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Table 1. Tracing of cultural practices in the first and the second cropping seasons of 2010 and 2011.
Paddy-paddy Paddy-upland rotation
agro-ecosystem (PP) agro-ecosystem (PU)
Practice cC LC cC LC
First Crop”
Tillage 01/28/2010 01/28/2010 01/28/2010 01/28/2010
01/22/2011 01/22/2011 01/22/2011 01/22/2011
Planting 02/03/2010 02/03/2010 02/03/2010 02/03/2010
01/30/2011 01/30/2011 01/30/2011 01/30/2011
Fertilization, basal dressing 01/25/2010 01/25/2010 01/25/2010 01/25/2010
01/20/2011 01/20/2011 01/20/2011 01/20/2011
1st top dressing 02/24/2010 02/24/2010 02/24/2010 02/24/2010
02/10/2011 02/10/2011 02/10/2011 02/10/2011
2nd top dressing 03/09/2010 03/09/2010 03/09/2010 03/09/2010
03/15/2011 03/15/2011 03/15/2011 03/15/2011
Last dressing 04/01/2010 04/01/2010 04/01/2010 04/01/2010
05/05/2011 05/05/2011 05/05/2011 05/05/2011
Herbicide, pre-emergence 01/27/2010 01/27/2010 01/27/2010 01/27/2010
01/14/2011 01/14/2011 01/14/2011 01/14/2011
post-emergence 02/24/2010 02/24/2010 02/24/2010 02/24/2010
02/10/2011 02/10/2011 02/10/2011 02/10/2011
Harvest 06/23/2010 06/23/2010 06/23/2010 06/23/2010
07/04/2011 07/04/2011 07/04/2011 07/04/2011
Second Crop
Tillage 07/30/2010 07/30/2010 08/17/2010 08/17/2010
07/25/2011 07/25/2011 08/17/2011 08/17/2011
Planting 08/04/2010 08/04/2010 08/19/2010 08/19/2010
07/29/2011 07/29/2011 08/19/2011 08/19/2011
Fertilization, basal dressing 07/22/2010 07/22/2010 08/16/2010 08/16/2010
07/25/2011 07/25/2011 08/19/2011 08/19/2011
Ist top dressing 08/12/2010 08/12/2010 10/26/2010 10/26/2010
08/11/2011 08/11/2011 10/12/2011 10/12/2011
2nd top dressing 08/24/2010 08/24/2010 None/2010 None/2010
08/25/2011 08/25/2011 None/2011 None/2011
Last dressing 09/27/2010 09/27/2010 None/2010 None/2010
09/28/2011 09/28/2011 None/2011 None/2011
Herbicide, pre-emergence 07/29/2010 07/29/2010 08/20/2010 08/20/2010
07/25/2011 07/25/2011 08/22/2011 08/22/2011
post-emergence-1 08/12/2010 08/12/2010 09/06/2010 09/06/2010
08/11/2011 08/11/2011 09/07/2011 09/07/2011
post-emergence-2 None/2010 None/2010 None/2010 None/2010
None/2011 None/2011 09/20/2011 09/20/2011
Hand-weeding None/2010 None/2010 10/15/2010 10/15/2010
None/2011 None/2011 09/23/2011 None/2011
Harvest 12/05/2010 12/05/2010 12/22/2010 12/22/2010
11/24/2011 11/24/2011 12/08/2011 12/08/2011

“Rice was planted in both PP and PU agro-ecosystems in First Crop; whereas, it was rice for PP and peanut for PU in Second Crop.
¥ CC: conventional cropping system; LC: low-input cropping system.
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Table 2. The summary of field treatments for experiments conducted in the first and the second cropping seasons of
2010 and 2011.
Paddy-paddy agro-ecosystem (PP) Paddy-upland rotation agro-ecosystem (PU)
Practice cC LC CcC LC
First Crop”
Fertilizers (kg ha™) N:P:K* 140:70:85 100:30:30 140:70:85 100:30:30
Herbicides, pre-emergence 32% butachlor 32% butachlor 32% butachlor 32% butachlor

