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SUMMARY

Macrophomina crown rot is a serious concern for the California strawberry industry, especially as fumigation with
methyl bromide is no longer possible. The continued establishment and maintenance of multiple field locations in different
production regions for conducting Macrophomina trials is crucial for developing long-term sustainable disease management
recommendations. The objectives of our research were to evaluate multiple potential disease management tactics involving
host resistance screening and drip applied fungicides or biological products. In order to evaluate strawberry germplasm
for resistance to Macrophomina crown rot, a total of 90 cultivars and elite selections chosen from both public and private
breeding programs were planted in an artificially inoculated field during the 2016-2017 growing season. Crown rot severity
and plant mortality were assessed over time in both inoculated and non-inoculated plots. Genotype susceptibility varied
widely from 1 to 93% mortality. To evaluate several fungicides via chemigation, a total of nine products were applied as
transplant dips and/or via drip irrigation at bi-weekly intervals for up to six applications. Treatment effects were measured
by recording yield and plant mortality. No significant differences among treatments were detected. This proposal directly
addresses these high priority research areas for the California coastal region: (1) farming without fumigants; (2) control
of soilborne diseases; and (5) breeding for disease resistance.

INTRODUCTION

Crown rot, caused by the soilborne fungus Macrophomina phaseolina, is a damaging pathogen that has become
established in California strawberry production areas (Koike et al., 2016). After introduction into a field, the pathogen can
cause extensive plant decline and mortality. Macrophomina phaseolina can be difficult to manage due to its persistence in
soil and crop residues as microsclerotia (Islam et al., 2012). Alternative methods, such as the use of drip-applied fungicides
and host resistance, will be critical tools for managing this disease in the post-methyl bromide era. The objectives of our
research were to evaluate multiple potential disease management tactics involving host resistance screening and drip
applied fungicides or biological products.

MATERIALS AND METHODS

Host Resistance Screening. A replicated field trial was conducted to evaluate 90 cultivars and elite selections for
resistance to Macrophomina crown rot. Strawberry germplasm was selected from six public and private breeding programs.
The trial was conducted during the 2016-2017 growing season and consisted of 20-plant plots replicated four times, with
a fifth non-inoculated replicate. On October 17, 2016, bare-root strawberry transplants were set in field 35b on the Cal
Poly San Luis Obispo campus. Two weeks later, each plant in the inoculated plots received 5 grams of cornmeal-sand
inoculum (Mihail, 1992) colonized with three isolates of locally sourced M. phaseolina placed at the crown-root interface.
To evaluate the germplasm, disease incidence was determined by counting the number of dead plants (“plant mortality”) in
each plot. A plant was considered dead when 100% of the foliage was brown and dried up. Plant mortality was assessed
every four weeks, then every two weeks once symptoms were observed; the last assessment occurred on July 24, 2017.
Presence of the pathogen in symptomatic plants was confirmed by plating pieces of the internal crown tissue on acidified
potato dextrose agar.
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Chemigation Trial. Bare-root transplants of the day-neutral cultivar ‘San Andreas’ were set in the field on December
5, 2016 and inoculated two weeks after planting with 5 grams of cornmeal-sand inoculum (Mihail, 1992) colonized with
three isolates of locally sourced M. phaseolina placed at the crown-root interface. Plots were arranged in a randomized
complete block design 13.3 ft long with a 16 inch non-planted buffer at each end. Each bed consisted of four plant rows
spaced 10 inches apart; plants within rows were spaced 16 inches apart. Each treatment was replicated four times. Beds
were 12 inches high with two rows of Tri-Cal low-flow drip irrigation tape (0.34 gal/100 ft., 8-in. spacing between emitters)
laid 1 inch below the soil surface and covered with a TIF (totally impermeable film) polyethylene mulch that was 1 mil thick,
black on top and white on the reverse (Kibbutz Ginegar, Israel). Prior to planting, 160 bare root plants per treatment were
immersed into 1 gal of water or dip-treatment solution, agitated for five minutes, drained and then separated into groups
of 40 plants per plot. Blocks within the trial were plumbed with %" PVC schedule-40 laid in between the two plant rows
on the left-hand side of bed with each plot having its own drip manifold equipped with a %’ ball valve in order to apply
treatments to individual plots. Treatments were injected at 10 psi using a small, battery operated pump delivering 0.64
gal/min/100 ft of drip tape. Application time proportion was similar to a chemigation set, charging drip lines and wetting
soil with water for 25% of the time, followed by 50%, for treatment injection, and finished with a 25% volume flush. Each
treatment took approximately 60 minutes to apply. Cumulative average yield per plot was recorded weekly from March
20 to June 19, 2017. Data were subjected to ANOVA and Tukey’'s HSD mean separation test and the Area Under the
Disease Progress Curve (AUDPC) for plant mortality due to Macrophomina crown rot was calculated for each harvest
using ARM version 2017.4 (Brookings, SD).

