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Tissue Culture Method as a Possible Tool to Study
Herbicidal Behaviour and Herbicide Tolerance Screening

Kim, S. C,, S K. Lee and G. S, Chung*

ABSTRACT

A series of laboratory and greenhouse experiments were conducted to find out the possibility of tissue
culture and cell culture methods as a tool to study herbicidal behaviour and herbicide tolerance screening from
1985 to 1986 at the Yeongnam Crop Experiment Station.

For dehulled-rice culture, pure agar medium was the most appropriate in rice growth campared to other
media used for plant tissue culture method. All the media but the pure agar medium resulted in growth retar-
dance by approximately 50% and this effect was more pronounced to root growth than shoot growth.

Herbicidal phytotoxicity was enhanced under light condition for butachlor, 2.4-D, and propanil while this
effect was reversed for DPX F-5384 and CGA 142464, respectively. And also, herbicides of butachlor, chlorni-
trofen, oxadiazon, and BAS-514 resulted in more phytotoxic effect when shoot and root of rice were exposed
to herbicide than root exposure only while other used herbicides exhibited no significant difference between
two exposure regimes. Similar response was obtained from FEchinochloa crusgalli even though the degree of
growth retardance was much greater. Particularly, butachlor, 2.4-D, chlornitrofen, oxadiazon, pyrazolate and
BAS-514 totally inhibited chlorophyll biosynthesis even at the single contact of root.

Apparent cultivar differences to herbicide were observed at the young seedling culture method and dehulled
rice cultivars were more tolerant in DPX F-5384, NC-311, pyrazolate and pyrazoxyfen, respectively. For de-
rant than other types or rice cultivar in butachlor, pretilachlor, perfluidone and oxadiazon while Tongil-type
rice cultivars were more tolerant in DPXF-5384, NC-311, Pyrazolate and Pyrazoxyfen, respectively. For de-
hulled rice culture, on the other hand, Japonica-type rice cultivar was less tolerant to herbicides of butachlor,
propanil, chlornitrofen and oxadiazon that was reversed trend to young seedling culture test. Cultivar differences
were also exhibited within same cultivar type. In general, relatively higher tolerant cultivars were Milyang 42,
Cheongcheongbyeo, Samgangbyeo, Chilseoungbyeo for Tongil-type, Somjinbyeo for Japonica-type and IR50
for Indica-type, respectively.

The response of callus growth showed similar to dehulled rice cuiture method in all herbicides regardless of
property variables. However, concentration response was much sensitive in callus response. The concentration
ranges of 107 M - 10°M were appropriate to distinguish the difference between herbicides for E. crusgalli

callus growth. Among used herbicides, BAS-514 was the most effective to E. crusgalli callus growth.
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Based on the above results, tissue culture method could be successfully used as a tool for studying herbi-

cidal behaviour and tolerance screening to herbicide.
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Table 1. Comparison of the effects of media on rice growth between pure agar medium and

Ng+Y; medium

Light

Item Reigime Pure Agar Ng+Y; Percentage
Seedling height(cm) Light 11.7 7.7 66
Dark 7.5 5.8 77
Root length Light 33.0 4.1 12
Dark 26.3 5.7 22
Fresh weight(mg) Light 87.3 57.3 66
Dark 90.5 57.5 64
Relative growth rate(RGR) Mean 100 51
* Rice cultivar : Nacdongbyeo
* RGR = (relative height + relative root + relative weight)/3
* Experimental period : April 19 - May 1, 1986
Table 2. Concentration responses of butachlor on rice growth
Concentration Sef:dling Leaf Root Root Fn?sh Relative
height length weight growth
(M) number number
(cm) (em) (mg) rate
0 11.0 2.8 11 325 88.0 100
109 10.8 2.8 11 29.4 88.1 98
10-8 10.3 2.8 11 29.0 85.5 96
10~7 10.0 2.5 11 27.9 80.0 91
10—6 8.8 2.5 11 27.3 70.4 87
1035 7.6 2.5 11 25.5 68.0 83
10—4 7.0 2.5 9 13.3 49.3 66
10-3 3.3 1.8 9 8.2 40.5 49

* Medium : agar
* Temperature : 25°C
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* Cultivar : Samgangbyeo
* Experimental period : July 6 - 18, 1986,

* Light : 1500 lux
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Table 3. Concentration responses of various herbicides on rice growth.

