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ABSTRACT

Most of the japonica rice varieties preferred for high eating quality are liable to lodging even under moderate
rate of nitrogen application. This lodging liability has been a critical limit even for proper evaluation of physio-
logical characteristics of those varieties exhibitable under higher nitrogen levels. Use of recent inhibitors of
gibberellin biosynthesis such as ‘Paclobutrazol’ may allow us to overcome this barrier. The responses of four
high eating quality varieties to nitrogen application to the level of 150kg N per ha were evaluated with and
without use of Paclobutrazol in comparison with a non-lodging, improved short japonica, Dongjin and a non-
lodging, high yielding indica x japonica Milyang 23. The four were Damageum (the best eating quality in the
1930s), Nongrim 6 (the best in the 1960s), Chuchung (the best since 1970s), Koshihikari (the best in Japan
since 1960s).

As expected increased application of nitrogen increased plant height, length of the 3rd internode, and lodg-
ing liability, being measured as culm breaking load, in all varieties tested and caused actual lodging in the field
from the 50kg N/ha level in Damageum and Koshihikari and at the level of 150kg N/ha in Nongrim 6. Applica-
tion of Paclobutrazol (0.6%G) 15 days before heading reduced plant height, length of the 3rd internode and
lodging liability being measured as culn breaking load in all varieties tested. However, the application of
Paclobutrazol during active tillering stage resulted in decreased culm breaking load in Damageum, Nongrim
6, and Koshihikari in spite of the decreased plant height and culm length as in the other varieties. Maximum
vield was obtained with 100kg N and 30kg Paclobutrazol at 15 days before heading in Nongrim 6, 150kg N
and 30kg Paclobutrazol at 15 days before heading in Damageum, and 150kg N and 20kg Paclobutrazol at
20 days after transplanting plus 30kg Paclobutrazol at 15 days before heading in the variety Koshinhikari and
Chuchung.

Under a sensory evaluation of cooked rice, the four high eating quality varieties were not different in rank

and Paclobutrazol treated rice was not distinguished from the untreated in eating quality.
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Table 1. Varietal responses of culm length and length of the 3rd internode and culm breaking load at 25 days

after heading to nitrogen application levels.

N(il:;‘/’fg") Culm length (cm) Length of the 3rd internode (cm) Culm breaking load (g)

a

Variety 10 15 LSD.0S 5 10 15 LSD.05 5 i0 15 LSD.O5
Damageum 96.1 1 14.0 113.5 6.9 16.0 20.1 249 3.7 487.5 275.0 237.5 47.2
Nongrim 6 80.0 90.3 95.3 4.3 148 18.1 183" 2.6 295.0 325.0 175.0 36.9
Koshihikari 81.8 87.5 975 5.2 139 145 174 1.9 435.0 337.5 296.0 663
Chuchung 79.6 87.0 95.0 7.2 10.6 128 144 2.1 375.0 288.0 113.0 53.7
Dongjin 73.0 81.1 84.0 4.6 12.1 13.1 139 1.3 525.0 475.0 475.0 41.7
Milyang 23 59.3 61.8 65.0 3.2 7.3 102 9.4 2.6 962.5 700.0 875.0 39.2

* Measured at 25 days after heading.

Table 2. Effects of nitrogen and Paclobutrazol application rate on the culm length of rice plants at 25 days

after heading.

NN (kg/10a) 5 10 15

1) PA (kg/10a)

Variety N 9 3 4.5 LSD.0S 0 3 4.5 LSD.0OS 0 3 4.5 LSD.0S
Damageum 96.1 93.1 904 2.9 114.0 102.8 98.3 3.2 115.3 109.3 97.8 4.3
Nongrim 6 80.0 79.5 176.5 2.2 90.3 89.5 823 2.8 953 80.0 78.0 2.9
Koshihikari 81.8 783 76.0 1.8 87.5 84.3 81.0 2.6 97.5 815 76.8 3.1
Chuchung 79.6 720 67.8 2.6 87.0 79.0 70.0 4.2 95.0 92.0 82.0 5.3
Dongjin 73.0 71.3 66.0 3.0 81.1 74.6 74.3 3.6 84.0 71.8 693 3.7
Milyang 23 59.3 56.3 543 2.4 61.8 56.8 53.3 2.2 65.0 60.3 53.0 4.0