REesuLts

Host Resistance Screening. The first wilt symptoms due to infection by M. phaseolina were observed May 5, roughly
200 days after planting. The majority of plant mortality occurred after June 15, when air temperatures exceeded 90 F (32
C) for several days. Of the cultivars tested, a wide range of susceptibility was observed (Figure. 1). Elite selection UC-J
and a ‘Proprietary’ variety, were the most susceptible genotypes to crown rot, with more than 90% mortality by July 24,
2017. Elite selection UC-V and two ‘Proprietary’ cultivars were the most tolerant genotypes to Macrophomina crown rot,
with less than 5% mortality by July 24, 2017. The cultivar ‘Radiance’ was not included in the dataset, since Phytophthora
cactorum was isolated consistently from multiple symptomatic plants in early February.

Chemigation Trial. Similar to the cultivar trial, plant mortality occurred late in the season approximately two months
after the last product application. No differences were observed among treatments for the reduction of plant mortality or
cumulative yield (Table 1).
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Average Percent Mortality due to Macrophomina Crown Rot as of July 24, 2017

Uc-J (16) 929
Ruby June (74) 89.9
Festival (89) 815
UC-Y(31) 78.8
LC-A(77) 763
Scarlet (76) 74.6
UC- X (30) 10— 742
Monterey (5) e 69.1
Swieret AN (73 ) 68.8
El Dorado (40) 68.8
Odessa (54) 67.0
Pasillo (49) 61.8
Pilgrim (50) 61.3
LC- D (80) 60.0
Lucia (75) 56.9
PL09-49 (84) 55.0
LC-B(78) 52.5
Celine (38) 525
Albion (4) 52.0
UC- D (10) 50.6
LC-E(81) 50.0
DR-E(57) 49.2
PE 7.2059 (65) 488
Albion (37) 477
PSI- E (70) 475
Pasadena (48) 465
PSI- A (66) 46.3
LC-C(79) 46.3
DR- C (55) 45.0
UC-L(18) - 425
PSI-F(71) I 413
Fronteras (2) I 403
PL 05-100R (85) 203
Portola (6) 40.0
DR-G (52) 40.0
Mystic (46) 38.0
UC-K(17) 375
LC-F (82) 37.5
BG 959 (62) 36.5
Del Rey (39) 363
BG 3.324 (61) 36.3
uc-P(22) 35.0
Sabrina (83) 35.0
PL09-11 (86) 342
BG 1975 (63) 332
BG 4.367 (59) 306
UC-A(7) 30.4
UC-H (14) 30.0
Big Sur (36) 300
uc-Q(23) 29.2
BG 4.352 (60) 28.8
Anya (35) 28.8
UC-T/(26) 275
an Andreas (90) 26.6
Marquis (44)  E—— 26.6
Encinita (41) 26.3
Petaluma (3) 251
UC-E(11) 25.0
UC-5(25) 236
Amado (34) 235
DR- D (56) 23.0
uc-c(9) 221
DR-F(51) I—— 213
Alafia (33) I 213
UC-W (29) M- 200
PSI-G (72) I 20.0
PSI- C (68) 200
BG 6.3024 (58) MMM 200
UC-N (20) 188
UC-0(21) mms——— 175
PS 9271 (64) IE— 17.5
Laredo (42) NEEE——————— 175
UC-M (19) M ——— 169
UC-i(15) —— 16.6
PL02-32(87) MMM 164
UC-Z(32) memmms—— 163
PSI-B(67) Mm—— 138
Grenada (1) IE— 10.7
Megan (45) IE———— 10.0
DR-A(53) mmmm—— 10.0
UC-U(27) s 8.8
UC-F(12) s 8.8
UC-B(8) s 88
UC-R(24) mmmmmm— 75
PSI-D (69) MEE——— 7.5
UC-G (13) W 6.1

