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Prediction of Rice Yield Loss and Economic Threshold Level
by Densities of Sagittaria trifolia and Bidens frondosa
in Direct-seeding Flooded Rice

Sang-Kuk Kim'*, Su-Yong Kim', Jong-Gun Won’, Jong-Hee Shin' and Oh-Do Kwon’

ABSTRACT This study was conducted to predict the rice yield loss and to determine the economic
threshold levels for direct-seeding flooded rice cultivation from competition to the most serious weeds,
Sagittaria trifolia L. and Bidens frondosa L. The rice yield loss models of S. trifolia and B. frondosa were
predicted as Y = 497.0/(1+0.003760x), R’=0.869 and Y = 486.0/(1+0.007612x), R’ = 0.887, respectively. In
comparison of the competitiveness represented by parameter [3, it was 0.003760 in S. trifolia and 0.007612
in B. frondosa, respectively. Economic thresholds calculated using Cousens’ equation was negatively
related with the competitiveness of weed. The economic thresholds of S. trifolia and B. frondosa were 7.6

and 3.9 plants per m’, respectively.

Key words: Bidens frondosa; competitiveness; direct-seeding flooded rice; economic threshold; Sagittaria

trifolia.
M o 2N AA v nee A Fxue Vs
Z A E 1 3le A% o]tHKwon T 2009). = 3
T 59 AN sle 23 ¥ Al B3R © Ho} S B, 7R T uUde 849 FAEES
A2t A Aol tigh FeAdo] FAEHA HEAL sote] FHEULE YRR F2xTRE LR
of Fx Yt AZAE o] &3 Al el o wet gt £ g dSRdS dAste] W

THAMBE =789l 702-708, LHTHYAA BT E5E 189(Gyeongsangbuk-do Provincial Agricultural Research & Extension
Services, Daegu 702-708, Korea).
PHAMRE =07|a9 HUNFAIEE 764-803, HAAIRE ok ooks riHal 579-3(Youngyang Pepper Experiment Station,
Gyeongsangbuk-do Provincial Agricultural Research & Extension Services, Youngyang 764-803, Korea).
SHaldE S97|ae Moipa 520-715, MaltT LIFA| AbmH AH2| 206-7(Jeonnam Agricultural Research and Extension
Services, Naju 520-715, Korea).
* 12t XK Corresponding author) : Phone) +82-53-320-0271, Fax) +82-53-320-0294, E-mail) sk2@korea.kr

(Received September 20, 2011, Revised November 17, 2011; Accepted December 2. 2011)

© 2011 Korean Society of Weed Science
- 340 -



P24 3143 2011 341

ANE BUY 2A AR/t BetL T 5 9
t 52154 TREARIAL
z

Zo tig FEde]rs A

jubad
o
frtl
)
S
S
o
rL
-
)
o=

100 2& 4733

o e g3 A

172 E 57149
=

2008; Kwon &

Mo QT oo &2
o O L
2,

L
P
i
o
N o
ot
o
L EQL'
=)
Qi

ol
Tg )
o%
2
o
0 F

2009).
Apgo] AE 2
Wy Yol 4BAlg Ast Z7b
Ao 7V} Be 3L U
o=

X0,
fr
b
o
2
>
1o
o
P
L
=3

¢

o
o

1o o
=)
ol
ol

po rr

o

2

j=s)
e

Ei&
mlo%ol%_lN P

o r

"y

-0,

o

[or

.
>

o
oo
ol
2

I T S [}

Cousens 1985;
Kropffo} Spitters 1991; Kropff & 1995; Berti<} Sattin
1996). ©]21gt 2 & 7126 Cousensol] 23] Al =5
A FJzxe drg A5 FFHLES AAG
Rectangular hyperbola 2&lo] 714 o] AME-H 1 §)
O ™(Cousens 1985), 2| 2 o]9} Zo] FEUEZE o]
&oto] et Aol e FFHAE 959
o] Hu¥y 9rkKim % 2002; Cowan 5 1998;
Lindquist & 1996).

