4

FPUNANUIDUAUNITNARBITIFUER T 2558

1. 9alAsamsdy Jnasiaundundes
2. 1As9N15938 ANSAN LA NAUIN AT
Aanssy walulag nsinUsEANSAINNISHARDANEDY

Aanssugae 2.1  wAlulagnN1SHNUSEANS AINNISHANDILEDY
3. YN1INAAD HANTENUIINNTUAEULAIEN N TINIAR DN TTEUIN
VDILIALALLUAIARFAUNT DS

The Effect of climate change on the spread of disease and pests

of soybean.
4. AnzgAndua
fmtin1snaass wnaniaen 39 farin AudIdeiilsigeddn
R WNEAIININST gvisudn dsin gudideiivlsidedng
w9asny Wuslvees fafin Augideiivlsgedng

5. UNANED

'
o A

n19338RanszgnuaNN1sagunUasgiionniAnenissruInvedlsauazuuaidn amie

Y

fa o A

fifunsiigudisefivlsdedn Maumunsmaasauy Split plot $1uau 3 91 fitladevdn Ao Tulgn
$1unu 5 Sutgn (iefunn 15 $u) way Sub plot 1y Mwdes 4 Wiug léuA alavie 1 a9, 5 1Tedlw 60
wag CM9513-3 anmafionialunsazsisugniianuusnsneiulungués gungiigeaatade 31.0 -
39.0 °C gaumgiisnaaades (12.0-23.1) AAuTuduimSads 60.4 - 72.9 USinaniduazan 5.1-173
fiadiuns Tungu guvniigsgaiade 28.8 -35.2 °C lisnafulunsazdisgn guvaliimamaadsgenigg
w8 (13.3-24.8) Areududuivndiadegs 70.4 - 84.2 Wondud Vsuanirluarangs 145-665

a 1

fladwes n1sialsalaunine alugguast 2556 uazgarudl 2558 NldnwugnsiUiguLlaanIw
NINIADLITULTY BUNTAIEANTULINNTT 35 °C kazdAUTUGIINNI 72 % NsiinlsAsIaily

)
Anlunnng snungudsd 2558 Fenudn gumgiidigniadegenin 23 °C NnFIaUgn ANLTULTIVES
TsnsafiutuegfuguunfinisuazaiuduvouiazdacUgn Usnausamivniuaginissoud
mma"’uﬁuﬁuﬁﬁmLﬁmﬁ’uqmmﬁqqqmﬁﬁwﬁu wardianuduiuslufianisnssdufuuianiny
avaufifiatuannndt 200 fadiuns Tuusagaaagn

ATUAN: ﬂ’]iL‘Ua‘lSuLLUaﬂﬁﬂWWQﬁaﬂﬂ’lﬁ, Tsaduudes, Tsasnady | Tsalauingn, LLmaqﬁ’mgﬁl"smﬁaa,

LUAINIVN, LNAYDOL,

Abstract



Experiments conducted at Chiang Mai. Field crop Research Center Nong Han district Sai,
Chiang Mai. In the dry season and the rainy season of 2013 and 2015 experimental design Split
plot design 3 over Main plot is planted every 15 days four times since early November and
early June rains and Sub plot is 4 soybean varieties include ST1 SJ5 Chiang Mai 60 and CM
9513-3.

Climate in each planting date is different in the dry season. 31.0-39.0 °C maximum
temperature average, minimum temperature average is low (12.0 to 23.1), the average relative
humidity of 60.4 to 72.9 and 5.1 to 173 mm of accumulated rainfall. In the rainy season, the
average maximum temperature 28.8 -35.2 °C were similar in each planting date. Average
minimum temperature higher than the dry season (13.3 to 24.8) and high relative humidity
values from 70.4 to 84.2 percent and cumulative rainfall 145-665 mm. High incidence of
Charcoal rot in dry season 2013 and rainy season 2015 with a extreme climate change. The
maximum temperature increase of more than 35 °C and high humidity over 72 9%, the rust
disease in every season except dry season 2015, which found that minimum temperature over
23 °C. AWl of the growing severity of rust up to the average temperature and humidity of the
planting date. The white fly and aphids relations in line with the maximum temperature rise.
And a relationship in the opposite direction with increasing cumulative rainfall over 145 mm in
each planting date.

