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Abstract: Weeds are an essential biological component of farmland ecosystems. The maintenance of an appropriate amount
of weeds plays a role in protecting the biological diversity of farmlands. Weeds affect crop yields by means of competition
with crops for water, nutrients, light, and other natural resources and can also effectively change the farmland ecosystem
structure and promote the cycling and energy flow of mineral elements and organic materials in the soil. The goal of weed
management is to reduce the impact of weed growth on the crop yield and to inhibit hard-to-control weeds from becoming
dominant, while simultaneously maintaining the diversity of the weed community which is controllable. At present, the
comprehensive control of weeds through improving competitiveness of the crops has received growing attention; generally
speaking, fertilizers and herbicides are the primary input for the farmland ecosystem. Fertilization can alter the natural
succession process of the weed community in farmland by directly improving the yield and competitiveness of crops and
changing the nutrient composition and the structure of soil. We studied the heterogeneity of the weed community diversity in
wheat field in a rice-wheat rotation system after a 31-year long-term application of different organic or non-organic

fertilizers, analyzed the effects of major nutrients on the characteristics of the weed, provided information on nutrient
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management for the coordination of weed control in wheat field, which contribute to the the protection of biodiversity and
decrease of noxious weeds. Chemical fertilizer treatments were selected as follows: CO (no fertilizer) , CN (N fertilizer) ,
CNP (N plus P fertilizer), CNK (N plus P fertilizer), CPK (P plus K fertilizer) and CNPK (N plus P and K
fertilizers) ; manure treatments were selected as follows; MO (manure), MN (manure plus N fertilizer) , MNP ( manure
plus N and P fertilizer) , MNK ( manure plus N and K fertilizer) , MPK( manure plus P and K fertilizer) , MNPK( manure
plus N, P and K fertilizer). We analyzed the Simpson, Shannon, Margalef, and Pielou indexes of these samples, at the
same time, redundancy analysis (RDA) was executed to mining the relationship between fertilizer management and weeds.
Among the weeds, Conyza canadensis, Vicia sativa, Alopecurus aequalis, Mazus japonicus and Lapsana apogonoides showed
high density and were widely distributed in every trial area. These plants belong to the main dominant weed community that
affects wheat yield in the Taihu area. The long-term application of nitrogen and organic fertilizers could significantly reduce
the density of weeds; non-organic fertilizers and a combination of non-organic and organic fertilizers had a significant
influence on the diversity of weeds, the application of organic fertilizers could reduce the diversity indices of weed
community. In terms of the soil nutrient system itself, the soil organic materials and nitrogen content are the main
environmental factors that affect the distribution of weeds. The result also indicates that the application of a balanced
fertilizer allows all weed species available to shrive. Moreover, the balanced fertizer affects the appearance of dominant

weeds, and improve the productivity and stability of farmland ecosystems.

Key Words: long-term localized fertilization ; rice-wheat rotation; weed community ; biodiversity
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Table 1 Soil nutrient content in different fertilization treatments

0 e 25 B o A AR AR AT
Year Treatment Total-N / Total-P/ Available-N/ Olsen-P/ Available-K/ SOM /
(g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)

2011 Cco 1.49¢ 424.44¢ 131.47d 2.03f 66.50cd 28.84d
CN 1.61de 428.92f 135.71cd 1.48f 53.94cde 28.70d
CNP 1.86bc 1014.68d 148.83abed 18.82d 48.42de 31.16abcd
CNK 1.61de 440.55f 138.83bed 2.95f 95.25b 29.14cd
CNPK 1.84bc 965.45d 157.08abc 18.85d 62.38cde 30.86abcd
CPK 1.76¢d 1296.84¢ 151.37abed 36.64c 119.51a 30.23bed
MO 1.91abe 956.83d 162.74a 18.79d 47.52e 30.16bcd
MN 1.94abc 733.39¢ 159.66ab 10.07e 51.76cde 32.42ab
MNP 2.03ab 2142.70b 164.87a 52.20b 52.17cde 33.61a
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P e e X TRUfiE A AR AR AL
Year Treatment Total-N / Total-P/ Available-N/ Olsen-P/ Available-K/ SOM /
(g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/'kg)

