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Effect of different long—term fertilization treatments on the spring weed community in winter fallow paddy
field in yellow soil area under the single—rice cropping system

YE Zhaochun', HUANG Xingcheng’, RAN Haiyan', CHEN Shihong', LAN Xianmin', HE Xiulong', YANG Yehua’, LI Yu™

(1. Institute of Plant Protection, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China; 2. Institute of Soil and Fertilizer,
Guizhou Academy of Agriculture Sciences, Guiyang 550006, China)

Abstract: To understand the changes of spring weed community diversity and the correlation with soil nutrients under different long—term
fertilization models, a field investigation based on a continuous 24-year long—term fertilization test was conducted in winter fallow paddy
field in the yellow soil area of Guizhou Province, China, under a single-rice cropping system. The different treatments were unbalanced
fertilization (NP, PK, NK), constant fertilizer (NPK), single organic fertilizer (M), 1/2 organic fertilizer instead of chemical fertilizer (1/2
MNP), and no fertilization (CK). The results showed that spring weed density, biomass, and community diversity all changed under the
conditions of the different long—term fertilization modes. Under the M treatment, soil nutrients were all higher, and the total density and
total biomass of the weed community were both highest (1 208.44 plants - m™ and 1 071.24 g-m™ respectively). Compared with the CK
treatment, the total density of weeds was 37.74% higher, and the total biomass was 179.58% higher. These results indicated that the M
treatment improves soil nutrients and increases weed density and biomass in spring. The different treatments had different effects on the
weed community. Under the long—term single application of organic fertilizer (M), Polypogon fugax did not occur. Under the condition of

long—term use of inorganic fertilizer, the density of Poa annua was lowest, from 0—4.89 plants - m™, and under phosphorus deficiency,
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Alopecurus japonicus was suppressed, showing its lowest density (36.00 plants - m™). These results indicated that the different long—term

fertilization treatments could inhibit the occurrence of different weeds. In terms of weed biodiversity, the weed community diversity index

increased, the dominance index decreased, and the weed community structure was relatively complex under the condition of the nitrogen

deficiency. On the contrary, the diversity index decreased, the dominance index increased, and the community structure was relatively

simple under phosphorus deficiency. Our results indicated that total nitrogen, alkaline nitrogen, and total phosphorus were the key factors

affecting weed density. Hence, reasonable fertilization can control the damage caused by weeds in the field and stabilize soil fertility and

species diversity. Moreover, it can promote the agricultural ecosystem to its maximum ecological effect.

Keywords: long—term fertilization; yellow soil; single-rice cropping system; winter fallow paddy field; weed community; community

diversity
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1.1 R BE LR

TR0 A T 5% M4 5% BH T AE 1R IX 5 4 A Ik B
2 BE N (106°39752" E,26°29'49" N) , i kb ¥4 v - [
DX, J& R 2= KU, F R 1 071 m, AR
15.3°C, 4E 3 H BRI 1 354 h, A3 75.5% , 4 4F
TR 270 d, 4EFE/KH 1 100~1 200 mm, X5 HL +
A R KRS B TR R B =B R K
FHWIUE R . %K E AR T 1994 451 R
SRt S L, 1995 4E TR IR 22 Wil . 1994
HERAE LR FE HABHZ (0~20 em) T 3ERAYE N
F AL 44.90 g- kg, &R 1.96 g- kg™, 21 0.95 ¢ -
kg™ L8 16.40 g kg , B AL 159.00 mg- kg™’ | R
13.40 mg- kg™, #AHH 294.00 mg-kg ™', pHE 6.75.
1.2 R

B R K X e 56 4 3, KX T AR 201 m?
(35.7 mx5.6 m) , ik B 3 i 74~ 4b 2 . NPCRBEAE ) L PK
(WA ) NK(EHAE) NPK CH LR ) M (Bt A
HLIE) (1/2MNP (172 5 HLAEEAC 17246 ) . CK (ANJit
BB o HEARRE A IR 2 (5 N 46.0%) |1 i i 45 (75
P205 12.0% ) FIEALAR (15 K,0 60% ) ;A HLIE Ky 4 BEAE,
fif Fe 5 o3 Z MR 4520 = AN 2.7 g-kg ™' P,0s
1.3 g-kg" K:0 6.0 g-kg ' AL WL 1. 3K
W RRAERIIE — 22 R oR B4R 4 R RJE R, 6 H R Al
B, 10 A gl AR E A 185 d, A4 Z= Rk H . it
5 b AR Al BR B R R S fb ek 2 . A
— 1369 —



AR BEIRE PB4 - 5

404555 6 1 - 2%

x1 AELLEERE
Table 1 The application amount of fertilizer on the

different treatments

— Catﬂffi:s};ﬁrignure/ N PO K0/
Treatment (t-hm™) (kg-hm?) (kg-hm?) (kg-hm?)
NP 0 165.0 82.5 0
PK 0 0 82.5 82.5
NK 0 165.0 0 82.5
NPK 0 165.0 82.5 82.5

M 61.1 165.0 79.4 366.6
1/2MNP 30.6 165.0 81.0 183.3
CK 0 0 0 0

A FRBREAL 25 A0, oA F 05 B R R — 3
1.3 BAEFH*

ZREEHAY T 2019463 J 12 H k17, AR HH
e B e RE ] o R B 56 b A [] Ak 3K (X
WK 346 0) B 3 AR BURE A2 /N X TR B4/
DX ff 4 Bt AL 32 45 3 A BORE A 5 TR AR 0.25 m* (0.5
mx0.5 m) , JA 2 j0 55 H A 28 B RP 2 IR 0y N T A
FeFEPRH A I SE I % A R G R A PR R A

