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Abstract: For the weak points of citrus Huanglongbing ( HLB) heat treatment by hot air, such as high
energy consumption, slow heat transfer, and heavy heating equipment, far infrared heat treatment method
for citrus HLB was put forward. An experimental platform of HLB far infrared heat treatment was set up),
which consisted of heat treatment enclosure, far infrared lamp groups, a paperless recorder, a 12
channels temperature recorder and some temperature sensors, to study the influence of the far infrared
lamp groups quantity, the power of far infrared lamp, the heating time, position of the far infrared lamps
on the temperature field distribution of far infrared heat treatment. The results showed that the quantity of
far infrared lamp groups, the power of single far infrared lamp and the heating time had significant effect
on the temperature field distribution of leaves and branches, the distance between the far infrared lamp
groups and the top of the stent had significant effect on the temperature field distribution of leaves. The
factors that affecting the temperature field distribution were optimized. The optimum parameters were as
follows : the quantity of far infrared lamp groups was 3, the power of single far infrared lamp was 1 kW,
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the heating time was 3 min, and the distance between far infrared light and the top of the bracket was

10 cm. Under the optimal parameters, the average temperature of leaves was 58.1°C, the average

temperature of branches was 43. 1°C | and the average temperature of the whole treatment enclosure was

52.3°C. Under the parameters the effectiveness of infrared heat treatment on the control of citrus HLB

was proved by experiments, the average reduction rate of bacteria concentration after treatment was

34.4% . The results provided a reference for the optimization design of large-scale HLB infrared heat

treatment equipment.

Key words: citrus; Huanglongbing; far infrared heat treatment; temperature field; control effectiveness
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Citrus HLB far infrared rapid heat treatment test platform
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Fig.2 Leaf temperature measurement test
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Fig.3 Temperature measurement results of citrus leaves
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Fig.5 Temperature measurement results of citrus branch
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Tab.1 Experiment factors and values
KR E e
TELLAMT A 4 B/ A 1234
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SRt A/ min 2.02.53.03.5
TELTHMT 5 BRI 25/ em 10,15 20 25
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2.1, 1 LAY A E R X I B A ) 5
K A% M. R I L AR AT A T R
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10 em , 38 1 2 AR 8 21 AT A8 20 55 o ok ek n #R T
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Tab.2 Citrus leaves temperature under different

far infrared lamp groups quantity C
e TELLAMT A 4 B/ A
1 2 3 4
al al7 28.6 23.3 36.1 34.0 53.7 63.4 54.8 60.9
a2 al8 27.6 23.9 34.2 33.5 54.1 50.2 63.6 58.1
a3  al9 26.8 33.8 36.5 38.3 55.6 57.3 67.0 62.1
a4 a20 23.3 51.6 40.8 54.1 60.1 65.4 62.6 69.9
a5 a2l 24.4 40.6 48.7 39.1 58.2 50.5 66.5 58.7
a6 a22 25.5 30.4 48.3 37.1 59.8 57.5 67.7 68.8
a7 23 24.7 23.7 36.6 38.5 64.9 50.9 59.7 55.9
a8 a24 25.7 26.3 34.9 32.5 59.8 43.2 67.7 50.3
a9 a25 23.8 26.2 31.8 34.9 50.3 51.7 58.7 71.6
al0  a26 28.4 26.3 34.6 34.4 53.6 52.4 57.5 52.1
all 27 25.0 21.6 35.2 28.0 48.2 40.5 63.4 48.7
al2 28 23.1 22,3 32.2 29.2 48.8 54.3 49.9 56.4
al3  a29 25.2 36.5 37.0 48.2 65.5 51.5 71.0 57.9
al4  a30 25.6 28.9 46.1 34.8 54.4 41.6 67.1 44.7
al5 31 23.2 23.2 51.2 31.0 46.4 43.0 62.5 47.1
al6  a32 22.0 23.4 41.5 53.8 55.3 53.8 56.1 60.8
FHIE/C 27.0 38.3 53.6 60. 0
2/ 30.0 37.5 30.5 26.9

i P <0.01
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Tab.3 Citrus branches temperature under different

far infrared lamp groups quantity C
TELTAMT A 21 Bt/ A
PR —— S ’

a33  a43 40.3 39.5 41.4 40.4 61.2 53.6 66.8 62.4
a34  a44 25.5 24.9 31.3 27.7 41.9 34.6 45.4 38.0
a35 a45 21.9 24.7 25.8 27.2 37.3 33.4 40.7 40.2
a36  a46 21.7 20.3 31.5 29.5 42.7 37.3 44.5 38.9
a37  a47 23.8 20.6 41.0 41.9 49.7 44.9 68.9 48.8
a38 a48 24.2 24.0 29.7 29.1 50.0 47.9 63.7 60.8
a39  a49 21.9 19.6 26.3 22.0 39.4 29.8 42.4 31.9
a40  a50 20.2 19.4 25.0 20.2 31.4 25.9 33.8 27.7
a4l a51 21.9 20.1 28.0 22.6 40.3 29.1 43.6 30.9
a42  a52 20.2 21.4 24.3 25.1 35.5 32.3 38.1 35.9

SEE/C 23.8 29.5 39.9 45.2
W2/ 20.9 21.7 35.3 41.2
BEH P <0.01
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different far infrared lamp groups quantity
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2.1.2  HURIELTAMT A DR S 1 R