1) PA: Paclobutragol 0.6% G
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Table 3. Responses of culmi length and culm breaking load at 25 days after heading to paclobutrazol application.

pAl) Culm length (cm) _ Culm breaking load (g)
20DAT?)
3 kg 0 2kg
1SDEH LSD.0S LSD.05
Variety 0 3 45kg O 3 4.5kg 0 3 4.5kg 0 3 4.5kg

Damageum 114.0 102.8 98.3 107.8 96.0 983 6.1 2750 3625 5250 1B0.0 1750 3150 .576
Nongrim6  90.3 89.5 823 854 833 81.0 3.8 325.0 262.5 400.0 137.5 1250 287.5 635
Koshihikari 87.5 843 81.0 883 723 1750 47 337.5 350.0 387.5 150.0 3225 475.0 487
Chuchung 87.0 790 700 821 765 707 S.1 288.0 455.0 355.0 347.0 4000 4245 720
Dongijin 81.1 746 734 720 70.5 675 3.8 475.0 6125 600.0 4350 4125 S$000 535
Milyang 23 61.8 S$6.8 633 665 595 558 3.9 700.0 1350.0 1112.5 1050.0 1300.0 1200.0 76.3

* Niwrogen application rate: 10kg/10a.
1) PA: Paclobutrazol 0.6%G.
2) Days after ransplanting. 3) Days before heading.

al HAstEe osle W Ay 158 1@ EEYT  ZodAsk Holx Fl— & AdAs BREES o
ol o AW AL W% % KHY moeE AT AT 4 db AT Y 4 Ae Aoz YA
= g @geld S8 BAHET 24¢ KR

EIRENS Tt Wed & BHASS 24 22 S¥o] wAR AJdE 9A 28clded o

Z4 sl Rl KA HET FAREGRE £ 40 Al oA HE ® 308 Aoldn, 24 A= & 5
Asta el EREECE EBlshd [HEARC F7F ol pe ulel el F ko] AR KL o}
g2 ¥zt 722, paclobutrazol =zlol npZ, F¥ 65 % zAd7tely 3EFFoldl & R
o) sbo] £ 8-z 47k dtolel BHRISE= AA ol A2 A 4o ol f&+E T8 H5 st 7 oo
AlAst vl ol &slv #AE ol @EFERIT  paclobutrazol & Heldt Aol =BU4Y B

P

A

i

Table 4. Effects of nitrogen and Paclobutrazol application on lodging index of rice plants at 25 days after

heading.
PA! )(kg/ 10a) Variety
N (kg/10a) 2 2 . .. .
20DAT? 15DBH ) Damageum Nongrim 6 Koshihikari Chuchung Dongjin Milvang 23
0 4.01 6.75 4.52 8.18 3.44 3.42
0 3 5.73 6.69 3.56 4.20 3.09 3.17
4.5 6.61 4.63 6.10 4.74 2.64 2.76
3 0 5.74 9.71 6.66 9.10 2.98 4.42
2 3 7.82 6.73 5.85 4.75 2.34 4.95
4.5 442 6.43 4.95 4.95 2.31 3.73
0 11.90 5.56 7.37 9.10 5.94 4.86
0 3 8.26 5.91 8.03 4.75 4.09 2.78
4.5 4.71 4.30 9.86 495 3.03 3.62
10 0 14.21 14.63 14.32 8.74 4.10 4.43
2 3 11.90 10.24 6.90 5.27 3.51 3.63
4.5 6.77 8.60 5.13 4.92 2.67 3.52
0 12.73 15.32 8.48 27.60 6.44 4.99
0 3 11.04 7.41 14.34 21.50 3.57 3.83
4.5 7.87 4.45 16.05 16.70 6.16 4.09
15 0 14.32 34.53 10.63 16.40 1330 5.19
2 3 10.10 19.91 8.83 10.70 4.22 6.61
4.5 7.96 29.60 6.03 6.41 5.89 6.19
1) PA: Paclobutrazol 0.6% G.
2) Days after transplanting. 3) Days before heading.
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Table §. Degree of field lodging.