post-emergence

Second Crop
Fertilizers (kg ha™) N:P:K

Herbicides, per-emergence

post-emergence

5.1% benthiocarb +
bensulfuron-methyl

120:60:60
32% butachlor

5.1% benthiocarb +
bensulfuron-methyl

5.1% benthiocarb +
bensulfuron-methyl

80:30:30
32% butachlor

5.1% benthiocarb +
bensulfuron-methyl

5.1% benthiocarb +
bensulfuron-methyl

45:45:50

5.1% alachlor +
34% pendimethalin

44.1% bentazone +
34% pendimethalin +
5% quizalofop-ethyl

5.1% benthiocarb +
bensulfuron-methyl

20:15:15

5.1% alachlor +
34% pendimethalin

44.1% bentazone +
34% pendimethalin +
5% quizalofop-ethyl

“ Rice was planted in both PP and PU agro-ecosystems in First Crop; whereas, it was rice for PP and peanut for PU in Second Crop.
¥ CC: conventional cropping system; LC: low-input cropping system.
* The input of fertilizers ammonium sulfate [(NH,),SO,], calcium superphosphate [mainly Ca(H,PO,),"H,0] and potassium oxide

(K,0), demoted as N : P : K, are to ajust the ratio of three macroelements nitrogen (N), phosphorus (P) and potassium (K).
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Fig. 1. Differences in numbers of weed families and

weed species in vary cropping systems in the first and
second cropping seasons of 2010 and 2011. PP: paddy-
paddy agro-ecosystem; PU: paddy-upland rotation agro-
ecosystem; CC: conventional cropping system; and LC:
low-input cropping system.
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A EmAERHE BRI AV (EEE) EERR
2010 £ - AJHE 2011 275 78 & F 50 2F 2 3R
5o DERE-EZEREREERS
2 2010 £ o i SH{FREME/KREZ PP ZERE & o
2011 ££/0 2 2010 £ - IR AHE 245
Fo S 2011 SR AE B S 2010 £ B
TRAE 2011 A2 ME PP AERR A BLAL IR T
HY RS g - (PR - RZEECK » ]
A SRR FE AR ET = (Hsiao et al. 2011) > 7]
FERE R HAEE - (Y ERE AR 2010
5 e BBk > AKHBEIFAY RS % E & K R H
i (F o MRPR A E - LR A s
A S0 ' ST REE i e el oA R IR R
mEER > AR EEYERTEL R
HESSL AR AT RE 2 B A S R A AY 32 (Di Tomaso
1995) - HAWFELEREUR » HEVFEREEIR
B YRR S AR (DT Ry s B S A L T

W 02-#5#li#A.indd 121

{BHY EERUE - Wi 2 5 A S RGIE (An-
dersson & Milberg 1998; Swanton et al. 1999) ©

HAEEZERASEE - SPFERSE
R AR H8 2 2 B FOR | B BA 1 8 » SR 2011
2010 42 T AEME R EL R > MR TR
FEEL AR S /NS 1 plant m” o FHFAR IS
Ry BRI 5, » 2 A5 FH B FH B T 2R - B
A T I e A 4% - TR EBaf L -
it i (5 8 TR I S B MDA —HAAE D
> ZHAE - BRI AT RE A —BA(E 4= & R
HYER M AR s A B HY R TR )
B B B % (Hsiao er al. 2011) - EH 2 » —Hf
fEZ PU B HHERR R R AR08 - IR
FHEKHEREZRZER  FRKHRER
> SFAEFEERAE £ H P BESE A ZF » aae A
FE{E1S PU 2 fE E i B % /Y PP 3 (Chiang et
al. 2003; Kuo 2004) - DAZEAERIFITE » EF}
(Amaeanthaceae) ~ YFEF] (Cyperaceae) ~ KA
F} (Gramineae) ~ T J& 32 F} (Lythraceae) 2%
2F} (Scrophulariaceae) Z i E— - —HI{E1Y
AR HEFEEENUEERHEGELATE -
It 4 B EEARE CRORY) 1Yo miiE
& /K H (B 45 5 R AR 58 (Chiang & Leu
1982) » HJFRE A& HEREE - BRE R A5
BHAMAIZE - A RFHE— 2P PRET -