MNK 1.97ab 770.83e 161.09ab 9.61e 67.79¢ 29.62bed
MNPK 2.07a 2123.65b 164.83a 53.55b 67.47¢ 33.65a
MPK 2.10a 2996.63a 152.16abed 65.28a 90.32b 32.10abe

2012 CO 1.53¢g 341.60f 129.88e 2.20g 78.00d 28.791
CN 1.65fg 368.59f 146.14de 3.83fg 71.85de 28.86ef
CNP 1.74ef 775.96¢d 165.33¢ 15.55d 64.79¢f 31.99be
CNK 1.63fg 395.93f 159.07cd 1.86¢ 118.35b 29.03def
CNPK 1.80de 757.45d 169.47¢ 14.41de 77.82d 31.73bed
CPK 1.71ef 923.83¢ 160.05¢d 32.71c¢ 150.39a 30.45cdef
MO 1.82cde 651.37de 171.15be 15.14d 59.46f 31.65bcde
MN 1.88bed 648.96de 187.17ab 8.93f 54.71f 33.21abe
MNP 1.98ab 1190.69b 188.82a 60.02a 56.02f 33.98ab
MNK 1.94bce 566.65¢ 172.13be 9.25ef 71.26de 30.78cdef
MNPK 2.10a 1322.67b 171.62bc 54.01b 73.76de 35.17a
MPK 1.94be 1493.74a 137.23e 63.80a 92.81c¢ 32.03be

() B A ) 7B 22 7R A [ A W) (14 5 28 22 53 (P<0.05) CO ANt AR ) \CN (¥ UIE ) L CNP ( BB AR EC it ) . CNK (U HP AR BC it ) . CPK ( B4 IE B
Jiti) \CNPK ( ZUBSEP AR LAt ) s MO ( AftiA HUAE ) \MN (A HLUIEED i ZUIE ) MNP (A HLIE BL i 2B IE )  MNK (A LR EAG &80 I8 ) . MPK (4 FLAE AL
FERE A ) \MNPK (A3 HLIE Bt 20 A IE )

2.2 KIS i A X 2% B %8 )52 ) F(EL) AR B R OR R CO b3 H % B /s
TR0 25 S 2 HH 45 Bl U Ak ) %) 4% o % 25 5 I () CNPK 155 293.99% , & 15 W 2% 9% B e K i) CO 4k
700
600 | s
T oso0f
m§ 400 |
3 200} de 5 de
® ool % g g fe
%%%%%%%%%%
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700 700
o0l 7 B 600 | R BH
E 500 | b i‘; 500 2
%g a0t 7 . . % %% 400 | %
ﬁg 300 | % E’;g 0 )
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Fig.1 Weed density under long-term different fertilization treatments at wheat seeding, jointing and ripening stage
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Table 2 Weed density under different fertilization treatments in wheat seeding

PR IES FLAEAL IR Chemical fertilizer treatment group AHHLIEALFE Manure treatment group

Species Co CN CNP  CNK CNPK CPK MO MN MNP  MNK MNPK MPK
Bl Asteraceae

SUEHH Gnaphalium affine 18a 9bc 0d 13ab 1d 4ed 0d 0d 0d 0d 5cd 0d
FEKESE Lapsana apogonoides 49b  64a 4de 47b 3e 11de 45b 16¢d 28¢ 10de  16cd  15de
JEHASE Hemistepta lyrata 8he 9be 4c 15be 11be 6¢ 30a 13be 4¢ 13be 5¢ 19ab
/NKE Conyza canadensis 35cd  27def  19ef 24def  12f 20ef 32de  8la 47be  53b 30de  56b
W53 Ixeris denticulata 3ab b 1he 2ab 4a 2ab Oc Oc Oc Oc Oc Oc
% 2%l Scrophulariaceae

