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ABSTRACT

Experiments on the physiological root activity
and its related characteristics of rice varieties were
carried out in order to obtain some basic informat-
jons for the application of the results obtained to a
rice breeding program.

A significant positive correlation was found not
only among the various characteristics related to
conducting and ventilating systems which connects
top and root of rice plant, but also between these
characteristics and root activity. On the other hand,

a significant difference in physiological root activity

was recognized among different varieties and also
between different groups of recognized 7 rice varieties
differing in the their origin.

It was also found that varieties with higher root
activity (root activity indices) aftér ear formation
stage tended to have more number of lower green
leaves and consequently resulted in higher grain
yield.

Therefore, it may be possible to diagnose indire-
ctly the root activity by examining the number of
green leaves of the rice plant at later growth stage
when breeders make selections of parent material

for crossing or of hybrid lines in pedigree nurseries.
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' Table 1. Varieties and lines tested.

Trt

Trt.

No. Variety/Pedigree No.. Variety/Pedigree
1 Akibare 14 IR1317-70-1
2 Jinheung 15 IR1325B1-7-15
3 Nihonbare 16 IR24
4 Palkeum 17 IR781B4-351-3-2-1"
5 Suweon # 216 1& 1IR781B4-400-4-3-3-3;
6 Suweon # 213 19 IR1317-89-2
7 Suweon # 222 20 IR1317-266-2
8 Suweon # 210 21 6310F4343-2-2-1
9 1IR1317-316-9-2 22 6310F.313-3-3
10 IR1317-359-2-3 22 IR781B4-400-4-2-2 -
11 IR1317-316-2-2 24 IR781-189-3-2-2-1-2
12 1R1317-316-3-2 25 Norin # 36
13 JR1317-29-3 26 Norin # 37
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Table 2. Morpho-physical characteristics of culm-base and roots in rice varieties.

Diameter of

Matuity ey Varie umbase SRS T
1 Nongkwang 5.43 1.01 213
2 Hokwang 5.99 1.09 265
3 Palkweng 5.51 1.07 242
4 Palkeum 5.57 1.19 317
Average 5.63 1.09 259
Late-maturing varieties e —- - -
5 Norin #25 4.06 0.95 175
6 Nihonbare 4.43 0.94 166
7 Kanto #55 5.23 1.02 217
8 Norin #36 5.10 0.95 168
Average 4.71 0.97 182
9 Paltal 5.35 1.07 218
10 Jinheung 5.77 1.13 249
11 Pungkwang 4,24 1.06 224
12 Kwanok 5.19 1.04 194
Average 5.14 1.08 221
Medium-maturing varieties
13 Temayoto 5.23 1.02 262
14 Yomomasari 4.52 0.83 181
15 Yomohikari 4.82 1.05 240
16 Sekiminori 5.03 1.10 277
Average 4.90 1.01 240
L.S.D 5% 0.34 0. 054 19.4
- 1% 0.45 0.072 25.7



Table 3. Anatomical characteristics of culm-base and roots in rice varieties.

Culm-base " Root
Variety No. of Diameter of No. of sma- No. of larger Thickness No. of No. of

ller fibrovas- fibrovascular of culm-wall parenchyma vesseles in

air-space air-space(g) cular bundles  bundles (mm) cells metaxylem
1 Nongkwang 26.6 330 27.1 26.8 1.04 14.0 4.45
2 Hokwang 26.7 365 26.5 27.5 0.96 14.5 4.40
3 Palkweng 25.8 448 25.7 27.2 1.08 15.2 4.20
4 Palkeum 26.0 400 - 26.3 27.5 1.10 15.7 4.55
Average 26.3 386 26.4 27.3 1.05 14.9 4.40
5 Norin #25  26.9 240 27.2 26.8 0.97 13.9 3.80
6 Nihonbare 25.3 ) 293 25.5 25.2 0.96 12.6 3.45
7  Kanto #55 25.6 270 25.9 26.5 1.18 14.0 4.50
‘8 Norin #36 26.6 325 26.9 27.1 1.13 14.1 3.75
Average 26.1 282 26.4 26.4 1.06 13.7 3.88
L.S.D. 5% N.S. 27.8 N.S. N.S. 0.09 0.45 0.23
1% N.S. 37.0 N.S. N.S. 0.12 0.60 0.31
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Fig. 5. Correlation between number of vessels in
mataxylem and diameter of cross section
in rice root.
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* Numbers refer to the entry number in
Table 2, and these indications follow from
Fig. 1 to Fig. 21.

