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Comparative Analysis on the Biomass Production between Machine-Transplanted and
Water—Broadcast Seeded Silage Rice in the Central Plain Area of Korea
Woonho Yang"', Jeong-Hwa Park', Shingu Kang', Sukjin Kim', and Jong-Seo Choi'

ABSTRACT A field study was conducted over a 3-year period from 2014 to 2016 in the central plain area, Suwon, Korea, 1) to
compare the biomass production between machine-transplanted and water-broadcast seeded silage rice and 2) to elucidate the
growth factors that affect the difference in biomass production between the two cultivation practices. The heading date for the
water-broadcast seeded silage rice was September 11-18, which was delayed by 11-17 days when compared to that for the
machine-transplanted silage rice. On average, water-broadcast seeded silage rice had a shorter plant height, more panicles per area,
and a greater biomass production because of the increased straw dry weight. However, the difference in dry weight of each plant
organ between the two cultivation practices exhibited yearly variation. When the data were pooled across experimental years,
cultivation practices, and varieties, biomass production was highly positively correlated with straw dry weight but not with panicle
dry weight. When the ratio of water-broadcast seeding to machine-transplanting was analyzed, total dry weight and straw dry
weight were positively associated with each other, whereas no relationship was found between total dry weight and panicle dry
weight. Despite that water-broadcast seeded silage rice produced more panicles per area than machine-transplanted silage rice, the
two cultivation practices had a similar dry weight per culm. Therefore, we conclude that the silage rice from the water-broadcast
seeding, compared to the machine-transplanting, produced more biomass because of the combination of the increased panicle
number per area and a similar dry weight per culm. These results suggest that silage rice could be produced through
water-broadcast seeding to increase biomass production with low labor and cost input.

Keywords : biomass, central plain area, machine transplanting, silage rice, water broadcast seeding
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THKim ef al., 2006). 23 AFR-& #o] u]gE 22 tkKim
et al., 2008b) FAlt W JHu|Ake] A HgE H7tol| ot Ab
oz)z|o] 24 MA wIE BIEQCKKIm ef al., 2004).
Lee et al. (2005)& AtR-§ WOl B0 FA|
7t=9] 7134 94 FE 7HAE AASH T 1y 7has)
e TFE 7tas AdE vlghlo 8 5ol st =
2 AAL7] d&o(Yang et al., 2007), A-a ABAHEFo] 1x}
2 2317} EthYang ef al, 2014). ZUjo| A Al2-g H
= A= A ZEH fIske] g7ty F9A = o
4l AEZYrL 42F HE Fd4 wiF o= skl ik
(Ahn et al., 2017; Lee et al., 2013; Yang et al., 2011).
Atag B A 7)o Hetol= Aul FA, ey A7,
TE, 72 A7) T9 Havt o] ol dukH el Fd
E AREORE st o AE 4R AEapE
ojFol A W H(Kim et al., 2015), Ab=-§ B =% A
AT A g2 60 kg/haz B EQJQHKim ef dl.,
2014). HdeAu} A|7]o] sto] Kim et al. (2009)2 7] 1t
ol A= % STkl Feshy et a2 AAD o
59 B2 Tgo] ZAR A% A SHolA $eicta
sholom, AgAata] A% A4 AH|[ES 140 kghaz A
X8+ tHKim er al., 2015). Y, Yang er al. (2007)& A}
24 ) 54E o 43 Aol 4 ARHaRRT Foiito]
A AR AARFo] Z7hatn, ghdaabute] W ML 170
kg/haetil H st EgE wapital Ajuljoll A ALE-§
= oubnet Qo] e ARE moln], 27] A% =
N3} A YRS g YR E AH LEE 240Ca)
a1 et tH(Yang ef al., 2014). v ZupAjul F2] F AZ
e B3 B A 71 fRof uE AI7|E dASHA
§A87] ofeie whE, Boedlat Al 99| Aol A
onz AR hgo] feishth Eoko] uetrs 7HA
Ao A AbE-g B9 Aol Autd thH] 80% H&=l A
o8 WIETHCho er al., 2014). ALEE 1 o] 223} A 7]
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A Q] A floke] AubAfa A1 =Yfo] AQHE
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et al., 2007; Yang et al., 2014). At28 He| a&4 AujE