R Mazus japonicus 20bed  4e 13cde  9de 4e 55a 33b 7de  15cde  4e 4e 25be
PAEHE Lindernia antipoda 7ab b 1b 6ab 2ab 7ab 4ab 9a 4ab 0Ob 4ab 0Ob
L e Limnophila sessiliflora 2ab  5a 2ab 1b 4a 0Ob 0b 0b 0Ob 0b Ob 0b
TJE R} Lythraceae

H.0FK 5 Ammannia arenara 56a 7he 3be 8hc 3bc  11b 8be Oc Oc Oc Oc Oc
IK G Ammannia baccifera 3b le 3b 3b 3b 15a Oc Oc Oc Oc Oc 0Oc
453 Rotala indica Ob 1b 1b 1b 1b 4a 0b 0b 0Ob 0Ob 0b 0b
SR Leguminosae

KHEHE Vicia sativa 57b  37c 10ef 25cde  9ef  75ab 36cd of of 16def  Of 89a

Hed- )L FF Geraniaceae
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SRR FEAEAEHE Chemical fertilizer treatment group A HUIEALHE Manure treatment group

Species Cco CN CNP CNK CNPK  CPK MO MN MNP MNK  MNPK MPK
P ZWE R Geranium carolinianum 19b 16b 9bed  13be 4cd 8bed 13be 0d 0d 10bed 8bed  36a
ARAF} Gramineae

F# MR Alopecurus aequalis Sobol 15d 9d 8d 6d 13d 29¢ 62a 42bc 73a 31bc 33be 43b
£1718} Caryophyllaceae

4B Malachium aquaticum 2b 1b 0b 1b 2b 1b 0b 10a Ob Ob Ob 0Ob
SHEEL Boraginaceae

MU Trigonotis peduncularis 11b 12b le 10b le le Oc 22a Oc Oc Oc Oc

[RIAT AN [A) S5 e o A [ b B ] ) 5. 35 25 5% (P<0.05)

®3 NERTHRBEHMLEEZGTREZRE/ (Hh/m?)

Table 3 Weed density under different fertilization treatments at jointing stage of wheat

JEE R ALAEALFE Chemical fertilizer treatment group A HUEALFE Manure treatment group

Species Co CN CNP CNK CNPK CPK MO MN MNP MNK MNPK MPK
%P} Asteraceae

FUEH Gnaphalium affine 48a 4c Oc 29b 3¢ Oc Oc Oc Oc Oc Oc Oc
FEMESR Lapsana apogonoides 93b 131a 12d 115ab 9d 8d 49¢ 5d 4d 4d 4d 9d
PRHIZE Hemistepta lyrata 25ab 1led 12bed 27a 5d 24abc  16abc 7d 7d 15abe 5d 12bed
/NI Conyza canadensis 29a 4c e 1labe  24ab She 28a Oc 27a The 13abe  16abe
11753 Ixeris denticulata 8a 8a 3a 8a S5a Oa Ta Ta la 3a Oa 4a
% %P} Scrophulariaceae

IR Mazus japonicus 140a 9b 19b 17b 17b 136a 25b 16b 5b 15b 0b 9b
FF Leguminosae

KK Vicia sativa 203b  88cd  13ef 47e  48de  293a  109c¢ of of 12ef 56 299a
4 )L F} Geraniaceae

WL Geranium carolinianum ~ 25bed  16bed  24bed  15bed  15bed  19bed  33b 9cd Ted  28he 3d 59
RAF} Gramineae

FH U Alopecurus aequalis 11de  2lcde  109a 8de  3lcde 132a 68b 17de  44be Te 17de  33cd
F 1Rl Caryophyllaceae

482, Malachium aquaticum 0a 0Oa 0a 0a 5a 3a 4a 3a 0a 4a 5a la
KR} Boraginaceae

BHHb3E Trigonotis peduncularis 41a 33 4b 33a 0b 0b 0b ob ob b ob ob

F4 NERBRPRAEEHMLEEZGTREZRE/ (H/m?)