QO : Korean varieties, [] : Japanese varieties.
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Table 4. Oxidation activity of rice roots tested by a~Naphthylamine. (r/gr. F.W/hr)
T A i Stage of measturement -
3 weeks before 1 week before 1 week after Average *
heading heading heading
Variety Upper Lower Upper Lower Upper Lower Upper Lower v/M
nodal nodal Ave. nodal nodal Ave. nodal nodal Ave. nodal nodal Ave.

roots roots roots roots roots roots roots roots %
1. Nongkwang 19.1 9.6 14.4 25.8 10.3 181 11.5 0.5 6.0 18.8 6.8 12.8 76
2. Hokwang 31.1 9.6 20.4 191 86 13.9 7.2 2.6 4.9 19.1 6.9 13.1 125
3.  Palkweng 26.3 4.8 15.6 18.2 17.7 180 10.3 2.2 6.3 183 82 13.3 87
4, Palkeum 19.1 9.6 14.4 18.2 9.8 14.0 12.0 1.0 6.5 16.4 6.5 11.6 43
Average 23.9 84 16.2 20.3 11.6 16.0 10.3 1.6 5.9 182 7.1 12.7 83
5. Norin#25 19.1 12.0 15.6 14.8 11.2 13.0 9.8 2.9 6.4 14.6 8.7 11.7 64
6. Nihonbare 19.1 2.4 10.8 86 7.7 82 103 57 80 12.7 5.3 9.0 69
7. Kanto#55 19.1 4.8 12.0 11.2 11.2 1.2 9.3 1.2 5.3 13.2 5.7 9.5 74
8. Norin #36 26.3 2.4 14.3 187 7.9 13.3 84 1.9 51 17.8 4.1 10.9 101
Average 20.9 5.4 13.2 13.3 9.5 11.4 9.5 2.9 6.2 14.6 6.0 10.3 77

* V: Range of variation in activity of upper nodal roots at different growth stages.
M: Average activity of upper nodal roots at different growth stages.
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Table 5. Morpho-physiological characteristics and chemical content, rice leaves.

Erectr%- Pho tocs‘%n the- ﬁirgtéeign ® ® ® c@gftlélr?f 2211;3;11%-
Variet ﬂess f’ ¢ tic activity s ontg ¢ Fey0s MnO Chlorophyll ned after 8
ariety ag leai of leaf (mg en content content content days of dark
=y COs/1g0cm .8/DW and light
/hr) g (%) (%) (0.D.)  treatment(%):
1. Nongkwang 52.5 17.1 8.1 0.‘048 0. 056 0.334 25.3
2.  Hokwang 89.1 14.1 7.1 0.087 0.063 0.294 12.2
3.  Palkweng 69.6 18.9 7.6 0. 064 0. 056 0. 350 9.2
4. Palkeum 64.9 16.4 7.9 0.057 0.041 0. 349 23.1
Average 69.0 16.6 7.7 0. 064 0.054 0.332 17.5
5. Norin#25 72.0 19.5 7.8 0.063 0. 048 0.327 10.9
6. Nihonbare 38.8 14.7 7.8 0.111 0.027 0. 295 13.8
7. Kanto #55 56.7 17.3 8.0 0. 066 0. 059 0.345 16.0
8. Norin#36 82.0 18.2 7.4 0. 054 0. 040 0.278 9.2
Average 62.4 17.4 7.8 0.074 0.044 0.311 12.5
L.S.D. 5% . 2.64
1% 3.51

Remarks: @ Average of young ear formation and milk-ripening stages.
®,® Sample was taken at 1 week before heading
@ Chlorophyll content of flag leaf at yellow-ripening stage
® 9% of remained chlorophyll content after the treatment to @
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Table 6. Comparison of yield components and grain yield of rice.

