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Abstract

To identify rice (Oryza sativa L.) cultivars suitable for Italian ryegrass (Lolium multiflorum Lam.)-rice double cropping systems, we
investigated the yield and grain quality of four different midseason maturing rice cultivars (‘Daebo’, ‘Haepum’, ‘Haiami’, and ‘Samdeog’)
and four midseason-to-late maturing rice cultivars (‘Hyunpoom’, ‘Saeilmi’, ‘Saenuri’, and ‘Samkwang’) in single rice cropping and Italian
ryegrass-ice double cropping systems in paddy fields of Miryang, South Korea. We found that organic matter and available P,Os content
slightly decreased, whereas Na content increased, in the soil where Italian ryegrass was cultivated during winter compared to that in the soil
that remained fallow during winter. The pH, electrical conductivity, organic matter, and contents of K, Ca*, Mgh, and Na" decreased,
whereas the available P,Os content slightly increased, in the soil where rice was harvested in both single and double cropping systems.
However, compared to the optimum soil conditions for rice cultivation, available P,Os and K" content were high and Mg content was low
in both single and double cropping systems. At the heading stage, the culm length and leaf color slightly increased in most of the rice
cultivars, whereas the panicle length and number slightly decreased, in the double cropped system. After harvesting, spikelet number and
milled rice yield did not show a significant difference between single and double cropping systems. However, the ripened grain rate and
weight per thousand grains increased slightly in the ‘Saeilmi’ and ‘Samkwang’ cultivars but remained either stable or slightly low in other
cultivars in the double cropping system. The milled rice yield was high (> 500 kg/10a) in ‘Daebo’ and ‘Haepum’ among midseason
maturing rice cultivars, and in ‘Saeilmi’ and ‘Saenuri’ among midseason-to-late maturing rice cultivars, in both single and double cropping
systems. The head rice rate was high in midseason maturing rice cultivars in the double cropping systems, reaching > 70% in ‘Haepum’ and
‘Haiami’ cultivars, whereas it decreased in most midseason-to-late maturing rice cultivars (excluding ‘Samkwang’ cultivar), in double
cropping systems. Particularly, it exceeded > 70% in the ‘Saenuri’ cultivar in both single and double cropping systems. The protein content
in milled rice increased, whereas the amylose content either remained stable or slightly increased, in double cropping systems. The Toyo
taste value decreased in all midseason-to-late maturing rice cultivars and slightly increased in the ‘Daebo’ and ‘Haiami’ cultivars among
midseason maturing rice cultivars in double cropping systems. However, Toyo taste values in the ‘Haepum’, ‘Haiami’, and ‘Saenuri’
cultivars exceeding > 80% in both single and double cropping systems. Therefore, we recommend ‘Haepum’, ‘Haiami’, and ‘Saenuri’
cultivars as candidates for Italian ryegrass-rice double cropping systems due to high yield, head rice rate, and Toyo taste value.
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Fig. 1. Changes in daily air temperature (A), daily mean relative humidity (B), precipitation (C), and duration of
sunshine (D) in Miryang field used for rice (Oryza sativa L.) cultivation during the experimental period
(October 2019 - October 2020). The line end dotted arrows in A indicate the days when medium maturing
and Mid-late maturing rice were harvesting were carried out in situ, respectively.
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Table 1. Chemical characteristics of soils used for rice (Oryza sativa L.) cultivation under different cropping systems

. Lol
Cropping Measurement pH EC OM T-N  Av. P,Os Exchangeable cations (cmol'kg’)
systems season 1:5) @S'm") (gkgh) (gkg’) (mgkgh) K Ca®t Mg Na*
After winter .
. . 5.85%a" 0.59a  332a 485 171.8ab 0.55a 6.59a 1.58a 0.35ab
Single fallowing
cropping
Afterrice harvest 5.59b  0.45b  29.6bc  4.76a 190.6a 0.43b 5.82b 1.30b 0.34b
After IRG harvest 5.86a  0.65a 31.4ab 49la 141.3¢ 0.58a 6.58a 1.67a 0.37a
Double
cropping .
After rice harvest 5.44b  0.46b  27.1c 5.15a 160.7bc 0.39b 5.69b 1.30b 0.32¢
Optimum ranges of soil
55-65 <20 25-35 - 80-120  0.25-0.30  5.0-6.0 1.5-2.0 -

conditions for rice cultivation®

“Values are expressed as means of eight replicates.
YSignificant differences among treatments are indicated by the different letters within each column (p < 0.05).
*Chemical characteristics of soils in the rice field were cited from National Academy of Agricultural Science (2010).