¢

717101k

SIALE RHHH AYAMS 187

SJaIAE Aag A Ao i dof] uhe Au] e
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| > 2014 =02 =9kth o] 717hE A Qs Ht 7|
3 F317] 22 37 vlshA| Aastach e A7)
20 27] L0l 5Y FH-6Y Aldo] 20144 > 2016
| > 2015 <02 =9kom, 9 A o]F 2= 2016 >
20149 > 2015 &o02 =7 A=)

gatul Aol A m'y EgE x| whet 125~192
A, 3 B 1537 Gick(Table 1). o] HPA-E v Thpala}
ol m’d A Qw2 80~1207fErt W Ao Z(Lee ef al.
1994a), At2& ¥ Halupo| e S8 QQurt ghe
ok AbEg H= WS He oEA Bd Y g2 T
7 o] &3st7] W&ol A% Yrarh vhE-g
= o, olof tistol= 7t HEZF HoS A

JI01%L &

=AML XHER ASAHS 189

F) A& dlolAo] njw A o =3yl Ao Azt

FAA v G o2 Bl AlRE B EF9(Ahn e dl., 2017,
ee et al., 2013) YE57) Lee et al. (1994a)0] E 13t =}
iqﬂ F%o YmsnTt o Yok, ok B AFoA
Za} X717} 59 204 2 Lee et al. (1994a)9] 54 44 2T}
15¢ Ax Lo ?JE 717P Z 7)o ¢ =97 gEe=
BE F 23 4 2571% Z1A 0l gl A 84 31
G99 192 AR Mol Aok, AL 9
g 118~18U = 7|A o] YRt 11~17Y =il ARZE o]
Zch 1A 0|4 BE Aol 10¥

mlm

P

7F 159 o Hef &4
F 3090 cfrhgrou, gabutel A 2014133 20154
of B4 F 309719 AA 5471700l 3UB 190] £

Table 1. Number of hills, heading date, and harvest date for the silage rice from machine-transplanting and water-broadcast

seeding.
. . . Hills Heading date Harvesting date
Year Cultivation practice Variety (no./m?) (m.d) (m.d)
. Mogwoo 9.05 10.05
Machine Nokwoo 23.8 8.28 9.27
transplanting
Mean 9.01 10.01
2014
Mogwoo 108 9.18 10.15
Water broadcast Nokwoo 143 9.18 10.15
seeding
Mean 125 b' 9.18 10.15
. Mogwoo 9.06 10.06
Machine Nokwoo 23.8 8.27 9.26
transplanting
Mean 9.01 10.01
2015
Mogwoo 149 9.16 10.15
Water broadcast Nokwoo 133 9.16 10.15
seeding
Mean 141b 9.16 10.15
' Mogwoo 9.10 10.10
Machine Nokwoo 23.8 8.21 9.20
transplanting
Mean 8.31 9.30
2016
Mogwoo 164 9.12 10.12
Water broadcast Nokwoo 219 9.10 10.10
seeding
Mean 192 a 9.11 10.11
. Mogwoo 9.07 10.07
Machine Nokwoo 23.8 8.25 9.24
transplanting
Mean 8.31 9.30
Mean
Mogwoo 140 9.15 10.14
Water broadcast Nokwoo 165 9.14 10.13
seeding
Mean 153 9.15 10.13

"Letters for the mean data for water-broadcast seeding represent the comparison among the experimental years according to the

LSD (P < 0.05).
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Ak Aol wet B A de a2 dAbER 2015300

700 AdE 2 AY dAke 50 9FE BF 0 AP /Y Wb, 2014383 20160l Hepakuto]
oron, B A4 dEsS A FAE FAA7E A A B80Tk ol8 39X 2559 BatolA washd, 717 o]
AE Hhe, o4} HAEFE Aol7t flSth(Table 2). Ajul &F  JHET; gAtubol A folshAl w7 WERdt vk, &4

Table 2. Biomass production at the heading (HD) and the harvest (HV) stages of silage rice from machine-transplanting (MT)
and water-broadcast seeding (WB).

