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Abstract

This study investigates the characteristics of weed communities and their ecological effects in winter
fallow paddy fields across southern China. Through a long-term localized fertilization experiment
combined with field surveys, it examined how three fertilization treatments—no fertilization (CK),
reduced chemical fertilizer replaced by organic fertilizer (RFC), and conventional N-P-K fertilizer
(NPK)—influence weed species composition, density, biomass accumulation, and retention of Car-
bon (C), Nitrogen (N), and Phosphorus (P) in double-cropping rice winter fallow fields. The findings
revealed that long-term application of different fertilization regimes during rice cultivation signifi-
cantly influenced weed density, biomass, and C, N, P retention in winter fallow paddy fields. Overall,
grass weeds (Poaceae) dominated the community, accounting for over 98.0% of the total weed den-
sity, while other weed species had relatively low densities, ranging from 0.5% to 1.3%. In terms of
weed density, both RFC and NPK treatments led to a significant increase compared to CK, averaging
2.7 times that of CK, yet they also markedly reduced weed species diversity and the species richness
index. The total weed biomass in the winter fallow fields varied from 2139.6 to 2773.9 kg ha-1. The
NPK and RFC treatments not only significantly boosted total weed biomass (approximately 1.3 times
that of CK) but also substantially altered the allocation pattern between aboveground and below-
ground biomass, with aboveground biomass accounting for over 85.0%. Regarding nutrient reten-
tion, weeds sequestered total C, N, and P amounts of 827.0~1225.0 kg ha-1, 22.2~32.9 kg ha-1, and
2.4~7.3 kg ha-1, respectively. The C, N, and P retention under NPK and RFC treatments were sub-
stantially higher than under CK. Specifically, N retention was 1.3~1.5 times that of CK, while total P
retention reached 2.6~3.1 times that of CK. In conclusion, the ecological role of weeds in southern
winter fallow fields is significant and should not be underestimated. Their capacity for C, N, and P
retention ought to be integrated into ecological benefit assessment systems. The increase in weed
biomass and its associated nutrient retention function plays a crucial role in sustaining nutrient
cycling within farmland ecosystems.
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[17[2]. FEAERHED, BRI GR, 770 . BIRFMAESRE @, KIEHRRERAESHT
RE[3]o WFTTRM], AR A& AR RS2 2 A DA 2R R0, JHL oot JIES 8 Tt A A g A R i 2% AR 4Ll 10 D5 B
WA T3] [4]. WEACAIRS) T IAL T AL L [S] [6], WM AAKES, LT aeinE R
B SR AL BEACHERE [ 7] Wan S5 [ 7EVL VU K Ar ik 3o FH AW o rh A B, AERGAS 2L B W R 2R B e 78 5)
AW, KPR B H LA U SR B R AR T R A, Hh R E R s

DOI: 10.12677/hjas.2026.164071 559 Al Bl


https://doi.org/10.12677/hjas.2026.164071
http://creativecommons.org/licenses/by/4.0/

IR 25

IR, HOGEBERERIR ) . FEPETREIEINPR) AT T, AR EREVE IR E 5 B SREIE I SRR,
TR R I 380 P32 S 3 4R i o PR MR SR [ O 13E — AP SIC, AN [t AE AR B AT 538 24k 0 1 57 20 MR AT B 70 A ] 3 280
T AEALEE T A B ) %4 [ RR e B, FRILH AT MBS AR ). EHE RIS, BIEDT A 2 R A Tt L3
A EARSCHIETT, TR T EAR R B SO S5 . Ma ZE[101/FFER ], KA 5r 2 — R bfEfr T
R ER Sy, BRI TR RIS AR T OB E M . IIREAT SE A HLAIE FBGIE SE P I B A I s
UG H ARG AT RS AR, HAR IR AERE L3RI T L b IR itk M v L3057 7 PE R S5 [ 11] IR
BT BT 7, 38 P OR B A% AR KRS H b B 2 AR A, AMATE I 455 A2 22 FEIE O 7 R AR RE
R BENE SR IR IR I AR EAL M 12]-[ 18]

