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Effects of Different Nitrogen Levels and Planting Densities on the Quality and
Yield of the Black Rice Cultivar ‘Shinnongheugchal’
In-Sok Lee”, Deok-Ryeol Lee‘, Seung—Hyun Cho’, Song-Yi Lee‘, Kab—Cheol Kim‘, Ki—Kwon Lee1, and Young—-Ju Song1

ABSTRACT The late-maturing black rice cultivar Shinnongheugchal from Jeollabuk-do Agricultural Research and Extension
Service was used as the plant material for estimating growth characters, quality and yield from the vegetation period to harvest age.
This study was performed to select an optimum combination of nitrogen level and planting density for the maximum yield of
Shinnongheugchal. The plant height, number of tillers, and SPAD index were higher when the combination of 70 hills per 3.3 m’
and 13 kg/10 a nitrogen level was used at 30 days after transplanting. The heading date for the combination of 70 hills per 3.3 m’
and 15 kg/10 a nitrogen level, and 80 hills per 3.3 m’and 15 kg/10 a nitrogen level was August 22. The heading date for the other
combinations was August 21. The combination of 70 hills per 3.3 m’ and 13 kg/10 a nitrogen level yielded the highest number of
tillers at 40 days after flowering. Even though the lodging index was increased with increasing nitrogen levels, field lodging did
not occur until harvest time. Seed nitrogen concentration in the combination of 70 hills per 3.3 m” and 13 kg/10 a nitrogen level
showed a significant difference when compared with the other combinations. The black rice yield varied significantly, and the
highest yield was observed in the combination of 70 hills per 3.3 m” and 13 kg/10 a nitrogen level. The yield was significantly
correlated with seed nitrogen concentration. The maximum yield was estimated to be 14.67 kg/10 a nitrogen level by using the
regression equation. On average, the coloring degree of the black rice was higher at planting density of 70 hills per 3.3 m” than at
80 hills per 3.3 m’. The highest yield of perfect black rice was obtained using the combination of 70 hills per 3.3 m”and 13 kg/10
a nitrogen level. Our findings demonstrate that a nitrogen level of 13-14 kg/10 a can be used to obtain the maximum yield from
Shinnongheugchal with yield, cyanidin 3-glucoside content, and perfect black rice yield as the standard.
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0lo] ek gpafat A4 AE Bola giE o] O] A Zof|A &7 AEAlOPAS B0 SR A%
slelHA 191 A7 & AH|Eko] 62.9 kg (Statistics Korea of th3t HAZHol wat FAAMAE A5t gt A
2015) 0.2 Fraskqint vh A% 7154 AlsEol g 4] MR Al o]8at =844 E41 fA A= A4
A9] o] wotylel whet dml, f-Au] W gFn] 5 54 AR Qs AFdA ARES &S FU7HE odeta Sl
L= A Z2o] 97l olx]al Qi) (Araceli, 2009).

A A dut Ax o2 do)o] wu)ef Fu] Fio Su|of Mol B 24, 4 2 Aol ot A+

o} ANE AR, A0 AL cyanidin 3-glucoside (C3G),
EAxobd MAo ZFQ3F AL ARG o, AkgE peonidin 3-glucoside (P3G), malvidin 3-galactoside (M3G)
= A Folu, 1 FollA A MA9] 80% =7t C3GRHAL 1%
L H = TH(Nagai et al., 1960; Lee, 1997; Lee, 2010; Ryu ef al., 1998).
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olelgt Aol f44 27 SRAAFARNC)S} B
AFARHA) D AR EZGHARKPIY) O] BRG] ot
Ao 2 4 A Qth(Nagai ef al., 1960; Park et al., 2000).
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Fig. 1. Monthly mean temperature and rainfall during the rice-
growing period in Iksan.
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Table 1. Monthly sunshine hours during the rice-growing period in Iksan.

May June July August September October
Years (h) (h) (h) (h) (h) (h) Sum
A B C A B C A B C A B C A B C A B

2015 8 79 114 79 52 45 64 46 48
2014 103 85 103 43 69 72 38 40 77
5 years 81 78 66 70 54 53 32 43 52

9% 46 61 76 82 66 76 81 1,195
30 28 53 63 72 57 86 70 1,089
54 43 38 52 54 64 67 69 975

* A, B, and C indicate early, mid, and late, respectively.

Table 2. Comparison of chemical properties of the soil before and after the experiment.

Htp. pH OM Av. P,Os Av. Si0, Ex. (cmol'/kg)
(1:5) (%) (mg/kg) (mg/kg) K* Ca* Mg**
Before 5.1 4.1 101 156 0.4 9.5 1.6
After 5.1 34 64 96 0.2 6.3 1.3
Standard 55~6.5 2.5~3.0 80~120 157~180 0.25~0.3 5~6 1.5~2.0
* Exp. indicates experiment.
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Table 3. Comparison of 30-day-old rice seedlings grown in the experimental field.

