
Alternaria Late Blight in 
Pistachios

Boris X. Camiletti (Postdoctoral Researcher)
Juan A. Paredes (PhD student)
Paulo D.S.F. Lichtemberg (former Postdoc)
Themis J. Michailides (Project Leader)

January 20, 2022

Statewide Pistachio Day



Alternaria Late 
Blight

Pathogens



Lesions and severe defoliation

Alternaria Late Blight



Lesions and severe defoliation

Alternaria Late Blight

Kerman Golden Hills



Alternaria Late Blight Peter’s scorch



Alternaria Late Blight Fruit infections

ALB

ALB

BOT



Shell staining and kernel mold 

Alternaria Late Blight Hull infections 



First harvest – Sept. 10 Second harvest – Sept. 17

Third harvest – Sept. 24 Fourth harvest – October 1

Appearance 
of fruit at 
harvests

Alternaria Late Blight



Reasons for 
managing 
Alternaria 
Late Blight 

2. Shell staining1. Early defoliation 

4. Problems at 
harvest

3. Kernel mold



Factors that influence Alternaria late blight

✔ Inoculum builds up during the season. 
✔Relative humidity in the orchard.

✔ Physiological stage of the crop.
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		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 1		3		5.13		1.71		0.39

		Row 2		3		7.29		2.43		0.0171

		Row 3		3		9.49		3.1633333333		0.2114333333

		Row 4		3		9.53		3.1766666667		0.5074333333

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		4.4078666667		3		1.4692888889		5.2196532362		0.0274591328		4.0661802814

		Within Groups		2.2519333333		8		0.2814916667

		Total		6.6598		11
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		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 1		3		4.84		1.6133333333		0.0250333333

		Row 2		3		5.4		1.8		0.0049

		Row 3		3		6.11		2.0366666667		0.0040333333

		Row 4		3		6.07		2.0233333333		0.0212333333

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.3661666667		3		0.1220555556		8.844605475		0.0063952831		4.0661802814

		Within Groups		0.1104		8		0.0138

		Total		0.4765666667		11





Sheet6

		t-Test: Two-Sample Assuming Equal Variances						t-Test: Two-Sample Assuming Equal Variances				t-Test: Two-Sample Assuming Equal Variances		t-Test: Two-Sample Assuming Equal Variances				t-Test: Two-Sample Assuming Equal Variances						t-Test: Two-Sample Assuming Equal Variances

				Variable 1		Variable 2				Variable 3						Variable 1				Variable 1		Variable 2				Variable 1

		Mean		73.6666666667		80.6666666667		Mean		87.6666666667		Mean		Mean		87.6666666667		Mean		87.6666666667		94.6666666667		Mean		87.6666666667

		Variance		72.3333333333		2.3333333333		Variance		-67.6666666667		Variance		Variance		-67.6666666667		Variance		-67.6666666667		-137.6666666667		Variance		-67.6666666667

		Observations		3		3		Observations		3		Observations		Observations		3		Observations		3		3		Observations		3

		Pooled Variance		37.3333333333				Pooled Variance		37.3333333333		Pooled Variance		Pooled Variance		37.3333333333		Pooled Variance		37.3333333333				Pooled Variance		37.3333333333

		Hypothesized Mean Difference		0				Hypothesized Mean Difference		0		Hypothesized Mean Difference		Hypothesized Mean Difference		0		Hypothesized Mean Difference		0				Hypothesized Mean Difference		0

		df		4				df		4		df		df		4		df		4				df		4

		t Stat		-1.40312152				t Stat		-1.40312152		t Stat		t Stat		-1.40312152		t Stat		-1.40312152				t Stat		-1.40312152

		P(T<=t) one-tail		0.1166191565				P(T<=t) one-tail		0.1166191565		P(T<=t) one-tail		P(T<=t) one-tail		0.1166191565		P(T<=t) one-tail		0.1166191565				P(T<=t) one-tail		0.1166191565

		t Critical one-tail		2.131846486				t Critical one-tail		2.131846486		t Critical one-tail		t Critical one-tail		2.131846486		t Critical one-tail		2.131846486				t Critical one-tail		2.131846486

		P(T<=t) two-tail		0.233238313				P(T<=t) two-tail		0.233238313		P(T<=t) two-tail		P(T<=t) two-tail		0.233238313		P(T<=t) two-tail		0.233238313				P(T<=t) two-tail		0.233238313

		t Critical two-tail		2.7764508559				t Critical two-tail		2.7764508559		t Critical two-tail		t Critical two-tail		2.7764508559		t Critical two-tail		2.7764508559				t Critical two-tail		2.7764508559
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						lesion/leaf														disease score																		incidence of disease