T 2019 4 11 J] R&E B3R BAE L /NX
K I MEAE A 5 R4 0~20 em B2 L AR, 1R S
Y51 ey 2= N E SR KT B AR 5 3 LR
AR A B AL A RO O A pH (A 8
TR AR, My 135 2 B R AL B )P
1.4 EiEAE

J B0 i R B oK ) 2% B RR B A G R =
(O X 288 J3E -+ R DG ) /2, JHE v ok X6 4% B Sl /N IX
T B 1 288 5 /N DX e T A 2% B 9% B 2 R LU A

E XS AFTRE DAy /)8 DX v BE Ao i B R 00 18 5 /N X v BT A 2%
LR ATRE Z FIE) AR K ARDRS = BE AR Sy 7 i A 2%
SR A AR R
YFh Z e AR BO TR AT -
Shannon—-Wiener ZH-PEFE 4 H' =— X PxInP; (1)
P=N/N

Simpson (LA EFEH . D=2 P} (2)
Pielou 5] FE 35 %4 . J=H' /InS (3)
Margalef%ﬁfli'%ﬁ E%&:Dmg:(s_l)/ln]v (4)

Krp SR BB N R DT R AR N AR D
HES LRI A AR

BHEAL PR 5 G815 R ] Microsoft Office 2020 Al
SPSS 16.084 7 ; 12K FH Origin 2021 il ; 5% FH Canoco
5.0 % - HESR A3 FI 24 B B RO HEA T OCAR 3T o

2 HRESMW

2.1 KA EIMEREAL IR %3 S 178 A LI RAFm
F SIS ] it A Ak T S e T A 0 SRR A
pH fH & B A8k (% 2) o AR HLA BT & & 7F
38.72~57.24 g-kg ' Z IA] , W & 5 7E 0.80~1.10 g- kg™
ZIa], AP A AR 15.59~18.88 g-kg ' Z 0], A &
1 1.82~2.76 g+ kg Z [A] , A4 R % i 7F 8.33~18.80
mg - kg Z[H] , B fif R & AE 116.00~188.67 mg-kg ' 2
IF1] , 35 R4 B0 25 i 7E 233.33~335.00 mg - kg 22 [ ; pH {H
£ 6.42~7.02 Z 0] . MAMHL A HL 20 2%
AR R AR e L 5 1994 4T S (E A L B K
A Ul A B A HLIE (M) A A TR T 335 0 .
CKALFET pHH A A, MALFE T pH{H AR/, 5 1994 4
pH {E F4¢, CK NP PK  NK &b Hf 52 1 i #4, NPK 4b

F2 KEARMGELET HEEROTH

Table 2 Changes of soil properties under the long—term different fertilization treatments

N . . 2l s . %)
AU B e 25 R B PR
Kb 3 . - - . - . Effective . : Available
- pH Organic matter/ Total phosphorus/ Total potassium/ Total nitrogen/ Alkaline nitrogen/ .
I'reatment (e-ke™) (e-ke™) (e-ke) (ko) phosphorus/ (me-ke) potassium/
g kg g kg g kg g kg (mg-kg™) g kg (mg-kg™)
CK 7.02+0.08a  39.70+0.52b 0.85+0.01d 17.22+0.46ab 1.89+0.06¢ 8.33+0.27¢ 116.67+£5.67¢  250.00+10.69cd
NP 6.89+0.05ab  40.46+1.15b 1.03+0.09be 16.45+0.36ab 1.93+0.07¢ 15.70+1.20b 123.33+3.53¢ 233.33+4.48d
PK 6.85+0.05ab  38.72+0.73b 1.01£0.07¢ 15.59+0.13b 1.82+0.01¢ 18.80+1.08a 117.67+4.33¢ 295.00+1.53b
NK 6.81+0.03ab  38.96+0.69h 0.80+0.01e 16.45+0.38ab 1.86+0.04c¢ 8.47+0.27¢ 116.00+2.65¢ 317.33+5.84a
NPK  6.74+0.05b  48.18+9.03ab 1.06+0.01ab 16.66+0.46ab 1.90+0.03¢ 15.43+0.93b 122.00+4.16¢ 264.33+6.23¢
M 6.42+0.1c ~ 57.24+1.01a 1.10+0.03a 18.12+1.78ab 2.76+0.04a 16.83+0.24ab 188.67+2.60a 335.00+5.51a
I2MNP  6.53+0.09¢ ~ 48.57+1.09ab 1.08+0.01ab 18.88+1.27a 2.40+0.02b 16.93+1.07ab 153.33+5.81b 296.67+5.04b
1994 4 6.75 44.90 0.95 16.40 1.96 13.40 159.00 294.00

T« R APBUE N T S AR MR 5 [7) 9 AN ) 7 RE R AR IR TR] 22 53 .35 (P<0.05) o

Note: Values in the table are mean valuexstandard error; Different lowercase letters in a column indicate significant differences among treatments at P<

0.05.
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FREAR RS E , AR PR B R R A% AR R,
03t A ML g A it A e - 3947 52 mi e K, 430
Jites P AT AILIE AT R 4 - L3N8 g, 4 - 3 pHAEL T
A AN it B a8 AN P i e IS s o 4= S I ) R B pHL
.
22 WMEEEHLAHESTREEENZM
2.2.1 X HEHEAR HH A PR FH AR 2R 2 0 R A 28 P 1) i)
3 2o X e FH A T R A S e A TR R R A
17, @ 108 17 )8 (F3) o KA [H] it A Ak #31 4¢
PR) FH 36 2 T[] 2 2 28 1 A B S AR A, v M Ab 3t
FH [F] % R AR 74 6L 2% 8 die s, b 1 208.44 Bk -m ™2, 45 CK
(877.33 ¥k - m™) ##4 fil 37.74% , NPK , 1/2MNP Ab #
W2, 50 1020.44 .1 004.44 Bk - m™, 8 CK 43 1) 4