Key word: climate, soybean disease, soybean insect pests, rust, charcoal rot, white fly , aphids
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Table 1 The average maximum temperature, average minimum temperature, average relative

humidity and cumulative rainfall during planting in dry season 2013-2015

Planting Date

Planting Harvesting Maturity Trmax Tmin RHav Total
Date Date Rain

2013
26-Nov 1 Mar 96 32.30 12.40 22.4 69.50 84.3
11-Dec 18 Mar 98 32.70 12.20 22.5 67.30 84.7
26-Dec 10 April 109 38.20 14.50 26.4 72.90 80.6
10-Jan 10 April 91 39.00 14.80 26.9 72.30 80.6
24-Jan 17 April 84 34.00 13.50 23.8 60.40 101.0
2014
15-Nov 19 Feb 96 29.7 14.2 21.95 71.6 48.8
2-Dec 17 Mar 105 31.0 14.9 23.0 67.3 17.4
16-Dec 31 Mar 105 32.0 15.0 235 64.8 51
2-Jan 4 April 92 333 15.8 24.2 63.7 33.1
14-Jan 23 April 99 34.2 17.2 25.7 63.3 40.8
2015
14-Nov 16 Feb 95 33.8 18.3 26.1 65.7 66.5
28-Nov 12 Mar 105 34.7 19.3 27.0 64.5 113.9
12-Dec 20 Mar 99 354 20.0 271.7 63.7 128.2

29-Dec 9 April 102 36.6 21.6 29.1 64.3 173.0


http://www.plantmanagmentnetwork/infecenter/topic/soybeanrust/2006

19-Jan

29 April

101

36.6

299

66.0

207.2

Table 2 Percent leaf area infected (Rust) and percent infected plant (Charcoal rot ) of soybean

as affected by planting dates and varieties at Chiang Mai Field crops Research Center
in dry season 2013 -2015.

Treatment
Rust Charcoal Rust Charcoal Rust Charcoal
rot rot rot
Planting Date(a)

PD1 0.00B 0.00C 7.5E - 11.3A -
PD2 0.00B 0.00C 10.8D - 9.5A -
PD3 0.00B 8.53B 15.0C - 4.6B -
PD4 13.33A 11.08A 18.3B - 3.6B -
PD5 13.33A 14.18A 21.3A - 0.0C -
F-test *% *% *% 3 "% }
CV (%) a 57.4 13.8 23.3 - 20.7 -

Varieties(b)
ST1 6.33A 1.62B 14.7B - 4.6 -
SJ5 7.33A 2.45B 16.3AB - 6.3 -
CM 60 2.33C 0.60B 8.0C - 39 -
CM 9513-3 5.33B 22.96A 19.3A - 8.3 -
F-test ns x* x* - ns -
CV (%) b 34.9 225 21.4 - 20.1 -
F-test Sx C x> *x* ** ns -

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at P<0.05 and significant at P<0.01, respectively.



Table 3 Interaction between planting dates and varieties on percent leaf area infected (Rust)

and percent infected plant (Charcoal rot ) in dry season 2013.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Rust
PD1: 26 NOV 0.00b 0.00b 0.00b 0.00b 0.00
PD2: 11 DEC 0.00b 0.00b 0.00b 0.00b 0.00
PD3: 26 DEC 0.00b 0.00b 0.00b 0.00b 0.00
PD4: 10 JAN 18.33a 16.67a 8.33a 10.00a 13.33
PD5: 24 JAN 13.33a 20.00a 3.33a 16.67a 13.33
Mean 6.33 7.33 2.33 5.33

CV(a) = 574 CV(b) = 34.9
Charcoal rot
PD1: 26 NOV 0.00c 0.00c 0.00b 0.00c 0.00
PD2: 11 DEC 0.00c 0.00c 0.00b 0.00c 0.00
PD3: 26 DEC 2.93a 1.73b 3.00a 29.47b 8.53
PD4: 10 JAN 1.73b 5.60a 0.00b 37.00ab 11.08
PD5: 24 JAN 3.47a 4.93a 0.00b 48.33a 14.18
Mean 1.62 2.45 0.60 22.96

CV(a) = 138 CV(b) = 226

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.



Table 4 Interaction between planting dates and varieties on percent leaf area infected by Rust

in dry season 2014.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Rust

PD1: 15-Nov 5.0c 13.3b 0.0c 11.7b 7.5E
PD2: 2-Dec 11.7b 15.0b 3.3c 13.3b 10.8D
PD3: 16-Dec 13.3b 20.0a 8.3b 18.3b 15.0C
PD4: 2-Jan 15.0b 20.0a 13.3a 18.3b 18.3B
PD5: 14-Jan 28.3a 13.3b 15.0a 28.3a 21.3A
Mean 14.7b 16.3b 8.0c 19.3a

CV(a) = 233 CV(b) = 214

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

Table 5 The number of White fly and Aphid as affected by planting dates and varieties at

Chiang Mai Field crops Research Center in dry season 2013 -2015.