FE R 7 RS XAFAE L 400 T3 A BRI, AR 1AL S RN 1 R A B 78 7042
o ARFE E R E B IE AR A AR 1990~2024 FEKIIEALE AR T &, AW RGUENT T AN
T8 FH % B R ) AL S RRAE S RS RN o 3 A AN R A A 2T 2 SR VR A M A AR . By
BLHRME J2 Cy N P[RR, #8781 R 7 4 PRAS FE 2R SRR B R IR o BF 0 R AT D 2% PR FH B2 U e A
A FEHRAED AR EIR BRI, IO AR A R G R] RREAE B AR 2 e -

2. RS H*E
2.1. iR SRR

RIS AT T R B IR A AR A a0, AR R BRYR L (28°55'N, 111°726'E). 1% X IJ&E T
Pl B RAEX, HRBE AR, K ER 1448 mm, FH)<EN 16.5°C, TN 283 K,
PR NS DU L2 RS R B IR KRG 1, BB R . IR T 1990 4, BHEE
(0~20 cm) HIEHTAAFEA L SR N : BHLRS B 142 gkg™, &S E 055gke™, &R SE 1.82gkg™!,
AT E 129 gkl

2.2, WRIEEIT

RIS E 10 MEEE, ASCIE A FH A 3 M EFE: BI(1) CK ALEE, ANjAE; (2) NPK AR, jtifh 5%
. FHAE; (3) RFC 4b¥E, 2/3 65 NP B + 173 (LS8R + 12 FEFFEH + LRIEEH . ANXCRH L
XA, WA 3 WEE, SN 33.2m?. F. MR SRH GHHE AR SRR KRR A, K
TR 3 FEE R —IK. BT 4 A&, 7 AhmIGk BT 7 A M. 10 A Tk
ARo MAAETTIH, FABMHIRE, BEICGE A BERRES, AR &M, 78 1997 & 2023 fEHE], 24
2% 183.0 kg-ha™', 4l 39.3 kg-ha!, 440 197.2 kg-ha™'. CK A NPK AbFE A ZAK A AR IEAT HEMRE . %
BRI MIE SE A R RFC MBEA T E 208, FEFREICH, B BRI KRERCR & AR
P YIS JE AL o oAt P (R B i 22 b e R S P — B

2024 4 3 H (A& WM), XHREHE T AE . A Tmx 1 m FEHESTIHE, B/NXEE —FEAERD
1m?), GEit&/NXFEFPRF% . [, RENXER, BT 105°C FAH 20 2040, RIETE 60°CHET
FEiEHE, HTiFEAEAYRE, JEMEERET Co Ny P SEDIT[19]. 24 ZFREELE 20 cm x 20 cm
MIRETT HEAT, SRAERIEN 20 om, BEAN/DNXEL 2 IRE . MR AR FHKBEE 5% Bl AT MR Hr
AL, AR EAMR AR L Co NS P IR Ml . iR AV EWRIE 2 F A R B N A E L
P, Horp CK AR HE A 1.03, NPK Al RFC Ab3 ELAE 20 51 K 4.74.
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D NIRA RS J NSRS D, AYIR R ARG SOV S, N OSRETT AR
TRy [ FF i
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K, MO EAYE SH R4 E); Cont N C. N. P FRAOHHE.
2.3. BB 5

HedE AL FE R F Microsoft Excel 2020, {EEISH] Origin 2024, 25 5 M08 3@ SPSS 26.0 # 4
W LR 2R AT (ANOVA) L K LSD FIXSH %1347 (p < 0.05).
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Figure 1. Weed species, density and proportion in paddy fields during winter
E 1. FRfEAREMNE. ZERGHL

WEFRER, SHBHILTRI 6 M2 E 1a). BAAREFRE: KRAFH(Poaceae Barnhart) & 2 iR
(Alopecurus aequalis Sobol)F12ZZ Ei(Lolium perenne L), %iF}H Asteraceae Dumort)[¥) #5123 (Lapsanastrum
apogonoides) F1 75 ['] [ {l§ & (Erigeron sumatrensis Retz), V5 & Bl (Cyperaceae) 1] 24 & #i (Eleocharis
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yokoscensis), &R FERanunculaceae Juss)E E(Ranunculus japonicus). HH RARKMEFRAMAL, WfE
CK AP A4 PR A, RASRF i 10 35 B 05 L ik 98.2%: i £ NPK Al RFC ALFR ) 4 R A, JX— EL A3
BRI 99.0%. ML, FEER. TR EMA B SENHEAN R, KBRS
0.5%~1.3% (K 1b).