P T e Giernily SPAD index

9 35.6b 21.9b 41.7d

20 11 36.0ab 24.8ab 42 .8abced
13 36.9a 28.0a 43.4ab
15 35.6ab 25.3a 43.1abc
9 34.1¢c 25.1a 42.8bcd
11 35.3b 27.9a 41.8cd

80 13 36.9a 26.3a 41.9cd
15 36.3ab 25.4a 44.0a

* Means with the same letter in a column are not significantly different according to DMRT (5%).

Table 4. Heading date, culm length, and number of tillers in 40 days from the heading date of black rice grown in the

experimental field.

Planting density Nitrogen levels

Heading date

Culm length

No. of tiller

(hill/3.3 m%) (kg/10 a) (cm) (tiller/hill)
9 Aug. 21 69.4d 16.3cd
20 11 Aug. 21 71.7abc 18.3ab
13 Aug. 21 72.3ab 19.5a
15 Aug. 22 72.1ab 18.0abc
9 Aug. 21 67.4e 16.5bed
11 Aug. 21 70.6¢cd 16.7bcd
80 13 Aug. 21 73.0a 16.8bcd
15 Aug. 22 71.3bc 16.1d
* Means with the same letter in a column are not significantly different according to DMRT (5%).
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Table 5. Variations in the lodging index (LI) according to the nitrogen levels at 20 days after flowering.

83

Planting density Nitrogen levels Lodging Field lodging Disease and pest injury
(hill/3.3 m%) (kg/10 a) index (1~9) (0~9)
9 188e 1 0
11 239d 1 0
70
13 314c 1 0
15 408a 1 0
9 182¢ 1 0
11 205de 1 0
80
13 376ab 1 0
15 355¢ 1 0

* Means with the same letter in a column are not significantly different according to DMRT (5%).

* 1 : No field lodging, 0 : Symptomless infection
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Table 6. Comparison of nitrogen concentration in different
tissues at 40 days from the heading date of black
rice grown in the experimental field.

Planting Nitrogen Nitrogen conc. (mg/g)
density levels

(hill/3.3 m®) (kg/10 a)  Culm Leaf Seed
9 4.0c 16.0c 9.7¢
11 4.6bc 17.4bc 10.1bc
70 13 5.7ab 20.6a 10.5ab
15 6.1a 21.4a 11.0a
9 4.2¢ 14.9¢ 9.5¢
11 5.5ab 19.9ab 10.4ab
50 13 6.1a 22.1a 10.4ab
15 5.8a 22.0a 10.6ab

* Means with the same letter in a column are not significantly
different according to DMRT (5%).
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Table 7. Yield components and yield at 50 days from the heading date of black rice grown in the experimental field.

Plan.ting denfity Nitrogen levels Nf)‘ of  Percent ripened grain = Brown/rough 100-grain weight Brown Yield
(hill/3.3 m") (kg/10 a) spikelet (%) (%) (kg/10 a)
9 94.1a 85.5ab 80.9ab 19.9¢ 435d
11 89.9a 83.3abc 80.7b 20.2bc 519bc
70 13 100.3a 77.2d 81.0ab 20.4abc 640a
15 100.1a 79.6¢d 82.1a 20.5ab 622a
9 85.5a 80.0bcd 80.8ab 20.5abc 476¢cd
11 85.9a 83.9abc 81.1ab 20.0c 545b
80 13 92.7a 86.2a 81.2ab 20.2bc 546b
15 98.4a 81.2abcd 81.4ab 20.9a 570b

* Means with the same letter in a column are not significantly different according to DMRT (5%).
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Fig. 2. Estimation of the maximum nitrogen content for the
highest yield.
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Table 8. Cyanidin 3-glucoside (C3G) content and 100% black rice yield according to the various nitrogen levels and planting

densities.

Planting density Nitrogen levels

Black kernel percentage (%)

C3G content 100%-black rice

(hill/3.3 m2) (kg/10 a) 100%' Between 99 and 50%' Under 49%' (mg/100 g) yield
9 81.4a 15.6a 3.0ab 372.5d 354b

0 11 78.0ab 19.4a 2.6ab 404.1bcd 405b

13 79.7a 19.2a 1.1ab 441.2ab 510a

15 81.3a 18.3a 0.4b 435.9abc 506a

9 83.1a 14.9a 2.0ab 390.5¢cd 396b

%0 11 72.7ab 22.1a 5.2ab 429.9abc 396b

13 64.3b 29.9a 5.8a 461.7a 351b

15 75.0ab 22.3a 2.7ab 418.3abcd 428ab

* Means with the same letter in a column are not significantly different according to DMRT (5%).

' Sensory evaluation with the naked eye.
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