Paclobutrazol!) Variety
N (kg/10a) D )
20DAT 15DBH Damageum Nongrim 6 Koshihikari ‘Chuchung Dongjin Milyang 23
0 i 0 0 0 0 0
0 3 0 0 0 0 0 0
4.5 0 0 0 0 0 0
3 0 0 0 0 0 0 0
2 3 0 0 0 0 0 0
4.5 0 0 0 0 0 0
] 2.5 0 [} 0 0 0
0 3 1 0 0 0 0 0
4.5 0 0 0 0 0 0
10 0 2 0 3.5 0 0 0
2 3 0 0 1 0 0 0
4.5 ] 0 0 0 0 0
0 3 1 1 0 0 0
0 3 2 0 0 0 0 0
4.5 1 1 0 0 0 0
15 0 1 1 3 0 0 0
2 3 1 0 1 0 0 0
4.5 1 1 1 0 0 0
* Observated at 30 days after heading.
Field lodging (0-5); 0: Non-lodging, §: Complete lodging
1) 0.6% G. 2) Days after transplanting 3) Days before heading.
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Table 6. Grain vield responses to nitrogen applica-
tion rates.

(vield: kg/10a)
Nitrogen (kg/10a)

Variety LSD.0S
5 10 15

Damageum  292.5 373.6 352.8 19.4

Nongrim 6 315.3 4203 391.0 24.7

Koshihikari  354.3 413.1 4279 15.8

Chuchung 312.7 388.0 368.2 20.2

158 Mg A% Hehie) RES FaAoz
ebdl o] & Bolul HRARAMAZ ®ES 44
BB Wid ey AT dsud, ZEmme

o T

BHEE 15kg WAL paclobutrazol & Hif#
A1 15 @ellvt 3kg HMelslg & «fols), MAk6u
— Z# 10kg MRS paclobutrazol & HiK

A1 15 Helul 3kg AHelshdd = Hr@e) Fokoh
ZA s Al o KEF ] A= @RE iSkg HH
3t paclobutrazol & Bk % 208 2kg, B
W% 1580 3kg 26 MHel3lge o) Hirel 7}
Z A debgel olEld Aab: @EAE Kol
v e B GE 6)AE EEENE 1028
10kg & HAIAS o Kol F9d A3 AL
ted Azl wmal, HifRo]l wralslsl 4 B &

(

- 228~



Table 7. Effect of paclobutrazol treated at 20 days after transplanting on rice grain yield.

Variety
Nitrogen (kg/10a) Paclobutrazol (kg/10a)
Damageum Nongrim 6 Koshihikari Chuchung
5 0 292.5 315.3 3543 312.7
2 264.7 312.2 355.0 387.5
10 0 373.6 420.3 413.1 388.0
2 388.5 357.0 483.6 481.5
15 0 352.8 391.0 427.9 368.2
2 304.1 350.3 456.7 471.8
LSD.0S 218 26.7 329 29.8
Table 8. Effect of Paclobutrazol application time and rate on rice grain yield.
(vield: kg/10a)
. Paclobutrazol!) (kg/10a) Variety
Nitrogen (kg/10a) 2) ) i -
20DAT 15DBH Damageum Nongrim 6 Koshihikari ~ Chuchung

0 3 327.0 334.6 349.5 318.3
4.5 312.4 328.7 388.9 303.3
3 ) 3 274.5 297.0 322.4 370.9
4.5 319.2 320.0 379.5 382.5
0 3 375.3 396.8 379.5 352.6
4.5 291.0 379.9 363.0 313.4
10 ) 3 358.6 373.5 463.0 462.9
4.5 315.7 331.2 423.6 470.3
0 3 3934 341.6 3843 370.2
4.5 349.3 367.8 356.3 351.4
15 s 3 293.6 303.8 499.1 486.5
4.5 373.5 373.6 331.5 414.6

1) 0.6% G 2) Days after transplanting. 3) Days before heading.
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Table 9. Effects of nitrogen and Paclobutrazol on number of panicles per-hill and number of spikelets per panicle of rice plants.