EHANEEYm P REE R E 2K E R
By amEAR R - B R R R = B HIGET
H AR RS B EE I S DUR B EFAE (Chiang
& Chiang 2010)  {E3E RS2 2R 5 25k
FREA B AT H B B S 7 AT BLSR E » (5]
BB —HIE > 2010 DL F & ER R E 1A
% LSRR TEES 2 556 4 0 BRI
[E & Z SRS T 4T 97% B EE -
It 2011 FEPEREG PR AR - LELE
PP-CC [ & & % 75 247 plant m” {53 47 - &
HHRRABENEEEEEHES  KHEES
FIAEER R IR A TR - —HAMF PU 4288 &
HAKHEFEHBEEHEG 3 HEEE
IR (R AT 2 3 R ES
REIERHRL” 6 BRDL L » R35 PP AERE A DIE
— SRR S HE
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FEZAEPP £RE & TR EZHLS
FHRE S > SR £ K H 80 F H B AE %3 (Lin

2009) - R4 & EE st (Editorial Committee
of the Flora of Taiwan 1996) ViR &, » 2 & Fl
B 25 B > &9F 70 %5 - R e LAk
BAE M e s AT LR AT R R R Ay
MHLEEZ - AFERI EAKEERSESE
BB KR FLEL R AT B LAY 2 A K H
BOREM  FEE R IETT AT MR AT R
1b 2 BE B Z B 4N (Veronica hederifolia) {EH
AR TR AR T e B R L R 2R &
(Shen et al. 2009) > RIFLRAT BERF AR FEEHY
ERUEZINER -

THIEPU B A (EfEEEE
FLHY 2010 FFrp > PEFEAHE S i %
BHEE > R R HAERED G FE /K HERE R
#t (Chiang & Leu 1982; Chiang et al. 2003) -
2010 A& 16 A= 5:A 0 H DRV F e 2 S5 R LR
WHEE TR - BERGHEESR 2011 22
{EH& CC B @ #k LC ImHIE % 7 N ThRE
HUFEEEE > (2 @I EEE T T 2% -
EERE RIS E S - 35 PU-CC (B
BRI R P ER RS R R R
B2 2010 FF A HE KFTEEEFICA TR - 8
RECEERER R N TRREEH - A EHIH
FHEERTEEE o B IEREE A & TR
AT AEF K » BTSRRI -
£ PU-LC HR/DHifT—RANLERE - (A1}
FERE LT = A R ERL > DL61 plant m?
HRBE R EAL T 66% FEF S L LB - BEZR CC
Bl LC HI& & ETHERERER - HHNE
PR S A PR - IR AR 3 & R 1T PR
ARF (SRR A K+ (ol ok S T 22 A1 S SRR A -
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A PR RERIEGPER A R22R -

e YR S RS - PP
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5 —HAE PP AERE A & B LEE(5#E - Chiang
& Chiang (2006) {F 1981-2002 4F #7713 7
BT > BERRERI & KESE (Ammannia
baccifera) ~ %A{E/KE (Ammannia multiflora) ~
JEAGEL (Lindernia antipoda) ~ WK B 5L (Cy-
perus iria) FEREEN R ERR G - BUEEE
[E] B Y B R 2 4t R B S A it A T B4 0m
JAFFEEIZ - AN SNRARBVERCHE Y iR
T (Aster subulatus) 2R 5REYFE - (L)
FOEEERNI - EEFEHMIGEHEEIN
JEFE -