Table 4 Weed density under different fertilization treatments during wheat ripening stage

ZL B ik FBAEALEE Chemical fertilizer treatment group HHLIEALFE Manure treatment group

Species Co CN CNP  CNK CNPK CPK MO MN MNP  MNK MNPK MPK
Bl Asteraceae

FEHESE Lapsana apogonoides 1la b 0Ob 0b 0b 1b 0b 0b 0b 0Ob Ob 0Ob
/N3 Conyza canadensis 44 23bed  0d 17bed  3ed  28be  20bed  0d 0d 0d 0d  75a
% %P Scrophulariaceae

IR Mazus japonicus 35b 8h 21b 8b 8b  136a  116a 0Ob 0b 0Ob Ob  23b
SR Leguminosae

KHEZK Vicia sativa 39be  13cd 3d 41b 3d 8la 0d 0d 0d 0d 0d  36he
He2 JLTHEF Geraniaceae

B Geranium carolinianum — 13be 9bc Oc 33a 4he 3be 8he 0Oc Oc Oc 0Oc 16b

ARAFEl Gramineae
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FRE R FLAEALHE Chemical fertilizer treatment group AHLUILALHE Manure treatment group
Species CO CN CNP CNK CNPK CPK MO MN MNP MNK MNPK MPK
FHZUR Alopecurus aequalis Sc Oc 35a Oc 19b Sc Sc¢ Oc Oc Oc Oc Oc
M Beckmannia syzigachne 4c le Te Oc 16be 163a 33b Oc Oc Oc Oc 17be
4IEF Umbelliferae
WS N Daucus carota la Oa Oa Sa Oa Oa 4a Oa Oa Oa Oa Oa
T #Rl Campanulaceae
$INFE Lobelia chinensis 12a Oa Oa Oa Oa 15a Oa Oa Oa Oa Oa Oa
I HF}L Cyperaceae
HETH Scirpus juncoides 39a 4b Ob Ob 4b 1b 12b 0b 0b 0Ob 0b 3b

2.4 KIIARRIIE XS 22 HE AR T4 2 FEERRAE 1) 5 e

KRR IE AL BT A2 R Z e 22 5 B
(R 5—RT) , SRR BAEA R I A2 3 —
e, SR, it A A HLIEAE Z PR 20T B, JUH:
JEZ% ) W) B ECRT Margalef 5 %0, 7 /N Z Y,
CNPK 43 Shannon F8%F1 Simpson $ 80 7 , B
T MO AR B it A HLAL 25 Ah B 2T
HEALFE ; Pielou 8 $7E £ A [] il T Ak 24 1] 22 53 A
B AE/NERATHAY Shannon $8 5 F1 Simpson 5
#, CNPK A3t 02 5 55, MPK U2 5 A1, 2 251G
FHAH A4, CPK,CNP Fl MNP 3 3 4~ 4b P b
R FEARACE , HA A b B 2% 55 0K 1235 5 Pielou 45
K MPK 5 fI%, FoAR 2% A HILAIE Ak BHAR A0 T 45 i 7K
Vo TR/ UGN 4 A HLIE AL B e BRI 2

¥ Shannon 8 % . Simpson FEB L I Margalef 88
CO b3 i 5, CNP Kb PRI, Pielou 54 J& CPK
F MO A3 AR T HAR AR, AT 0L il A AL
NEFEAR T 2 A2 R HE TR AR 8, TE /N A K
AUASTRIHI CO Ak 38 A K 34 48 ft A FY) CNPK Ak #L A
T AR BB R e — B R KR
2.5 FMAERFESE LIRS EFRHLR
FFHITCAR 538 (RDA ) X Fr i £ (1 12 4~ [A] 4k
PR 2% 550 A R A E IR 52 40 48 AR 2R A7 A5 6] 43 A
ik FR HHERE N 7, 12 A0 IE AR R AT
JNEALBE 250 = MR A W 2B A 22 5, RDA
HEFF 1 (L 2) AR | S e 1 A [R] ] 9 22 2% 7 43
A1 5 3R 3 PR TB) 9 G 2 [ IRt S et AN ] 24
RPN A IR ZE R A AR R B