pal) (kg/10a) No. of panicle No. of Spikelet
N (kg/10a) 2) 3) R
20DAT 15DBH Damageum Nongrim 6 Koshihikari Chuchung Damageum Nongrim 6 Koshihixari. Chuchung
0 8.3 11.8 10.0 16.0 129.8. 82.2 198.7 88.2
0 3 11.4 13.2 12.3 14.0 1243 77.4 104.3 78.2
4.5 14.1 i34 121 15.5 106.1 99.9 89.3 76.7
s 0 10.3 15.3 12.4 12.7 112.1 82.4 84.2 69.8
2 3 12.7 15.9 12.3 15.0 108.3 67.7 76.9 66.1
4.5 12.6 18.5 14.6 16.7 106.2 794 102.7 68.6
0 13.1 14.8 12.7 17.1 113.8 95.6 88.1 74.6
] 3 13.6 149 134 18.7 115.2 96.8 97.% 72.2
4.5 12.8 13.9 12.1 16.5 92.8 73.2 103.8 84.3
10 0 14.2 16.2 13.5 18.5 114.1 119 81.8 69.6
2 3 15.5 18.2 14.0 16.3 122.0 89.0 96.8 75.5
4.5 14.5 16.3 13.1 16.6 1149 719 193.2 731
0 16.0 143 12.2 14.7 119.8 88.6 76.3 65.8
0 3 13.6 15.1 13.0 14.8 117.0 94.7 75.3 71.2
4.5 13.2 16.3 14.2 14.6 122.7 66.7 74.3 79.2
15 0 16.4 16.2 121 18.4 96.4 89.8 87.2 87.6
2 3 14.1 13.9 129 16.5 115.8 70.5 69.8 64.3
4.5 14.1 15.5 129 17.2 114.6 18.7 82.8 65.2
1) 0.6%G. 2) Days after transplanting. 3) Days before heading.

Table 10. Effects of nitrogen and paclobutrazol on ripened grain ratio and weight of 1000grains of rice plants.

PAY) (kg/10a) Ripened grain rato (%) Weight of 1000 grains (%)
N (kg/10a)
20DAT?  15pBHI) Damageum Nongtim 6 Koshihikari Chuchung Damageum Nongrim 6 Koshihikari Chuchung
0 93.9 86.4 83.3 92.7 26.8 23.6 27.9 25.1
0 3 87.1 85.4 70.5 91.5 27.6 244 26.5 25.4
4.5 82.1 90.2 11.6 88.0 210 22.8 25.7 24.6
5 0 88.1 78.2 66.9 91.4 27.0 21.9 27.2. 26.2
2 3 92.2 75.1 75.8 90.3 26.2 226 24.7 27.2
4.5 81.3 83.1 62.4 88.9 27.0 221 259 25.3
0 84.8 83.9 71.5 85.9 26.4 22.0 26.8 276
0 3 77.0 88.8 62.1 89.1 26.2 21.3 264 26.4
4.5 75.5 76.4 68.3 85.7 26.3 214 28.1 26.5
10 0 9L.5 85.7 60.3 82.1 28.0 215 259 25.8
2 3 85.2 86.3 69.4 91.6 26.1 23.2 25.9 26.6
4.5 88.5 771 62.7 90.2 26.9 211 25.0 27.0
0 81.2 89.0 68.2 88.5 27.8 21.5 249 271
o 3 66.6 89.4 59.6 88.6 26.6 2t6 254 270
4.5 84.4 78.1 56.4 87.7 27.1 23.2 25.5 26.2
15 0 824 819 $6.7 735 273 220 25.4 21.3
2 3 15.7 87.2 69.9 90.4 210 20.9 25.6 259
4.5 83.8 8l.t 63.7 79.5 271 23.0 25.7 27.6
1) 0.6%G. 2) Days after wransplanting. 3) Days before heading.
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Table 11. Sensory Evaluation of cooked rice of the high eating quality rice varieties.