PU 4= 88 & 4F —BATE BEZR[EI B AE 1 T /K B
TERIRE - (HEH P ZHAEMEE 21F 0 E5AH
FERIERWHERT - HIEGEF RS 32
SHBEEAE®RIHEFHE L FILUKHEEH
FEEACSERA - F RV BRIRE T R H s
o JREBE /K H /K4 & (Lin 2009) - 8
TERY EE FC 42 A R 1) A B 5 B 5 2 TR
55 B ERBEE AN WS - MAEREE
% 3-8 FNETH RS > B/
R4 R R AEFNEE (Chen & Chen
2005; Everman et al. 2008) » 2010 4= _H{ELL
ETEI GRS K28 b2 R T — -
THAEER W A 0 & PU ERE AT B EFEN
T - ERERNE > EfCEHE T BE
f& B STZ MG INAVIERE » #ESR 2010 FEAYIERE
FEPE Ry 5 AR Ah - {HTE 2011 FEHE K
HITE MRS TEAERERE » R EH AR R
PRUTHREE > HILfF PU-CC & KT AL
P B AR R ZE A FEAY3HE S » T PU-LC (& Hif fi
T N TERE sl BRas 3R [E 5 58 B S e
HEF T A R T A L AH4H B (Ryan et al. 2010) o
PrTEAFIFEZAN BEENEETHES -
FHI R R AE R R i ESE AR 4 % K ) B
AR ARl H e B fEA e aE A
iR > REEEE M EFRFE LR Z &
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Different Agro-Ecosystems Affect Population and Density of
Weeds in Paddy-Paddy and Paddy-Upland Rotation Systems

Chiao-Ling Hsiao', Chewn-Ming Yang™", and Chia-Hsun Ho'

Abstract

Hsiao, C. L., C. M. Yang, and C. H. Ho. 2013. Different agro-ecosystems affect population
and density of weeds in paddy-paddy and paddy-upland rotation systems. J. Taiwan Agric.
Res. 62(2):106-125.

Changes in population and density of weeds occur in different cropping systems with time.
To delineate variation and progress of weeds under paddy-paddy agro-ecosystem (PP) and paddy-
upland rotation agro-ecosystem (PU) of a two-crop system, studies were conducted at long-term
agricultural ecological research (LTER) station located in Sikou Experimental Farm of Taiwan
Agricultural Research Institute. Within each agro-ecosystem, there were two types of practice,
conventional cropping system (CC) and low-input cropping system (LC), making up four agro-
ecosystems in total, namely, PP-CC, PP-LC, PU-CC and PU-LC. This paper summarized the
results from investigations and analyses of data acquired in 2010 and 2011. As the results shown,
weed density was higher in LC than in CC and in 2011 than in 2010 in first crops, suggesting that
cropping treatments were not yet stabilized so that LC treatment was not have less weeds as ex-
pected. Because of such a situation, weed biomass of CC was higher than LC in 2010, but not in
2011. In second crops, PP had a larger weed population and density than that of PU, particularly in
2010, indicating richer weeds in paddy fields than in uplands. Among these four agro-ecosystems,
generally larger numbers of weed family and species were found in second crops, yet vary yearly,
reflecting a complicated factors intervention in weed infestations. The most populated weed family
of PP was Lythraceae in 2010 and was Scrophulariaceae in 2011 for first crop, and was Scrophu-
lariaceae for second crop in both years. Of the PU, family of Compositae and Lythraceae were
the most populated weeds for PU-CC and PU-LC, respectively, in first crop of 2010, and it was
family of Cyperaceae and Compositae, respectively, in 2011. Weeds of family Compositaec were
predominant in both agro-ecosystems in second crop of 2010 and weeds of family Compositae and
Solanaceae were the predominated ones in 2011 for PU-CC and PU-LC, respectively. As for weed
species, plants of Ammannia baccifera occupied the most in PP in first crop of 2010, while Linder-
nia procumbens took the lead in 2011 as well as in second crop of both years. In PU, population of
Agcratum conyzoides was the highest, followed by Cyperus rotundus in first crop of 2010. The top
two populations in 2011 were Ammannia baccifera and Eclipta prostrate. In second crop, Agcra-
tum conyzoides and Eclipta prostrata were listed in the first two rankings in 2010, but were Cyper-
us rotundus and Physalis angulata in 2011. Apparently, changes in weed family and species will be
affected by multifactors such as ecology, cropping system and climate and hence, will fluctuate in
seasons and years. It requires more investigations to clarify how long weed populations will reach
a dynamic balance among each other.

Key words: Long-term agricultural ecosystem, Paddy-paddy agro-ecosystem, Paddy-upland
rotation agro-ecosystem, Conventional cropping system, Low-input cropping seasons.
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