Treatment 2013 2014 2015
White fly Aphid White fly Aphid White fly Aphid
Planting Date(a)
PD1 0.37B 0.73D 1.05A 2.44A 0.67 9.60A
PD2 0.16B 0.00E 0.31B 2.14B 1.58 7.28B
PD3 1.48A 2.59C 0.50B 0.468B 2.10 3.30C
PD4 1.55A 7.96A 0.54B 0.42B 1.94 2.58C
PD5 1.70A 5.50B 0.87A 2.14A 1.54 0.14D
F-test *% *% *% *% ns *%
CV (%) a 27.8 31.7 30.7 335 49.6 35.8
Cultivar(b)
ST1 1.08 3.38B 0.69 0.89 14 491
SJ5 1.07 4.85A 0.69 1.09 1.3 4.70
CM 60 1.10 3.73B 0.67 1.41 1.2 4.67
CM 9513-3 0.97 1.47C 0.59 1.08 1.1 4.06
F-test ns x* ns ns ns ns

F-test Sx C

ns

*%

ns

ns

ns

ns



CV (%) b 19.5

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at P<0.05 and significant at P<0.01, respectively.

Table 6 Interaction between planting dates and varieties on the number of Aphid in dry season
2013.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Aphid

PD1: 26 NOV 0.85c¢ 0.67d 0.61c 0.81b 0.73

PD2: 11 DEC 0.00c 0.01 0.00 0.00b 0.00

PD3: 26 DEC 2.85b 2.85¢ 2.38b 2.28a 2.59

PD4: 10 JAN 8.61a 13.04a 7.71a 2.47a 7.96

PD5: 24 JAN 4.57b 7.67b 7.95a 1.81b 5.50
Mean 3.38 4.85 3.73 147

CV(a) = 317 CV(b)= 195

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

* XX

ns, * **= non significant ,significant at £<0.05 and significant at P<0.01, respectively.

Table 7 Yield of soybean as affected by planting dates and varieties at Chiang Mai Field crops
Research Center in dry season 2013 -2015.

Treatment 2013 2014 2015

Planting Date(a)

PD1 281B 270C 310B
PD2 339A 385A 344AB
PD3 261B 317B 388A
PD4 230C 3268 397A
PD5 139D 321B 394A

F_test ot xx .
CV (%) a 17.3 24.3 8.0
Varieties(b)

ST1 251 319AB 3508




SJ5 252 341A 420A

CM 60 242 338A 433A
CM 9513-3 254 2988 246C
F-test ns x> *x
F-test Sx C *x *x *x
CV (%) b 27.1 12.6 11.4

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at P<0.05 and significant at P<0.01, respectively.

Table 8 Interaction between planting dates and varieties on yield in dry season 2013 — 2015.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3
2013
26-Nov 273 b 283 b 332 b 230 b 281
11-Dec 302 a 355a 337 a 362 a 339

26-Dec 280 b 266 ¢ 170 d 326 a 261



10-Jan 293 a 220 d 233 ¢ 173 ¢ 230

24-Jan 109 ¢ 135 ¢ 135d 180 ¢ 139
Mean 251 252 242 254
V(@) =173CV(b) = 27.1
2014
15-Nov 289b 319bc 252c¢ 221c 270
2-Dec 385a 428a 418a 310b 385
16-Dec 272 b 307c 373b 315b 317
2-Jan 311ab 298¢ 350b 347a 326
14-Jan 335a 353b 298¢ 299b 321
Mean 319 341 338 298
V(@) = 243 CV(b) = 126
2015
14-Nov 291b 354b 364b 232b 310
28-Nov 323ab 399a 4243 232b 344
12-Dec 378a 459a 495a 223b 388
29-Dec 371a 471a 455a 292b 397
19-Jan 390a 416a 428a 343a 394
Mean 350 420 433 246

CV(a) = 8.0 CV(b) = 114

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

Table 9 The average maximum temperature, average minimum temperature, average relative

humidity and cumulative rainfall during planting in rainy season 2013-2015.



