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Abstract; Long-term located fertilization test has been conducted to evaluate how fertilization affects the growth and yield of
crops particularly rice over 30 years in the Red Soil Field Experimental Station, Chinese Academy of Agricultural Sciences,
Qi Yang, China. However, how and why However, how and why fertilization influences the growth of crops in the field
particularly in the paddy field has not been assessed. Consequently, an investigation was carried out in a double-rice paddy
field to study the species and biomass of weeds found in rice ( Oryza sativa L.) growth season after 30-year combined
application of organic and chemical fertilizer with the same application rates of nitrogen ( N), phosphorus (P), and

potassium (K) contained in organic and chemical fertilizer in 2011. Results indicated that in both rice growth season among
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all fertilizer treatments, compared with other treatments, long-term application of PK+M resulted in the most species
number of weeds, and the species number of weeds in early rice was 19.7% higher than that in late rice, the combined
application of NPK+M showed in the fewest species number of weeds which was stable in number, and the species number
of weeds in early rice was 9.8% higher than that in late rice. In the current investigation, results also demonstrated in the
fewest species number of dominant weeds. Among all fertilizer treatments, the highest total biomass of weeds was founding
the treatment of the combined application of NPK+M while the lowest biomass was obtained in the treatment of the combined
application of NP+M in both rice growth season, subsequently, the biomass in the treatments of NPK+M, NK+M, PK+M
and CK was 31.3%, 26.5%, 8.3% and 5.6% higher than the treatment of NP+M, respectively, The highest total biomass
of weeds and floating weeds were found in the treatment of combined application of NPK+M while the highest total biomass
of wet weeds in early rice growth season was viewed in the treatment of the combined application of NK+M, and the highest
total biomass of weeds and wet weeds was found in the treatment of the combined application of NK+M, comparatively, the
highest total biomass of floating weeds was obtained in the treatment of the combined application of NPK+M in late rice
growth season. In the present study, soil alkali-hydrolyzable N and available P were found to be significantly positively
correlated with total dry biomass of weeds, wet weeds and floating weeds (r=0.508 and r=0.578, r=0.552 and r=0.453,
r=0.410 and r=0.802, the same of P<0.05, respectively) , whereas they were found negative correlation with soil pH (r=
-0.516, r=-0.531 and r=-0.698, the same of P<0.05, respectively). Soil pH was commonly affected by the soil
available P, alkali-hydrolyzable N and other factors, where soil directly affects on the total dry biomass of weeds. By
fertilization to maintain proper soil pH and contents of alkali—hydrolyzable N and available P, the growth of wet weeds and
floating weeds in red soil paddy of south China could effectively be managed, to keep the beneficial balance between the

weed species and biomass in agricultural practice.

Key Words: long-term located fertilization experiment; combined application of organic and chemical fertilizer; red paddy

field; weeds dynamic
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1 #MRERFE

1.1 HREM

TR b TR I RS 4 A B LR LB A R
BT HER I W N, K2 111°52/23", Jb4i 26045’
127 W3R = 2 120 m, V-3 E 18.0 °C, fie i i
J& 36.6—40 °C,=10.0 CAYFLE 5 600 °C , 4EFE M
1 250 mm,4EZE K& 1 470 mm, TCFEHIZ K 300 d, 4F
H BEIHL 1 610—1 620 h, K B4R HHE 4 550 MJ/ m?,
Ot BERIE
1.2 sl e ik it

RIGLR T 1982 4F ik - e A5 U 20 21 -1
RERM, FHEF RO + B2 3R R
FIKF o R TF IR B A HEAE SR A AL
19.8 ¢/ kg, A 20 2 E RN 1.44 .0.48
14.20 o/ kg, MACA  HAL W  HRCH 5 52500 82.

