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Differential response of seedling emergence from common weeds in paddy field to water

depth variations
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Abstract: Weeds compete with rice plant for resources such as water, nutrients, light, and weed competition has become one of the
key factors in reducing rice yields. The ecological control measures of weed management in paddy field have become the focus of
current research. The seedling stage of plants is more sensitive to environmental changes, which is the key stage of weed control.
However, studies on the effects of different water depths and intermittent flooding and drying treatments on weed seedling emer-
gence, particularly in important rice-growing areas such as the Sanjiang Plain in China, remain relatively scarce. This study investi-
gated the influence of different water depth gradients (0, 3, 6, 9, 12 cm) and alternating flooding-drying treatments on the emergence
of four common paddy field weed species: Echinochloa crus-galli, E. crus-galli var. mitis, Bidens pilosa, and Alisma plantago-
aquatica. The results demonstrate a significant interspecific divergence in seed emergence responses to hydrological regimes.
Compared to control conditions, 12 cm water depth induces emergence reductions by 27.6%, 36.4% and 44.8% in Echinochloa crus-
galli, E. crus-galli var. mitis, and Bidens pilosa, respectively. In contrast, 4. plantago-aquatica maintains over 80% emergence
under deepwater conditions, demonstrating superior aquatic adaptation. Notably, E. crus-galli shows no significant difference in

emergence between continuous flooding and alternating flooding-draining treatments, whereas emergence rate in 4. plantago-aquatica
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declines sharply by 47.9% - 84.5%. These results indicate that short-term water withdrawal can also inhibit the emergence of weed
seeds to a certain extent. This study provides scientific basis for the selection of ecological control strategies for different type of
weeds in rice fields.

Keywords: weed control; water depth management; emergence rate; ecological control strategies
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ARG FEFAE =YV RS TP /MR 925 58, el 4 iy LA — R . Jer=RR ( Echinochloa crus-galli
var. mitis ) . YA%F% ( Bidens pilosa ) 15 ( Alisma plantago-aquatica ) FF RIS, Fh-FR&E T =V1FR
[ 3t — PR IR TR P T (47°44'N ~ 48°08'N, 134°04'E ~ 134°36'E ) , T 2023 4 8 AFEfGH R, Fhr
KRG, FONHE LR, BERRFFXT, IR 4°C TWRIRORAE, B2 SRR AP .
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MRFEA R ESAE X 2w fh 7 B AR, BEE 5 AKIEREE, 258 0, 3. 6. 9. 12cem. A4
KRR LA PRV 5 IS, 4 DRIt 100 DEEFRAR . SCIRTE N TR (HPG-280HX, FR/RE T AR
R FHEARFFEARAF ) 47, KRR ENGRAM B 12 h/25 C AR 12 W15 C, JERERE N
4000 Lx, VIRISEPRREH &0, BARHFMAESE R 8 em, HEN 18 cm, IKHBAHIE 3 cm JERVANVME N
SERtZE . AR, SRR S0 KR, R LGRS 0.5 em MIAEYD . SRR, IR TEK S, B
PRSI KR, BERE 1 OMEIE SRR TR A O . s VD L2 R s i, 4 2 SR B
T S 2
1.2.2  E-RKXSFHFH BN

ST K SR K DT B X A R A, Bt T ORI K SR K AL A SR WK A ]
yomiE (2d) . i (4d) AR (8d) , iB/KEFEIE N 2d, 4dFI8d, FoMNMRIH (F£1) .
MR E S IKES, 4 PRIt 180 MEEFRR. S EKIEE N 6 cm, & AN AEFRTFII7KER,
FEARYE T ZIA TR, DMRRRIr TR KRS . AR A R ER e S 5 1.2.1 AT,

x1 B-RBAREEE

Table 1 ~Setting of waterlogging-recession test

T K Ak B 6 A T K 3 B K T
Inundation treatment Experimental group Inundation duration/d Recession duration/d
2-2 2 2
RN b2
S 391 1 K b 94 ) "
Short-term flooding treatment
2-8 2 8
4-2 4 2
Y l\ 1
01 K b s ) .
Medium-term flooding treatment
4-8 4 8
8-2 8 2
K 1993 b
Kk A o . )
Long-term flooding treatment
8-8 8 8

1.2.3 HIER&ESAE
ARSI FEME LTS5 FH R ZFER R (MGT) H T AR TR & ZEmT R, FmFh IIEF

B % 25 P i Ie] ()

2 (ny X t;)

MGT = S (1)
K ndBAES | RAEZFFFRCE; 2 AREFPEIEE § KIWRTE,
REHIEE (G FFIHAbFh 18 & ZE R s 1
n.
Gl=) — (2)

L
K n BIESS | RAERFECR; (o2 AIERNRISE ¢ R,
REFH(GP): H TGP EREE B R N I A 2RI O, 385 S A 1 & 28 1% TR A & 2 6e 7 .
GP(%)=%X100 (3)
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e NRFERUEI R (IIEFPEIFD 7 & 2R B AR ) R ZERR AR s N SRR Fh 7 R0,

FT A SE 5 KR 48 1] Origin 2024 F1 PyCharm 2 024.1.3 #HA 75U AL IR AN K 251 . R JH SPSS Statis-
tics 27 HEATFGEITAHT, BRI ZE 7 22457 (ANOVA ) Fif/N 25 5% (LSD) ¥ B Rl Ab 3 2 1]
WEMES, BEMAKERE R P<0.05.
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H: A By B: KTEHL C: AR D: F5.