L. Growth Concentration (ppm)
No Herbicide (cm) 0 5 io 15 20
1 Butachlor Shoot 7.5(100) 5.8 (77) 2.8 (37) 1.1 (15) 0.7 (9)
Root 26.5(100) 10.8 (41) 6.8 (26) 6.5 (25) 4.2 (16)
2 Propanil Shoot 7.6(100) 3.6 (47) 2.4 (32) 1.7 (22) 1.5 (20)
Root 25.8(100) 5.8 (22) 6.8 (26) 0.7 (3) 0.6 (2)
3 Bentazone Shoot 7.4(100) 8.0(108) 7.7(104) 8.0(108) 7.2 (97)
Root 24.9(100) 22.4 (90) 20.8 (84) 18.9 (76) 20.0 (80)
4 24-D Shoot 7.7(100) 1.0 (13) 1.0 (13) 1.0 (13) 1.2 (16)
Root 25.8(100) 0 0 0 0) 0 0) 0 (0)
5 Chlornitrofen Shoot 7.7(100) 6.2 (81) 5.4 (70) 5.3 (69) 5.3 (69)
Root 26.3(100) 13.0 (49) 166 (63) 11.5 (44) 9.9 (38)
6 DPX 5384 Shoot 8.6(100) 9.2(107) 8.7(101) 9.0(105) 5.8 (67)
Root 27.8(100) 27.0 (97) 20.0 (72) 17.6 (63) 8.5 (31)
7 NC - 311 Shoot 8.7(100) 8.6 (99) 9.0(103) 8.9(102) 7.2 (83)
Root 26.3(100) 25.6 (97) 28.4(108) 23.5 (89) 21.6 (82)
8 CGA 142464 Shoot 8.6(100) 8.6(100) 8.7(101) 9.0(105) 7.4 (86)
Root 24.3(100) 24.8(102) 26.1(107) 26.0(107) 23.9 (98)
9 Metsuifuronmethyl Shoot 8.8(100) 9.1(103) 8.8(100) 8.6 (98) 9.0(102)
Root 24.7(100) 24.4 (99) 22.7 (92) 15.2 (62) 11.8 (48)
10 Pyrazolate Shoot 8.7(100) 9.4(108) 9.1(105) 8.6 (99) 8.9(102)
Root 24 .8(100) 24.1 (97) 26.4(106) 25.8(104) 14.5 (58)
11 Oxadiazon Shoot 8.5(100) 5.1 (60) 4.1 (48) 3.5 (41) 3.2 (38)
Root 24.2(100) 7.6 (31) 8.0 (33) 7.8 (32) 4.0 (17)

*( ) :index
* Experimental period : July 5- 15, 1986,
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Table 4, Degree of growth retardance of Nacdong-

byeo as affected by herbicide in associa-
tion with light regime

Herbicide Growth Retardance (%)
(104 M) Light Dark
butachlor 42 26
24-D 84 53
propanil 43 16
DPX - 5384 0 28
CGA - 142464 12 21

* Data collected based on seedling height
* Experimental period : April 19 — May 1, 1986.
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Table 5. Growth response of Samgangbyeo to various herbicides in association with seeding depth.

Herbicide Ocm seeding 0.5cm seeding

(10 _4M) Shoot(cm) Root(cm) Chilorophyll Shoot(cm) Root(cm) Chlorophyll
Control 12.8(100) 32.6(100) + 12.9(100) 29.5(100) +
Butachlor 2.0 (16) 17.7 (54) + 0.5 4 0.8 (3) -
Propanil 12.7 (99) 239 (73) + 13.3(103) 19.2 (65) +
Bentazone 10.9 (85) 31.4(96) + 13.8(107) 34.6(117) +
24-D 1.1 (9) 0 (0) - 1.3 (10) 0 ) —
Chlornitrofen 8.0 (63) 14.3 (44) + 29 (22) 3.6 (12) +
Oxadiazon 5.8 (45) 6.3 (19) + 0.6 (5) 0 ()] -
Pyrazolate 12.0 (94) 239 (73) + 13.5(105) 27.3 (93) +
BAS — 514 7.8 (61) 10,9 (33) + 3.8 (29) 9.6 (33) +
DPX - 5384 11.6 (91) 31.8 (98) + 11.7 (91) 235 (80) +
NC - 311 14,0(109) 26.2 (80) + 10.1 (78) 25.9 (88) +
CGA 142464 114 (89) 233 (7D + 12,2 (95) 21,9 (74) +
Metsulfuronemethyl 11,9 (93) 23.2 (71) + 13.8(107) 27.3 (93) +