RS A5 BB LT AMT A AL B 3, A
[B] 2 min, ZELLAMT 5 SZ 28T 5 10 em , HAR S
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Tab.4 Citrus leaves temperature under different far

infrared lamp power C
HHGELLAMT E R/ kW
R s
0.7 0.8 0.9 1.0

al al7 45.2 53.7 37.9 51.8 52.4 63.2 51.1 62.1
a2 al8 41.1 44.2 39.0 37.9 46.4 50.9 44.7 49.5
a3 al9 45.4 41.8 46.9 42.5 52.1 46.5 50.4 45.0
a4 a20 45.4 47.0 51.8 52.8 52.2 52.7 49.9 51.3
a5 a2l 42.3 44.9 44.4 40.2 48.4 52.0 47.5 51.3
a6 a22 41.1 43.3 46.9 43.7 48.4 49.1 46.6 47.7
a7  a23 58.9 41.3 59.1 38.2 71.2 46.9 70.4 45.4
a8 a24 46.9 37.9 48.1 41.8 52.8 42.9 50.7 41.8
a9 a25 40.5 40.9 37.1 42.7 47.5 47.8 45.8 46.4
al0  a26 44.4 38.9 39.2 41.4 50.8 43.3 48.7 43.1
all 27 38.1 35.8 35.2 33.1 42.7 39.4 41.4 38.5
al2  a28 42.2 43.8 35.0 43.8 47.5 48.7 46.3 48.7
al3  a29 54.9 41.4 52.7 44.7 63.9 46.8 59.9 45.3
al4 a30 40.4 34.1 43.7 35.8 46.1 37.6 45.9 36.7
al5 a31 35.6 34.0 35.8 39.1 40.5 37.0 39.4 37.5
al6  a32 39.1 35.3 50.2 45.2 43.2 38.6 42.3 38.2

F-I41E/°C 42.5 43.0 48. 4 47.2
brifE2=/C 5.7 6.3 7.4 7.1
B P <0.01

M 4 FIZR 5 AT LA 1, YA 2T AT 4 4 A
K3, IEE ] Sy 2 min, JELTAMET 5 S 28 TH R B
K 10 em B FRARTE LT AT 48 D X w it (3 4) F
e (3 5) IR A AR B35 (P <0.05) , A
I ) P-4 B 4R ) 40°C L b, Y BRI LT AT
EN 0.9 kW HI 1.0 kW B A i BT 1 2 S 24
Y AR L AMT A 130 0.7 kW F10. 8 kW

R5 BIREAIMTIENEINS TEEHHIZM

Tab.5 Citrus branches temperature under different

far infrared lamp power C
LIRS HRTELTIMT B TR/ kW
Can 0.7 0.8 0.9 1.0

a33  a43 39.2 44.2 46.2 43.3 45.1 50.2 44.7 48.6
a34  a44 35.9 29.3 32.4 31.2 40.5 31.7 38.9 31.1
a35 a45 30.6 32.3 30.4 28.9 33.5 34.9 32.6 34.5
a36  a46 33.6 30.0 32.7 31.5 37.3 32.2 36.1 32.0
a37 a47 39.0 26.1 36.9 39.3 45.7 27.4 44.1 27.2
a38  a48 36.9 40.3 37.4 40.7 41.2 44.2 39.3 42.5
a39  a49 33.2 27.3 33.2 28.1 36.0 28.7 35.6 28.7
a4d0 a50 26.4 24.6 28.6 25.3 27.7 24.8 28.0 25.4
a4l a51 35.8 26.8 33.2 26.8 38.9 28.3 38.3 28.3
a42  a52 31.4 28.7 29.8 28.7 33.9 30.8 33.2 30.0

YA/ C 32.6 31.2 35.7 35.0
FrifE2/C 5.4 5.7 7.1 6.5
WEE P <0.01

Bf AR i ST A IR B A E A {25 0. 9 kW AN
1.0 kW AH B i AR () Byt B A v 25 R I

ANTR) Ty 28T RSP 2 B AR A 1 7 PR
LT TR AR D) 238 R S 33 B L T
SRR, AT 0.9 1.0 kW I B i B i
FT0.7.0.8 kW ZHE 0.9 1.0 kW B, B -
TR R AT HAT R S TR . YRR
VLT AMT 3K 1.0 kW I B B S 24 7
1.5 min B _EF3] 38.5°C ,2 min Bf b FA 47.2C ,
0.5 min PN EFF8.7°C, EFH#E 5 0.9 kW AT,
AR LLAMT A TR 0. 7 kW B AR ek 35
PIEAE 1.5 min B _E T+ R 35.29C,2 min B} TR
42.5%C,0.5 min N FF+7.3C, EFHEE 5 0.8 kW
g7 Sl

501
——0.7 kW
45t ——0.8 kW
——0.9 kW
—v—1.0 kW
o 401
4
IE 35F
ﬂ
e 30
25+
20 0.5 1.0 1.5 20
HF ] /min