Cultivation . Dry weight at HD (g/m?) Dry weight HV (g/m?)
Year . Variety - -
practice Straw Panicle Total Straw Panicle Total
2014 MT Mogwoo 1,604 163 1,767 1,785 605 2,390
Nokwoo 979 137 1,116 1,097 466 1,563
Mean 1,291 b 150 a 1,441 b 1,441 b 536 a 1,977 b
WB Mogwoo 1,979 184 2,163 2,304 427 2,731
Nokwoo 1,877 144 2,021 2,100 256 2,356
Mean 1,928 a 164 a 2,092 a 2,202 a 341D 2,543 a
2015 MT Mogwoo 1,831 166 1,997 1,811 158 1,969
Nokwoo 1,235 168 1,402 1,256 483 1,739
Mean 1,533 a 167 a 1,700 a 1,534 a 321 a 1,854 a
WB Mogwoo 1,392 168 1,561 1,436 277 1,913
Nokwoo 1,205 118 1,323 1,285 237 1,523
Mean 1,298 a 143 b 1,442 b 1,361 b 357 a 1,718 a
2016 MT Mogwoo 1,537 173 1,709 1,635 503 2,138
Nokwoo 942 169 1,111 940 823 1,762
Mean 1,240 b 171 a 1,410 b 1,288 a 663 a 1,950 a
WB Mogwoo 1,665 215 1,880 1,327 848 2,175
Nokwoo 1,257 137 1,391 1,401 397 1,797
Mean 1,461 a 174 a 1,635 a 1,364 a 622 a 1,986 a
Mean MT Mogwoo 1,658 167 1,825 1,744 422 2,166
Nokwoo 1,052 158 1,210 1,098 591 1,688
G.Mean 1,355b 163 a 1,517 b 1,421 b 506 a 1,927 b
WB Mokwoo 1,679 189 1,868 1,689 584 2,273
Nokwoo 1,446 132 1,578 1,595 297 1,892
G.Mean 1,562 a 161 a 1,723 a 1,642 a 440 b 2,083 a
ANOVA Year (A) sk % kk kk ek sksk
Cultivation practice (B) *k ns *k *k * *ok
Variety (C) sk sk sk ok sk sk
AXB sk ns ksk sk sk sk
AxC ns ns ns ns wx ns
BXC sk ek $sk dsk sk ns
AxBxC ns ns ns ns *x ns

"Letters for the mean data represent the comparison between the cultivation practices for each year and average of three years
according to the LSD (P < 0.05).
*significant at P < 0.05; **significant at P < 0.01; ns: not significant
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Fig. 2. Correlation of straw dry weight and panicle dry weight with the total dry weight at harvest for the machine-transplanted
(MT) and the water-broadcast seeded (WB) silage rice. Each data point is a replicate for each cultivar for a year.
Regression lines are for the pooled data across the experimental years, cultivation practices, and varieties. **significant

