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Weed and Pest Control by Means of Physical Treatments

— Effects of infrared irradiation on loam for weed control —

Whoa Seug Kang*, Chang Yeon Yu**, Hyun Dong Shin***, Wie-Soo Kang* and Jae Heun Oh*

Abstract

The viability loss or death of weed seeds buried in soil can be induced by infrared irradiation
which has good penetration in moist soil. By using this principle of pre-emergence soil-treatment,
the study was carried out to obtain basic information needed to develop the effective weed
control method for the production of less polluted agricultural products. An apparatus for
irradiating infrared was constructed by using ceramic material with high emissivity. The LPG was
used as fuel for producing infrared by heating ceramic material. The soil heated in this study
was loam with four levels of moisture contents (0.6, 5.7, 10.7, 151 % wb). The temperature
distribution was measured at various soil depths when soil with different moisture content was
irradiated with infrared for three different times (30, 60, 90 sec). The soil depths with duration
time of minimum 3 minutes over 80C, temperature inducing viability loss of weed seeds, were
investigated.

When the moisture content of soil was 0.6 and 5.7 % wb, the soil depths which can induce

viability loss of weed seeds was greatly increased with increasing irradiation time. However, any
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depths of soil tested in this study was not reached to the temperature of 80C when 30 seconds

of irradiation time was applied on soil with moisture content of 10.7 or 15.1 % wb. Generally, the

soil depth needed for viability loss of weed seeds was decreased with increasing moisture content

of soil. Also, longer irradiation time was required to induce viability loss of weed seeds with

increasing moisture content of soil.
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Table 1. Particle distributions and density of
tested soil.

particle distribution (weight %) density

sand silt clay (g/cm®)

loam 62.0 35.2 2.8 2.63
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Table 2. Moisture content and irradiation
time levels of tested soil.

loam

moisture content(%, wb) 06, 5.7, 10.7, 15.1

irradiation time (sec) 30, 60, 90
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Fig. 1. Infrared irradiation apparatus and
data collection instruments.
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Fig. 2. Temperature distributions of loam(0.6%, wb) by soil depth when the irradiation were
30, 60, and 90 seconds, respectively(A, B, C) and duration above 80C(D).
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Table 3. Changes of peak temperature and duration above 80T with different soil type, moisture

content and irradiation time in tested soil.

*below 80T
Soil 0.6%, wb 5.7%, wb 10.7%, wb 15.1%, wb
depth Irradiation time Irradiation time Irradiation time Irradiation time
(mm) (sec) (sec) (sec) (sec)
30 60 90 30 60 90 30 60 90 30 60 90
Peak 3 | 1575 | 267.1 | 336.1 | 1239 | 2214 | 2864 | 181.0 | 1834 | 295.7 | 129.5 | 241.0 | 427.8
Temp., 6 | 1071|1649 | 1863 | 81.3 | 1141|1290 | 891 954 | 1085 | 869 | 988 | 1924
T 9 840 | 1166 | 1134 | 689 | 8.2 | 908 | 728 874 | 908 | 706 | 97.6 | 1000
12 692 | 876 896 | 578 | 745 | 811 595| 755 | 815 | 564 | 942 | 973
15 605 738 | 813 511 | 670 | 733 | 518 | 672 | 728 | 489 | 740 981
18 540 | 648 | 743 | 453 | 597 653 | 46.0| 590 | 643 433 | 60.7| 961
21 49.1 | 595 |617.7 | 405} 523 581 | 412 | 520 | 566 40.0| 54.0| 954
24 448 | 535 | 614 | 137.1| 472 | 515 | 378 | 460 | 498 | 397 | 477 | 891
27 438 | 515 | 585 | 352 | 438 | 467 | 361 417 448 | 356 | 467 | 605

Duration 3 | 4490 | 832.0 | 865.0 | 160.0 | 361.0

516.0 | 149.0 | 293.0 | 401.0 | 94.0 | 203.0 | 454.0

Time 6 | 410.0 | 8480 | 886.0 | 24.0 | 3170

4910 | 68.0 | 190.0 | 338.0 | 36.0 | 140.0 | 449.0

above 9 | 212.0 | 776.0 | 794.0 * 130.0

274.0 * 106.0 | 175.0 * * 301.0

80T, sec 12 * 490.0 | 536.0 * * 60.0 * * 66.0 * * 250.0
15 * * 182.0 * * * * * * * * 201.0
18 * * * * * * * * * * * 138.0
21 * *® * * * * * * * * * 64.0
24 * * * * * * * * * * * 15.0
27 * * * * * * * * * * * *

ming 409C7x E¥9 &2& F7MAz o, 18
mmol el X Ege exE F71EA @sith
ZAE B3 Tl EFFoluAe it 24
o] 3mmelA 1514T/min® 2632%F 2214T7A A4
%84k emmolAE 17.20/mins 78%%F 114.1T
AR EFY &5 & Z7HAZh 9mmolA = 158C