£5 KETREMGELET/MNESHRERE ST

Table 5 Community structure features of weed under long-term different fertilization treatments in wheat seedling ( mean+SE)

Shannon Efg‘ff(( H)

Shannon index

FRERE(R)

Richness index

By R HL())

Evenness index

b WIFEL(S) Simpson $5%( D)
Treatment Number of species Simpson index
AT Ak 3 (0] 14.667+0.333a 0.875+0.004ab
Chemical fertilizer CN 13.667+0.882ab 0.832:+0.001be
treatment group CNP 12.000+0.577b 0.865+0.007ab
CNK 14.333+0.882ab 0.870£0.001ab
CNPK 14.000+0.577ab 0.886+0.008a
CPK 14.33320.667ab 0.829+0.005bc
AHUE AL MO 9.000+0c 0.847+0.009abc
Manure treatment MN 8.000+0cd 0.758+0.017d
group MNP 6.000+0d 0.702+0.016f
MNK 7.0000cd 0.764+0.012d
MNPK 7.667+0.333cd 0.778+0.011d
MPK 7.0000cd 0.805+0.011cd

2.281+0.031ab
2.109+0.014bc
2.209+0.066ab
2.301+0.023ab
2.375+0.036a
2.105+0.019bc
1.987+0.046¢
1.699+0.048d
1.381+0.056e
1.659+0.022d
1.698+0.055d

1.775+0.033d

2.390+0.039b
2.381+0.163b
2.521+0.132ab
2.558+0.152ab
2.992+0.104a
2.42+0.138b
1.436+0.004¢
1.325+0.016¢
0.973+0.005¢
1.217+0.019¢
1.435+0.075¢

1.063+0.008¢

0.850+0.012abcde
0.808+0.015cde
0.889+0.01abe
0.866+0.015abed
0.901+0.022ab
0.792+0.017de
0.904+0.021ab
0.817+0.023bcde
0.771+0.031e
0.853+0.012abcde
0.834+0.009abcde

0.912+0.017a

[RIZA [) S5 e 7 AN [ b B ] 7 5 35 25 5% (P<0.05)
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Table 6 Community structure features of weed under long-term different fertilization treatments at jointing stage of wheat ( mean+SE)

Simpson 844 (D)

Simpson index

Shannon 4L (H')

Shannon index

FEEERIER)

Richness index

W ()

Evenness index

pUEL YIFFEL(S)
Treatment Number of species
iy 15 Co 10.000=0a
Chemical fertilizer CN 8.667+0.667abc
treatment group CNP 7.667+0.333cd
CNK 10.000+0a
CNPK 9.333+0.333ab
CPK 7.333+0.333cde
AP AL 2R MO 8.333+0.333hc
Manure treatment MN 5.667+0.333f
group MNP 6.000+0ef
MNK 7.333+0.333cde
MNPK 6.667+0.333def
MPK 8.000+0bed

0.803+0.013a
0.737+0.035abe
0.666+0.03¢
0.799+0.011a
0.817+0.016a
0.678+0.002bc
0.807+0.013a
0.771+0.01abe
0.677+0.036bc
0.809+0.016a
0.789+0.035ab
0.515+0.031d

1.879+0.048ab
1.635+0.137abc
1.499+0.078bcd
1.902+0.058a
1.914+0.056a
1.354+0.016¢d
1.835+0.05ab
1.589+0.042abc
1.380+0.087cd
1.799+0.058ab
1.719+0.121abc
1.148+0.072d

1.399+0.004abed
1.325+0.107abed
1.255+0.064bcde
1.571+0.018ab
1.642+0.068a
0.985+0.049¢
1.258+0.051bcde
1.135+0.068cde
1.099+0.009de
1.399+0.037abed
1.444+0.133abc
1.149+0.006cde

0.816+0.021abcd
0.758+0.046bcd
0.736+0.027cd
0.826+0.025abcd
0.857+0.024abc
0.680+0.009de
0.867+0.025abc
0.919+0.017a
0.770+0.048abcd
0.904+0.028ab
0.905+0.04ab
0.552+0.034e