J116.31% 14.49% ; NP Zb LA, °h 761.33 #k - m ™, &
CKFEAR T 13.22% (&1 1) o £5 A0 HR IS [F] 44 HE 4% Bl
KT AR, AR Sk BEAE NK AR PR R & A % e
759111 #f-m™, CK AL BRIR 2, 24 506.67 #f - m™, I
FEMAL R SRR A s FBORTE M AT & AE % B i
&, 4 586.67 Bk -m, 1/2MNP ARV 2 , 4 126.67 #k -
m 2, T 7 HAth A P & AR A BR KR 5 AR 22 IR A
NPK Ab PR 2 A %5 B ey , o 572.89 4 -m ™, NP b B
K2, N 443.56 # - m™, 7€ NK 2L BN & A% AU
36 Bk -m” s R B MANFE TR & A, ARG &
Ao X FTANUE B T K AN ] it JES Ak XS 2 A 2 e
R B FEAEAE T, R 2 ] ()i AR AR e Sk
FORBOR HARE Z WSty B 8 K

®3 KPARBELETEREASFTFELRABRESTREYMHARREE (R -m™)

Table 3 Spring weeds species composition and density in winter fallow paddy field of yellow soil under single—rice cropping system with

long—term different fertilization treatment (plants-m™)

AR Weed species CK NP PK NK NPK M 1/2MNP
ARARE HE3k B Polypogon fugax Nees  506.67+90.72a  52.44+40.44¢ 332.89+103.98ab 591.11x116.12a 221.33+129.52hc — 101.33+52.53bc
ex Steud.
FAR Poa annua L. 17.33+6.30b  4.44+4.44h 4.89+4.89h — — 586.67+337.27a 126.67+18.10b
H A 22 1R Alopecurus 145.33+65.33de443.56+34.71ab 119.11+£30.57de  36.00£18.00e  572.89+49.64a 257.78+79.56cd 363.56+62.08bc
Japonicus Steud.
%RL /N &% Conyza canadensis(L.)  75.56+9.25¢  81.78+19.23bc  162.22+10.05ab ~ 49.33+7.42¢ 56.89+24.13¢  129.78+56.15abc 198.67+21.17a
Crong.
FatEsg Lapsana apogonoides 12.89+2.35h 10.67+2.78b 4.44+1.94h 33.33+2.67a 26.22+3.80a 12.00+2.04b 7.56+3.11b
Maxim.
VBZE Hemistepta lyrata 5.33+3.53a  11.11+3.11a 10.22+4.64a 4.44+1.18a 9.33+2.78a 8.44+3.80a 6.67+2.04a
(Bunge) Bunge.
SN 5 Gnaphalium affine D.  4.00+2.78a — 3.56+0.44a 0.89+0.44a 0.89+0.89a 0.44+0.44a 3.11+1.94a
Don.
2255 Aster subulatus Michx. — 4.44+2.47a 3.11+1.94a 1.78+1.18a 4.00+2.67a 3.11+1.94a 1.33+0.77a 4.00+2.67a
SR} i & Polygonum aviculare 1.~ 20.89+2.22b  19.11+3.56b 48.44+7.15a 18.67+3.53b 16.89+1.9b — 3.11+2.47¢
B Rumex crispus L. 25.78+9.81b  42.22+291ab  24.00+¢3.53b  15.11+1.94b  20.89+4.51b 622217322  15.56+3.64b
TFHRE 3% Capsella bursa—pastoris — — 0.44+0.44 — — — _
GRE A2 Malachium aquaticum  13.33+7.06d  36.00+£8.74cd  63.56+7.59bc 10.22+5.24d  47.56+10.05¢d  104.89+11.56ab 108.89+30.91a
(L.)Fries( Stellaria aquatica (L.)
Scop. ).
ZBR 38 SR 5 Mazus japonicus 15.1149.18ab  1.78+1.18b 9.33+3.85ab 1.78+1.78h 4.00+4.00b 0.44+0.44h 25.3349.37a
(Thunb.) O. Kuntze.
BHEE 7B E Ranunculus sieboldii  24.00+10.58¢  42.67+3.85ab  49.33+1.54a 31.11£5.0lbe  35.11+5.88ab ~ 34.22+3.20ab  27.11+3.11bc
Migq.
LRl i Trigonotis peduncularis — 4.89+0.89ab  8.89+3.47a 11.56+2.70a 0.44+0.44b 4.89+3.11ab 8.44+1.60ab 9.78+3.47a
(Trev.) Benth. ex Baker et
Moore.
ARl $HRZEBLSE Potentilla supina 1. 1.78+1.78b 3.56+2.91b 9.33+2.04a 0.89+0.44h 0.44+0.44h 0.89+0.44h 0.89+0.89h
PEEERL FEPUR Galium aparine 1. var. — — — — — 0.89+0.44a 2.22+2.22a

tenerum Gren.et(Godr.) Rebb.