BT R TR PR
Fig.7 Average temperature curves of leaves

under different far infrared lamp powers

IRIZE IR BN AR 2T M A TRl e —
FERREE B InARE LRAS T R BT 3AME , HAR R 4%
PE TR R s TR TR AR RNk (], 36
PRSP EAIR R ETHIERE O, 0.7 0.8 kW LA 0.9,
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1.0 kKW AR g DL R TR AR
2.1.3 iR ] X B 3 1 B

IS IR LLAMT A R [ E Ry 3 41, AR
TLLAMTE IR 0. 8 kW, IBLLAMT 5 3L H TR EE B
10 em , HABIRYE 25 A AE , FRFEA [0 B4k ] %o it
BEY o3 A B R W, I AR TR B 2.0.2.5,3.0,
3.5 min, K H I 3 K, B LURAS A (IR 45
(8 e BT E R A5 6 PR,

F6 et E3EE BRI
Tab.6 Effects of heating time on temperature field
AR (] min

o PEHER

2.0 2.5 3.0 3.5

SEHE/C O 41.0 48.3 53.6 59.6

Rt bR/ C 6.3 7.7 6.7 7.7
M P <0.01

S C 31,2 36.2 39.9 43.6

K+ Rz 5.7 8.6 9.1 10.2
B2 P <0.01

FE 6 FTLAFE Y, Jnp st i) A - LA B & - A
WG REIA BER (P <0.01), K& NI
[ EAY BT, A P LA R A 118 308 B ST Y (A 5 34 im0
FRIFE] A 3.5 min B, W EE IR B 59. 6°C BTl
JEFHIE A 43. 6°C 5 G INAARFE]SA 2. 0 min B, it
MR E R 41.0°C , BT B 3{E R 31.2°C,
TELRE b TV ot 5 Rk ] RS 12 A FAAIG

TR i S A T A B SR A, ELAR ) i #4%
PR TR R, PR 0% T AT SR
MR ARG 6 AN [l 41 AT 45 4 B0 T gt
TEE AR Matlab 3 5547 #H 18475 (6, 47 (B0 285 2%
K8 N, I As bR I s A F A B rpuly | 2 A0

RIE/C R
400
200

L 50 I60
55
45 M
|50
40
45
e 35 2!
/ / 40
30 P

=200 0 200 400 =200 0 200 400

y/mm

a/mm a/mm
(a) JINFAEFE] 2.0 min (b) IAEF[E]42.5 min
I /T
400 400
™ AN E
60
200 200 65
55
£ £ |
£ 0 £ 0 60
- 0= 55
=200 =200
45 / 50
-400 -200 0 200 400 -400 =200 O 200 400
x/mm x/mm

() JM#E A1 43.0 min (d) St A 3.5 min

P8 A [RL ARt T A i 2 A 12
Fig.8 Leaf temperature distribution maps under

different heating time

B SIRLLAMT 1 EOEEE 20 em,
XA A AR ) 2.0,2.5.3.0,
3.5 min A, ZEATFUIE HG /7 BE 4T 20 em Ab, 3R
JE 43510 50.2,56.2.61.8.67.7°C, H i I JEE 43 i1
4 53.5.62.4.64.2.72.7°C . TEXT (1 IEHT 77 B 25T
40 em Ak, S 336 53 5 O 31.8,37.7,42. 4,
46.6°C , B MRS 0] B9 G A0, B AR BE B £ AM T
20 cm DA K 40 em Ab R IR EE SE XS (E 2438 in, (E
20 em Z 40 cm P9I B A A I R A AR 1R,
IRIGEE R E W], LE 2 ~ 3.5 min P, fi AR i) 444
0. 5 min AR BV EIETHR 6°C ZE 47, FEILLL
SMTIERTT , BRI 20 em A1 40 em B, B4 H-IE
JEEF AT BRI AN B RS ] i 22 A i 284k . AH
() 50T B ISl B v TS THIRLBE
2. 1.4 JELTHMT TS SR TR R B A 50
B A IR LLAMT A AR [ E Dy 3 4, AR
TLLAMTAE N 0.8 kW, JIARIT ] 3 min , HAB X5
TN BUSI 2T AT 5 3 B TR I 2 ok o At
f&H, BEBUKF-H 10,15 .,20 .25 em, IR EH 3 1K,
AR LLAMNT 5 3BTRS T, B LRk + 1Y
I R (R AR 22 TS RN 7 P,
R7 IRLISMTE X ZRTARRE B IREHRS 0
Tab.7 Influence of distance between far infrared lamp

and top of bracket on temperature field

ILLTHNT 5 3 R TR/ om

Fl TR

10 15 20 25

SEHE/C 53.6 55.3 55.3 54.8

R bR/ C 6.7 7.9 4.9 6.8
2 P=0.01

EHEC 39.9 40.7 40.9 41.0

B+ R/ 9.1 9.5 9.0 9.9
B P=0.07

MR T ATLUE ), 24 [ e 20T 4 ke R
3, BRI LT AN T A DRy 0.8 kW, i AT ] Ky
3 min A, ELT AT 5 S AR TH0HS I B X A v ) Uk
SIATR 3 (P <0.05) , XA 1R 3 37 40 A
BERW(P>0.05) , BIFLLEA T4 KT 1R
JESF- BB HE , B i T B A ik 8] 50°C DL b A
TR BEAE 40C L4, M dMT 5 L 48T
TR N 20 em BF B I L R A T 4 T B B o 2 A
B I 0 N = L 2 e e (1 S -8
PR
2.2 EXRBERSHF
2.2.1 IEXRE R