SRS, KFEAE =i A% b ) T 6 3 325 19 0 A RIS FH R 2 B %5 B . For, NIPKCRI RFC AR EE ] 2%
BRI BAI T R A S, T AR N 7405 Bk em 2 FT 7404 Bk em2, & CK ALFEZLELEE (2701
Pk m ™)) 2.7 fiF o IFEHARF PR A0 00 T LR E S FE77 40 B = IRE I (CK) ™, SR EL 5 U AR HFh e,
H2 R (H A 49.6%; TEFRD 78 L FIFE I (NPK . REC ACHE) R, B 2R 52 AR S5 R, HS e
EL 43 ilik 2] 85.0%F1 84.5%.

3.2. KHIT REiEAL & RFEAREREE WS HEHHE

MBER AL RS R (2 1), CK. NPK M RFC BES ZREVEIE S, ST, IR fe i
FARE . BERMEIRCKOER T, RS WihEEEREUHE T NPK, RFC ¥ 5 &, HiAok
E, VFEGEH 1.3~17 NRAL, PR EE RS 0.2~0.3 NMEAL. i H, NPK. RFC 2#E5 CK X
b, 7ERARIS SRS IRm A B R E T 2 — 8, HEFKIAARE (p>0.05). SIS,
KA 2> 3 PR R B E A AP B AR E AN B AALAEAL B 5 NPK ALBEAR L, 4PN 2%
FEVKRFIE IR 35 2 7 (p > 0.05),

Table 1. Characteristics of weed community structure in paddy fields during winter

* 1. SRFEERERREME

h " R E RS BR SRR B AR (URZYERE
b2 ULE : . . . ) .
. Margalef richness Shannon-Wiener Pielou evenness in- Simpson domi-
Treatment Species . . - .

index diversity index dex nance index

CK 4.7+0.3a 0.5 +0.0a 0.6 +0.2a 0.4+0.1a 0.7+0.1a

NPK 3.0=0.0b 0.2+0.0b 0.4+0.2a 0.3£0.1a 0.8+0.1a

RFC 3.3+0.3b 0.3+0.0b 0.4+0.2a 0.3+0.2a 0.8+0.1a

T R A SIEHECT % + SE)RAR/NG FRERIR Z A 5% KT

3.3. KT EEAE FRBAREEMENRRE

At AR A BE S SRk, AR AR b A= & VG I/ 1085.6~2290.6 kg-ha ™! 2 [A], .o NPK Fl
RFC AbEE iyt EA Y& 3% & T CK 0B (p < 0.05), 43Jl/e CK ARBRAY &M 2.0 50 2.1 £5(14] 22). A
[ e A Ak 3 % 25 5 ) 4% DR ARG P ) i tthy B A0 K v e LU A (% 2), NPK A RFC AR FR 1) % it A=) 5
FET CK Ab3E, BRI BER AR O LEIE NPK M REC BT 515 HEEMN. Bk
k&, NPK ALFNH A A& ik 1898.2 kgha™!, @il CK KRB 488.8 kg-ha™!, i Mg Hu i A
43.4%$2THZE 86.1%; RFC AbH NAEE MM EAEYIE N 1887.4 kg-ha™, 2 HECHLHI N 84.4%, 5 NPK AbEE
TR FHEER, HYEEET CK AP, HAERE NPK AF Nib EAY8 9 319.4kg-ha”!, RFC 4bFE RN
B, 1A% 398.2 kg-ha™!, HACELBIE NPK AT RFC AL R 43700 13.7%H1 15.3%, HIEE & T CK 4bH
) 38.4%. IbAN, FRI 1AM S AIEBEAE NPK Al REC AF FREBAEK, RFC MH FEEAMENN
0.7 kg-ha™', A= H WIMIAESE T A NFEHASIREE, SFECR O REWFE K, YF 2R,

R T AR AE ) B VG Y 468.4~1054.0 kg-ha™!, S ALPRIA) G B 3E Z 5 (p > 0.05, 4] 2a). WAEYIE S
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MEHKE, CKACFRRH F. T AV EEEARRF, £ AEYET L 710h 49.3%F 50.7%: ML
T, NPK F1 RFC ab¥itth A4 0 i m T3 R AR, 290030 4.7 £5(1 2b).