* Experimental condition : 1,500 lux at 25°C, July 9-29, 1986
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Table 6. Growth response of Nacdongbyeo to various herbicides in association with seeding depth

Herbicide Ocm seeding 0.5cm seeding

( 10—4M) Shoot(cm) Root(cm)  Chlorophyll Shoot(cm) Root(cm) Chlorophyll
Control 13.7(100) 39.7(100) + 13.6(100) 32.2(100) +
Butachlor 5.8 (42) 123 (31) + 0.8 (6) 2.0 (6) -
Propanil 13.5 (99) 29.0 (73) + 13.4 (99) 254 (79) +
Bentazone 124 (91) 335 (84) + 11.8 (87) 23.8 (74) +
24-D 1.2 (9 0 (0) - 1.8 (13) 0 0) -
Chlornitrofen 7.4 (54) 146 (37) + 1.7 (13) 5.3 (16) +—
Oxadiazon 5.4 (39) 5.8 (15) + 0.7 (5) 0.2 (1 -
Pyrazolate 13.0 (95) 38.9 (98) + 12.5 (92) 28.0 (87) +
BAS — 514 6.7 (49) 9.2 (23) + 6.3 (46) 11.2 (35) +
DPX — 5384 12.2(89) 36.7 (92) + 14.3(105) 28.9 (90) +
NC - 311 12.8 (98) 30.2 (76) + 13.1 (96) 31.6 (98) +
CGA 142464 12.3 (90) 37.8 (95) + 13.9(102) -~ 34.0(106) +
Metsulfuronemethyl 109 (80) 33.8 (85) + 13.4 (99) 27.5 (85) +

* Experimental condition : 1,500 lux at 25°C, July 9-29, 1986

*( ) : Index. * Chlorophyll : + ; formed

— ;not formed +—;unclear
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Table 7. Growth response of Echinochlora crusgalli to various herbicides in association with seeding depth.

Herbicide Ocm seeding 0.5cm seeding
(1 0‘4M) Shoot(cm) Root(cm) Chlorophyll Shoot(cm) Root(cm)  Chlorophyll
Control 8.5(100) 6.2(100) + 7.1(100) 5.4(100) +
Butachlor 05 (6) 0.8 (13) — 04 (6 0 0) -
Propanil 3.4 (40) 14 (23) + 09 (13) 0 0) +
Bentazone 53 (62) 3.4 (55 + 1.6 (23) 0.8 (15 +
24-D 02 (2 0© ) - 02 (3 o0 0) -
Chlornitrofen 0.6 (7 03 (® - 03 4 O 0) -
Oxadiazon 04 (5 06 (10) - 03 (4 O 0) -
Pyrazolate 09 (11) 3.2 (52) - 0.6 (8) 2.8 (52) —
BAS - 514 05 (6) O 0) - 04 (6) O (0) -
DPX — F 5384 7.9 (93) 5.4 (87) + 1.0 14) 04 (1) +
NC - 311 7.8 (92) 5.3 (85) + 0.9 (13) 2.5 (46) +
CGA 142464 7.6 (89) 5.9 (95) + 0.7 (10) 1.0 (19) -
Metsulfuronemethyl 2.9 (34) 48 (77) + 05 (7 O 0) -
* Experimental condition : 1,500 lux at 25°C, July 9-29, 1986
*( ):Index *Chlorophyll: + ;formed, — ;notformed, +- ;unclear
Table 8. Effect of seeding depth on herbicidal activity.
Herbicide Seeding depth(cm) Herbicide Seeding depth(cm)
No - 1o—4w) tem  — 10 45 20 ° 04w ftem  — %10 15 20
1 Butachlor Shoot 66 3 5 6 10 7 NC-311 Shoot 100 113 64 40 48
Root 54 0 0 0 0 Root 103 75 46 42 0
M 60 2 3 3 5 M 102 94 55 41 24
2  Propanil Shoot 96 32 6 9 17 8 CGA 142464 Shoot 104 116 56 57 59
Root 92 10 0 0 0 Root 104 103 59 67 100
M 94 21 3 5 9 M 104 110 58 62 80
3 Bentazone Shoot 92 100 27 43 31 9 Metsulfurone- Shoot 90 103 110 57 45
Root 113 102 14 11 0 methyl Root 110 109 74 56 0
M 1_03 101 21 27 16 ’ M 100 106 92 57 23
4 24-D Shoot 11 18 21 32 48 10 BAS -514 Shoot 99 94 57 30 52
Root 0 0 0 0 0 Root 80 27 22 3 0
M 6 9 11 16 24 M 90 61 40 17 26
5 Chlornitrofen Shoot 60 27 14 21 38 11 Pyrazoiate Shoot 100 116 54 43 41
Root 114 9 0 0 0 Root 113 97 38 17 0
M 87 18 7 11 19 M 107 107 46 30 21
6 DPX —~F 5384 Shoot 112 106 32 30 45 12 Oxadiazon Shoot 21 10 5 8 17
Root 115 93 27 0 0 Root 23 2 0 0 0
M 114 100 30 15 23 M 23 6 3 4 9
* Rice cultivar : Samgangbyeo * Culture condition : 1,500, 1ux at 25°C  * Experimental period : July 1-15, 1986
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Table 9. Cultivar responses to herbicides in terms of relative growth rate,