Note: A: Echinochloa crus-gallis; B: E. crus-galli var. mitis; C: Bidens pilosa; D: Alisma plantago-aquatica.

B 1
Fig. 1

Days after sowing/d

MR EFFERE KR TR R H B

Cumulative emergence curves of four weed seeds at different water depths

HE 2 o LLAE W, AKERAREXT 4 R s fh 710 R AT 5, AL, JOTURD VAT B P R
TE 0 cm /KIRIA BB i s B H T RAE 0 cm KR ETA 90%, 47KERIAE] 9 cm AT 12 em B, H PRI i &
&, Z350E 0 cm ZKIR BB 32.4% F127.6% (P<0.05) ; JCTRAHERAE 0 cm ZKIERTN 53.2%, 7 12 cm
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I ARNG FRERRR R AL B 25 5 B35 (P<0.05) .

Note: Different lowercase letters indicate significant differences among treatments (P<0.05).
B2 MMHEEMFEARKRTHHER

Fig. 2 Emergence rate of four weed seeds at different water depths

IR (16.8% ) 3 WATEAE 0 e /KIE N 48.8%, J2 12 cm /KIR 12.2 5. FEIEMIHEZRTE 0 cm /K
AL (66.4% ) , 1E 3~ 12 cm A/KGIERP, HEPRETZE 80% LU L,
2.1.2 FHEFRIE (MGT)

M 3 FTLAE H, BT K ZEa Tl B G K TR TS T TR, 7E 0 cm /KERET, P35k 2R ) B
ik 6.48 K ), 7£ 12 cm /KRS, YR ZERT AR AME 9.9 Ko T V35 & 28 a5,
7E 0 cm KIRAF AR 6.79 K, FEEKEMTHE, 75 9 em KIRAF IR EIHEE 11.2 Ko REFF A% 2
B EZE O cm AKIRAFIRAR R 15.47 K, BEAE KRG, ¥R ZERTTHIZE 3 cm. 6 cm Fl1 9 cm Z (A JCH &
225, (BAE 12 om KGR ERE 2 23.1 K (P<0.05) , RV E/KIENCN UK, BIE&KEZ
(RSF-34 & I TR SR 22 850N, 7E 0 em ZKERI B 9.84 K, A HLEARAY 6 em KIRZ 1.36 K.

2.1.3 KFIH (GI) FKFH (GP)

M2 TR, BAE 0 cm KK F IR ZEFR B0 & o T HALKIE (L8 7.20) 5 BEE KRN,
RHFBCEET P, 78 12 cm KIEAHRAR (204 3.40) o TSR 0 ecm KIRA & ZE48 8RR, 490 4.39;
BEE KRBT, KRB E TR (P<0.05) , 7F 6 cm K LA FAKIRIS YRR E 1 DIF, Bl m k™

M T BA R ZF RN . AT BRI AT A U, HOR ZFF8807E 0 em /KGRI Je i U 1.96, 1E
3 om B P FKERRRGE R BT 00 MIHZ T, TS SRR AL AYE REASR, 7E 0 em KIERT, PRV
RHFEBEAL (497 3.62) 5 TITE 3 em & 12 em FIZK IR N & FH8 80025 R A 1B

MR 2 W LIE N, BAE 0 cm AKIRET IR 28 8 g (60.4% ) , 7E 6 cm M LA FOK IR W EREAL, =

9 cm JKIRAT K 23.2% . TCPSHRAE O em ZKIERES & 253850 32.8%, 7F 3 ecm M S7KIRRT i EREAIT (P<0.05)
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4 . Echinochloa crus-gallis 14, Tet=M E. crus-galli var. mitis
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Note: Different lowercase letters indicate significant differences among treatments (P<0.05).
B3 MMEAEMFEARKETHEHEZFREY
Fig. 3 Mean germination days of four weed seeds at different water depths

x2 MMEEMFEARKRE FTHEFEBMEFE

Table 2 Germination index and germination potential of four weed seeds at different water depths

i T R 15
TR Echinochloa crus-gallis E. crus-galli var. mitis Bidens pilosa Alisma plantago-aquatica
Water %2R0 % R KRR R R FFRE R RFRRE R

depth/em  Germination Germination Germination Germination Germination Germination Germination Germination

index potential/% index potential/% index potential/% index potential/%

0 7.20£0.26 a 60.4+3.76 a 4.39+0.40 a 32.8+4.84 a 1.96+0.11 a 32.8+6.67 a 3.62+0.40 b 35.6£5.80 b

3 4.65+0.38 b 41.2+9.37 ab 1.66+0.30 b 16.0+4.60 b 0.26+0.09 b 5.62+£2.79b 4.72+0.44 ab  41.2+3.88 ab