olet #d st Il AF7AA] AT DI
Fzre B9 5 R 2y, 28], $EA,
oAfubs, AbHIE, AHE, VST 5 8
thaA FJ2FQ NS HIES BE, S
of, WA T 4 tsted At o]
FzxTe AUEE BH oY T 6474 He
A7t 102~275% 4% gAaEHdeH, & 5
°F 18~51%7HA] A dt) o2l & gk 1
T 8L T T Aad 7dE A
Zq [¢]

&R ol

¢

i1SA 5 ol

TG o5 F2Ee BAYE o] ge 2
9 F 9Av] B go] GolAn H&YRe F7heA]
ool A Eoh HE Hwn] 4214 2 gag

sl

2006, 2008).

Y Z(Sagittaria trifolia)S =, A&, FA SollA =
the AAsEAe thdg e 79 "ol&r|2 Wast
B 15T 9] Aexdd e Ysotn] BlEo| o
7le FHAel 7l Wil a8 7HE e AE
dopzzlo] FolAH g A Ho] oA &
Qe $4s 2ol 30~e0eme] o] Yom
wRaA Az A 540l Atk Hstel 3
o WE el S} 25, B RAY A4
o) 2uf 2 FEEHF 2 F2E LA ArhHan
3} Ryang 1992).

u| =7} ALe] (Bidens frondosa)+ ASHECSZE =o
ME LA $FE T FAA oY, vEE

0_1
i

=

an

2

-
L

O o m

o o

opZIN7IH 53] o5 FA1e A AHAE wA]
71E #AFE

ojth. o] Fxe FElvgt AYFoE
TEE A FA02 = thddhe 7]
(Bidens tripartita)$}= ZFo]7} 9low n|=7iebile] =
498 22 T4 1 dgrt 3o =3 = Az
A= de] o] 851 9l sulfonylurear] #|ZA)<l o
ate] g3t Aad(Itoh 5 1994)S 7HAIaL Slof o
S A JF2EAES oFINZ F UTHRoh9}F Lee

2004).

(]

H 5 A5 dERd S Bl PR AW A

2 gefgA =g A%

EEAIE
2 AEe 200990 AAEE w9714 F2 0
TN FFHAT B FHLEH S HE
2 5

(

jom 1 T 2093 3099 m™F YEFE 100
120702 24 st At a7 Fxe BED v
7R 24 BlEe 97, nlarhdAle s
AH-8-3F3d Tt

© 2011 Korean Society of Weed Science



342 4 5 ED nIlele e BAUEE A S L AAE P £F 4%
BEE HE A AR & NeAT s AY¥ & ek
Ae 2 747 M’ 0, 4, 12, 37, 72 2D 144, 0|27}
alele] A9 FAE M’ 0, 1, 8, 24, 48 L 96%
o= ek 3F F 2047 3049 23] ZA £ Znt o pE
TE B on, g Fx 9d HE Fxe
3E F 20, 40 5 60l Z47h A2 = U= H 4= 10|
Al e AaQak-Ze] S 9-4.5-5.7kg 102 S Al F 12 HEY 57t F2Ee] ded wE
L3t Aae 70 EYuSH 5 40-30-30%, 2 HO 2%, BEF B 954 T dig Aol A&
gE= 7]18]-FH 2 70-30%, QUAFS HEBT|H]|E AL A 719 whe} AL Azjolt), 5 B 30U oA 2A
Atk AlAT WX Gy wkRo g gigon,  RBUF ¥ g4 gEe gt s 2
Hel 243 2494 2 454 deF(Model Minolta I Bdee o gasiel o JdEadE e 1A
SPAD-502, Japan)& 9% & 3093} 60Ul AN  dhe AdE Blou BAAQ FAE HolA] &k
%t o 3F F 609 ZAtAME Ho] 22 BlEYE 3t
v £ ST AE FEANEY AP o= AFo]E HolA ¥grou, nl=7ietAle] U= 3h
'6}? om & F9= Wino] HPHE, A, F o froldQl Afol7t igout YA g A HolA
&