T A TAS )7 Bl 7R A #H ) 22 57 1 35 (P<0.05) . “—"FoR Je iRk KA. T,

Note: Different lowercase letters in a row indicate significant differences among treatments at P<0.05; “

below.
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—" indicates the weed did not occur. The same
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Different lowercase letters indicate significant differences among

density of weed community/(plant-m™)

BUIEH R T HE Sk B O &5 S B R A A3 (L 30OR |
T A PLIAFNHE 5 4 it FH ICHLAR IR ] T RO & Ak
&, WAL (NPK) VAR (NP) LI H AF
W T AR s S B T H ACE 2 IR A
J[O% I 8 = S w2 S v T = = O N i P/
(A% 40 5 >R 2 57l - SRR M G
2.2.2 X HERR H A TR B A 2R 2R A ) L (R 52 )
PHAZE R (B D) o, KA [ it S A 2 4% PR FH
B 7R H B A 0L S A W) Fe A AR 25 5, MO P 1 [) A R
EEEY R R, N1 071.24 g+ m?, &8 CK 3
179.58% , 1/2MNP A FIR 2, 54 929.16 g+ m™, 8 CK 14

treatments ( P<0.05).
Bl KEARGELEN HERALAAESSAERE
BEE BREYENZN

Figure 1 The influences of long—term different fertilization

J1142.50% ; CK A FRAR AR, 4y 383.16 g-m™. &AL F[H]
AR B A Y R WA 22 5 (R 4) , InAE M AR R
o LR A M) (158.49 g-m™) fi i, M Sk BAE Wy
(R &) B A% ; 76 NPK &b B b RBCR AR it CR &
) B 7E NK b B e Sk AR W (213.24 gom )
(9 5 76 1/2MNP PR rp H AR Z2 IR A1) 12 (197.11 g+

treatments on the total density and total biomass of spring weed
community in winter fallow paddy field of yellow soil

under single-rice cropping system

R4 KEARGRAETHERSTELNHESTLAEMMARRENE(g-m™)
Table 4 Spring weeds species composition and biomass in winter fallow paddy field of yellow soil under single-rice cropping system with

long—term different fertilization treatment(g-m™)

FLHEFIZE Weed species CK NP PK NK NPK M 1/2MNP
ARARE  HESKEE Polypogon fugax Nees ex  152.18+9.18ab 28.53+18.85¢ 158.36+  213.24+37.95a 44.13+16.50c — 69.96+36.32bc
Steud. 52.51ab
HHCR Poa annua L. 7.20+5.02b  0.62+0.62b  0.53+0.53b — — 158.49+70.67a 33.60+5.81b
H AT FUR Alopecurus japonicus — 38.22+16.19be 104.00+5.60b 37.51+11.10bc 10.58+6.16¢ 106.84+48.96b 97.42+27.18b 197.11+32.51a
Steud.
iy /INRIE Conyza canadensis(1..) 38.13+9.27¢ 35.33+8.94c 43.07+2.40c 23.16+£1.86c 15.91+5.56¢ 171.11+67.00b318.62+50.62a
Crong.
FEBESK Lapsana apogonoides Maxim. 10.89+2.49¢  16.62+5.49¢  7.51+3.42c 39.96+2.53ab 45.38+6.64a 21.87+7.99bc  24.76%
11.94abc
YeHSE Hemistepta lyrata(Bunge) 2.93+2.18b 13.96+4.53ab  9.47+4.53b  5.47+1.35b 13.20+4.68ab 26.04+7.56a 14.58+5.41ab
Bunge.
BRI Gnaphalium affine D.Don. 1.51+1.38a = 1.42+0.62a 1.29+1.16a 0.44+0.44a 0.27+0.27a 1.60+0.92a
Bl 2255 Aster subulatus Michx. 3.29+0.96a 3.47+1.82a 2.13+0.63a 2.80+1.35a 3.07+2.43a 6.22+5.57a 4.84+3.18a
R BE Polygonum aviculare L. 24.62+0.46b 23.33+5.08b 71.38+35.93a 18.93+6.05b 18.09+3.09b — 4.36+3.96b
A BRBE Rumex crispus L. 80.67+23.38b 275.29+  135.11+40.91b 62.62+26.29h 95.56+15.90b  420.89+ 128.80+9.03b
101.84ab 137.23a
+ R 3% Capsella bursa—pastoris — = 0.58+0.58a — = = —
AR A% Malachium aquaticum(L.)  3.1121.60b  23.69+6.56b  16.09+1.38b  2.22+1.40b  23.56+4.93b 90.09+8080a 61.82+22.46a
Fries(Stellaria aquatica (L.) Scop.).
ZSRE 3l R B Mazus japonicus(Thunb.) 0. 4.76+1.69b  0.27+0.15b  2.49+0.97b  0.36+0.36b  0.62+0.62b  0.62+0.62b  19.47+8.45a
Kuntze.
EER 7B E Ranunculus sieboldii Miq. 13.51+547c¢ 37.47+4.18bc 41.38+2.25h 29.11£9.91bce 31.60+8.55bc 71.42+13.80a 39.16+7.85hc
SRR [ft 3032 Trigonotis peduncularis 1.82+0.24a 2.62+0.9a 3.87+1.20a  0.27+0.27a 21.11+20.45a 4.40+2.20a  9.11+2.38a
(Trev.) Benth. ex Baker et Moore.
TR §H R Z5 13 3 Potentilla supina L. 0.31+0.31a 0.80+0.43a 1.56+0.50a 0.53+0.31a 0.22+0.22a 1.82+1.44a 0.62+0.62a
PHELR} R Galium aparine L. var. = = = = = 0.58+0.29a 1.07+1.07a
tenerum Gren.et(Godr.) Rebb.
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m?) i 5 5 7E NK AL BR e H AR F 2 1R A )+ (10.58 g+
m”?) B, BRI, K B A ML A T RER 4
FeE AR N R ST it AT S5 1 T 2R A K
ZH ] il
2.2.3 X EIERR A R A 2 4% R0 2 A 114 5 i)
AN [ i A Ak PHE S 350 4 TR FH 7 23 4 e 1 B4
T RS (65) . 7E CK  NPK Ab B R H ] 45 # 2e
T X FEFE=10%) WP B H AH Z IR 76 NP AL
PRSI RN H AR IR /N $3% s 7 PR AL MR
PIRR RS N | HAE R 7E NK AR HE R
I3 IR B R Sk B 76 ML 1/2MNP A0 R {342 2y
RAR HARFFEIR /N CE Y% BRI K
W B 5R5E FEAN LA 2 B A AN ] it AT Ak 3