8.9.6.65.9 mg/ kg, pH {H M 5.2,

RIS TEE 5 /> b 3. O Ak AE 0% 47 i A AILAC
(NPKM) ; Q1L EU B iti A HLAE (NPM) ; 1L IE &
BIC it A MLAE (NKM ) 5 @ £k I % 27 5 it A AL e
(PKM) ; & ARHEAE (CK) o /DX KHEF 15 m, 5% 1.8
m,3 REE BEVLX AR, /NI H 60 em( +3FEFR
ML 20 em, F3ERTELLT 40 em) AY/K e g R
YEYI R —AF PR, MRt & W 1, RS A
G At A A 55, A 124 < IRER (N 46% ) 157.5 kg/
hm?* | i B FR 55 (P, O, 12%) 450.4 kg/ hm*, E AL A0
(K,0 60%)56.3 kg/ hm*, 45 HLAL A J& 20 ) 2F 3% 22
500 kg/ hm? (#r & F4> & &N 72.0 kg/ hm*, P, 0y
56.3 kg/ hm*,K,0 33.8 kg/ hm?) , 43550 & /N
AR E T8 . A RERNSAE IS AR — Rt A
TG KR SRR L AR 3—5a B 1k, K
B /N R BN TLBR B ANl FH R 2]

F1 RELERERERS
Table 1 Treatments with different fertilizers (kg/hm?)

ALt FH B Amount of fertilizer applied *

JEALFE 42 & Nutrients content in fertilizer *

b
Treﬁmims ﬂ:ﬂlﬂﬁﬁﬂﬂi Chen[l)ii)lsfertilizer applli{ezd(; ;El:)}lfg iﬂ;i; N P, 0, K,0

CK 0 0 0 0 0 0 0

M 0 0 0 22 500 72.5 56.3 33.8
PKM 0 56.3 33.8 22500 72.5 112.6 67.6
NKM 72.5 0 33.8 22500 145 56.3 67.6
NPM 72.5 56.3 0 22500 145 112.6 33.8
NPKM 72.5 56.3 33.8 22500 145 112.6 67.6

w FEFKFEMEAN  ; CK: XTHE& control, N: JRE A in urea, P. I BEHRES H B% in calcium superphosphate, K. S0fL#F 41 in potassium

chloride, M: JE# Y42 decomposed cow dung

1.3 i 3 KI5k

T 2011 A FURE R A A 0 18] A 0l R AR IR 3
BEH o BERCIA RN 3 A F W] 0—20 em HF)E
b A DN T A i R AR | R
pH {E, A8 IERE SRR M) 20500 5 A 27 H 6
H I8 HAIT7 A 15 B, Befgs350 8 A 15 H .9 H 10
H#110 H 11 H,

TE LRI RS b3 2R A, B/ DOR A A AR
FRAERY 0.25 m* KT S 3 AR REREDT 4 A4S HECR
RIS, 0 A 2% EORIPE A 2% B Sl BRI
Pt MRAEAR R AR TR I 1 E R AR T dEfy
—E S K B AR A fF, EEA MR
( Monochoria vagi-nalis) 2 & Hi ( Eleocharis yokoscen-

sis) \ﬁiﬂﬁﬁ( Cyperus difformis) .73 7 2% ( Rotala in-
dica) 5 ( Echinochloa crusgalli) %% % ( Chlorella)
25003 ¥ ( Alternanthera philoxcroides ) , 14 7% H.
AR TE K i 2% B, 2 S IF 3 (Lemna
minor ) UM ( Marsilea quadrifolia) ",

B R B, MUK Olsen 5, pH SR 7K
T 2.5 AT, HACEI T 1 mol/ L NH, OAc =42-
KIS ™,

14 Sk

B Ak A3 H7 K F Excel 2003, SPSS13.0;5 AN
[t I AL BRIE] R ] LSD 5 A7 28 5 B & A 36 (=
0.05) ,
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AbFELE NPKM A28 50 43 5 st 31.1% . 16.4% |
13. 1% F1 19.7% , {{. NPKM Ab 3 2% 5 feh 25 %5 & 75
FEAE B LR v 52 R R A H Al 4 3 5 R SO S T

SR AR R AN CK AL B 22, HORJ& NKM
REFE NPKM  NKM  NPM 1 PKM 4b 4351 2 CK 4b
PRI 76.3% 91.3% .86.3% F1 88.8% , 4% Ab 3l 7% %1 Fif
KPR R AT R P REE LT B, NKM
Qb PH 2 e 1S e L G A T v T L A it A Ak B 5
i BH 98 /0 Ak R Bl %) FH 2 ] LB i R HE 4 R
NPKM Ab 3 2% B 2 B0 45 1t 5 W0 A A8 A6 A K, HL A
B AR F AR, X U T S5 A it AT B R AR 2 P 2k O
fii e PP R AR E