Mean

pyrazoxyfen buta-oxa DPX-pyrazox

perfluidone oxadiazon DPX-F5384

Relative growth rate (%)

Cultivar

Cultivar

pyrazolate

NC 311

butachlor pretilachlor thiobencarb

Group

84e

83cd
90a
91a

94bc
95b

90bc
93b
85d
89

80d 73d

88b

72f

87cd
96b
103a

79cd

84ab

90bed
105a

Nakdongbyeo

Somjinbyeo

Japonica

89cd

75¢d
78¢
75

94be

92¢

89
100a

86bc
95a
90

80bced
84ab
79

87de
87

91bc
93
101a

81ibe
81

92bc
96

Dongjinbyeo

88

95

Mean
Chilseoungbyeo

Gayabyeo

98a

79de

100a
99a

90ab

83cd

Tle

70f

81f
90cd

76de
80¢

87def
90bed
88de

Ind./Tap.

97a

82cd

101a

91ab

98ab
96b

80bed
71f
88a

92bc

80de

93bc
102a

91bc
92b
101a

89ab
92a

81d

. 82f

78cd

85a

Samgangbyeo

Tongil

96ab

88ab

98ab
100a

83cd
79d
79

98b
96b

87de

96ab
96

85bc
83

92bc
98

90ab
99

84ab
79

T6de
79

89cde
88

Milyang 23

97

98

89

Mean
IR 36
IR 50
TKM 9

84e

80de

77d
90¢

87cd
93b
93b

91

79¢
79¢
87b
82

91c

83cd
T4e
T4e
77

77de

81f

73e

86ef
90b
84f
88

Indica

89cd

84bcd
76e
80

94bc

82ab

91c

79cd

62g
71

92be
88

92bc
86

96ab
94

79c¢de
79

83ef
85

Mean

* Seedling age : 10 days,

* Herbicide concentration : 10 ppm.
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Table 10. Cultivar tolerance to herbicide in dehulled rice culture method.

Relative Growth Rate

Cultivar Butachlor  Chlornitrofen Propanil 24-D Oxadiazon Mean
Indica/Japonica-type
- Weonpoongbyeo 52e 87abc 75ef 11def 40g 53fg
- Milyang 42 81bc 88abc 95a 14cd 69bc 69ab
- Cheongcheongbyeo 89a 90ab 95a 13de 74ab 72a
- Milyang 23 78¢ 86abc 74ef 8fg 69be 63cd
- Chilseoungbyeo 86ab 92a 90abc 12de 66cd 69ab
- Samgangbyeo 76¢ 86bc 92abc 13de 75a 68abc
Mean 77 88 87 12 66 -
Japonica-type
- Somjinbyeo 64d 75e 80de 7gh 52f S6ef
. Gwangmyeongbyeo 65d 73e 78ef 6hi 38¢g 52fg
- Nacdongbyeo 78c 40f 58¢g 3hi 60e 48g
- Daecheongbyeo 80bc 83cd 72f 7gh 65cde 61lde
Mean 72 68 72 6 54 -
Indica-type
- IR 36 75¢ 79de 88bc 11def 74ab 65bed
-IR 50 79¢ 92a 94ab 26a 75a 73a
<IN 1 80bc 84bc 93ab 10efg 78a 69ab
- TKM 9 86ab 87ab 93ab 18b 63de 69ab
- BG 367-4 80bc 72e 86cd 17bc 60e 63cd
Mean 80 83 91 16 70 -

* Relative growth rate was based on the relative growth of shoot and root growth at two herbicide

concentrations, 10°3 and 10-5M.
* Experimental period : Feb. 28 - March 10, 1986.
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Table 11. Cultivar difference to herbicide between IR36 and IR50.