FRAE B R IR0 45 0, 1E A8 % & 41 A AT
EUEE(A) FRARIEZAMT E YR (B) it [E]
(C) JELHMT 5220 (D)4 NMRE, A
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164 (421)1E38 3, IE3CI 5 K R K- an 3k 8 frs,
HRAEG 164 (421) IEAS R L HEIE AR , a0 2 5 b

%8 ExRBEZKAT

Tab.8 Factors and levels of orthogonal test

NPk RETHE RS Wa e b FEKE VL BAV  COmn D/em
T A BT IR ) SR P S R BT , , s e
R EEbRAEZE L 6 AN HARTEA Fa bR, i 45 F an 3 3 0.9 3.0 20
%9 iR, 4 4 1.0 3.5 25
x99 ETRELER
Tab.9 Orthogonal test results C
TS R EEBRIE2E T BRI 2
2 i
G S s R -3 7 NS 1 RN s R 3¢ N CZCIY S s <37 N1 R s R 3 ( N
1 25.6 233 247 3.8 4.1 4.0 33 39.6 301 359 6.6 4.5 7.4
2 26.7  23.4  25.4 4.2 3.9 4.3 34 44.8 344 40.8 4.9 6.8 7.6
3 28.9 241 27.1 4.4 5.3 5.3 35 53.9  39.9 485 6.5 8.9  10.1
4 3.1  25.6 28.4 4.8 4.6 5.2 36 56.6 426 51.2 6.8 109  11.0
5 25.9 231 24.8 4.6 4.4 4.7 37 42.8 329  39.0 5.2 5.3 7.1
6 29.0 249 27.5 4.6 4.8 5.0 38 50.1 371 451 7.9 8.6  10.3
7 30.4 255 28.5 5.2 4.8 5.6 39 56.5 425 511 7.1 1.0 111
8 32,9 266 305 6.7 6.9 7.4 40 61.0 467 555 6.9 1.8 11.4
9 27.8 243 26,4 4.7 3.9 4.7 41 47.8 357 431 6.2 7.1 8.8
10 29.7 251 27,9 5.4 4.7 5.6 42 54.9 400 49.1 6.7 8.9  10.5
11 330 27.6 309 6.1 7.1 7.0 43 59.3 431 531 83 10.1  12.0
12 34.3 285 321 5.7 7.3 6.9 44 65.9 481 59.1 7.0 1.1  12.3
13 272 23.8 259 5.0 4.2 5.0 45 49.9 365 447 7.0 7.2 9.6
14 3.4 25.8 293 6.8 6.2 7.1 46 54.4 394 487 1.3 8.6  10.7
15 33.5 27.8 313 6.6 7.4 7.4 47 62.0 452 556 6.0  10.4  11.4
16 36.1 292 334 1.6 9.2 8.8 48 67.7 500 60.9 83 140 13.8
17 33.6  28.8 317 4.6 6.0 5.6 49 477 36.7 435 6.6 7.1 8.7
18 37.5 312 350 5.2 8.4 7.3 50 549 432 504 59 1.2 10.0
19 41.8 326 383 7.0 8.0 8.6 51 64.5 48.7 585 9.2 134  13.3
20 45.4 359 417 5.9 8.9 8.5 52 71.4 543 654 9.5 145 151
21 35.9 30,4 33.8 5.3 8.0 6.9 53 57.0  42.3  51.3 6.9 8.4  10.3
2 41.2 345 387 5.7 9.9 8.2 54 63.2 47.4 573 4.8  10.1  10.8
23 46.2  36.1 423 65 9.2 9.0 55 7.1 520 641 9.9 121  14.6
24 475 36.5 433 6.1 8.7 8.9 56 68.8 515 625 10.5 13.6  14.9
25 3.0 301 349 6.5 6.8 7.6 57 56.2 419 511 6.3 8.3  10.4
26 44.8 349 410 7.1 9.1 9.2 58 69.3 5.2 623 9.7 146 147
27 50.5  39.0 461 7.9  10.9  10.7 59 731 53.8 657 7.6 133  13.9
28 51.8 4.1  47.7 6.8  13.3  11.0 60 8I.1  60.2 73.0 9.3 152 15.6
29 38.6 3.4 359 6.2 7.2 7.4 61 59.5 456 544 87  10.6  12.0
30 45.0 348 411 8.2 9.2 9.8 62 66.2 480 59.6 9.4 1.1  13.9
31 48.7 393 451 6.2 127  10.2 63 77.8  57.2 70.2  10.5 149  16.1
32 53.0 42,4 489 7.0 131  11.0 64 8.0 58.9 728 8.9  13.4  15.4

2.2.2  IEAIRES BT

TE AT T A3 AT e ) AR 26 A 45 R 3 0 4%
FE bR M I 0, A 22 788 R D00 358 BH X 12 i s %) 52 il
K, BRI R R A 22/ R E R R
ELA AT ES AN 10 s {9 MR TR R FE K
T &AERIE PRfEZEZ R R