/minZ 58%% 85.2C, 12mmolA 214CT/minZ 94
2F 745C7A, 18mmoAAE 93C/minE 2042 %
507C71x] E%Fe 257} Asslgal, EYLE 80
7R FAHEE EYY FHolv 1lmmE EAHA
=

Egol o) 3mm AATY S=7HiE 3mm
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Fig. 3. Temperature distributions of loam(5.7%, wb) by soil depth when the irradiation were
30, 60, and 90 seconds, respectively(A, B, C) and duration above 80C(D).
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3mm Yol WHAELE —197C/ming ¥

e 8% F2 F EsF A TEY AL 99

3zt 12mm o] e —1.5C/min o)5t2 M A
3] Yzt A h(Figd-A).

6027 FAA A B¢ EY Hol 3mmoM e
AeolA 98.7C7A A dFRHez Zrisitizt
EdFY FEFdE d8 1dLEr gusize
Y 74.3C/min?] 7MEEER tHA| Z7lEow 6
mmolME 65.7C/min2 93.2C) =288 3, 9mm
oA 488C/minZ 77.2C, 12ZmmiME 7ld&%
21.7C/min2 501C7A E¥e £2& ZUINRAT,
18mmol el Egfe £EE F79x] ¢ttt

ZAPL Bd Folle FrduiAd dao gy
o] 3mmolA 158.7C/minZ 322 % 1834THA F
£3] EYY 2znE A5AA tmmolME AL
Moz 23%7F 988CE RAANZAL, Imme} 12mm
dAe Z+zt 180C/minZ 342350 874T, 26.3C/
minZ 58%F 755C Zgdsgen 7ld&zE
238 Z7lth 15mmolME 90&3t 21.7C/
min2 67.2C7A A&EA71m2 M, 80C7A X
He E%¥ Zole 104mmz A

EckZo] ol 3mm AAFH] 2E=FulE 3mm
2} 6mmE Gl A 29.3C/mmP L, 6mmAN A 9mmoll
A 27C/mmz 1094 ZAHUL, 9mmolA 24
mm7tA 40 ~ 20C/mmE A3t YgEs
= E¥He] 3mmolA —17.1C/min, E¥LE 75C
~ 95CQ 6mm~12mm¥YAHE —9.0 ~ —17
T/ming A 8th7), 156mmold HoldHe —1.2
T/minel st 7+ cHFig. 4-B).

9027 ZAMFE EU¢ EFHol 3mmoAE
153.7C/min2 258.7C7A %71 oW, 6mmolA
ol 7}d4EEE 3mmolA Bk 3ui7F 7AE 46.9T
/minZ 966C} =@8¢3, ImmolME 398C/
min® 859C, 12mmolME 27.3C/min2 67.5C0|
Z=EEE Y 2lmmol el e =Wt A gl
o},

ZAE B¢ Fde 43 duAd deiqg &
FZo] 3mmolA 7845 1586C/min2 4% ¥
295.7C7tA =23gtt. 6mmolAs 3mmolA Xk
208 A8 74C/minZ 96% ¥ 1085C7R| Z7}
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Fig. 4. Temperature distributions of loam(10.7%, wb) by soil depth when the irradiation
were 30, 60, and 90 seconds, respectively(A, B, C) and duration above 80C(D).

Azt 9mm, 12mm, 15mmel A& zHz 90.8C, 81.
5C, 728T7 A A4slged 80T KA BEF
9] Yol 13.9mm7AA Atk

E%gol ol 3mm AATLY =THE 3mm
2} 6mmA G ANA 624C/mmYP L, 6mmoel A 9mmel
A 59C/mmZ 1068 ZA2HUN, ImmelM 24
mm7A 23 ~ 31C/mmE #FAHY dE B
ool o] 3mmolX WZ&EEE —33.9C/min, 6
mmoll 4] —4.3C/ming ZAFHYn, 73—-90Ce E
Fexel 9mmolA 15mm7tA —24 ~ —1.3C/
ming ¥78thrl 24mme) Aol E —0.7C/mino]

Bt2 M8 YzhE Y thHFig4-C).