Cultivar/Coded genotype (entry No.)

©

UC-V (28) 5.0
Manresa (43) m_—1 33
Osceola (47) B+ 13
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Mortality (%)

Figure 1. Average percent plant mortality due to Macrophomina crown rot as of July 24, 2017. Cultivars
are representative of public and private breeding programs. Error bars represent the standard
error of the mean. Statistical differences by pairwise comparisons are not shown.
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Table 1.  Treatments and results of the chemigation trial

Final Mortality AUDPC

Treatment (Dip, Drench Rate) Sequence? Yield (Ib)Y (%) Incidence”
Zivion 10.34% SC

(500 ppmai.).cciiiiiiiiinnnns ABCDEFG 428 a* 46.7 a 3139a
Velum One 41% SC

(-, 6.5floz/@)...ccccccviiininnnnn. B 48.1a 520a 2796 a
Pristine 38% WDG

(-, 2302/8)...cccccniiiiiiiiiiinnns BCDEFG 492 a 43.1a 264.7 a
MBI 110 A,

(1% viv,4qt/a)......ccccceunnns BCDEFG 445 a 43.6a 273.0a
Merivon 52.52% SC

(- 11floz/a).ccocciiiininnnnn. BCDEFG 498 a 41.7 a 224.7 a
Serenade Hi CFU 15% SC

(0.4% viv, =)o, A 46.5a 431a 286.8 a
Bio-Tam 4% WP A,

(0.25 Ib/gal, 2.5 Ib/a)............. BCDEFG 43.4 a 516a 2824 a
Regalia 5 % SC A,

(0.25% vlv, 52 fl oz/ac).......... BCDEFG 471 a 420a 2599 a
Serenade ASO 1.34% SC

(2% VIV, =)o A 447 a 481 a 286.8 a
Non-Treated ....................... ABCDEFG 48.6 a 41.8a 2224 a
Tukey's HSD 9.6 20.0 122.4

“Application timing sequence: A. December 5, 2016 - Dip, B. January 31, 2017, C. February 14, 2017, D. February 28, 2017, E. March
14,2017, F. March 28, 2017, G. April 11, 2017-Drenches.

YCumulative average yield per plot (40 plants) taken from March 20, 2017 to June 19, 2017.

XNumbers within a column followed by the same letter are not significantly different (0=0.05) according to Tukey’s HSD simultaneous
comparison of 95% confidence intervals calculated using ARM version 2017.4.

WArea Under the Disease Progress Curve of Macrophomina crown rot incidence was calculated using ARM version 2017.4.

DiscussioN

All breeding programs contained both tolerant and susceptible germplasm to Macrophomina crown rot. The plant
response observed in this trial was in agreement with the literature (Zveibil et al., 2012) that damage due to M. phaseolina
occurred late in the season and was exacerbated by high temperatures during the months of June and July. This cornmeal-
sand inoculation method provided consistent, but not overwhelming, pressure for field evaluation of host resistance to M.
phaseolina. Although no treatment differences were observed in the chemigation trial, increasing the treatment interval from
two to four weeks, increasing the number of applications, delaying the drench application start dates, or a combination of
these may improve product performance. These data can serve as both a guide to growers for managing Macrophomina
crown rot, and for the development of new resistant cultivars for existing breeding programs.
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