2 10 Al & A B.C XIR I K+ &k
()L S5 DL B IR B bR 223X 6 R AR A 3

M), B AR YL B B v 22 8 BR A | X A S A 19 52 i R
N, WREINGT R A C B, D XF 6 A~TFHr
FEPR A R, X TR R R AR
fHAERR, & R Z X H S KNP A A C B.D, i
RGN AB,C,D, . TR AR B b
WEZEAR AR, 2 I Z X H i K/ F A A C . B.D
(HPR IR EREZ N A C 5 B.D MH) , fiefh
HEMABCD, . NFE10 B0 LIFE X TR E



%510 TREk 5 ARG I e LT AN R IR I 37 0 A R R IR I 5 183
10 BEUFHER FES-PHEFEFR AR N2 A B . C AR R
Tab.10 Visual analysis result 1. N2 D BEIEAKEN 4
M WEE FRPIRC B ik H L 9 AT AL P B bRk T, 22 A
AV AY2 ¥ K¥A R ¥ e AR BT SRR T %
A 302 43.7 542 66.4 36.3 4 AL > N o =R R
B 4.9 475 511 520 8.1 4 B UL C X kT AR B R S YA{E R 4
R ¢ 40.8 46.5 52.0 55.3 14.5 4 mHEA —ERRIEA, BN E ¢ R IEER LA
D 491 48.3 49.0 48.1 10 1 K BWE, WE D X KT R R iR
R2E%1] 48.7 48.7 48.6 48.5 0.8 H o2 g g R Y s e e
T ass mo 03 s ano 3 EREE S TCI B AE A, MR BEFRIfE 22 T8 45K F
o 5 34:7 36:9 39:0 39:7 5.'0 . R A SRR AR EE R S A /Y38
Wl KT c o 323 359 39.7 42.4 10.1 4 B R M RZR A KR 3 B TR EE bR 2 S
D 382 37.4 37.6 37.0 13 1 K2 4 AH A PR, B R BE AR E 22 B A 1Y)
W% 37.6 37.6 37.5 37.6 0.6 WAL A BN . HZE B K EARL R BT
A 284 403 488 €01 3184 ARG IR AR 1 2= 0 ok A8, IR ¢ X T 3%
B 40.4 43.5 46.5 47.4 6.9 4 ey - M A
MKk C 3.6 4.4 473 S04 128 4 RIIR AR HEZ W BEE C IR Rk,
D 45.0 44.2 44.6 43.9 1.1 1 @%‘W”fﬂfﬁﬁ?ﬁ%%%ﬁ@ﬂ?o Bﬁ%% D1y
BRG] 445 44.5 444 444 0.7 TR, B AT AR BRI R b o 254 — e R
A 54 64 68 84 3.0 1 A R
o DUSTIIE L memrran
b 6: 0 6: X 7: 0 6: ) 0: s 4 ER BT B AR BB A 45 DRI XS PR 8 A )52 i)
REF 6.7 6.8 6.6 6.7 0.5 Fi WA 22 K/ AT HE P, (H 2 45 PR R X 48 Ak 3 52 1)
A 56 93 91 120 64 I R R EHANERE, X FIEN R b B pY
IR b B 79 86 95 100 20 I F N AT AR, T TF PO 48 b S B
e BT O A AR . BHLE E KT o <0.05, HE
27 9:0 8:9 9:0 9:0 0:4 BB AT 2 50 T, ST AT R0k 11 pios, e
4 59 88 103 131 7.2 1 TR R R PR 2S5 A5 BP0 R FE AR, o2 ik R
B 83 91 10.1 106 23 1 KU A ZE X AN Fg A 52 i oK
Bk 75 91 104 1L1 36 1 M1 05, R A B DL ¢ XHR S ME
Lo 90 909008 HR RS R, I A C xR T (245
®2H 9.5 9.6 9.5 9.5 0.3

SEEEE bR, 2 A R K F—2, W& 4B,
C WA R 4, 12 D AR R 1, %R
JERRUEZRFER , 45 N R B K —2, H 5

80 ot 4T~ ik OT gt B 50k
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=
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Fig.9 Diagrams of relationship between factor level and mean value, standard deviation of each index
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Tab.11 Variance analysis results
ity A5 SRR S5 A B A ¥y F P TTER R/ %
A 11721.15 3 3907. 05 397. 44 <0.01 78
B 668. 42 3 222.81 22.67 <0.01 4
C 2056. 46 3 685. 49 69. 73 <0.01 14
iy
D 17.34 3 5.78 0.59 0.63 0
R7E 501. 35 51 9.83 3
At 14 964.72 63
A 5048. 64 3 1682. 88 340. 40 <0.01 77
B 252. 84 3 84.28 17.05 <0.01 4
— ) C 946. 47 3 315.49 63. 82 <0.01 15
BEFHE La D 15.45 3 5.15 1.04 0.38
R 252.13 51 4.94
A1 6515.53 63
A 8 812. 06 3 2937.35 386. 11 <0.01 78
B 484. 90 3 161. 63 21.25 <0.01 4
C 1578.57 3 526.19 69.17 <0.01 14
EEITN
D 15.18 3 5.06 0.67 0.58 0
TR 387.99 51 7.61 3
it 11278.70 63
A 130. 89 3 43.63 73.43 <0.01 56
B 26.13 3 8.71 14. 66 <0.01 11
C 43.40 3 14.47 24.35 <0.01 18
ek D 4.77 3 1.59 2.67 0. 06 2
P 30. 30 51 0.59 13
Gt 235.49 63
A 448. 44 3 149. 48 176. 49 <0.01 58
B 45.50 3 15.17 17.91 <0.01 6
N—— T C 201. 82 3 67.27 79.43 <0.01 26
D 33.52 3 11.17 13.19 <0.01 4
TR 43.20 51 0.85
At 772. 48 63
A 506. 47 3 168. 82 302. 43 <0.01 68
B 56.75 3 18.92 33. 89 <0.01 8
C 144.31 3 48.10 86.17 <0.01 19
ik
D 7.69 3 2.56 4.59 0.01 1
RE 28.47 51 0.56 4
ait 743. 69 63