K2 2011 FXBLEEHHEREHSEEMMAE

Table 2 Weed species number at different growing stages of rice in 2011

Z4 B MR Weed species number

fEFARFE Dominant weed species

SYEELGH JYEERY

%5 ab B - ; A FE Sy EEtR ) Sy BEREI N
Initial Active . AR R A
Season Treatments o . Maturing Mean  TInitial tillering Active tillering .
tillering tillering Maturing stage
stage stage stage
stage stage
Ly PO a3 I R
Farly xi NPKM 6.7+1.2 6.0+0.0 5.7+1.2 6.120.5 VE L. minor VU M. quadrifolia M. quadrifolia,
arly rice
y M. vaginalis
- LT NG SRt
T R Co N -
NKM 7.0+ 1.0 8.0+0.0 7.0£1.0 7.3+0.6 . . M. vaginalis, T 5 55 M. vaginalis
L. minor, S p Mig ;
E. yokoscensis
I R MEW R
NPM 6.0+1.0 8.7+0.6 6.0£1.0 6.9+1.6 L. minor, M. vaginalis, ’ R
. ] M. vaginalis
E. yokoscensis E. yokoscensis
N— it 4B PO T
VR SRR B M
PKM 7.3+0.6 7.7+1.2 6.3+0.6 7.1+0.7 . . M. quadrifolia, M. quadrifolia,
L. minor, S p Mig . L
E. yokoscensis M. vaginalis
CK 7.7+0.6 7.7+0.6 8.7+£0.6 8.0+0.6 ki Chlorella R. indica R. indica
E. yokoscensis E. yokoscensis
%h NPKM 53+1.2  6.3+0.6 6.7+0.6  6.1+0.7 PRt . VO3 M. quadrifolia W3 M. quadrifolia
Late rice M. quadrifolia
PO - T IEy 5 e ) S AR
NKM 6.7+0.6 6.3+2.1 7.0+0.0 6.7+0.4 M. quadrifolia, B85 5L M. vaginalis M. vaginalis,
M. vaginalis B. grass
pa - I PUH-RE g AR
NPM 4.7+0.6 6.0+1.0 7.3+0.6 6.0+1.3 M. quadrifolia, VU3 M. quadrifolia M. quadrifolia,
M. vaginalis B. grass
DUt B 7
PKM 4.7+1.2 6.3+0.6 7.0+1.0 6.0+£1.2 M. quadrifolia, VU3 M. quadrifolia U3 M. quadrifolia
M. vaginalis
AH‘AO-U—‘T"#
CK 8.0+0.0 8.7:0.6 8.7+0.6  8.5:0.4 TFHiE. yokoscensis W1 R. indica R AR

R. indica, B. grass

* NPKM: fRACZBEFBCHEA HLL , NKM . ALIEBESRBCHER HLIE, NPM. fLACEBERCHEA HLAC, PKM . fLICBEBRACHEA MLIL, CK. AHiL

2.1.2  XFFREH 25T i R
1—& 7 FR Y 2011 4FRG H 228 T4 i i

A7EAE, W& 1 Arg, A E AL AL B A LA NPKM
Kb B 2% B ) 5 R R, NPM AR BRI, NPKM
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Fig.1 Total weeds dry biomass in deferent rice seasons
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Fig.2 Total weeds dry biomass in three stages of early rice
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Fig.3 Total weeds dry biomass in three stages of late rice
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Fig.4 Wet weeds dry biomass in three stages of early rice

4
NE 40 ENPKM
S 2 35 O NKM
S g A NPM
@g 30 HPKM
~
i > 25 dck
S 20
83
(5]
2 15
i
$§ 10
N
= : %"ﬁ
g% 0 1

43 BEREHH
HE I Growing stage

Py

E5 BEARLEENPRERAETUREE

Fig.5 Wet weeds dry biomass in three stages of late rice
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Fig.6 Floating weeds dry biomass in three stages of early rice

I AR 4 FE 6 P 5 FE 7[Rl — 3R A
Y AR SIFERFEEY SR EH KL, X
F 4G A 2% B 0 AR i R (R] 00 1 AN SE AR
WAL,

W
(=}

T % B NPKM

& & 251 ONKM

28 O NPM

@g 20r O3PKM

@E s dck

o ;