- IR 36 IR 50
Herbicide and Plant : Root lant Root
concentration . Root Chlorophyll X Root Chlorophyll
(ppm) height number length (0-7) height number length (0-7)
(cm) (cm) (cm) (cm)
Butachlor
0 1.4 3 2.3 1.8 1.3 1 0.9 1.9
10 0.7 0 0 0 0.7 | 0.4 1.6
50 0.5 0 0. 0 0.6 1 0.2 1.9
Thiobencarb
0 5.6 5 4.5 0.8 7.3 5 2.7 1.8
10 1.7 0 0 0.5 1.1 1 0.2 2.1
50 0.7 0 0 0 0.9 | 0.1 1.5
24-D
0 6.3 5 24 16 6.0 6 3.7 14
10 35 0 0 0 3.1 0 0 0
50 2.9 0 0 0 2.6 0 0 0
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Table 12. Growth responses of Nakdongbyeo in dehulled rice culture and callus culture methods.

Dehulled Rice Culture

Callus Culture

Butachlor Seedling Chloro- Biomass Relative  Callus Callus Relative

concentra- X Leaf Root .

tion (M) height 1o, phyll (mg/ . growth diameter fresh growth

{cm) (0-10) seedling) rate (mm) wt. (mg) rate
0 12.9 3.0 6.5 10 87.5 100 9.3 77.0 100

109 110 33 53 8 98.0 97 11.3 57.0 98
107 10.8 3.0 6.2 7 105.0 100 8.5 64.0 88
1073 22 20 55 7 40.0 54 8.5 27.0 64
10-3 10 17 0 0

43.0 29 4.7 i0.0 32

* Treatment ; December 24, 1985

* Measurement ; January 8 (dehblled rice culture) and January 24, 1986 (cullus culture), respectively.
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Fig. 1. Relationship between growth retardation
and callus retardation in association with
butachlor concentration,
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Fig. 2. Callus growth of Nacdongbyeo as affected
by herbicides in association with concen-
tration,
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Table 13. Callus growth of Nacdongbyeo as affected by various herbicides. o
Herbicide Callus 0 10-9M 107m 10°°M 10-3M
Butachlor Diameter (mm) 14.4 9.5 9.0 8.0 4.2

Weight (mg) 213.0 119.1 109.1 65.2 213
Relative growth 100 61 57 44 20
24 -D Diameter 8.6 9.5 9.6 4.3 2.7
Weight 104.6 132.6 1124 204 10.4
Relative growth 100 119 110 35 21
Propanil Diameter 9.0 9.0 8.1 5.6 5.0
Weight 132.3 103.2 82.6 56.4 24.0
Relative growth 100 89 76 53 37
Oiadiazon Diameter 9.0 6.6 5.8 5.2 3.2
Weight 132.3 52.8 47.0 28.9 124
Relative growth 100 57 51 40 23

* Medium : Mg-Y,; + 2.4-D(2mg/L) + Kinetin(0.2mg/L)
* Experimental period : Feb. 17 — March 17, 1986

Table 14. Comparison of the growth responses between callus culture and dehulled rice culture.

Herbicide

Culture Regime

Relative growth (%)

109 108 10”7 106 105 104 10-3M
Butachlor Callus 99 85 89 75 64 21 12
Dehulled rice 95 96 89 82 74 53 28
Propanil Callus 103 88 74 66 57 34 9
Dehulled rice 104 102 105 103 75 69 S
Bentazone Callus 105 96 72 70 65 56 18
Dehulled rice 105 105 107 89 91 75 49
24D Callus 113 114 83 74 31 15 11
Dehulled rice 104 76 72 36 7 S 4
Chlornitrofen Callus 103 82 88 67 58 44 26
Dehulled rice 101 74 55 57 53 54 31
Pyrazolate Callus 107 89 75 74 58 44 12
Dehulled rice 97 94 92 86 85 87 65
BAS-514 Callus 106 100 78 77 62 35 10
Dehulled rice 104 94 65 67 65 40 15
DPX-F 5384 Callus 103 102 102 78 67 38 20
Dehulled rice 100 103 106 102 84 83 87
NC-311 Callus 104 86 86 71 61 60 18
Dehulled rice 103 92 93 95 95 88 63
CGA 142464 Callus 107 108 92 73 72 45 27
Dehulled rice 103 103 104 98 93 28

86

* Media ; Callus culture : Ng-Y; + 2.4-D 2mg/L + Kinetin 0.2mg/L
Dehulled rice culture : Pure agar
* Rice cultivar ; Nacdongbyeo
* Experimental period ; Callus culture : June 5 - July 8, 1986
Dehulled rice culture : May 28 - June 7, 1986.
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Table 15. Calius growth of Echinochloa crusgalli as affected by herbicide in association with concentration

under light condition.