£7 KETREELET/NMNERT RS EREENRE

Table 7 Community structure features of weed under long-term different fertilization treatments during wheat ripening stage ( mean+SE)

Simpson E2 (D)

Simpson index

Shannon 54§ (H")

Shannon index

FRESEE(R)

Richness index

WL R EL()

Evenness index

b3 PIREL(S)
Treatment Number of species

b AE Ak 2 Co 8.667+0.333a
Chemical fertilizer CN 6.000£0.577abc
treatment group CNP 3.3330.667¢

CNK 5.333£0.333hc

CNPK 5.333£0.333bc

CPK 7.667+1.202ab
AHHLALAL MO 8.000+0ab
Manure treatment MPK 6.333£0.333ab

0.827+0.013a
0.761+0.011ab
0.586+0.089¢
0.763+0.007ab
0.716+0.011abe
0.731+0.011abe
0.644+0.012bc
0.737+0.025abe

1.895+0.053a

1.576+0.057ab
1.029+0.215¢

1.534+0.006ab
1.434+0.003bc
1.508+0.054ab
1.433+0.029bc
1.569+0.058ab

1.442+0.045a
1.143+0.109ab
0.550+0.153¢
0.882+0.065bc
1.069+0.068ab
1.089+0.177ab
1.313+0.016ab
1.027+0.049abc

0.879+0.027a
0.886+0.023a
0.886+0.012a
0.920+0.03a
0.861+0.029ab
0.753+0.029bc
0.689+0.014¢
0.852+0.028ab

TE/NFE R, A6 — 5B o HE R R AR A 2 )
0.409.0.214, 584 N Gf# N A P55 —HEF
AR R B0 ) -0.868 . —0.869 ,—0.839 ; 11 45 —HE
JPAl S 7% 00 P A AR I AN T 1, 5 —
5 HEFP R E (A 5518 0.496 .0.166, +-3E 4 N6
fift N A BT 55— HE P A ¢ R 805 51 -0.876
-0.914 —0.841 ; T 25 —HE 7 5l 5 45 37 20 R 7 Al vk
ANK G /INAE LI, 56— B ZHE e B AR AR AR 230 R
0.500,0.103, - 44 N Glf# N AL 5% —H 7
ShAH I R B0 98 -0.702 . -0.765 . -0.679 ; 55 —HE/F
W53 N PGB AR K 28 2 FE /N A K )
], 52 22 H rp 2% R 40 A 1 SR 0 P R R A
AL,

3 M HE 1] i kb 3 2 A R A — B, CO Kb FHAH X
M7, 5 A A b B 2 (] B A G A , CNP
CNPK Fl1 MNP  \MNPK 75 X &b # 2 [t1] {1y 5 285 d5 30, 4%

ANHERP B Fr OB 23 2% AL T A I g IR Sk A
Jita), 5 IEIE T N 5 R AR 500,
R A LT & 50 A B A SRR

3 e EINE

RIAC A F BE S i 1 vh R LB FR T R &
e, VR AR T RE A ] 2 R B o0 A W B R A T
TSI e SO0 M 7 A BT AE SR 255 BIUR
R 7 12 R 52 B OV it AE = AT RCEL R AR A
Jit, REAEHAE R 0 A 4y 77 Sk 4 [ ) A 000 2 2% e
T Moss S5 7 fF 7 96 1] 9% 3% 512 90 3l 2 FH 2% 4
FEVE IS I, B TCAL A T2 P #843 A et
AR OCHE IR 11 A BIF 0 2 2R ) R 3R Tt A R
FE 0 25/ 22 T 24 e s JRE O 3 38 D ) ] g 2 RUAES
JEHEIN/INAE 77 B JE SRy IR 1 i 0N A2 R I B AR
K BRI 48 R 22 B 1) LR Tl A A HILAE fi Ak 2
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Fig.2 A two-dimensional graph of RDA ordination for weed and environment factor at wheat seeding, jointing and ripening stage
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