Table 2. Major agronomic traits of eight rice (Oryza sativa L.) cultivars grown under different cropping systems

. Rice Cropping Heading  Culm length Panicle length No. of panicle SPAD
Ecological type .
cultivariety systems date (cm) (cm) (ea/plant) value
Daebo Single cropping Aug. 13 64.5+0.7f 18.8+0.3¢ 19.5+0.5b 35.0£0.5de

Double cropping Aug. 14 64.1£0.5f 18.4+0.3cde 18.6+0.5bc 36.14£0.3¢

Haepum Single cropping Aug. 14 64.7+0.6f 17.7£0.4def  18.8+0.7bc 34.5+0.3e

Midseason Double cropping Aug. 15 66.0+0.5f 17.5+0.3ef 17.2+0.5cde  36.8+0.4abc

maturing Haiami Single cropping Aug. 15 77.8+£0.5d 19.9+0.2ab 15.8+0.5¢ 35.9+0.4cd

Double cropping Aug. 14 76.3+0.5d 19.4+0.3bc 16.8+0.4de 37.3+0.3ab

Samdeog Single cropping Aug. 12 73.3+0.7¢ 17.4+0.2f 18.8+0.6bc 33.0+0.3fg
Double cropping Aug. 13 70.9+0.6¢ 16.2+0.3g 17.240.5cde  34.0+0.4ef

Hyunpoom  Single cropping Aug. 20 63.3+0.5f 19.0+0.3bc 21.3+0.5a 34.9+0.3de

Double cropping Aug. 20 63.6+0.4f 18.7+0.4cd 19.5+0.5b 37.7+0.3a

Saeilmi Single cropping Aug. 15 77.3+0.7d 18.5+0.3cd 17.740.4cd 32.440.4¢g

Midseason-to-late Double cropping Aug. 16 78.5+0.5¢cd 18.540.4cd 17.2+0.5cde  33.1+0.3fg

maturing

Saenuri Single cropping Aug. 17 80.5+0.8bc 20.8+0.4a 17.6+0.4cd 32.7+0.4g
Double cropping Aug. 18 82.9+2.6ab 20.6+0.5a 17.6+0.5¢d 34.5+0.4e

Samkwang  Single cropping Aug. 16 81.0+0.7abc  17.7+0.2def 19.5+0.5b 33.1+0.3fg
Double cropping Aug. 17 83.5+0.5a 17.3+0.3f 19.5+0.5b 36.3+0.4bc

“Values are expressed as meanststandard error of 30 replicates.
YSignificant differences between treatments are indicated by the different letters within each column (p < 0.05).
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Table 3. Comparison of yield attributes and milled rice yield among eight rice (Oryza sativa L.) cultivars grown under different
cropping systems