AR AR 22 5 o N it I Ak BT A A 2 e e
KR, M AT Sk R E E AR R, R
K EFH A HEFEE, NPK AL B RLBOR A KA, HA
BEB EFAILEFRE
23 KYPAREEEAE THERALAAESEEE
WS MR

H1 %% 6 FI AT, PK AL BE A FP 4L (14.33) (T E JE TR
B(4.71) FEEZREVEFR B (1.84) (5] 5 %1(0.65)
Bt , o5 B8 55 (0.24) e 1% s NK Ab B A4 fL 34 4
$0(0.55) fe i, £ & AR E0(3.65) HEE Z FE PR 5L
(1.09) 5] FEHR %0(0.39) e ik . 5 CK AL BRAH L,
PK . 1/2MNP 23 A PR & BT 80 A s Z 00k
TEB IS AR R T R AR HCT B s NP ALY

£S5 KPARMEELEXERLAEREETFERE(%)

Table 5 Relative abundance(RA) of weeds in winter fallow paddy field with long—term different fertilization treatments (%)

AP Weed species CK NP PK NK NPK M 1/2MNP
[ 33.70+3.43ab  6.03+3.56d 23.29+5.17bc 42.59+3.96a 15.54+5.76¢d — 8.08+4.11d
AR 5.60+0.52b 5.42+0.55h 4.84+0.34b 5.33+0.55h 4.68+0.96h 26.42+7.45a 10.74+0.92b

HAE IR 12.16+3.99bc  34.49+3.53a 11.91+2.41be 6.18+3.09¢ 33.78+3.16a 18.12+4.31b 22.86+3.35h
/N KEE 9.55+0.76ab  10.47+1.23ab  14.09+0.24ab 9.42+0.38ab 7.81+1.35b 12.91+4.60ab 14.69+1.32a
FEESE 4.54+1.11bed  4.68+0.36hc 2.09+0.63d 8.31+0.58a 6.56+0.31ab 4.85+1.02bc 3.08+1.02cd
NEiE 2.07+1.49 4.7620.58a 3.3541.32a 2.41%0.59 4.23+0.85a 3.39+1.34a 2.80+0.88a
AR 1.85+1.38a — 1.7420.34a 0.91+0.47a 0.35+0.35a 0.38+0.38a 1.3520.81a

Flint-£6 5 2.13+0.92a 1.1020.62a 0.72+0.36a 2.58+1.18a 1.1520.63a 1.33+0.79a 1.9020.95a
W 6.27+0.45a 6.36+0.34a 7.5120.90a 7.01£0.94a 6.15+0.36a — 1.3520.84a
AR 5.78+0.81bc  7.90+0.59ab 5.97+0.19bc 7.1620.63abc 6.34+0.58bc 8.78+0.97a 5.59+0.40c

7 — — 0.33+0.33 — — — —

Bk 3.90+1.95b 7.54=1.15ab 8.41+0.69a 4.0122.03b 7.68+0.35ab 10.66+1.01a 10.29+1.24a
BRI 4.11%1.12ab 1.0320.57be 3.29+1.28abc 0.88+0.88bc 1.42+1.42bc 0.42+0.42¢ 5.51£1.36a
BTER 5.42+1.73ab  4.15£1.39abc  4.50+1.39abc 2.03+0.45bc 1.70+0.19¢ 7.56+064a 6.17+0.31a
W 1 32 2.26+0.52ab 4.35+1.69a 4.35+0.68a 0.39+0.39h 2.20+1.22ab 3.89+0.53a 3.88+0.76a

HIRZER 0.67+0.67b 1.71%1.20ab 3.59+0.90a 0.80+0.40b 0.4120.41b 0.84+0.42h 0.41+0.41b
TR — — — — — 0.46+0.41a 1.29+0.63a

Fo KEAEMEIEALE T S8R AL N AR BB E LT

Table 6 Structural characteristic of weeds community in yellow—soil winter fallow paddy field under different fertilization treatments

Ab 3 LIk Margalef ¥ £ & FEHE %L Shannon—Wiener #7422 M 46 5L Pielou 5] FE 6 5L Simpson fE 3 46 £
Treatment Species Margalef richness index Shannon—Wiener diversity index Pielou evenness index ~ Simpson dominance index
CK 13.33+1.20a 4.35+0.42a 1.46+0.18ab 0.51+0.06ab 0.38+0.06ab
NP 12.00+1.53a 3.88+0.54a 1.48+0.15ab 0.52+0.05ab 0.38+0.06ab
PK 14.33+0.67a 4.71+0.24a 1.84+0.12a 0.65+0.04a 0.24+0.04b
NK 11.33+1.20a 3.65+0.42a 1.09+0.22b 0.39:+0.08b 0.55+0.09a
NPK 11.33+0.89a 3.65+0.31a 1.34+0.06ab 0.47+0.02ab 0.41+0.02ab
M 11.67+0.33a 3.76+0.12a 1.46+0.17ab 0.52+0.06ab 0.34+0.09b
1/2MNP 13.67+0.33a 4.47+0.12a 1.79+0.14a 0.63+0.05a 0.23+0.04b
http://'www.aed.org.cn — 1373 —
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Figure 2 The RDA 2-dimension sequence plot of soil
physicochemical properties and weed density treated with

long—term different fertilization

— 1374 —

Fo 1/2MNP &b AT M &b P ) 2% 5058 B A pH E 4%
SEAES T ), SLA A B AR 1 5 ) b RS R E SR
RS AR I, U B B it P 38 2o B AR pH D4R T
T8 S AN 25 5. 2R RS
TR JEPR /N K& TR A Bk AR
TR AR 1S 2 B A AR, O IE AR E G R b 4
AR, pH WIAH I .