SR &, AREHEESAEYELT 2139.6~2773.9kg-ha ! X 8], HIEE /0 EAYBEA S BE
FZMA, 1 NPK FI RFC AP e AV & CK B AR 1.3 6%, ARy, HIgeie 7yt W3 #2mi i EA T~
AVERSEL, W NPK A RFC AbFEH 85.0% LA F A& 70 Bl 1 76 35

3500 [ _ 120
a i@;JZ%B b

- B v A ~

'j‘g 3000 B ﬂ ,.g éloo L
* \\\ \\\ A0 -g -q.‘!:

& 2500 a | WS5E gl
e N REw
g B 2000} N\ 2
52 | £

8 [ é} \\\\ ﬂ—g g 60 |
o o=
g % 1500F wes
< iy o

*E \BFEES
5 1000 | mWEB
= N ;2B

5 | &RE s )
& 500 i =

0 0
CK NPK RFC CK NPK

e EAFRKRS TR R A BE A ) 22 R R EE(p < 0.05); AL ANENG T RER IR AC B A] 3 T A b AR AL B )
Z R EEM@P<0.05).
Figure 2. Total biomass and proportion of weeds in paddy fields during winter

2. FRFEARESEMER S

Table 2. Above-ground biomass and proportion of weeds in paddy fields during winter

F2. XNEEAEN EEYER &

bz e LE TR PRI 4+ EH ER
T Alopecurus Lolium Lapsanastrum  Erigeron suma-  Eleocharis  Ranunculus
reatment . . . . . .
aequalis Sobol.  perenne L. apogonoides trensis Retz. yokoscensis  japonicus
CK 488.8£265.7b 372.5+164.5a 0.4+0.2a 2.0+£0.9 2129149; —
WLEYR g 18982+91.8a 319.4+1602a 2.8+ 1.6a — — —
(kg-ha™)
RFC 1887.4+101.3a 398.2+297.4a 43+3.1a - - 0.7+0.7
CK 434 38.4 0.0 0.2 17.9 —
o EA
NPK 86.1 13.7 0.1 - - —
S LA (%)
RFC 84.4 153 0.2 — - 0.0

e =7 FORTGIAE ., RP A ST £ SE)EAR /NS T REFORERIE 5% 8 F KT,

3.4. ZRATEARE C. N, PHESSEREBEE

FEH EEE C SR T 447.0~458.5 g-kg ! (4] 3a), R EE C & EAE 335.5~366.2 g-kg ! (4] 3d) 2|,
AL EEE] C S EIFLRFEZR(p > 0.05). Hi EFEH T N SEBOVEL, BREFE 7.9~12.9 gkg!
(&1 3b. |4l 3e). P Fr & /i THI, NPK Fll RFC AbHE) 245 P & &8 3 T CK AREE, #h 136 P &80 1.5~3.1
gkg!, JEHURER P &8 (0.8~1.3 gkg ™) (K 3¢, B 30D 1.7 1.
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Figure 3. C, N and P content in the aboveground and underground parts of weeds in paddy fields during winter
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Figure 4. C, N, and P retention amounts and their distribution proportions in weeds in paddy fields during winter
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K WA A C. N. P 2 [ERF 2558 827.0~1225.0 kg-ha ' 22.2~32.9 kg-ha ' fil 2.4~7.3 kg-ha™"' (/4]
4o~ 4c). o, NPK #1 RFC AbFEAE N, P [ #fE FRE T CK A4 (p<0.05), —# N [EHFE5 7
s& CK ALBR) 1.3 £ 1.5 fi5, P ASERFE 7302 CK ARFE 2.6 £5H01 3.1 5.