						A		B		C				x		sd		se										x		sd		se						a		b		c				x		sd		se

				1		2.21		1.01		1.91		control		1.71		0.6244997998		0.3609825433		1.75		1.44		1.65		control		1.6133333333		0.1582192572		0.091456218				1		61		40		59		control		53.3333333333		11.5902257671		5.8
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		ONFIT 2000 misting trial

		date		treatment		rep		onfit

		10-Jun		1		a		1.25

				1		b		1.88		1.46						0.3637306696

				1		c		1.25

				2		a		1.5

				2		b		1.75		1.5						0.25

				2		c		1.25

				3		a		1.25

				3		b		2.12		1.5833333333						0.4692902442

				3		c		1.38

				4		a		1.5

				4		b		1.5		1.5833333333						0.1443375673

				4		c		1.75

		28-Jun		1				3.6

				1				4.1		3.3166666667						0.9569918147

				1				2.25

				2				2.4

				2				3.7		3.7833333333						1.4268263151

				2				5.25

				3				2.5

				3				6.4		3.8333333333						2.2233608194

				3				2.6

				4				2.9

				4				3.4		2.4666666667						1.2096831541

				4				1.1

		5-Jul						5.62

								6.25		4.5833333333						2.3622517506

								1.88

								2.75

								5.75		4.04						1.5434701163

								3.62

								5.25

								3.65		4.4666666667						0.8005206639

								4.5

								6.25

								5.5		4.8833333333						1.7580766005

								2.9

		21-Jul						10

								12.12		10.4133333333						1.5421197532

								9.12

								8

								10.88		11.0433333333						3.1281996952

								14.25

								14.12

								13		13.5						0.5695612346

								13.38

								11.25

								15		13.0833333333						1.8763883749

								13

		7-Aug						18.4

								15.75		14.09						5.3372558492

								8.12

								28

								31.25		27.29						4.3585892213

								22.62

								75.8

								32		44.2666666667						27.532041939

								25

								24.2

								51.37		41.6066666667						15.1118375234

								49.25

		21-Aug						23.38

								67.62		46.8733333333						22.2475287017

								49.62

								68.38

								56.37		51.3733333333						19.979240059

								29.37

								64.62

								64.37		53.58						18.9057478032

								31.75

								112.8

								95.75		85.7666666667						33.1715364934

								48.75

		12-Sep						73.38

								52.12		51.29						22.5164761897

								28.37

								90

								83.37		74.33						21.6547292756

								49.62

								87.62

								83.37		77.4133333333						14.1582355304

								61.25

								86.62

								85.37		82.62						5.8789880082

								75.87

				KAC onfit 2000																																se

				0 h		2 h		4 h		6 h						ONFIT		RH>95%		sd-total		se-total				ONFIT						log ONFIT

		10-Jun		1.46		1.5		1.58		1.58		10-Jun		1		1.53		1		0.06		0.03		0		1.53		1		0		0.1846914308		0.36		0.25		0.49		0.14

		28-Jun		3.31		3.78		3.83		2.46		28-Jun		1.1		3.345		1.1		0.6347965553		0.32		0.0413926852		3.345		1.1		0.0413926852		0.5243961221		0.96		1.43		2.22		1.21

		5-Jul		4.58		4.04		4.67		4.88		5-Jul		2		4.5425		2		0.3578058133		0.18		0.3010299957		4.5425		2		0.3010299957		0.657294936		2.36		1.54		0.8		1.76

		21-Jul		10.41		11.04		13.5		13.08		21-Jul		2.4		12.0075		2.4		1.512820214		0.75		0.3802112417		12.0075		2.4		0.3802112417		1.0794525953		1.54		3.12		0.6		1.88

		7-Aug		14.09		27.29		44.27		41.6		7-Aug		2.8		31.8125		2.8		13.9704983805		7		0.4471580313		31.8125		2.8		0.4471580313		1.5025977997		5.33		4.36		27.53		15.11

		21-Aug		46.87		51.37		53.58		85.76		21-Aug		3.2		59.395		3.2		17.7970381431		9		0.5051499783		59.395		3.2		0.5051499783		1.7737498867		22.25		19.98		18.91		33.17

		12-Sep		51.29		74.33		77.41		82.62		12-Sep		5.1		71.4125		5.1		13.8444317928		6.9		0.7075701761		71.4125		5.1		0.7075701761		1.8537742371		22.51		21.65		14.45		5.87