T

gul 2 Al g BASd B Az oz 3
< FOSS Tecator(Model FOSS infratec 1241, Sweden)
g o galel BRAA PR Sl )
o] A1) Zk2 Toyo meter(Model MA-90B, Japan)Z 3
7 ok

SHEN g 2y
RE BAEAL Genstat(Genstat Committee 1993)
Z2a9g o] &ste] EAsten, Fx UWEd w

o

=
¥ FF Adas A5 AT 4 4S A
#ato] Cousens(1985)°] A|AI g o} 9] Rectangular

hyperbola 2] o] &3t A4kslch
- Yo
Y= 1+BX M

oA71M You BEI7F &

Z9] Bo] g 43, Xe F2o d=E Yehd

AAA Fx A 01& El 9

g, A Z2A] g, Ak elst
o

o3 g ofele] Al

_ Ch+Ca

&= Y,PLH @)
A7IA Gy AZRA 7H, CE A2 HE, You
x4 AN & 7 P A M,

of e fase & 3, He Az 2A2A] A7t

L& #Ax 1&

TE T 604 ZAAM ] BLS Hste Fx 2T
= Fhashs A ] Apol7h o, o d
T7b S wet folA o g Aot & HE
o] F2UE 4~14480A ZLF Fae 19~
24.3%, M=7FRALE O] 1~96@o M ELF Hae
56~252% 8 =2 HERTH= Dl%ﬂw}ﬂﬂw H

o wda7 d gass A Belnh 3, 257
o ¥ T e FE 3 w}a}ﬂr*fw‘” L
o 73 =7F et BEe) B 1.5~20.6%,
S7hARle] - 4.6~237% = EAFTE Hadt

o 1% F 02U} vl WERC vl T betel o
A ARl ¥2E @ F Ik 19 wE 23
UEY gRa gUe R2UEs 285E padl
£ A%E ngot FARY fo4 ok gk A
o vtk MEE 290 A Pelt WA 2
slof mskel FRAGNA Frele 2ol vI=)
Batele 24o] Hish ulgabA o o] He] 53
eEEREEL SERES

© 2011 Korean Society of Weed Science



P24 3143 2011 343

Table 1. Changes of dry weight of rice plant as affected by different weed densities of two weed species in direct-seeding
flooded rice cultivation.

. 30 DAS" 60 DAS Heading stage
Weed density
- Plant height Tiller Plant height  Tiller Plant height  Tiller
(plant mz)
P (cm) (No./hill) SPAD (cm) (No./hill) SPAD (cm) (No./hill) SPAD
Sagittaria trifolia
0 39a” 23.6a 39.5a 9la 214a  39.2a 99a 19.4a 33.8a
4 39a 23.7a 39.2a 89a 21.0a 39.3a 99a 19.1a 33.4a
12 39a 21.9a 39.3a 89a 18.5ab  39.0a 100a 17.4ab 31.7a
37 37a 21.5a 38.7a 88a 17.7ab  38.8a 98a 16.6b 32.2a
72 38a 20.9a 38.8a 89a 16.3b 38.9a 99a 15.8b 31.8a
144 38a 20.1a 38.9a 89a 16.2b 38.6a 99a 15.4b 31.9a
Bidens frondosa
0 39a 23.6a 39.5a 91a 21.4a 39.2a 99a 19.4a 33.8a
1 39a 23.4a 39.3a 88a 20.2a 39.2a 96ab 18.5a 32.6a
8 39a 22.1a 39.1a 88a 18.1ab  39.4a 96ab 17.1a 32.8a
24 38a 21.3ab  38.2a 87ab 17.1b 39.2a 96ab 16.2b 31.5b
48 37a 19.2b 38.4a 89a 17.2b 38.6a 95b 15.6b 31.1b
96 37a 19.0b 38.6a 86b 16.0b 38.8a 95b 14.8b 30.4¢c

"DAS : Days after seeding.