Callus growth

Concentration (M)

Herbicide

(%) 10°9 108 1077 106 10-5 104 10-3

Butachlor Diameter 29 19 14 10 10 5 5
Weight 6 6 4 4 3 1 0

Relative Growth 18 13 9 7 7 3 3

Propanil Diameter 23 14 10 10 10 5 0
Weight 5 3 2 1 1 0 0

Relative Growth 14 9 6 6 6 3 0

Bentazone Diameter 67 43 43 29 23 10 5
Weight 87 62 54 40 23 6 0

Relative Growth 77 53 49 35 23 8 3

24-D Diameter 76 71 33 19 14 14 5
Weight 81 60 59 7 7 4 3

Relative Growth 79 66 46 13 11 9 4

Chlornitrofen Diameter 71 33 19 23 19 5 0
Weight 39 24 23 25 18 7 1

Relative Growth 55 29 21 24 19 6 1

Pyrazolate Diameter 48 24 29 29 14 10 3
Weight 36 7 6 5 4 0 0

Relative Growth 42 16 18 12 9 5 2

BAS-514 Diameter 29 23 19 14 10 5 0
Weight 6 4 4 1 1 0 0

Relative Growth 18 14 12 8 6 3 0

DPX-F 5384 Diameter 71 38 14 14 5 5 0
Weight 71 i8 3 4 3 3 2

Relative Growth 71 28 9 9 4 4 1

NC-311 Diameter 71 38 23 19 19 14 14
Weight 81 11 9 5 7 3 2

Relative Growth 76 25 16 12 13 9 8

CGA-142464 Diameter 48 43 33 29 29 14 10
Weight 72 53 40 25 19 15 4

Relative Growth 60 48 37 27 24 15 7

* Experimental Condition ; Nacdongbyeo, light (1500/ux) at 25°C, June 24 - August 24, 1986
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Table 16. Callus growth of Echinochloa crusgalli as affected by herbicide in association with concentration

under dars condition.

. Callus Growth Concentration (M)
Herbicide (%) 109 108 10-7 106 10-5 104 10-3
Butachior Diameter 50 39 28 11 11 0 0
Weight 42 7 5 4 3 0 0
Relative Growth 46 23 17 7 7 0 0
Propanil Diameter 44 22 17 17 17 6 6
Weight 33 11 4 1 1 0 0
Relative Growth 39 17 11 9 9 3 3
Bentazone Diameter 94 89 61 39 33 11 6
Weight 90 41 63 26 16 0 0
Relative Growth 92 65 63 33 25 6 3
2,4D Diameter 56 50 33 39 22 22 6
Weight 45 38 16 16 5 5 0
Relative Growth 51 44 25 28 14 14 3
Chlomitrofen Diameter 83 67 25 33 39 11 0
Weight 23 26 21 15 20 2 0
Relative Growth 53 37 33 24 30 7 0
Pyrazolate Diameter 61 39 33 28 6 0 0
Weight 39 33 24 6 0 0 0
Relative Growth 50 36 29 17 3 0 0
BAS-514 Diameter 22 22 17 11 11 6 0
Weight 1 2 1 1 0 0
Relative Growth 12 12 9 6 6 3 0
DPX- F5384 Diameter 78 50 39 28 22 11 0
Weight 51 39 15 8 8 1 0
Relative Growth 65 45 27 18 10 6 0
NC-311 Diameter 33 22 28 11 6 6 0
Weight 47 22 16 3 1 0 0
Relative Growth 40 22 22 7 4 3 0
CGA-142464 Diameter- 94 44 33 22 28 22 22
Weight 71 28 44 35 22 23 24
Relative Growth 83 36 39 29 25 23 23

* Experimental condition ; Nacdongbyeo, dark, at 25°C, June 24 - August 24, 1986

Table 17. Callus growth of Echinochloa crusgalli in
association with light regime

Fresh  Relative

Light regime Dzzz)eter weight Growth
(mg) (%)

Light (1,500/ux) 1.25 287.5 100

Dark 1.20 383.0 115

* Experimental period ; June 24 — August 24, 1986
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