Heading Culm No. of No. of Ripening XZ; ﬁf Lodging Brown Yield
. length . grains oug rice
Variety panicles ratio rice/ yield
date (cm)  Pef hill  panicle (%) s (r%vg index (kg/a)  index.
1. Nongkwang 9.5 97.7 11.9 101 80.7 84.7 154 45.6 100
2.  Hokwang 9.9 94.8 12.5 98 69.9 78.1 139 41.5 91
3. Palkweng 9.4 101.4 13.3 100 83.5 91.2 154 46.1 101
4.  Palkeum 9.8 929.1 12.7 104 73.4 82.8 136 49.0 108
Average 9.7 98.3 12.6 101 76.9 84.2 146 45.6 100
5. Norin #25 9.9 84.1 12.6 109 72.0 87.7 129 47.3 104
6.  Nihonbare 9.4 82.2 15.2 83 86.8 82.3 110 45.6 100
7. Kanto #55 9.7 108.6 13.1 86 66. 8 60.4 206 38.2 84
8. Norin #36 9.9 90.8 12.8 103 81.3 78.5 129 43.5 95
Average 9.7 91.4 13.4 95 76.7 77.2 144 43.7 96
L.S.D. 5% — 1.85 1.17 . 58 6. 57 6.72 — 4.97 —
1% — 2.74 1.73 5.29 9.73 9.95 — 7.36 —
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Chlorophyll content of flag leaf
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at 1 week after heading.
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Table 7. Rooting ability and some other characters of seedlings of tested varieties.

Trt. ) ) N ew®roo ¢ ;glsisdgf F resh®weight r&g%t(ig/f) Whitc?ning Thicc%ne-
Variety/Pedigree new root gr) of roots SS pf se-
No No. Length (mm) Root Top (a)/(b) edling
: (cm) (@) (b) __x100 _ (0-5) hase(mm)
1.  Akibare 13.5 141 0.32 1.49 2.76 54.0 1 9.0
2. Jinheung 16.4 214 0.50 2.95 4.83 61.1 1 12.3
3.  Nihonbare 13.8 162 0.42 1.91 2.97 64.3 1 7.8
4.  Palkeum 13.7 178 0.48 2.78 3.17 87.7 3 9.2
5. Suweon 216 13.1 147 0.45 1.79 2.39 74.9 1 7.3
6. Suweon #213 19.0 239 0.37 2.63 3.57 73.7 3 12.7
7. Suweon #222 23.3 291 0.41 3.85 4.95 77.8 2 12.7
8. Suweon #210 18.8 256 0.52 4.03 4.35 92.6 3 11.8
9. 1R1317-316-9-2 16.6 190 0.37 1.78 2.71 65.7 2 7.3
10. IR1317-359-2-3 14.2 167 0.44 2.35 3.25 72.3 - 8.8
11. IR1317-316-2-2 16.2 184 0.41 2.30 2. 86 80.4 3 7.6
12. IR1317-316-3-2 15.5 188 0.38 1.70 2.90 58.6 — 8.1
13.  IR1317-29-3 23.8 309 0.42 3.86 3.83 100.8 3 11.6
14.  IR1317-70-1 21.8 314 0.43 4.00 4.10 97.6 4 13.7
15. IR1325B1-7-15 14.5 203 0. 46 2.63 3.73 70.5 — 10.7
16. IR24 15.0 199 0.51 2.77 3.85 71.9 — 13.1
17. IR781B4-351-3-2-1 28.2 374 0.48 5. 04 5.61 89.8 4 13.4
18.  IR781B4-400-4-3-3-3 39.2 506 0.38 4.09 5. 36 76.3 2 12.5
19. IR1317-89-2 20.9 316 0.45 4.04 5.52 73.2 2 14.4
20. IR1317-266-2 23.0 295 0.49 9. 19 4.35 119.3 3 13.6
21. 6310 F 4343-2-2-1 34.4 403 0.49 5.34 5.96 89.6 4 14.9
22.  6310F 4343-3-3 25.8 370- 0.46 5.83 5.76 101.2 5 14.2
23. IR781 B 4-400-4-2-2 24.0 277 0.44 3.38 3.33 101.5 4 11.2
24,  IR781-189-3-2-2-1-2 22.2 296 0.45 3.66 3.65 100.0 - & 11.8
25. Norin #36 23.8 296 0.42 3.66 4.27 85.7 5 10.4
26. Morin #37 31.0 412 0.46 6.11 4.75 128.6 4 12.0
L.S.D. 5% 2.03 43.0 0.07 0.78 - — — 0.52
1% 2.68 56.9 0.09 1.03 —_ —_ — 0.91
@ Mean of 10 seedlings @ Total weight of 10 seedlings
@ Whitening of roots by oxidation on 4th day after scaking in water saturated with H,S
@ Long diameter X short diameter
Table 8. Root color, number of branch roots, thickness of root and oxidation activity of
a-Naphtylamine by roots.
Trt, Root color Branch root gehsika' g}élt?\a;lttlgn
Variety/Pedigree of a-Na.
No. Aug. 17 Sept. 1 Aug.17 Sept. 1 Aug.17 (;i‘g.é\%.g/'zhrs)
2. Jinheung Light yellow Yel[qwish brown Medium Medium Thick 125
5.  Suweon #216 Brown Dark brown Plenty Plenty  Slender 115
6. Suweon #213 Light yellow Brown Medium Plenty Medium 110
7. Suweon #222 Light brown Yellowish brown Plenty Medium Medium 70
8. Suweon #210 Light yellow Yellowish brown Few Medium Medium 75
9. IR1317-316-9-2 Dark brown Brown Medium Plenty  Medium 120
10. IR1317-359-2-3 Brown Dark brown Plenty Plenty Thick 55
11. IR1317-316-2-2 Dark brown — Medium — Slender 70



