
than that of native cultivars.

6. CO, assimilation rate had significant positive multiple-correlation with leaf
conductance and mesophyll conductance. However, CO, assimilation rate correlated more
closely with mesophyll conductance than leaf conductance.

Mesophyll conductance was larger in improved cultivars as compared with native
cultivars.

7. Leaf emergence rate (A), mean area per leaf (B) and leaf area increasing rate (A X B)
in cultivars bred after 1955 were larger as compared with ones bred before 1955,

Furthermore, specific leaf area (SLA) in improved cultivars was larger than that of
native cultivars.

8. It was made clear from mentioned above that most of cultivars bred after 1955 had
high abilities of CO, assimilation and leaf area increasing. At the same tame, it suggests that
crossing and selection in breeding process of sweet potato in Japan were performed for
increase of abilities in CO, assimilation and leaf area production with balance of them.