%, BFR A B C X 22 2548 bR 34 A 1) i 2
RO, PR A IR BE AR v 22 F8 A 1) BT kR d e, 6
WPt AT AR FE s o 22 1 BT RR R 430 R 56%
58% 68% ., IZR C XIREt AT B AR bR if 22
FITTERRAT N 18% 26% 19% . N2 B St
R HE AR T AR I 22 10 DTSR N 11% 6% 8% .,
I D X R T B AR B b v 2 A A B 35 52 ), {H
X R AR 25 0 A B R, R 11 BRI X
FHEIMM IR, I E A W TTECR R R R, HE C
W2, UL LT AT A8 20 B0 X0 $8 4 14 5% 1 B
J1iK HRGE e ], B3R D AURTRL T Fidg 44
AR EZE TR bR AT R

2.2.4  [Al—HEARFIKF 2257 05 RS

KA X B & 22 K 5 1k ( Shortest
significant ranges , SSR) Xif [] — [Kl 2% /A~ [R] 7K - 447 (. [A]
(25 S 04T B PR R G, R B0 45 R 2 12 PR

2 12 W0, X6 TR il B S 3, R AL C
(1) 4 DRk B B & 22 5, IR B 15 3 K-
FIEE 4 K5 1 2 KRN B EER, XF
TR EIME, 2 ALC 19 4 DKE R 2 B
E25 R B 3 AKEHEE 4 KEH 55 1.2
KRR W25  HNE D B 1 K54 K
kSN 22 5 XTI R B IR A
C 194 DIKEY R BN 3 2 5% WK B 1955 3 K
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Tab.12 Significant SSR test for differences between

levels of the same factor

- LA T RE i 2
SIS S 3 R 7 N L S '3 R 47N
K1 a a a a a a
K2 b b b b b b
4 K3 ¢ ¢ c b b c
K4 d d d c c d
K1 a a a a a a
IR 2 b b b ab b b
B K3 c c c be c ¢
K- 4 c c c ¢ ¢ d
7K1 a a a a a a
IK-2 b b b a b b
¢ K3 ¢ ¢ c b c c
K4 d d d b d d
K1 a b b ab c b
IKF-2 a ab ab ab be b
b K3 a ab ab b b b
K- 4 a a a a a a

SERIZE 4 KE S5 1 2 /KPR B B 2 5
£ D1 ADIKESHE 4 DKERRIW B EES,
XTI EEREZE  IEE A 956 2 ZKERIES 3 K
EHEH 1 4 KRN B EZER HNE BINE 1
TKOEFIES 4 KPR B0 & 22 5 N ¢ 15 3 K
SRS 4 KB 5E 1 KRS 2 /KPR B 3%
25 R D W 3 M5 4 DMK R B
FEEF . MNTFRTREREZE, R A NS 2 KF
FIEE 3 K55 1 4 KRB B 255 NE
B W55 3 RIS 4 AP 555 1.2 KA 2%
FER NE C M4 DR S EES,
EDMWE 1.3 4K FRBNREER X TR-KE
JEFREZE K A B .C 1 4 DKEY k0 B2
5L EER DS 1.2 3 K55 4 KRR B
FZ5 o BRILZ AR, oAt PR 2 AN [R] KT S5 {8 ) 11 25 5=
YRR, F—HNENFEKFEES B EEGE, N
T 2 2248 A 1E 28 IR ) e K T4 T 5 B
2.2.5 IERIRIGEE R IGIE

Xt F 2805 1IE 3SR K, AN [F] B PEA 48 45 32 AN [
PR 28 DA S PR 287K ()5 Wil A7 — 1 25 57, (Y
FERATE IR T bR, WL ADIT AN 6 A5 X N 9 25
RATREHR 22 , L, W 2565 2% TR A PP R bm i il 2k
R GEERBELE S BN ERNKT . TER BT
J5 22453 HT (SSRK 56: ) LAtk R £ 6 S A vk
RIS HOKEHE .