12. IR1317-316-3-2 Dark brown — Few —  Medium 90
18.  IR781B4-400-4-3-3-3  Light yellow Dark brown Plenty Plenty  Slender 160
19. IR1317-89-2 Dark brown Dark brown Few Few Medium 30
21.  6310F.343-2-2-1 Blackish brown Dark brown Medium Few Slender 50
22. 6310F4313-3-3 Light brown — Medium —  Medium 95
24.  IR781-189-3-2-2-1-2 Dark brown — Few ~—  Medium 65
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22. Correlation between whitening of roots by
oxidation and rooting ratic at adult
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by oxidation at adult seedling stage and
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* Numbers in circle refer to the entry number
in Table 7, and these indications follow
from Fig. 23 to Fig. 29.
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Table 9. Effect of removal of lower leaf blades to the ratio of unfilled grain and 1000-grain weight.

Ratio of unfilled  wt. of 1000

Oxidation of : ; Yield i
Trt. a-Na. by roots Green leaf blades grain unhulled-grain feid i
(ug/%s. F.W./ Leaf bla- Leaf bla-  rough
Variety/Pedigree 2hrs) Dry® des rem- des rem- .
No Number w e)izgh ¢ Control oved }110- Control oved }llo- rice
° rt t
Aug. 17 Sept. 1 (2) 5rd leof 301 lesg (kg/102)
2. Jinheung 125 55 4.5 1.81 12.8 13.0 26.9 25.9 736
5. Suweon #216 115 50 5.0 2.04 9.5 34.7 21.9 22.2 627
6. Suweon #213 110 95 4.4 1.88 15.5 23.3 23.4 23.8 610
7.  Suweon #222 70 40 3.5 0. 66 11.5 12.0 23.5 22.6 497
8. Suweon #210 7 50 3.7 0.93 19.3 18.8 20.7 22.9 537
9. IR1317-316-9-2 120 65 4.4 2.46 13.9 25.0 23.3 18.7 616
10. IR1317-359-2-3 55 35 3.3 0.38 33.9 32.2 22.7 19.2 488
21.  6310F4343-2-2-1 50 35 3.3 0.33 14.0 15.6 21.8 18.1 487
L.S.D. 5% 14.8 9.1 0.39 0.27 - — - — 35.5
1% 20.6 12.7 0.55 0.37 — - - — 49.3
@ Date measured: Aug. 17 @ Dry weight of green leaves lower than 3rd leaf.
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Fig. 25. Correlation between number of green
leaves per tiller and oxidation activity of
a-Na. by roots.
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Fig. 28. Effect of removal of lower leaf blades on
the ratio of unfilled grains.
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SUMMARY

EIrEET 5 (. WBARERE) 2:181

33-51. )
Weaver, J.D., Kramer, J. and M. Reed, 1924.