				KAC onfit 2001

				0 h		4 h		6 h		8 h		10 h		12 h

		13-Jun		0.27		0.44		0.42		0.44		0.02		0.02		0.2683333333		1.5		0.4447222222

		28-Jun		0.15		0.52		5.02		3.78		6.14		3.98		3.265		2.1		4.0475

		12-Jul		0.25		1.18		11.2		16.83		25.04		17.21		11.9516666667		2.8		14.1719444444

		26-Jul		2.25		15.25		24.71		41.39		69.12		76.97		38.2816666667		3.2		42.2786111111

		9-Aug		16.12		28.94		73.5		104.42		74.75		84.33		63.6766666667		3.8		67.4127777778

		23-Aug		48.6		89.58		104.78		166.12		137.94		118.54		110.9266666667		4.4		107.1177777778

		6-Sep		26.9		101.81		102.38		121.69		128.25		121.42		100.4083333333		4.9		96.5080555556

						0 hrs		51.29		4.8

						2 hrs		74.33		7.8

						4 hrs		77.41		6.2

						6 hrs		82.62		8.2

						weed-free		4.62		0.7

						weed		37.2		5.2

		onfit severity

				a		b		c				x		se

		1		73.38		52.17		28.37		control		51.3066666667		13.2

		2		90		83.37		49.62		2 hr		74.33		12.7

		3		87.62		83.37		61.25		4 hr		77.4133333333		8.3

		4		86.62		85.37		75.87		6 hr		82.62		3.4

										weed-free		4.6		0.6

										weed-dense		37.2		5.7

		Onfit incidencs

				a		b		c				x		sd		se

		1		95		92		95		control		94		1.7320508076		1

		2		100		95		100		2 hr		98.3333333333		2.8867513459		1.7

		3		100		95		100		4 hr		98.3333333333		2.8867513459		1.7

		4		100		99		100		6 hr		99.6666666667		0.5773502692		0.34

		weedfree		72		64		68		weed-free		68		4		2.3

		weed		100		100		99		weed-dense		99.6666666667		0.5773502692		0.34

												91.67

		1										97.92

		2

		3

		4										95.83

		5										100

		6										100

		edge										98.95

		center										83.33
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Management of Alternaria Late Blight

⮚ Cultural control (manage irrigation,  improve water 
infiltration, buried drip, hedge trees to increase air 
movement, no cover crops, disc soil, etc.)

⮚ Chemical control (apply fungicides)… difficult (due 
to fungicide resistance).

⮚ Integrated disease control (use both cultural & 
chemical control)………………………the best effect!



Fungicide resistance (2021)
Control Carboxamides (FRAC#7)

(boscalid 10 ppm)
Strobilurins (FRAC#11)

(pyraclostrobin 10 ppm)

Sensitive

Resistant



Fungicide resistance (2021)
Orchard Carboxamides (FRAC#7) Strobilurins (FRAC#11)

H277Y 
mutant

H134R 
mutant

Conventional G143A 
mutant

Conventional 

1 0.01 0.67 0.98 1.00 0.98
2 0.09 0.65 0.98 0.99 1.00
3 0.02 0.49 1.00 1.00 1.00
4 0.02 0.63 0.71 0.82 0.94
5 0.00 0.88 0.96 1.00 0.98
6 0.11 0.16 0.49 0.25 0.94
7 0.10 0.74 0.90 1.00 0.98
8 0.01 0.69 0.95 1.00 0.96
9 0.09 0.49 0.95 0.91 1.00

10 0.01 0.11 0.52 0.89 0.6916
3

45

2

7

8 9

10 Resistance to strobilurins (FRAC#11) and 
carboxamides (FRAC#7) is widespread in 
California.

Molecular methods to determine fungicide 
resistance levels.



Efficacy of fungicides against isolates carrying 
dual resistance (carboxamides and strobilurins)

More effective Less effective

A. alternata (n=24)



FRAC#7/FRAC#11 vs FRAC#3/FRAC#9 (2019 and 2020)

DMI 
(FRAC#3)

AP 
(FRAC#9)

160 A Kerman Pistachio

Comparison of two fungicide programs

Disease severity Defoliation

Evaluations

SDHI 
(FRAC#7)

QoI 
(FRAC#11)

SDHI 
(FRAC#7)

QoI 
(FRAC#11)

SDHI 
(FRAC#7)

QoI 
(FRAC#11)

SDHI 
(FRAC#7)

QoI 
(FRAC#11)

DMI 
(FRAC#3)

AP 
(FRAC#9)

DMI 
(FRAC#3)

AP 
(FRAC#9)

DMI 
(FRAC#3)