Variety
Damageum Nongrim 6 Koshihikari Chuchung Dongjin
Thicy 35.3 29.4 17.6 17.6 29.4
Cooking Proper 64.7 58.8 76.5 70.5 70.6
guality Dry 0.0 11.8 5.8 11.7 0.0
Total 100% 100% 100% 100% 100%
Like extremely 41.3 17.6 64.8 82.3 58.8
Color/ Like 52.9 58.9 29.4 17.7 41.2
Appearance Dislike 5.8 235 5.8 0.0 0.0
Total 100% 100% 100% 100% 100%
Like extremely 41.3 29.4 29.4 58.8 47.0
Aroma Like 52.9 529 53.0 41.2 53.0
Dislike 5.8 17.6 17.6 0.0 0.0
Total 100% 100% 100% 100% 100%
Like extremely 41.3 52.9 29.5 58.8 47.1
Sticki Like 47.0 41.3 58.8 51.2 353
fekiness Dislike 1.7 5.8 1.7 0.0 17.6
Total 100% 100% 100% 160% 100%
Excellent 50.0 50.0 56.2 68.8 43.8
Eating Good 50.0 50.0 43.8 31.2 56.2
quality Total 100% 100% 100% 100% 100%
L BF F& Aoz Jelton 53|, KkEwe] 4f Table 13. Simple paired comparisons test for sensory
sto} 7bab Trhm S=rat AAbzle] 4] §o) 6B8 % evaluation of eating quality of rice between

the rice plants grown with paclobutrazol
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Table 12. Multiple comparisons test for sensory
evaluation of eating quality.

Variety
Chuchung Damageum Kashihikari Nongrim 6

Sampl

AMPe 485 0.47 3.39 ~2.08
scores
Sample 0.35 0.03 0.24 -0.18
means
F-value 1.035NS

treatment at O kg and 4.5 kg (0.6% G)

per 10a.
Between Variety

paired sample * Pamageum  Nongrim 6 Chuchung
Difference 70.6% 47.1% 64.7%

No difference 29.4% 52.9% 35.3%
o=z o5 AHRAFLI 9 st paclobutrazol
2 skl UL At 10a® 45kg T Mg
S, BH65 2 BEFEAE ftEsld simple

paired comparison test & ¥ Z3(FK 13) KKt
#9222 & paclobutrazol, M@ sl =& ity
Aol AHEM Yo, SEM A sty
apol 7t gt Swbgk A4l 70.6 %Y e

LR, BHR6W, A7t ¥ BEHY XK
doll FFH EBH, otz ¢Y 3 del &
AEE #4% Aas # 149 £ 1500 Jehgl
ot ZEBMBE L paclobutrazol Hezldl =& £

~ 231 -



Table 14, Céntents of total nitrogen in the brown rice grown under different nitrcgen and paclobutrazol levels.

Variety
N (kg/10a) PAD) (kg/10a)
Damageum Nongrim 6 Koshihikari Chuchung

5 0 0.823% 0.892 0.843 0.755

3 1.098 0.995 0.862 0.806

10 0 0.755 1.029 0.942 0.772

3 0.909 1.029 0.928 0.806

Is 0 0.978 0.978 0.931 0.823

3 1.132 0.823 0.897 0.755

1) Paclobutrozol 0.6% G.

Table 15. Amylose content and alkali digestibility value (ADV) of the brown rice of the rice plants grown with
different nitrogen and Paclobutrazol treatments.

N PAD Amylose content (%) ADV (1-7)

(kg/10a) (kg/10a) Damageum Nongrim 6 Koshihikari Chuchung Damageum Nongrim 6 Koshihikari Chuchung
5 0 15.7 17.6 18.4 19.3 5.0 5.0 5.1 5.0
s S0 158 1 12 52 %0 . O _ . s
10 0 18.9 17.4 17.8 19.7 5.1 5.2 5.0 5.1

3 19.2 16.3 17.2 19.4 5.0 53 5.2 5.0__
0 s e 180 188 si1 55 . 52 s2

3 19.1 16.6 18.2 18.3 5.0 5.1 5.0 5.3
1) Paclobutrazol 0.6% G.
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razol(0.6 G) 3kg Helol sl 3.4~26%
| 2, 45kg el YsiAe 3.8~
20% Wiksldct el mmeel w23
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