3 iFig

PR 2 B2 TR PR B 3 OO 0 I R A
PREEE, R L5 3 B R AT 4 PR FH R R 2 B 45
F, 6F AR HH 35 53 B A WD ABER AR ) 2R DR A AR 1
F R AL A DA B R S SR
BAZERR A X, AR 2R i ih H HLAT ZRIE T30, %A
FE ROy MAEER AR AR ) R KRR AR
PR HEAEH

R BIF 5E IE BH K 300 i I T A 72 A e i Y ) b 44
B, A e B A K T BRAR S F R . AR A R R
WY, RS ] it At A28 1 - S R S L 1 A
Be, NS8O mh s R AR RETR A B
YRR R A A X 5 AT ARG AR — B, st
A Al ok B A A2 R A PR HH 7R 2 2 T ) 25 A L I
o AR AL TR A RS S . AR S R IR I it P
A HLIE Kb P XM Sk B A= T kAl (KO Ab 2 DX A
SRR AR5 R 59111 K - m? s ANt JE Ak B IX(CK)
S W S R 506.67 Bk - m 2, R A% AL B IX AR 3
Fe s LA b B DX Sk BEAT ORI R R A Ul BH K
Jiti A HUAE BEHC LT M1 il M Sk B 4 R A= A 5 . 7R
B (NK) 17t B TG ML A AR (NPKO) 4b 31 X 24
R A i I B A LR (M) Ak B IXC R 3OR
M 55 B N 586.67 Bk - m?, 1/2 A HLIE AL 172 16 B
(1/2MNP) 4b 2 X FL AR S A2 9% B0 126.67 Bk -m ™,
ANt NE AL X (CK) LR e A 25 2 17.33 B om ™,
HAR I TCH AN it FH X R 2R & A b d B
TCHLARIE it FH Al S 2 4 i L OR R A AR . Bk
(NK)ALFRIX H A 27 1 e A 5% R 36.00 #k-m™, (2
AR T A AL B 18 B 8% = Bl ATl H AR 22 00
SR SEE L ARSI K P [ A B R 2 B R 2 A
S AEAE .25 25 5, 3 AT BB A [R) 2% R0 PR3 o
(i pH A2 455 ) AN 6] DL K SR 43 75 SR AR g ) 22
SERTEC (A LR TR R R 3 2 R R A
— W5 GRR R IESR AR AE I R AR IR R
Al RE R AR FLRN N IR T ok 22 T B, R b ) P 4

http://www.aed.org.cn



IFREFR A5 AU R AL X B 4 2 2 e A DR AR 2 2 R ARV 52 )

2023411 H

)b 2 R B B B B A SR D RE AR A A T
LRAE A P 728 A 45 - HETR o V-, i UER 2 1
BIRY TR B 1M RSO A 2 S
Rt A HUIEA DGR T T B IR 7 R RE i 5t
P B I 3T b Sk e i) A 6 3, S 3 T 1
LSRR N AN R A 2 A AR A T R T AR
SRGEM LR E . L, 427 bl R4 H ]
2% TR A D B P A I ) G A e £ o ) 3
HEE [R5 R S A U I R A 2
R 580 M A R 2 eI TR IBOE 2 2 F 2
Yrie:, e ot 1 HESR I AR IR ER 25 S E T B AR
TEME

HT A [7) 2% 060 3% 0 B0 75 SR ) L A7 22 5%
BT PR IR 23 It P 4 70 28 S R I A TH R RS
ABIEFE AT I A Bt A A R M 2% 4
0SB PR 1, 3 4 A ST B A S e L 2% oA
1 5% 3 I SR 2O S BRI LIS 2 2R A —
o [N ABFTEE R BA T B 2R
BOEIN WESPE RS BOGAR , Py Rh eV A5 A AR S 2% 5 ik
i 7 BRI v 2 FEPE R RO LS HE
PR eV SR AN B B . X R R AR T ST A
SRR — B, R FE K B Wi 2% B b 6 e A 1) S R TR 3%
JEWE, MPE LRI R I E RN AR HS
it MAR SEES R BIF S PP R T R S U VR AR
i T R B AL 4 A — e 25 5, X ] R
AN T DX AR PR E R B 2 A v LBl
AE N R 25751

PRSI — MRS RS I kA
5 RS T AR R S R EREE AR AR K
L] B2 S5 DA G o AUER ST 1 5 M i HEAE I
24 AR YT AN [ e FES 75 it XoF 5 2 2% e AR 9 RO B T 45
SRR G B E AT DL T+ SR8 7, i HLAE
A TH 2R TG E o (EHA PR 5 2 — 22 0F
T, LA - e #4 Bt S X 98 e P 0 4 A e rg 410
AR, B HAT SR SR 2 D RE R A ) A7 4 IE i
P S0 v 3 9 el A 5 SR V-, S b IR 2 5
TR R B e R ORI, e 2 R R
PEOEIA o

4 #ig

(1) FH 8] 45 23 AE 2t - s AR PR, e 2%
BREVE SR AR TR T R e B R AR S KR
P AT HLAEAT A T4 T 30 g, [T $100 ) B3 A:

http://'www.aed.org.cn

Py RSk LRI R
(2) B F A BAR N EALIE I, BRI AR e L
NE Kb A A A A 25 R G 45 Hh iR AR

SE k-

[1] LAMBERS H, MOUGEL C, JAILARD B, et al. Plant—-microbe—soil in-
teractions in the rhizosphere: an evolutionary perspective[J]. Plant and
Soil, 2009, 321(1/2) : 83-115.