Planting Date

Planting Harvesting Maturity Trmax Tmin RHav Total
Date Date Rain

2013
2 July 1 Oct 92 28.88 13.80 21.3 70.40 665
14 July 14 Oct 91 32.20 15.00 23.6 78.90 598
31 July 21 Oct 83 32.00 14.80 234 78.90 611
14 August 5 Nov 84 31.70 14.30 23.0 78.80 483
28 August 18 Nov 82 31.00 13.30 22.2 76.60 397
2014
30 June 2 Oct 94 33.4 24.1 28.8 79.5 493
15 July 7 Oct 84 33.4 23.9 28.7 80.0 438
30 July 27 Oct 89 35.2 24.8 30.0 84.2 443
18 August 18 Nov 92 33.2 22.9 28.1 79.2 414
1 Sep 24 Nov 84 33.1 22.5 28.1 78.5 234
2015
30 June 5 Oct 98 333 23.6 28.5 77.6 436
15 July 19 Oct 97 32.8 233 28.1 78.5 a07
29 July 21 Oct 85 32.9 23.2 28.1 78.1 346
17 August 10 Nov 86 33.2 23.0 28.1 76.2 163
31 August 21 Nov 83 33.2 22.8 28.0 75.7 145




Table 10 Percent leaf area infected (Rust) and percent infected plant (Charcoal rot ) of soybean
as affected by planting dates and varieties at Chiang Mai Field crops Research Center

in rainy season 2013 -2015.

Treatment 2013 2014 2015

RUST CHACOROT RUST CHACOROT RUST CHACOROT

Sowing Date(a)

SD1 0.00B - 0.00C 0.00B - 0.00C
SD2 0.00B - 0.41B 0.00B - 0.75B
SD3 0.00B - 0.00C 0.00B - 1.00B
SD4a 12.08A - 0.00C 7.65A - 2.75B
SD5 15.41A - 1.67A 8.15A - 18.08A
F-test *x ) *x *x ) *
CV (%) a 235 - 23.3 39.2 - 54.0
Varieties(b)
ST1 5.67B - 0.00B 0.00D - 0.00B
SJ5 8.00A - 1.67A 2.33C - 0.478
CM 60 4.008 - 0.00B 8.67B - 0.40B
CM 9513-3 4.33B - 0.00B 10.24A - 21.00A
F-test * ) * *x ) %
CV (%) b 32.5 - 214 47.1 - 62.4
F-test Sx C *x - * x> - **

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at P<0.05 and significant at P<0.01, respectively.

Table 11 Interaction between planting dates and varieties on percent leaf area infected by Rust

in rainy season 2013.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Rust



2 July 0.00b 0.00b 0.00b 0.00b 0.00B

14 July 0.00b 0.00b 0.00b 0.00b 0.00B
31 July 0.00b 0.00b 0.00b 0.00b 0.00B
14 August 13.33a 18.33a 8.33a 8.33a 12.08A
28 August 15.00a 21.67a 11.67a 13.33a 15.41A
Mean 5.67B 8.00A 4.00B 4.33B

Cv (@) = 2347 CV(b) = 32.50

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

Table 12 Interaction between planting dates and varieties on percent leaf area infected by Rust

and percent infected plant (Charcoal rot) in rainy season 2014.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Rust
30 June 0.00a 0.00b 0.00a 0.00a 0.00
15 July 0.00a 1.67a 0.00a 0.00a 0.41
30 July 0.00a 0.00b 0.00a 0.00a 0.00
18 August 0.00a 0.00b 0.00a 0.00a 0.00
1 Sep 0.00a 6.67a 0.00a 0.00a 1.67
Mean 0.00 1.67 0.00 0.00

CV(a) = 233 CV(b) = 214
Charcoal rot
30 June 0.00a 0.00b 0.00c 0.00b 0.00
15 July 0.00a 0.00b 0.00c 0.00b 0.00
30 July 0.00a 0.00b 0.00c 0.00b 0.00
18 August 0.00a 0.00b 1.00b 29.6a 7.65
1 Sep 0.00a 2.33a 8.67a 21.6a 8.15
Mean 0.00 0.46 1.93 10.24

CV(a) = 39.23 CV(b) = 47.12

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.