6 3.74+0.52bc  36.0+7.16 b 0.85+£0.10 ¢ 7.22+1.02 be 0.11+0.05 b 4.00£1.27b 5.15£0.20 a 5524294 a

9 3.17+0.18 ¢ 23.2+3.72 b 0.80+0.13 ¢ 5.24+1.02 ¢ 0.10+0.03 b 2.00+0.63 b 5.11£0.22 a 42.0+£5.25 ab

12 3.40+0.10 ¢ 27.6+6.79 b 0.85+0.08 ¢ 8.00£1.67 be 0.09+0.01 b 3.63+0.40 b 4.90+0.18ab  38.0+£3.63 b

. ARVNG TR R AR 25 7 3% (P<0.05) o

Note: Different lowercase letters indicate significant differences mong treatments (P<0.05).

KEFFAE 9 em IKIFAH 0 cm KIEAY 1/6. HETFAY A ZFHIE 0 ecm /KIRITH R (32.8% ) , {HAE 3 cm 7KIE
UL B RGEFEERAT 0, PETS AR ZEHAE 0 cm ZKIRIF K (35.6% ) , 1E 6 cm /KRB R (55.2% )
{EAE S =K FUsA T %
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iR Ab P AR b3
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E: ARVNG FRERR AR BN 22 55 B3 (P<0.05)

Note: Different lowercase letters indicate significant differences among treatments (P<0.05).
4 MAHEEMFEARERDMN THHEER

Fig. 4 Seedling emergence rate of four weed seeds under different inundation and recession treatments
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AR, BEIGEE K IEARESE I R R A SHAD 3 AMIRCRIR], PESARNFAE 3 em 2K 12 cm
RIS FREE T I R B R, 35 80% LA F. Moraveova 25 fUBFs th KW, RIS REMSTE /K 210 F R
WRERI R, XSGR IR K AR AIE R PEARAFCY . T, ORI RR T A R AR AR AR A
NP2

TRGRASA T 4 B R 1 & 2Rt A e . B, JCrS BRI AT RETE 0 em KR T 1Y & ZRHR BRI A& 25 34
B, HAPFRAZERESR, SRR MAIREST, S AFA ORI R m, KR ER, BT
SR BEE KRG, REFREBORA AU R TR, PR ZFRHNEEER, FlEAE 12 com KIET, F
TR Z B D EME . X —M4 5 Badalzadeh %" SCF/NETF ( Guizotia abyssinica ) WIRFFE R IAL
IR AR K R T BESFTRE R IR, 4R A1, MORGEE ™ MR T ACIRAS I,
T2 B . MOLMENRE R, EWAQWEmE, S FRFHEEZWE, £ 2Hmef
T BRI TEANEIKIR I K& SRR B & 2 s N, S & 2R R A R, R IR R vE
TG RPN R ZFRE T o TS AT BE LR K R AR KR ATII A aR se e A e, BRI BRI KRS, 7
SR A i
3.2 E-RAKXRERTFH BN

ANTR) AR A 18 T s (g o 1A P A8 25 o ASBIFE B, RO R A R SRR R S R K AR R R T
13.3% ~ 24.7%, SHRAELHKAEBIZ R AR B3 . Ogorek %5 AURFFT L R IR TEHEE 4 R KJG
B 96% FFAKE 63%. H4b, PiRB ( Echinochloa crus-galli var. zelayensis ) TEFFEE 4 K 6 cm TR K 55
TEF, PR AR XSRS 2 MIAF, SRR K AR — e AR R 2 B0 AR Rp 7 Hh i
AR o 3X AT REAE PR A 53 S W - R /K 1 i o T R LR T K I U, SO R i 2
S

TR P A A L (A B KA B, Sk (Echinochloa colona ) B EAGTERIAN R /K 34
Beh A RBE N, BRI TR AR AR AN S B AR A, AR S T e T e P B K A 3R R
T BN AT REAE RS K S B R R 2 R, R S A RO W K i T Uk, Rk /K mT
REFECAAMN A, SRR AR, kL g™

BB IERF S KA T ARG, (AEM-1R/K A B b e i 38 N9, X SR IR AR RS e 1Y
IKHEIET, KA AT REM AN TR & 250 St ORFIT R, — e AR ALK, R R
TR AE R LB S5 . SRR T PRTS TR AR A h A A= SO0, [l Aot & B - 5L v mT i 2 B il

PEETER 2. M2, R R K I B K R 157 25 SR T 7R RS I 28 B A Bep AR
(I A SRR, 45 s LA AT i 2 B
4 Z P

IKTRIE MR T 2 FEmp T A BN R . ML, o MR B R/ oK R P A B R By, B K
DRIG I B R 28 T PRI Rl AEBCOR AL T AT PRI R . AR RDK IR AR 2 0 R 25 R 5
SRR R I L EAT 550 . E-1B /KA B 2 R e 2 e ) HH 8, (S [RI D AP B o 1524 AN A ) 5
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R KRB E—E B LA 2 b 100 H 0
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