TR R B AN, 45 PR 2 A e K A7 22 53 AR
PR 11 TN 12 (YT 2500 oTmk R LA S R — R R

2% K- 6] 25 5 2 SSR RGBT 1, 7R E A S
BOKIE 675 RS AR TR V- Y, SR J5 25 i
TR BRI B AR 22 , T e A TR B -3
{6 A TR AR E 2, )5 25 e IR B AR 25

Xof TR A T B PR, 45 S 3 M R e R R ek
R RBVIMEK R A C B, BRI ITAR AC, %
JEI DA AR I TR A | S R I B A 40°C LLTR,60°C
DL E AT , B AR S B {E AE 40°C LA |, 60°C LA
T,ALC B BE i 2R AT HES B &5 R R
A,C, A,C, A, C, A, C, A C, A,C, A, Cy AC,,A B
FEBCHYHESI Y Jy . A, By (A, B, Ay B, \A; By Ay B, |
AsB, A,B, o TEVL_HES 9 J Aty 1% AR i 38 82 OF- 3
BRI 25 AT HE Y, SRR I B AE 40°C LA ,60°C
DL BIRETE A L C $5 FL 4% I8 vh v 2R A T HES it
JFh:A,C, A, C, A C, A, C, A, Cy AC, A B 5T
AHESIT . A, B, (A B, Ay By (AyB, (A,B, (A, B,
FE LA HES (14 S At ot 5 (AR B s v 25422 FE M /N3
KM FHESN . A5 C, (A, Cy (A C, A, C LA, C
A, Cy o TELL L HES A XA B P 34 (i 44 B
M BRI HES A . A, C, A, C o FELL - HES Y
FERH b XAl I B o v 22300 45 R A (e BRI
FIKAMFHES R . A, C, ALC,

2 R AEAR LA S I ST BB AR AR B, #E 40 ~
60°CH,FER R A S ZE ¢ WIEHL T, A, C, IR EF
YA A, CIRZ A, CL L A, C, R 2°C Ze A 3 7E
WZE A 5HEK B Wil ,A,B e A, B,IRZ, H
THZIA WA 2°C, TR T A EAE 40 ~
60°C IS K A, Cy A, C, o TIE A 15Tk % 5
KRG RNZE ¢ N E B, 45 % 1B R0 45
RHZR DL BAE GRS, X T A B.C3
MHEZIEER A,B, C,, W THE D, Y4 H e
PRIR B SF- YA bR T X0 A B KO 1, R o A 3
AR S B G R A,B,CD,

AL IS 1 S8l & TR i 2T AT 4
YEEN 3, BRI AMT B TI%N 1. 0 kW, inFART
(8] 2 3 min, ZEZLAMT 5 AR TR 250 10 em , 450
JERE VAR ASARARGE RN 13 FioR, B 7
BIE A 58. 1°C B TR B 34(E R 43, 1°C B KR
JESFE R 52.3C
2.3 SEYFREN

HRPE AL 306 4% 5 | Ab L a) A7 s REAR AR, kb
BRI S R AR A I 2 AT S IR 2 Ol e R B Y
( Polymerase chain reaction, PCR) Ky L3+ , IWFE it
T A PIRAR Y DSV

TR0 FE A B ARl K 2 AR B e B 5 2 A AR
SE B HEA T IR IR D H 4 BB R 2 N AR, A
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Tab.13 Temperature distribution under optimal

parameter combination

L1 e
WA W/ C M A /T
al 63.5 a33 61.3
a2 60.0 a34 45.8
a3 60.5 a35 39.8
a4 62.7 a36 45.9
a5 59.7 a37 54.7
a6 61.3 a38 56.3
a7 63.8 a39 41.9
a8 61.5 a40 33.2
a9 53.5 adl 43.7
al0 57.2 ad2 38.3
all 54.5 a43 56.6
al2 52.9 ad4 38.4
al3 65. 4 ad5 36.0
ald 60.5 a46 40. 2
al5 53.0 ad7 50.8
al6 61.9 a48 57.1
al7 67.2 a49 30. 4
al8 51.7 a50 27.4
al9 58.4 as51 31.0
a20 66.7 a52 33.9
a2l 65.2
a22 60.5
a23 56.0
a24 54.0
a25 58.8
a26 51.6
a27 44.6
a28 59.7
a29 58.1
a30 50.3
a3l 48.1
a32 56. 1
SEI{E/ C 58.1 43.1
BARFHE/C 52.3
bR/ C 5.5 10. 1
BARbRHEL/C 10.5

2 Bk, — X IRAL, AN REATAR B, 5 — A i
KodH , BEATIE AL M B IRIEAS ISR i B L 2

BT B LT AMT A AU 3, AR LT AT
BN 1.0 kW, AR E A 3. 0 min, IELLAMT 5
FIATR AR B A 10 em, AR E A 20°C, ik
3.0 min Ji , B it 24930 B 58 3] 58°C, SCHT I, A
SRR 9 min 2 30°C B 45 5T, 50 56 & W&l 10
IR IZIRISRE T d AT IR ESLHA T 28 d

10 ZELTAh H DR A A
Fig. 10 Far-infrared field test equipment diagram
AN 2 SERR TR 3. DRI

RIGTFUAHT, RAEXF 4 (R-CK—1,R - CK -
2) LIRS ZH (R — 1, R —2) 4 AURERE R B 5 e -
FEAS R AR P R AL 7 4R — R, SR FR U
ik DNA #4752 58 e 5 PCR AU, 56 4 U5
501 AN A G HRIRE 7 8 R FE X B DA 56 21
(ARSI AR AR HEA TGN 56 A7 Fe AGE I A B3 45 2R
M 14 iR, T FRTE PCR ¥t Fih 41474
(TGRS ) Bk BE I (S AFS B KM &0t
Y BEE IR B, X T /NTF 30 B, 0 AT A Sk A ek
YT EeNG, MR 14 AU, A i i p 45 jgk e
TR . ARYEAGIN 25 S A B R AL LA K
X RRALRY T F-S(E R BT 2 (V) A A BT
RGN T VXK 19.84, N FH{EH K 1. 64 x
10°, Z65) 4 WAL iRGG 20 T (a3, T SF34(H N
20.54,N - K 1.01 x 10°, F ¥ A% R N
34.4% , WFRRTX AR R T FH{EH 19.73,N F