[2] MOREAU D, PIVATO B, BRU D, et al. Plant traits related to nitrogen
uptake influence plant-microbe competition[J]. Ecology, 2015, 96(8) :
2300-2310.

[3] HOOPER D U, VITOUSEK P M. Effects of plant composition and di-
versity on nutrient cycling[J]. Ecological Monographs, 1988, 68 (1) :
121-149.

[4] fal BT, B, 1 AR . A HH AR 2SR REROR B T HE R[], 1R ARl
KA CH AR RE# ), 2009, 35 (34 F) 1) :59-63. HE H Q,
YANG Z J, XIAO R L. Review of studies on weed ecological control of
farmland[J]. Journal of Hunan Agricultural University (Natural Scienc-
es), 2009, 35(Suppl 1) :59-63.

[5] EISENHAUER N, BELER H, ENGEL C, et al. Plant diversity effects
on soil microorganisms support the singular hypothesis[J]. Ecology,
2010, 91(2) :485-496.

(6] FERLNK, 2=y, IR, 45 SR R R A R S O A [
FERE B L[], B FH2E 25244z, 2018, 29(12) :4029-4036.  HUANG
X C,LIY, YE Z C, et al. Occurrence characteristics of Echinochloa and
its response to long—term fertilization in paddy fields of yellow soil[J].
Chinese Journal of Applied Ecology, 2018,29(12):4029-4036.

(7] Ak, B AR, A BTN [ it S A PR AR [+ )22 - 3K g 1 B v 52
ML), 7K PRI 42, 2022, 42(1):56-62.  YANG Y N, HUANG M
B. Effects of different long—term fertilization treatments on soil hydrau-
lic properties and their changes with depth[J]. Bulletin of Soil and Wa-
ter Conservation, 2022, 42(1) :56-62.

(8] MIHFAE, HRVLS, BRI, 45 . F It X AN [ T4 i At HH -3 PR Al
FATTL S]], ARl B U5 FREE 24 4R, 2022, 39(6) : 1115-1123.
LIU K L, DU J X, WU L, et al. Effects of long-term fertilization on
phosphorus distribution in soil aggregates of different depths in paddy
fields[J]. Journal of Agricultural Resources and Environment, 2022, 39
(6):1115-1123.

[9] AL, F555F, tRIR, 55 RKIIGHE T 4 H A HLST-BE M i
e AL 25 T i 2 FR AR (] A= 252441, 2018, 38(11) : 3848-3858.
WANG C J, WANG Q Q, XU H, et al. Carbon, nitrogen, and phospho-
rus stoichiometry characteristics of bulk soil, organic matter, and soil
microbial biomass under long —term fertilization in cropland[J]. Acta
Ecologica Sinica, 2018, 38(11) :3848-3858.

[10] JH B¢, JRIRRAS, Eh a5 . A0t JIE X /K 7 P 308 55 435 119 52 0
1. #i gl Bl 2, 2021, 62(12) : 2525-2529, 2540. ZHOU Q,
ZHOU Y J, MA ] F. Effect of long—term fertilizition on soil nutrient
content in rice field[J]. Jourmal of Zhejiang Agricultural Sciences,

2021, 62(12) :2525-2529, 2540.
— 1375 —



ML FEIREG PB4 - 5 404 - 5 0 ] - X

[11] B 7 96, ABIENSE, BRVE, S5 . K WTAS IRt NE %) e P L Sl 2k e v
DIReZ RV SE W] 42452741, 2009, 29(2) : 740-748.  LUO X
Q, HAO X H, CHEN T, et al. Effects of long—term different fertiliza-
tion on microbial community functional diversity in paddy soil[J]. Acta
Ecologica Sinica, 2009, 29(2):740-748.

[12] 2%, BRI, 1 /N1, 45 AR 00 AE X X2 A 1 -F 3 Bl 2
FEVE 9 52 W [)). £ 5241, 2016, 36.(18) : 5847-5855. XU Y L,
TANG H M, XIAO X P, et al. Effects of different long—term fertiliza-
tion regimes on the soil microbiological properties of a paddy field[J].
Acta Ecologica Sinica, 2016, 36(18) : 5847-5855.

[13] FEIEW, B /N, 30, 45 AR i AT X6 XA TR Joe HE TR 5%
SRR Y BB R )], A A SR, 2017, 37(22) £ 7668 -7678.
TANG H M, XIAO X P, TANG W G, et al. Effects of long—term fertil-
izer treatments on CH, fluxes and key functional microorganisms in a
double—cropping paddy field[J]. Acta Ecologica Sinica, 2017,37(22):
7668-7678.

[14] 9580, BEAEA:, SK/NRE, S5 i AT X A FH 248 B0 2 B A 25 KRV O
(9 B IR 2R [)). 2 B4, 2016, 34(4) : 1-6. JIANG M, HUANG
N S, ZHANG X X, et al. Effects of fertilization on eco—physiology and
community formation of weed in croplands: a review[J]. Journal of
Weed Science, 2016, 34(4) :1-6.