AP 
(FRAC#9)

June 8th June 24th July 10th
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Fungicide screening

10-Years-old experimental Kerman
Pistachio Orchard

17 Fungicide Treatments

Evaluation 

Disease severity
1 = least control 

:
5 = best control

Jun-3, Jul-2, Aug-5 

Fungicide efficacy (2021)

• Strobulurins = 0.88 (high)
• Carboxamides = 0.42 (moderate)

Calendar-based fungicide program

Resistance levels 



Fungicide efficacy (2021)
Chemical control



Fungicide efficacy Fungicide Resistance risk (FRAC#) Efficacy
Fontelis high (7) ++++
Luna Experience medium (3/7) ++++
Luna Sensation medium (7/11)3 ++++
Merivon high (7/11) ++++
Miravis Duo medium (3/7) ++++
Miravis Prime medium (7/12) ++++
Pristine high (7/11)3 ++++
Cevya high (3) ++++
Quash high (3) ++++
Adament medium (3/11)3 ++++
Quilt Xcel,Avaris 2XS medium (3/11)3 ++++
Viathon medium (3/33) ++++
Abound high (11)2,3 +++
Cabrio high (11)2,3 +++
Flint Extra high (11)2,3 +++
Ph-D medium (19) +++
Quadris Top medium (3/11)3 +++
Switch high (9/12)3 +++
Tebucon,Teb,Toledo, Tebuconazole6 high (3) +++
Vangard high (9)3 +++
Bravo,Chlorothalonil,Echo, Equus** low (M5) ++
Bumper,Tilt, high (3) ++
Scala high (9)3 ++
Inspire Super medium (3/9) ++
Actinovate low ++
Regalia low (natural product) ++
Copper low (M1) +

https://cfn-fungicides.ucr.edu

++++ = excellent; +++ = good; ++ =moderate; + = limited

https://cfn-fungicides.ucr.edu/


Fungicide spray timing for Alternaria late blight

Disease Dormant April                                                                                   
May 

June July August

Alternaria
Late
Blight

---- +++ +++

Best timing

Calendar-based program



Fungicide spray timing for Alternaria late blight
Disease severity value (DSV) model 

 Fungicide sprays applied when 
the 7-day DSV exceed 10 units 

 Effective approach in 
fungicide trials

 Mean air temperature and leaf 
wetness duration



Field trial: DSV vs Calendar-based program (2021)
Treatment Flag Description Early spray Sprays

1st 2nd 3rd
1 Pink Early spray + DSV May ? ? ?
2 Blue Early spray + Calendar  May Early June Early July Late July
3 Green Calendar NO Early June Early July Late July



Leaf wetness sensors vs Empirical method (H°>80%)

Fungicide spray timing for Alternaria late blight

Measured Estimated
Leaf wetness hours



Fungicide spray timing for Alternaria late blight
Leaf wetness hours



Fungicide spray timing for 
Alternaria late blighta

b

b

Defoliation

Vegetation index

Symptoms start 



Conclusions
It is important to diagnose the disease in the orchard correctly 
– know the history of the orchard.

Resistance to strobilurins (FRAC#11) and carboxamides 
(FRAC#07) is widespread in California.

Presence of multiple and cross resistance.

Monitor resistance levels in your orchards.

Alternate fungicides that belong to different classes (fungicide 
rotation).



Sprays in April/May and August are not effective.

Start sprays in early June and finish by the end of July 
(calendar-based programs).

Late June/early July is the best timing for single-spray 
treatments (calendar-based programs).

Consider the used of the DSV model to time fungicide sprays.

The relative humidity (80%) can be a good estimator for leaf 
wetness duration. 

Final remarks



Michailides’ lab at KARE

Thank 
you!

We thank Jimmy Nichols and Todd Fukuda for their cooperation.


	Slide Number 1
	Alternaria Late Blight
	Alternaria Late Blight
	Alternaria Late Blight
	Alternaria Late Blight
	Alternaria Late Blight
	Alternaria Late Blight
	Alternaria Late Blight
	Reasons for managing Alternaria Late Blight 
	Factors that influence Alternaria late blight
	Management of Alternaria Late Blight
	Fungicide resistance (2021)
	Fungicide resistance (2021)
	Efficacy of fungicides against isolates carrying dual resistance (carboxamides and strobilurins)
	FRAC#7/FRAC#11 vs FRAC#3/FRAC#9 (2019 and 2020)
	FRAC#7/FRAC#11 vs FRAC#3/FRAC#9 (2019/2020)
	Slide Number 17
	Chemical control
	Fungicide efficacy 
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28