M C. N. P EEFFESAG &G (B 4d~E 48T, KA C. N. P [FERrEF EER T 480 1,
HARW =, CK A C. N. P FEEE 5N 59.4%, 63.4%F1 67.1%, NPK AFEN A 86.8%. 82.7%
H190.0%, RFC ALFEA 85.6%- 83.9%F1 92.4%. L& KE, AWHIRELAE M FAEYE, BRI
REM C. N, PIERERES, HAER S — D8 m TH EE C. Ny P I FFEL.

4. WHig

RS ERGAZ O = X, LA TR PR B ) FE 0T ] 4o - 438 97 40 48 LI AE )y A S .
TR T ARG A& TR PR 2% RV 445 ) S HL 7 0 IRSCIR O 5 /K A 2 B S I DG 2/, 002 I Bk B 73 43 R
DA R B AR AR TT 1, A AN AT AR ANME .

Tt e 5 5 2 B VR AL T T R A AR SE A R 5 . A ST R AN TR Tt AR AR 3 A% PR 2%
R, BEEGK R ZFEE SR AN, ST AR IRHVIA 5] [20]-[22]. A E NPK >
RFC > CK, NPK 4bF S35 i, A 7405 #k-m™2, RFC 4P EZE R 7404 #k-m2. 5 CK #HEL, NPK.
RFC Ab #5352 554 174.2%; RFC Ab 3 4 R HH 4% B S AR W) B f i, 9 2773.9 kgrha !, 58 CK 42155 30.0%,
TXEGARAY, R XU T FE 24 IR FH 2% B R 25 6 0 BE RS S it 1 At i) 3R S . AR FL R AR KRG AR B IR
Wi B SIETEOLT, ARRsE . SAEYEMNAELCK) A E, it A 2 IR E
i 80.0%. XEHZEEFE23MIHAL R—E, IUE T IR AR Z R E MR . ORI,
ANF it AEAL BEAN 500 1 A R HIZREE C N P & ks, il id o s B ) i | 4 B X L% 7y
MR FRFE . SR, A HHIZER) C Ny P & & K HF R E R & I E AN LI M BUR b, (i —0
WEFLIRAE, KA AR AT 53R SRR FFRL N. Py Ca. Mg, S 25377> &8 [24]. Huang Z5[25]0F 5t &M,
IKFERIE 2 8 H AR R B AR R AR B 2 BmT DUEBR BN, AT PR IR R R TR IR A, RS RSt
M55 AR K )1 H— DB ARERY, AFMEACAAEET, AW 35D a6 S g5t 7 Hxt
C.N.P [ H&E, HEMITAIF C. N, P FEEL T E &S T AL, BETEE 299 39.3%~141.1%.
34.6%~241.8%H1 158.0%~581.8%.

AN B F2 0 R RN, KIRE, @ # N LT (g i LI AE I R, N E AR K
TRACE R WA EIR S R, AWREREANLIG, KA E S RS N,
P ZEFR 53 e KRS I [9] AW OB 5 C. N, P [ERFE S5 IS 0 ARG, (HEH)
€ FLRE AR IR ) BRI R R bR, 75 R 1 B AL SR g AT 56E . KA BE RR R AR AR K
WM TR RIS it R, SORT IR A PR 2% s AR G B DA B TR e R RIS

5. &g

7 AN FE R AR AR NG 220, FL% 5 & B I 98.0%. RFC I NPK AbHE i 42 = 7 2 5l
SVEFE, R REERGIN TR RL SRR, HRRAC T AR 2R B, RO TR M A
FAEYRERSE R . £ T, NPK FI RFC AbFE S 425 7 2435 C. N. P WM&, Fiy
9 1188.6 kg-ha 'y 31.4 kg-ha ' Al 6.7 kg-ha ',

GERE, RELEF AN PG EEASMAG, P Co Ny P INEFIIRE RA . FA
FEBEER, SYEFRERHASRAMFEIEARGEERE L B, FEASIRBAENNK H A S
R VTR R b, AR I F0 S ER I U e O A it FIEL R 2% B 3 S s ok it — B $ T AR S 3R
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