at P < 0.01; ns: not significant.
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A FAE o7l sted, SAHCE RFolshA & d Fom g vET S5 7|7ko] AtaL, 1o whet
UTh(Fig. 3). ARt oz FubA wHEE B FFS A4k WG 718 =kt A RO MR Wol ARy HA o
E7F 1,200°C0] =28k &9 F 55~60 Atolof 4=2s} A7) eez At
7] wZoll(Kim et al., 2005), 5= 7|17+ 5 d=2o] AR & 1A e 24 Ao Ak 7T B Eglout
Bo| FMUE AFHA wet YR AL FAGTh B A (Lee er al, 2005), ¥ AT FE]9 2 WY A
FolA 43719 WA ABFE F47100 0 49 F3 WAS Rold ghalrhFie. 4). TeU g fak
of grasts A9t R gEEYon, Heol MA AR A ARFI LE2 FOT ATVWAZ Yehygld, o)
Z9) Hark o4t AEF F7HE olojXA] ekokth ojek o] VA o|FrTt Hriluto Al mP e et R AEF o
Lo AV B AT ARG W] £t B4 F30 E%E UACE BAHK(Table 2). Lee ef al. (2005) A
B2 Fol7] SPIAE ERHOE 9 2547 B Ae]
SR Fogstelet, AA - B4 Sudq P
800 ——— 2 Q7o) A wjzaigr. weba Alng Ho A% 4
MT @WB
- F SHE Aslids 7, A 2 2 SHolM 35Ae
5 60 2 545 ok o sl ¥ Ao weHd,
2 Z|A01 thH] At Auje] AAl AES vl B
% a0 A AEF ve e QHF PO A BAS Lehie
Ou, olAF ABF HlRTH= 013 BAZL SlolTkFig. ).
g 20 . o Aitz 71Ae]% ] Hpatutol A WA AEFo] F
= ° -
oo PR A% Sl Frlston, o ABFe Z
0 ° ' e dE o Tl =50l HA Fdth= A= Snlst
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+ Z1o %, Table 29} Fig. 29| 235 SlHHgich
Decreased SDW (g/m) Z1A01d e] Al A mig e} o] &7
Fig. 3. The relationship between decreased straw dry weight AEZ2] v&L Fig. 63 Zth &47]0 71401 tiH]
(SDW) and the increased panicle dry weight (PDW) T2 abml o] mlth Al 150, whobg] Hlm . o] A= 7|Th W
from heading to harvest for machine-transplanted (MT) UT“A_-"] mu(; :T‘:\ }SA) w’i g 14E719 3
and water-broadcast seeded (WB) silage rice. Each data A QA AEFE vt 870l 71Alo| g et
point is a replicate for each variety for a year. The S Atu}o]| A mz% Pl 99 wolom o|AlEy e Hl
regression line is for the pooled data across the ex- 2l AEZ0] 7% 271812 o|AF AEZ20] 26% 7FAadle] A
perimental years, cultivation practices, and varieties. i b= o S .
ns: not Significant_ X‘" Zﬂ_g‘—é‘t X]—O]7]- %1\—]9»7{]:]‘ Ch01 et (ll. (2006b)9’] ﬁ;]_ 7:‘2
3.0
OMT ews
E s
g 20 o [ ] '
$ o %
T8 ey & —
s 1.0
o
R? = 0.002 ns R? = 0.499**
0.0
0 50 100 150 200 0 100 200 300 400 500
Plant height (cm) Panicles (no./m’)
Fig. 4. Association of plant height and the number of panicles with straw dry weight at harvest for machine-transplanted (MT)

and water-broadcast seeded (WB) silage rice. Each data point is a replicate for each variety for a year. Regression lines
are for the pooled data across the experimental years, cultivation practices, and varieties. **significant at P < 0.01, ns:

not significant.
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Fig. 5. Correlation of the water-broadcast seeding to machine-transplanting ratio (WB/MT) with straw dry weight (SDW) and
total dry weight (TDW) and with panicle dry weight (PDW) and TDW at harvest in silage rice. Each data point is
a replicate for each variety for a year. Regression lines are for the pooled data across the experimental years and varieties.

**significant at P < 0.01, ns: not significant.
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Fig. 6.

The water-broadcast seeding to machine-transplanting (WB/MT) ratios for the panicle number per area (PN/m?), straw

dry weight per culm (SDW/C), panicle dry weight per panicle (PDW/P), and total dry weight per culm (TDW/C) at
the heading and harvest stages in silage rice. Data are the means of the three experimental years and the two varieties.
Significance is for the comparison of the measured data between the machine-transplanting and the water-broadcast

seeding. **significant at P < 0.01, ns: not significant.
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