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Rice Yield and Quality in Mixed Cropping of Several Colored Rice Cultivars
Jong-Hee Shin"", Chae-Min Han', Jung-Bae Kwon? and Jong—Gun Won?

ABSTRACT The mixed cropping system is a centuries-old cropping technique widely practiced in farmers’ fields worldwide.
Increased plant diversity enhances farmland biodiversity, which improves grain yield and quality. However, the effect of growing
different rice cultivars simultaneously has rarely been investigated. In the present study, six glutinous rice cultivars were selected,
and two mixture cultivation methods were determined according to plant height, grain yield, and color. Colored and glutinous rice
are used for specific purposes by consumers because of their color and nutritive value. Six glutinous rice varieties, including
aromatic and colored rice, were included in the combination interplanting trials. The results showed that, compared with the
corresponding monocropping systems, almost all combinations of the mixed cropping systems had advantages in yield-related
traits. Compared with monocropping systems, mixed cropping systems increased the number of panicles per plant and maturation
rate by 20% and 10%, respectively. An increase of 18-20% grain yield was observed in mixed cropping plots compared with that
in plots which grew only a single rice variety. Some rice varieties, such as green colored rice ‘Nogwonchall’ and black colored rice
‘Chungpunghukhayangchall’, exhibited 18-22% increased yield when they were planted in combinations. The high yields were
primarily owing to improved light interception and reduced lodging, although other factors (for example, reduced severity of
disease) may have also contributed.

Keywords : blending rice, colored glutinous rice variety, mixed cropping
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Table 1. Six rice cultivars investigated in the present study.

Cultivar Glutinous characteristics Brown rice color Aroma characteristics
Hangangchall Glutinous White -
Aranghyangchall Glutinous White Scented rice
Noreunjachall Glutinous Yellowish -
Cheongpungheukhyangchall Glutinous Black Scented rice
Jeogjinjuchall Glutinous Red -

Nogwonchall Glutinous Green -
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Table 2. Content of functional components in colored brown rice. (Unit: pg/100g)
Cultivar Fer. Caf. Cin. Gen. Cho. Syr. Cou. Cat. Sal. Que.
Brown color rice (resource) 309.6 3.2 25.1 0.4 13.9 143.4 75.1 T 276.8 4.8
Noreunjachall 299.0 7.4 30.6 2.8 - 100.7 65.8 T 278.5 1.6
Hongjinju 461.2 75.4 92.1 563.9 13.8 116.7 1245  4,197.8 98.6 4.0
Red glutinous rice (resource) 3394 20.9 - 191.1 14.0 197.5 78.5 1,433.7 188.7 2.1
Jeogjinjuchall 410.8 45.7 100.1 605.5 14.3 176.7 45.8  4,520.8 94.8 -
Heugseol 329.2 1984  209.8 - 15.8 170.9 95.6 583 934 122.6
Sinmyungheugchall 205.4 111.2 116.8 - 14.6 122.0 40.6 T 87.2 62.4
Josaengheugchall 258.7 63.1 126.8 - - 142.3 333 T 100.5 61.4
Sintoheugmi 306.8 69.4 151.5 - 14.2 124.7 121.5 36 753 147.2
Heugkwang 230.4 8.3 85.9 - 13.8 125.3 103.4 T 83.2 32.8
Nunkeunchugchall 219.8 21.4 69.5 - 14.4 169.5 71.1 T 87.1 21.1
Heugjinju 235.8 98.6  250.0 - 14.3 123.9 84.2 1.2 1133 107.6
Cheongpungheuk-hyangchall 318.3 83.4 112.0 T 14.3 79.3 84.8 24 1329 31.9
Nogwonchall 335.7 24.9 543 T - 79.8 151.5 T 75.4 -

% Fer, Ferulic acid; Caf, Caffeic acid; Cin, Cinnamic acid; Gen, Gentisic acid; Cho, Chlorogenic acid; Syr, Syringic acid; Cou,
Coumaric acid; Cat, Catechin; Sal, Salicylic acid; Que, Quercetin

Table 3. Color differences in rice when cooked with 30% added colored rice.

Color difference compared to the comparative cultivar

Brown rice color Cultivar :
AL Aa Ab
Brown rice resource (C) - - -
Yellow or brown )
Noreunjachall 1.73 -1.19 -1.20
Hongjinju (C) - - -
Red Red glutinous rice resource -5.95 1.75 -1.14
Jeoginjuchall -1.13 -1.01 -0.96
Heugseol (C) - - -
Sinmyungheugchall 6.59 -1.72 1.47
Josaengheugchall 5.25 -1.59 0.61
Sintoheugmi 2.59 -0.60 0.14
Black
Heugkwang 8.70 -2.34 2.44
Nunkeunchugchall 16.15 -4.33 4.24
Heugjinju -1.26 0.20 0.57
Cheongpungheukhyangchall 14.23 -2.06 4.73

'AL: +White - -Black, difference in brightness compared with the comparative cultivar.
Aa: +Red - -Green, difference in redness compared with the comparative cultivar.
Ab: +Yellow — -Blue, difference in yellowness compared with the comparative cultivar.
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Noreunjachall

Table 4. Differences in growth characteristics between monocropping and corresponding mixed cropping systems with several

rice cultivars.

Jeogjinjuchall

Nogwonchall

Heugseol

Cheongpungheukhyangchall

Fig. 1. Color of rice when cooked with 30% added colored rice.