R14 HEALRTAEE PCREVER
Tab.14 Sample real-time fluorescent quantitative PCR detection results

e Pk — IR (V) R A
Ak ¥ il VLS BB ik QPR /%
R R-1 20. 07 20.26 1.38 x 10° 1.20 x 10° 12.5
R-2 19. 60 20. 81 1.89 x 10° 8.26 x 10° 56.3
o R-CK-1 19. 00 19.74 2.84 x10° 1.72 x10° 39.4
R-CK-2 20. 46 19.73 1.05 x 10° 1.73 x10° -64.5

T T 4 A2 S A0 T 38 AN FRE S 4 AL ERSE | A SR A9 , TR BE (V) M4 ng S DNA R IeiTi#% DL 3t

%:/AﬁﬂaN:SS 50 x 108 X 10(T719.3)/73. 1692D
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SRAERE A5 . AR S L AP BRI 7 0 A R P I Y 187

EIEH 1.95 x 10°, kb PR S, X HE 4 7 -3 A5 A
19. 74 N SF-HI(E N 1. 73 x 10°  J5 VB AL T
11% ., BE, AT RLIA Ry 38 21 40k 386 4 A7 o5 e 9
Bl i B — 2 AR

3 itig

R G5 AT B e L S B A S
R AT AMTAS ARl 3, PR 21 AT 4 1) R
M 1.0 kKW BT E] K 3 min, LT AMT 5 S BRTHHR
FEEIN 10 em, FEBLACPETR, W 0k IR B2 7 35906
58. 1°C BRI (E R 43, 1°C, AR IE -1y
K 52.3°C,

ELLAMT B BN 4 B MR 5] R
YN AT B Ry 3 A (B ST 45 AR
ik, YL AMNT A B 4 (8 B, AR
FTRE RO IR 5 — L LT AT, T L0 AT A A B i
3(AE) I, BT X T A HA T AT, X i
B8 1 SRR AR, RN A AR AR P L AR B 385 2ot ARG AR
(LT A5 S 2 B S B AR AR B T B 25 1
) L AMT R A BN 3 (E R B,
NI L 22/

TE LT AN AL B 7 1 X A4 e e A By A HA —
SERCR  TERALRI SRR, S 21 41 7 2 Ak B 5 v vk
JEF Y RRAR 34. 4% 1T $RZS AR Ab B TR R
TIIREAR R N 66. 2% 2T % b s A M Ab BT
2, A A BT A AL BRI A BeEs Sk
75 24 Ao PHEE IR EE DA 32°C | THE 48°C BT 4 Ny
9 min, FXHBLIIZ 20 kW, REFEL R 3 kW - h; {H R
2r ANy AF, HFE AR 3 min, B4 I RS X
AT 18°C [ TF 4y 58.1°C 3 AHAT A 4H (6 4R, FHAR I
RAH 1.0 kW) BEFEZIN 0.3 kW - h, /U #EE S0
MEEFER 1710 Aoy, A SO AL i £ 3k

70 kg, M3 AT BT 208 3 kg, A KA
(11720, A 2L SR Bk 815 2 BAT A b
PR REFEARAFO0H, Ab BE AR SEAR  {EL 1
JE LR AT,

AT £ A b 3877 B G AR 30 , X9 B
PEATLL AN AL BRI 2 0 fe HER RE Ak B ] Ak
AR YRR A TS P A B 8y ) ] o 25 PR 2% %8 T A
Je Ak BEASCR A RZ MR, LA SIS v AR BRAKCR, | i
PEATHE— PSS . 53 Ah 8 £L AN H0s R ARG B A £
RF HER AR AR a5 55 B R R b A o ik —

4 #ig

(1) 48 1 SR P JC 21 0 5% At A 35 e o 4 A7 #R Ak
L AN AR WAICER R & N N SR WA=
R M) G 2T AT 5 SR TR B B 6 b 3L 2R
B2 A A s e, 38 o FH R 0 ik TR A B
Je g AT A BT R B AR Rk

(2) FCETAHMT A 2 B X W i DA Bk L
SRR B AL AT A AL B B3
BRI LA RS 81 4 0 2 T vy R L v T A
TR A

(3) FARLIIL LT AT 48 Tl AR R4 i DA R B 1R 3
Gy o3 A S50 3 o R ) i AR ] | 3 25 0 vy 4 P
SRR B T RO

(4) A [R]XRA r DL RS T AR B 3 43 A 3
HREFEZW, €2 ~3.5 min P, I HET 8] 434 0
0. 5 min , B R B ME TS 6°C &£ 47, fEILLhh
JTIERT A, 528 A 20 em HE N3] 40 cm B, A% Y0
SEEE T B AN B 0 R ] ) AR A AR Ak

(5) ILLTAMKT 5 3 ZRTHUER B g o) A i 1) 18 B2 4
G AURTE R
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