Ecological type I.{ice. Cropping Spikelet gumber Ripened grains IOOQ-grains Milled rice yield
cultivariety systems (ea/panicle) (%) weight (g) (kg/10a)
Daebo Single cropping 93.4+6.4%a" 85.2+2.0ab 22.0+0.1b 567.4+31.6a
Double cropping 94.7+2 4a 84.8+1.5ab 21.8+0.4b 551.8+20.0a
Haepum Single cropping 90.1£2.5a 91.5+0.9a 21.6+0.2bc 514.0+40.7a
Midseason Double cropping 88.7£3.4a 88.1£1.3ab 21.24+0.3bcde 519.3+45.1a
maturing Haiami Single cropping 88.3+0.9a 84.9+1.8ab 20.7+0.1cdef 476.3+13.9a
Double cropping 81.0+2.6a 73.6£3.0c 20.4+0.1ef 470.3+13.6a
Samdeog Single cropping 81.7+6.0a 90.1+1.9a 20.6£0.1def 464.7+12.8a
Double cropping 88.7+4.3a 86.8+2.8ab 19.9+0.1f 521.7<14.7a
Hyunpoom  Single cropping 84.3+4.7a 88.3£0.5ab 23.94+0.2a 485.0+13.2a
Double cropping 82.7+3.5a 84.3+1.5ab 23.8+0.1a 503.7+11.4a
Saeilmi Single cropping 89.0+6.1a 87.5+2.4ab 21.5+0.3bcd 581.6+36.5a
Midseason-to-late Double cropping 89.6+£2.9a 89.3+1.5a 21.3+0.2bcde 575.7+40.0a
maturing Saenuri Single cropping 91.6+3.8a 81.7+2.9b 24.3+0.1a 565.7+25.1a
Double cropping 91.6+4.4a 81.9+1.0b 23.9+0.3a 549.6+23.0a
Samkwang  Single cropping 79.3+3.8a 89.8+1.0a 20.4+0.6ef 463.7+9.2a
Double cropping 85.3+1.8a 84.6+3.2ab 20.8+0.1cdef 462.3+4.9a

“Values are expressed as meanststandard error of four or seven replicates.
YSignificant differences among treatments are indicated by the different letters within each column (p < 0.05).
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Fig. 2. Milling recovery of eight rice (Oryza sativa L.) cultivars grown under different cropping systems(Sc, single
cropping; Dc, double cropping). Values are expressed as means of four or seven replicates.
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Table 4. Palatability characteristics and Toyo value of eight rice (Oryza sativa L.) cultivars grown under different cropping

systems

Boologal 096 i w00 G coment 09 valie | Tempontine €O

Daebo Single cropping 10.9+0.2°d  7.1+0.04e 18.0£0.05¢  72.2+0.4cd 72.6+0.3b

Double cropping 11.740.2bc  7.8+0.05¢ 19.3+0.36a  75.4+0.9bc 72.9+0.2b

Haepum Single cropping 11.2+0.1cd ~ 7.0+0.02¢ 19.4+0.28a  81.2+l.1a 72.1+0.3b

Midseason Double cropping  11.4+0.1cd  7.8+0.03c 19.3+0.10a  79.6+0.6b 72.0+£0.3b

maturing Haiami Single cropping 11.5+0.4bc  7.4+0.02d 18.5+0.03b  78.8+0.9b 71.8+0.3b

Double cropping  11.7+0.2bc ~ 8.2+0.06a 18.7£0.14b  79.6+1.2b 71.8+0.3b

Samdeog Single cropping 11.3+0.1cd ~ 7.3+0.02d 18.0+0.09c  70.9+2.3d 73.4+0.3b

Double cropping 11.3+0.1cd ~ 7.8+0.10c 18.2+0.15¢  70.6+0.6d 74.2+0.3b

Hyunpoom  Single cropping 12.4+0.2a 7.0+0.10e 18.940.10b  71.4+2.2cd 72.9+0.3b

Double cropping 12.1+0.2ab  7.8+0.06¢ 18.9+0.28b  65.1+0.6e 73.2+0.1b

Saeilmi Single cropping 11.5£0.2bc  7.440.04d 18.6+£0.17b  74.6+1.6bc 72.4+0.1b

Midseason-to-late Double cropping 12.0+0.2ab  8.0+0.02ab 19.1£0.35a  73.4+0.5cd 73.7+0.3b

maturing Saenuri Single cropping 12.5¢0.3a  7.3+£0.07d 19.7£0.06a  84.1+1.7a 72.1+0.3b

Double cropping 12.1+0.3ab ~ 7.9£0.04bc  20.2+0.21a  81.5+1.2a 73.2+0.5b

Samkwang  Single cropping 11.6+£0.1bc  6.9+0.05¢ 18.2+0.45¢c  76.6+1.4bc 72.8+0.2b

Double cropping 12.5+0.3a 8.1+0.09a 17.340.03d  73.9+l.4c 80.3+6.7a

“Values are expressed as means+standard error of four or seven replicates.
YSignificant differences among treatments are indicated by the different letters within each column (p < 0.05).
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