Cultivation method Cultivar Hea((irirtll.gd )date Cuh?crile)ngth Panic(lfml)ength Panigfl:z/ rIrlllzl;nber
Hangangchall 8.23 92 25 244
Aranghyangchall 8.16 96 21 400
Noreunjachall 8.14 93 21 355
Mono cropping Cheongpungheukhyangchall 8.26 99 21 333
Jeogjinjuchall 8.08 82 24 311
Nogwonchall 8.20 98 18 400
Mean + SD 8.18+6.5 93+6.2 22+42.5 340459
Hangangchall 8.23 93 25 309
Aranghyangchall 8.15 96 21 452
Noreunjachal 8.13 97 20 428
Mixed cropping I  Cheongpungheukhyangchall 8.26 99 21 381
Jeogjinjuchall 8.09 88 23 357
Nogwonchall 8.21 98 19 524
Mean + SD 8.18+6.5 95+4.1 2242.2 409+76
Mixed cropping II'  Six cultivars included 8.14 104 - 357

"Transplantation of one variety per row.
Transplantation of mixed seedlings.

Fig. 2. Mixed cropping systems (A: transplantation of one variety per row, B: transplantation of mixed varieties).
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Table 5. Differences in disease occurrence patterns between monocropping and corresponding mixed cropping systems with

several rice cultivars.

Rice
Cultivar blast
0~9)

Cultivation method

Sheath Flase Brown Bacterial
blight smut spot blight
0~9) (0~9) (0~9) (0~9)

Lodging
(1~9)

Hangangchall
Aranghyangchall
. Noreunjachall
Mono cropping
Cheongpungheukhyangchall
Jeogjinjuchall

Nogwonchall

—_ O = =
—_ = W = = W

Hangangchall

Aranghyangchall

Mixed cropping I Noreunjachall
Cheongpungheukhyangchall
Jeogjinjuchall
Nogwonchall

—_—— OO O

SO O O O O oI O o o o o

Mixed cropping I Six cultivars included

SO O O O O oI O O o = O
SO O O O O OoOI0 o o o o o

0
1
0
0
1
0
0
0
0
0
1
0
0

[ T T e S S e S S

"Transplantation of one variety per row.
*Transplantation of mixed seedlings.

1000
oNoreuniachall

=Nogwonchall

oHangangchall aiAranghyangchall
=Cheongpungheukhyangchall « Jeogiinjuchall

Brown rice yield (kg/10a)
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Fig. 3. Difference in brown rice yield between monocropping
and corresponding mixed cropping systems with several
rice cultivars. Bars mean + SD.
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Table 6. Difference in yield components between monocropping and corresponding mixed cropping systems with several rice

cultivars.
Spikelet Grain Husking 1’00.0 grain Head rice
Cultivation method Cultivar number ripening recovery bvrvgf:tr?cfe (brown rice,
(ea/panicle) (%) (%) () %)
Hangangchall 183 85.0 71.5 20.7 95.0
Aranghyangchall 113 86.0 82.0 21.3 92.7
Noreunjachall 83 94.8 81.7 21.3 96.9
Mono cropping  Cheongpungheukhyangchall 86 83.2 80.2 27.1 98.8
Jeogjinjuchall 109 85.7 74.8 19.3 93.1
Nogwonchall 94 87.7 81.6 19.5 96.2
Mean + SD 111+37.1 87.1+4.1 78.6+4.4 21.5£2.9 95.5+2.3
Hangangchall 170 87.9 77.4 21.1 92.9
Aranghyangchall 109 80.4 80.6 21.6 93.3
Noreunjachall 80 92.6 81.4 21.6 97.0
Mixed cropping 1" Cheongpungheukhyangchall 86 85.7 80.9 27.1 98.4
Jeogjinjuchall 102 83.3 77.3 18.9 93.3
Nogwonchall 96 89.8 80.1 19.0 97.3
Mean + SD 107+£32.5 86.6+4.4 79.6£1.8 21.6+3.0 95.4+2.5
Mixed cropping II* Six cultivars included 107 95.8 77.7 20.9 97.3

"Transplantation of one variety per row.
*Transplantation of mixed seedlings.

Fig.
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Brown rice yield (kg/10a)
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700 |

600 |

500 - HGCT + ARHC

Mono cropping Mixed cropping Mixed cropping
system | system Il

. Brown rice yield of each rice variety between mono-

cropping and corresponding mixed cropping systems
with several rice cultivars. "HGC: Hngangchall, ARHC:
Aranghyangchall, NRJC: Noreunjachall, CPHHC: Cheong-
pungheukhyangchall, JJJC: Jeogjinjichall, NWC: Nog-
wonchall.

et 24 24T BEAe] dE KRR By
SR A9 19 155 Al Bdo] golA 4

Table 7. Proportion of brown rice produced in monocropping
and mixed cropping by rice cultivars.

Proportion of brown rice (%, w/w)

' Mixed Mixed
Cultivar Mono cropping I  cropping II
cropping  (one variety -  (Mixed
one row) seedlings)
HGC' + ARHC 39.7 38.9 39.5
NRIJC 13.6 13.8 14.2
CPHHC 17.2 16.8 20.6
Jlic 13.7 12.8 9.3
NWC 15.6 17.7 16.4

"HGC, Hngangchall; ARHC, Aranghyangchall; NRJC, Nore-
unjachall; CPHHC, Cheongpungheukhyangchall; JJJC, Jeog-
jinjichall; NWC, Nogwonchall.
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Fig. 5. Mix-cultivated rice field (A) and polished brown rice (B) in harvest season.
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Fig. 6. Cooking quality’ (A) and texture’ (Bt) according to the blended brown rice mixing ratio.
"Cooking quality is the value of the texture, external characteristics, and balance of boiled rice evaluated using a rice taste

analyzer (SATAKE, Japan).

*Boiled rice texture is the hardness, stickiness, elasticity, and adhesion of boiled rice evaluated using a texture measuring device

(MyBoyll system, TAKETOMO, Japan).

*The same letters in the graph indicate no difference at the 5% probability level.
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