[15] skiHa, Ao, PhER, 45 . ANt HE 5 X0 7 22 46 11 1 A H 4
LRI SZ A )] 22 52224k, 2016, 34(1) :50-55. ZHANG H Y,
ZHU R S, SUN G J, et al. Effects of fertilization regimes on weed com-
munities in rice fields under a rice—wheat cropping system[J]. Journal
of Weed Science, 2016, 34(1) :50-55.

[16] # AU, 10, 2ot o, 45 it MEASE AU X R A HH A% BRI 1 52
[J]. AP 35 5 IR, 2015, 21(1) :200-210.  PAN J F, WAN
K'Y, LI Z Z, et al. Effect of fertilization patterns on weed community
in late rice fields[J]. Journal of Plant Nutrition and Fertilizers, 2015,
21(1):200-210.

[17] s, WEAR DS, Sk, 45 . A IIAN IR it HE Jy X0 e uih 46 1 139 4
TR TR A BRI ()). A2 2 R, 2006, 14(6) : 461-469.
FENG W, PAN G X, QIANG S, et al. Influence of long—term fertiliza-
tion on soil seed bank diversity of a paddy soil under rice/rape rotation
[J]. Biodiversity Science, 2006, 14(6) :461-469.

[18] WAN K Y, TAO Y, LI R H, et al. Influences of long—term different
types of fertilization on weed community biodiversity in rice paddy
fields[J]. Weed Biology and Management, 2012, 12(1) : 12-21.

(191 BT, %, F ATy, 55 KAt X g Jr #9)e & R = e
7 M H GNP AR E T RER 2 I [)]. A 2SOl 2z 4. 2012, 20
(5):573-577. LIN X J, WANG F, WANG C F, et al. Effects of
long - term fertilization on weed community characteristics and car-
bon, nitrogen and phosphorus stoichiometry during winter—spring sea-

son in yellow—clay paddy fields of south ChinalJ]. Chinese Journal of

— 1376 —

Eco-Agriculture, 2012, 20(5) : 573-577.

[20] AR, B AR, SCAAR, 45 A B N X 21 38 B et & TR H A 2
AR BRI BSE L)) B R AR A AROL 2447, 2015, 23(9) 1 1150-1157.
DONG C H, ZENG X B, WEN S L, et al. Effects of long—term fertiliza-
tion on spring season weed community in winter fallow paddy field in
red soil area under double—rice cropping system[]]. Chinese Journal
of Eco-Agriculture, 2015, 23(9) : 1150-1157.

[21] KA A, BA, MoK s, A5 R Rt Jr O 22 H A B R v
S5 S HE W) 22 REPE RS2 ] TR AR, 2010(6) < 67-70.
ZHANG Z M, HUANG S M, YE Y Z, et al. The effects of long term
different fertilization on community and biodiversity of crop weeds[J].
Jourmal of Henan Agricultural Sciences, 2010(6) : 67-70.

[22] 1= B A Sefe Ak 0BT M. =R Bt - b Al i R, 2000.
BAO S D. Soil agrochemical analysis[M]. 3rd Edition. Beijing: China
Agriculture Press, 2000.

(23] 5 I3, ZEARTE . KM At AT /)N 22 T ) 2 55 A ) 2R 1Y A8 £L
MR v AR Al 23240, 2005, 13(3):57-59. YINL C, CALZ
C. The change of the weed biodiversity in wheat field under a long
term located fertilization[J]. Chinese Journal of Eco—Agriculture,
2005, 13(3):57-59.

[24] Eh%F, B AW, XVHIEE, 55 . AN [R) it N b 1L ey 54 355 fuy AL 1 9 o o
ZREES I OC AR FI G RIE, 2008(4) :34-38. MAT,
TONG Y F, LIU J X, et al. Relationships of species diversity and pro-
ductivity under the fertilization levels in alpine meadow of the Qing-
hai-Tibetan Plateau[J]. Grassland and Lawn, 2008(4) : 34-38.

[25] 2l i, sk, W8 22 A, A8 . R UIAN [ it IS O v 6 ity 8 7 ol 7K et
FH A BB (5 M), A2 25241, 2008, 28(7) :3236-3243. LIR
H, QIANG S, QIU D S, et al. Effects of long—term fertilization regimes
on weed communities in paddy fields under rice-oilseed rape crop-
ping system[]]. Acta Ecologica Sinica, 2008, 28(7) :3236-3243.

[26] #4580, VI AL, TEBF-, 45 AMIAS [] i AL 7 2UR 22 2R B RV 119
B[], A AR 9R, 2014, 34(7) : 1746-1756.  JIANG M, SHEN M
X, SHEN X P, et al. Effect of long—term fertilization pattern on weed
community diversity in wheat field[J]. Acta Ecologica Sinica, 2014, 34
(7):1746-1756.

[27) #4580 VB, PB4 L AIUIAS [m] it A U3 7t H 2 B AR 119
B [)]. A AR 4RAR, 2014, 33(7) 1 1748-1756.  JIANG M, SHEN
M X, SHEN X P, et al. Effect of long—term fertilization pattern on
weed community diversity in rice field[J]. Chinese Journal of Ecology,
2014, 34(7) : 1746-1756.

(28] MaAfbR, T AL, 5 80, A5 RIS )it JIE Oy =00 e 22 40 1 H 2 B
TETE R []]. Al B, 2013, 46(2) :310-316. SHILL,
SHEN M X, JIANG M, et al. Effect of long—term different fertilization
management on weed community in rice=wheat rotation field[J]. Scien-

tia Agricultura Sinica, 2013, 46(2) :310-316.

http://www.aed.org.cn