Fig. 4DE #94 ZAME 30, 60 2 9024
2, EY Hold 80Cold #Ase Ae =A%
Asolt) AAHOZ 60%, 902AMY S0CTHAIA
7ol 30% 7l wiEco) 2dolY ZA #FHUX
frAths EYY Holx ZHUh

4. #48 15.1%

F5E 151%8 EFL 3027 2ANAE FUH
EY4ol 3mmelAM g Ege 2xv 7IE4% 138
3T/minz &4 98.8To =591, 6mmolA
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Fig. 5. Temperature distributions of loam(15.1%, wb) by soil depth when the irradiation
were 30, 60, and 90 seconds, respectively(A, B, C) and duration above 80T(D).
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60Z7t ZAMFIE B¢ EY Hol 3mmelAE
Ao A 2325C7HA 201.7C/ming) JlEEER F
74atg 2w, mmol A& 69.6C/ming 98.3To ¢
3R, ImmelA 684C/minZ 97.6C, 12mmolx&
7td4%E 655C/min2 93.0C7x] Egke] L% g
7R L, 24mmoldels EFe 2= A F
7ts1 A skt

ZAPE Bd T AU st B
o] 3mmelA 127.5C/minZ 4%%F 241CT7R] B
9 £ & A5AZEY mmoME 988T7A 15C
/ming] Jtd&£ez Z7HE909, 9mmet 12mmol
AE 27} 1.8C/minZ 97.6C, 37.5C/ming 2&F
94.2C =g3lgoen 15mmolME 4%37 57.9C/
minZ 74C7R AEA9 B2 X, 80C7A FA 5
© E¥9 Zole 141mmz ¥4 €A

EYZol vl 3mm AATFIY 2EFuE 3mm
2} 6mmolA 474C/mmP, 6mmet 15mmAto]dl
A 9mmolA e B £t £¥ FwAA 97
6C7HA 7tdEoEn 2x7 05 ~ 110/ mm=
4 HIEAHRE FAstl 8 SR sHE
g 15mm¢}t 18mmAtel A E 44T/ mm=z &7
7b Z7HEAT ¥ 4EEe E¥Zo]l 3mmolA —
326C/min7t EYLE 94C~98C¢ 6mm~12mm
B e —53 ~—49C/ming FA 37}, 15
mmol’d ZoldlAE —1.7C/minol3tE2 ZAEAch
(Fig. 5-B).

9027 ZAMIE BY EYZHO 3mmolAM e
267.3C/minZ 4009C7HA Z7 E 9™, 6mmeolA
9 71d&E5E 3mmolA B}k 587l A" 524T€
/minZ 1068C} Z=€3lE %, ImmolAE 469C/
ming 993C, 12ZmmelA¥E 46.6C/ming 97.3Cd]
=2Eta 15mmolde] EZ oldAe of 40
C/mino)e] 7td& =2 866C7x Fr)sttir) 27
mmol M 14.8C/min®] £E2 53.7C7A F7tsl
At

ZAY B¢ Folle F98 duRd sty E
ol ImmolA 7HEEE 1614C/min2 10% ¥
4278C7+A =4€3tgth 6mmotA e 3mmoA Bt
2v) A€ 951C/minZ 54% ¥ 1924T7A F7F

AA 9mm, 12mm, 15mmdlAE zHzF 100, 97.3
T, 98.1T7 dsstdon 80C RAANINE EF
o] Zlole 2smm7ARAE AE7A 9 A 2HE 80
Tl fAsE BEFY dolrt 713 Ak

Eofgol ol 3mm AATY £=FHE 3mm
¢} émmAlelelA 785C/mmA T, FEFEHAX
71949 9mm$} 2ImmAtold e zZ+zh 0.2 ~ 09T
/mmZ @ FFHRE Jehdn, ¥ FHH o)
742 719" 24mm$} 27mmAlol A= 9.5C/mmE
2e 7t F7 A

18" B9 o] 3mmelM Y4 EE —53.9
C/min, 6mmolA —14.7C/min® ZAHQP L, 95C
olael Egex ImmolA 15mm7tx] —3.7~
—20C/min2  @Zsidrl,  27mmolddA e
—0.5C/mino) & M A3 Wzts Ark(Fig. 5-C).
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L

P d7e 32 24 A EF A2H(pre-emer-
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FXE WA w2 Agy ABE ANl A
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s AdER AMR-HAUTH

B Age 18" B o8 e 5806,
57, 10.7, 151% wb)& Ze FEFT Ho4d 714
Al EGErE 9 FAMAIZH30, 60, 90x)o) wE
Eck ol 2x REI/ FAHAYLY Fx FA9
Bolg S AR = e 2AS 80T oM
32 o A&E £ U= B d54d d AT FH
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