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Experiment on Weed Seed Germination Rate in Soil under Different
Flame Temperature Conditions before Sowing of Direct-seeded Rice
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Abstract; Effective weed control is an important measure to reduce the risk of stable yields in direct
seeded rice, and pre-sowing soil flame treatment is an effective means of suppressing weed seed
germination prior to sowing by non-chemical methods. In order to clarify the law of the influence of the
temperature field on the germination rate of weed seeds in soil flame treatment, the structural parameters
of the header pipe in the fuel diversion component were investigated by using numerical simulation. The
results of the numerical simulation and validation test showed that when the inner diameter of the header
pipe d was 20 mm and the gas input flow rates were 1.0 ~3.5 m’/h, the maximum flow deviation rates
An were within 3.0% , more uniform gas flow distribution between outlet branches. Based on the
numerical simulation results, a flame combustion device was designed to study the effects of six types of

LPG fuels with input flow rates (1.0 ~ 3.5 m’/h) on the flame height and the flame temperature
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distribution, and a full-factorial test was carried out by using the tractor traveling speed, fuel input flow
rate, and soil depth as test factors, and the effect of temperature field on the germination pattern of weed
seeds was studied using common weed seeds among rice fields. The test results showed that the flame
height and the maximum value of flame temperature were both increased with the increase of fuel input
flow rates under normal temperature and pressure operating environment; when the tractor traveled at a
speed of 2.36 km/h and the fuel input flow rates were 2.5 m’/h, 3.0 m’/h and 3.5 m’/h, the soil
temperature could reach 92. 83°C , 116. 58°C and 156. 83°C, respectively; compared with the un-flamed
treatment control group, when the soil temperature reached 92.83°C, the germination rate of seeds of
Leptochloa chinensis (L. ) Nees and Cyperus difformis were significantly reduced at the significance level
of @ =0.05, but the germination rate of seeds of Digitaria sanguinalis and Eclipta prostrata were not
significantly affected, and the germination rate of seeds of the four weeds were significantly reduced when
the soil temperature reached 116.58°C and 156.83°C. When the soil temperature reached 156. 83°C
the germination of seeds of four weed species Digitaria sanguinalis, Eclipta prostrata, Leptochloa chinensis
(L. ) Nees and Cyperus difformis were decreased by 94.82% , 87.81% , 86.54% and 84.05% ,
respectively. The results of the field test showed that the soil flame treatments had significant germination
inhibiting effects on Echinochloa crusgalli, Digitaria sanguinalis, Eclipta prostrata, and Cyperus
difformis, and their relative weed control rates Y was greater than or equal to 80. 00% .

Key words: direct-seeded rice; soil abatement; combustion characteristics; temperature field; seed
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Fig. 1  Structure diagram of fuel diverter component
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Tab.1 Structural dimensions of fuel diverter
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Tab.3 Experimental parameters of soil temperature

variation at different depths

AhEe  HHRIHLITHEE B/ KB R/ LMERE/

Git (km-h~") (m*-h™") cm
1 2.36 3.5 0
2 2.36 3.0 0
3 2.36 2.5 0
4 2.36 3.5 0.5
5 2.36 3.0 0.5
6 2.36 2.5 0.5
7 2.36 3.5 1.0
8 2.36 3.0 1.0
9 2.36 2.5 1.0
10 2.75 3.5 0
11 2.75 3.0 0
12 2.75 2.5 0
13 2.75 3.5 0.5
14 2.75 3.0 0.5
15 2.75 2.5 0.5
16 2.75 3.5 1.0
17 2.75 3.0 1.0
18 2.75 2.5 1.0

() A 18 Mg X, Al 5 X )
R 0.5 m x 0.5 m, 58 kB2 2% i1 01 BF M 5
200 mm , % E P[] B L, 200 mm {3
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N o HTEEL 12 AP, SRR BE J3 A g it 2 S 3 g
TR FERR B ) 1Ak, UL 8 IR, B 5 R 08 i
REEE- b NI DN SR S8 N S S )
A T3 R A R R ORE A & A A R R i R AR
fift, PRI 32 B ) ORI R FE SR Be A b iR AT
RE R B O — o i AL 64T . SR A, KA R Ah
FRIEAT AR S AN TR A5 W R Ve A R, U MG IR
JEE BT

B SRR i A TG i 114 38 R, X 1 O TR B
ORI 326 4 48 R, T 2 o o 038 T I B AR A 15 ok
A BE B SR TR AR I T A 1/2 ~2/3 KU
[l T 3 N I R = R (I A VA= e
FET ] K b 3ok A b, R 58 2 15 4 % T 1 L 8 —
FEEAR T 200 mm , 2548 be #1110 /0N B ]
At BRI R IR 20 o g A KR R A v A R
B 0 A - e T, B2 5 AR DR B SRR B 28 1
P14 B e i BE 5 ey a5 AL 9 i BEH R B 45 1t 1

250
—a— 1 Ehhens , —=— 1 EJhheae
—o— 2 ke 200 —e— 2B ke
—A— 3 kb —A— 3B shpE a8

—v— ASHRBER

I RIZIR EC
2
(=]

0 100 200 300 400 500 600 0

100 200 300 400 500 600 0

100 200 300 400 500 600

BEAABE AR 11 5 2 /mm BEAAE SR 1 (55 /mm PRGSO = /mm
(a) 1.0 m*h (b) 1.5 m*h (¢) 2.0 m*h
400 400 4001 X
T —a— B —a— 1S IRLE
350 —— L5dbeds 350} e 3501 —o— 25 tkpase
> —e— Db ; —o— 254bERR N I
© 300 —A 3BT < 300 —A— 3 HkbER o 300} . 4E W;]‘;%%
5 p 5 BB L
2 250 BAEREL B osof S 2 250
ﬂ’;\'{ o oz
% 200 § 200 g 200,
gé 150 gi; 150 ggﬁ 150,
=X 100 < 100 = 10
50 sof 50
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
BERABEER 11 5 4 /mm PR SR  T1 (&5 ) /mm PRGSO = /mm
(d) 2.5 m*h (e) 3.0 m¥h (f) 3.5 m*h
B 12 O[] A T T KO TR B o A

Fig. 12 Flame temperature distributions at different fuel input flow rates
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Change curves of soil temperature values with

time under different experimental parameters
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Tab.4 Weed seed germination characteristics with different fuel input flow treatments
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Fig. 14  Field flame thermal abatement test
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Tab.5 Germination quantities of various weed types
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