’DMRT : In each column, means with the same letters are not significantly different at the 5% level by Duncan’s multiple
range test.

Table 2. Changes of yield and yield components as affected by different weed densities of two weed species in direct-seeding
flooded rice cultivation.

Weed density Culm length Panicle length  Panicles Spikelets Ripened grain  1,000-seed Rice yield
(plant m?) (cm) (cm) (No. hill™) (No. panjcle'l) ratio (%) weight (g) (t ha)

Sagittaria trifolia

0 742" 16.3a 17.2a 88.2a 90.2a 21.8a 5.1a
4 71b 15.6b 16.3a 83.6a 88.9a 21.6a 4.9a
12 71b 16.2a 16.4a 77.5a 86.0b 21.7a 4.6a
37 71b 16.3a 15.3ab 75.2ab 84.2b 21.7a 4.4b
72 70b 15.9a 14.4b 68.9b 78.8¢ 21.6a 3.9¢
144 68¢ 16.4a 14.2b 62.5¢ 77.4¢ 21.5a 3.3d
Bidens frondosa
0 T4a 16.3b 17.2a 88.2a 90.2a 21.8a 5.1a
1 72b 17.3a 16.2b 84.4ab 88.6b 21.5a 4.8a
8 71b 17.7a 15.3b 77.8b 86.2b 21.4a 4.5a
24 69b 17.5a 15.4b 75.8b 84.5bc 20.8b 4.0b
48 68b 17.7a 13.4¢ 69.3bc 78.9¢ 20.7b 3.5bc
9 68b 17.4a 14.1bc 62.7¢ 77.7¢ 20.4b 3.0c

"DMRT : In each column, means with the same letters are not significantly different at the 5% level by Duncan’s multiple
range test.
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Table 3. Weed free rice yield (Y,) and the competitiveness
represented by parameter [3, whose reciprocal 1/f3 is
a weed density reducing rice yield by 50% in direct-
seeding flooded rice cultivation.

Parameter estimates

Weed species Y, R’

(t ha) B

0.003760 0.869
0.007612 0.887

Sagittaria trifolia 5.0
Bidens frondosa 49

500
480

0 y=497.0/(1+0.0036702x)

350 R?=0.869
300
250
200
160

100

Predicited rice grain vield (kg 10a™")

50

0 50 1 180 200
5. #rifolia densities (plant m-2)
500
4850

400 y=486,0/(1+0.007612%)
0 R2=0.887

300
250
200
160
100

Predicited rice grain vield (kg 10a7)

50
0 B0 100 160 200
8. frondosa densities (plant m?)

Fig. 1. Observed and predicted rice grain yield as a function
of and in direct-seeding flooded rice cultivation. The
predicted rice grain yield (continuous line) was
calculated using eqn.l and parameter estimates in
Table 4. The dots represent in real rice grain yield
harvested in the fields.

g HZoA 0.003760, 7]=F7FHAF]0.0076122
HERT nj57A oA =& A & F ATk

wel Aufekad wo ek el A g4
A R} 7)Aol Al el A F 2~3ujH = =rha
B3¥ 1 9l om(Won 5 2009; Kwon 5 2007, 2009),
H o]l AujAl A, 49, A D YA Gl A
HZo 73S 0.002167, 0.001827, 0.002437 2
0.001611% A7t #Fol7} l&5 H3 thMoon
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Table 4. Parameter estimates and economic thresholds (tE) of two different weed species in direct-seeding flooded rice

cultivation.
Parameter estimates and economic thresholds*
Weed species G C, P {E
(W ha') (W ha') (t ha) (W ha™) t i (No. m?)
Sagittaria trifolia 138,670 99,360 17,560 0.003670 0.95 7.6
Bidens frondosa 138,670 99,360 17,560 0.007612 0.95 39

* Yo, weed free rice yield; P, value per unit of crop; L, proportion of yield loss per unit weed density; H, herbicide efficacy
calculated as (efficacy/100); Cy, herbicide cost; Ca, application cost.
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