Table 13 Interaction between planting dates and varieties on percent infected plant (Charcoal

rot) in rainy season 2015.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3

Charcoal rot

30 June 0.00 0.00b 0.00b 0.00b 0.00
15 July 0.00 0.00b 0.00b 3.00c 0.75
29 July 0.00 0.00b 0.00b 4.00c 1.000
17 Ausust 0.00 0.00b 0.00b 11b.00 2.75
31 August 0.00 2.33a 2.00a 68.0a 18.08
Mean 0.00 0.47 0.40 21.00

CV(a) = 54.0 CV(b) = 624

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

Table 14 The number of White fly and Aphid as affected by planting dates and varieties at
Chiang Mai Field crops Research Center in rainy season 2013 -2015.

Treatment 2013 2014 2015

White fly Aphid White fly Aphid White fly Aphid
Planting
Date(a)
PD1 4.98A 5.40 0.67b 0.14D 1.78 1.46AB
PD2 3.20B 7.04 1.58A 3.30C 1.20 2.26A
PD3 3.67BC 7.22 2.10A 9.60A 1.20 1.67AB
PD4 3.24BC 5.65 1.94A 7.28B 0.98 0.31B
PD5 2.35C 8.32 1.54A 2.58C 1.20 0.53B

F-test xx ns * x> ns o

CV (%) a 23.7 39.9 39.6 35.8 21.7 45.4
Varieties(b)
ST1 3.44 5.43 1.41 491 1.37A 1.37
SJ5 3.47 7.16 1.80 4.06 1.26A 1.32
CM 60 3.43 7.00 1.67 4.66 1.16AB 1.22

CM 9513-3 3.61 7.31 1.38 4.70 0.82B 1.07



F-test ns ns ns ns ** ns
CV (%) b 23.2 51.1 46.1 41.1 26.1 354

F-test S x C ns ns ns ns ns *%

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at P<0.05 and significant at P<0.01, respectively.

Table 15 Interaction between planting dates and varieties on the number of Aphid in rainy

season 2015.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3
Aphid
30 June 1.31b 1.74b 1.33b 1.45b 1.46
15 July 1.60b 2.30a 2.87a 2.26a 2.26
29 July 2.74a 1.49b 1.1db 1.32b 1.67
17 August 0.53c¢ 0.45c¢ 0.26¢ 0.01c 0.31
31 August 0.70c 0.62c 0.50c 0.31c 0.53
Mean 1.37 1.32 1.22 1.07
CV(a) = 454 CV(b) = 354

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

Table 16 Yield of soybean as affected by planting dates and varieties at Chiang Mai Field crops

Research Center in rainy season 2013 -2015.

Treatment 2013 2014 2015
Planting Date(a)

PD1 351 A 300A 344A
PD2 299 B 286AB 353A
PD3 276 B 2378 2058
PD4 270 BC 2478 217B
PD5 245 C 240 163C

F-test *x *x >

CV (%) a 11.3 8.3 22.6
Varieties(b)

ST1 256B 266AB 241B




SJ5 2408 2248 212C

CM 60 337A 284A 322A
CM 9513-3 320A 274A 251B
F-test *x * *x
F-test Sx C *x* *x *x
CV (%) b 16.7 10.0 19.4

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.

ns, * ,**= non significant ,significant at £<0.05 and significant at P<0.01, respectively.

Table 17 Interaction between planting dates and varieties on yield in rainy season 2013 — 2015.

Varieties
Planting Date Mean
ST.1 SJ.5 CM.60 CM9513-3
2013
PD1 229 b 238 a 470 a 467 a 351
PD2 333 a 253 a 268 ¢ 341 b 299
PD3 262 ab 226 a 286 bc 330 b 276

PD4 261 ab 272 a 308 bc 238 ¢ 270



PD5 193 b
Mean 256
V(@) =113CV(b) = 16.7
2014

PD1: 30 June 246b
PD2: 15 July 251b
PD3: 30 July 261b
PD4: 18 August 304a
PD5: 1 September  269b
Mean 266

CV(a) = 83CV(b) = 10.0
2015

PD1 274b
PD2 339a
PD3 239c¢
PD4 181d
PD5 173d
Mean 241

V(@) =226 CV(b)=19.4

211 a
240

252a
262a
218b
223b
168c
224

302a
297a
132b
178b
153b
212

353 b
337

409a
328b
231c
222c
232c
284

4423
421a
243b
279b
224b
322

223 ¢
320

293a
305a
239b
241b
291a
274

360a
356a
208b
231b
103c
252

245

300
286
237
247
240

344
353
205
217
163

Mean different letter(s) in each trait are significantly at P<0.05 by LSD.
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