H z 10 [

o 2 L

%E S S

H E 0 . % _.
#h

’ IR 5 BEY 4y BEREH] AR

A EH N Growing stage

E7 BEAREEHPZFEXETUREE

Fig.7 Floating weeds dry biomass in three stages of late rice
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Table 3 Effects of fertilization, rice season and growing stages on total dry mass of weeds

. ; -7 By mRlIES
K 2t 7k 7 i
; Type IIT Sum df BRZETE T L P
Source B} Mean Square
of Squares F
F 2563.4 29 88.4 2.67 0.0377
G 18531.2 1 18531.2 559.70 0.0000
S 334.2 6 55.7 1.68 0.2086
FxG 1303.9 2 652.0 19.69 0.0002
FxS 94.7 1 94.7 2.86 0.1165
GxS 264.7 12 22.1 0.67 0.7538
%2 Error 500.5 6 83.4 2.52 0.0817
S8 5 Total 65.4 2 32.7 0.99 0.4008

a. R*=0.866 (f@/zﬂ: R? =0.542); = F.J@ht Feﬂilizer;Sﬂk*ﬁé}uﬂJ Rice season;C;’flE%:ﬂﬂ’f;ﬁ Growing stage

2.2 KRIIAFEIAL) 34 2055 0 K pH 54 A
INIUPSEA
AR (35 4) KW, B HEAR TR IR 70 % A2 1k
XA REAE AT R, SRR R A T
JoR S R AR G, A RO 2% B T B R

TEARSG, AT pH 5 2% R ) R A ek 2 A
SR 5 g PP A GR Xo I A 2 R A  fie EAE H
BER i A 2R 0 A O AR A AR R SRR 1Y
TN ST R B RE e IR A e AR I {H pH 50
A 2R F A BRI 3 SRS

R4 ERIGBEFTHELRAUFSE pH SRETYURENEXXR

Table 4 Correlations of available nutrient contents (mg/kg) and soil pH with dry mass of weeds ( g/ 0.25m?) during early and late rice season

" - . ; "~ o TR R T Y i
A ST A Ak PO

. . - r r Floating weed r
Soil nutrient Total weed dry mass Wet weed dry mass

dry mass

W% f#% & Alkali-hydrolyzable N y=3.3757x+101.44 0.508 " y=2.3246x+120.24 0.552" y=2.2185x+135.62 0.410"
H R Available P y=2.6422x+8.6161 0.578 " y=2.6534x+25.609 0.453*  y=6.724x+2.5578 0.802 **
HT Available K y=-2.6397x+224.11  -0.441** y=-4.3701x+227.19 -0.650"" y=0.3276x+165.71 0.039
pH y=-0.0142x+6.228 ~ -0.516"" y=-0.0143x+6.096 -0.531"  y=-0.0478x+6.2517 -0.698 **

* P<0.05, * * P<0.01
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HIZE 5 WA, B A R ) 5 pH O RIBR A A
BOR R W] — 38 X 2 B T o B R K
pH ED0 2% B G W ik ) 52 ) A SR 00, L 2 ied G
PR 52, o 2% R 4 o 14 [ 2 AR S 5
TIEAER, T BRSO B R, A 2 S B A

RO ; R SRS AR A R T o i
PR L4 T 8] 3 52 0 2 Dy TE 2800, LR me A AR
PR IR 1 8 pH (R 220 A 5wl 2 B REAT 4%
il 2R e A

x5 TEEUFSE pH MEELTURENH N
Table 5 Effects of available nutrient contents (mg/kg) and pH of paddy soil on dry mass (g/0.25m*) of weeds

[B]#%38 1% Indirect path

% e A _ " :
Factor ’ Direct path AR AL A S H &It
Alkali—hydrolyzable N Available P Available K P total
i A Alkali-hydrolyzable N 0.508 0.217 0.1114 -0.0004 -0.0887 0.0222
B Available P 0.578 0.329 0.1689 0.0794 -0.1867 0.0616
AT Available K -0.441 -0.069 0.0001 -0.0167 0.0074 -0.0092
pH -0.516 -0.343 0.1402 0.1946 0.0366 0.3714

3 g

FRFEAITR T E (AR, 255
TEHUAAE it , 76 PR 1 9 i 19 3% 20 f 45 %) [) B B
RER LR 20 10 5 Ak L 25 58 0, SR T Al 26 7 b ff
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