The present experiments were conducted to obtain basic information on the selection of parent materials.

for crossing in rice breeding program during 1968~ 69 and 1972.

Varieties tested in this experiment were 8 Korean and Japanese varieties, respectively.

The morphological traits and physiological activity of roots were observed in order to see the fundame-

ntal informations on them in rice varieties differing in their origin and also to find out the interrelationships:

among the characteristics of roots and aerial parts.



Further experiment with 26 varieties and lines having different plant types was carried out to provide

basic informations which could be applied to a rice breeding program to make selections for better regionat

.adaptibility. The results obtained are summarized as follows.

1.

7.

10.

A highly significant positive correlation was found between the diameter of cross section and that of
air-space in cortex of culm-base and also the diameter of root was positively correlated with the
diameter of cross section of culm-base and with the number of parenchyma cells in cortex of root.
The diameter of root showed highly significant positive correlation with the number of vessels in meta-
xylem of root as well as with tension of root. It is considered that the Korean rice varieties have
better conducting and Ventilating system between the top and the roots of rice plant as compared to
the Japanese rice varieties.

The physiological root activity was positively correlated with the diameter of air-space in cortex of
culm-base and with the number of parenchyma cells in cortex of root as well as with the number of
vessels in metaxylem of root. Based on these facts, close relationship was clarified between physiological

activity and histomorphological characteristics of root. As compared with Japanese rice varieties, Korean

-varieties appeared to be higher in physiolo gical activity of root in favor of thicker culm-base, larger
.airspace in cortex of culm, more number of paren chyma cells in cortex of root and more number of
‘vessels in metaxylem of root. It may be concluded that Korean rice varieties have better adaptibility

-to less favorable conditions for rice growing especially where the AKIOCHI occurs than Japanese

varieties.

Korean rice varieties involved in this experiment showed higher activity of upper and lower nodal roots
before heading, but the activity was sharply decreased after heading. The root activity of Japanese
varieties, however, was slowly decreased although it was lower than that of Korean varieties before
heading. Therefore, the range of variation in root activity at different growth stages tended to be

greater in Korean rice varieties than in Japanese.

. Rice varieties with higher root activity before heading tended to have erect flag leaf, higher content of

chlorophyll in flag leaf, and to show slower decomposition of the chlorophyll. It was also found that
the variety with high root activity before and after heading had higher content of chlorophyll in leaf
blades and was higher in photosynthetic activity of the leaves.

Significant varietal differences were observed in these characteristics.
The root activity before heading appeared to have no close relationship with Fe,0s or MnO content in

the leaves. Antagonistic relationship, however, was found between the content of the 2 elements in
the leaves.

Close relationship was recognized between the root activity after heading and the grain yield. It may
be concluded that theroot activity before heading does not affect the grain yield as much as the root
activity at the later growth stage. particularly, higher grain yield was obtained when the root activity
index [1/(range of variation in root activity/average root activity)x100] was high. It is suggested
that the rice variety could produce more grain yield when it has stable higher root activity in later
growth stage.

A close relationship was found between the root activity and the rooting ratio at the seedling stage.

. A highly significant positive correlation was found between the'root activity and the number of green

leaves at the later growth stage (heading to ripening stage). This indicates that the higher the root
activity was the more the number of green leaves in later growth stage.

Above tesult was confirmed by the fact that removal of lower leaves resulted in the reduction of root
activity. Therefore, it would be possible to diagnose indirectly the root activity by observing the
number of green leaves of the rice plant in later growth stage when a breeder makes selections in the
hybrid population.
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