
Objective 2: First gen ASD trials, Kearney Ag Center

Diagnostics and Non-Fumigant Management Approaches for Prunus Replant Disease
G. Browne1, A. Poret-Peterson1, N. Ott1, W. Wicaksono2, B. Holtz3, M. Yaghmour3, G. Brar4, M. Culumber3, R. Wilmott4, A. Gaudin2, A. Westphal5, D. Doll3, B. Lampinen2, M. Stanghelini6, M. Gillis6, and D. Miller6

1USDA-ARS, 2UC Davis , 3UCCE, 4CSU Fresno, 5UC Riverside, and 6TriCal, Inc.

C
ontr

ol, 
no s

udan

A
S
D
-r
b20

, 3
.0

st
r,
 n

o s
udan

Fum
ig

. i
n O

ct
, n

o s
udan

K
g

/h
a

0

200

400

600

800

1000

Growing Year 3

C
ontr

ol, 
no s

udan

C
ontr

ol, 
w

/ s
udan

A
S
D
-r
b20

+m
o10

, 3
.0

st
r,
 w

/ s
udan

A
S
D
-r
b20

, 1
.8

st
r,
 n

o s
udan

A
S
D
-r
b12

, 1
.8

st
r,
 n

o s
udan

Fum
ig

. i
n O

ct
, n

o s
udan

Fum
ig

. i
n O

ct
, w

/ s
udan

K
g

/h
a

0

400

800

1200

1600

Growing Year 3

C
ontr

ol, 
no s

udan

A
S
D
-r
b20

, 3
.0

st
r,
 n

o s
udan

Fum
ig

. i
n O

ct
, n

o s
udan

K
g

/h
a

0

1000

2000

3000

4000

Growing Year 3

Growing Year 4

Cummulative

C
ontr

ol, 
no s

udan

C
ontr

ol, 
w

/ s
udan

A
S
D
-r
b20

+m
o10

, 3
.0

st
r,
 w

/ s
udan

Fum
ig

. i
n O

ct
, n

o s
udan

Fum
ig

. i
n O

ct
, w

/ s
udan

Fum
ig

. i
n D

ec
, n

o s
udan

K
g

/h
a

0

1000

2000

3000

4000

Growing Year 3

Growing Year 4

Cummulative

Objective 1: Microbial Community Analysis, cont. Objective 2: 2016 ASD trials in Kern County

Objectives
1) Develop molecular diagnostics for prediction and characterization of RD.
2) Optimize anaerobic soil disinfestation (ASD) for affordability and ease of 

commercial implementation.

Replant Disease: past findings, current directions…
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Healthy PRD-affected

PRD impact on fine roots

6

Broadcast
100% coverage

Strip
50% coverage

GPS-Grid
<20% coverage

New GPS-controlled technology offers varied and 

precise fumigant placement (TriCal, Inc.)
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Fig. 1. This project has had a long-term focus on the biology and management of 
almond replant disease (RD), which is biologically mediated and can occur in the 
absence of plant parasitic nematodes.  RD suppresses root development, slowing 
canopy development and delaying yield (A). We determined the optimal preplant
soil fumigation practices to prevent RD; GPS-controlled spot treatment with 
fumigants containing chloropicrin is sufficient and uses little material (B). We 
determined that peach x almond hybrid rootstocks are less susceptible to RD than 
peach rootstocks (C, top). In statewide bioassay trials with replant soils (C, bottom), 
incidence and severity of RD varied significantly, suggesting a need for predictive 
diagnostics and further RD characterization. In small orchard plots, anaerobic soil 
disinfestation (ASD) was as effective as optimal preplant soil fumigation for control 
of RD (D).  ASD, developed first in the Netherlands and Japan, uses readily available 
carbon, high soil moisture, and tarp to generate anaerobic conditions, organic 
acids, and volatiles that, can kill or suppress soilborne pathogens.  Further research 
is needed to improve feasibility and affordability of ASD for orchards.

BACKGROUND, PAST FINDINGS

Approach: Objective 1, Diagnostics for Replant Disease.

Roots, soil 

collected 

pre- and 

post-plant.

“Pipeline” for PCR and HTS of DNA and RNA from 

bacteria, fungi, oomycetes

Identification of organisms and markers well-linked to 

replanted orchard performance; quantitative verifications

Validation (culturing, pathogenicity testing, orchard trials) 

Multiple 

trials, 

orchards

Objective 1, Microbial community analysis steps Objective 2: 2017 ASD trial at CSU Fresno

Fig. 2. Approach being used to characterize microbial mediation of replant disease 
and develop predictive diagnostics for the complex.

Fig. 4. Summary of DESeq2 analysis for bacteria and oomycetes of highest relative 
abundance on roots from RD-affected trees in control plots and from healthy 
trees in ASD treated and fumigated plots, Parlier trial sampled May 2014. 
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Fig. 3. Canonical correspondence ordination analysis being used to determine how 
microbial community shifts relate to preplant soil treatments and increases in 
trunk cross sectional area (TCSA).

Fig. 5. Summary of DESeq2 analysis for bacteria and oomycetes of highest 
relative abundance in roots collected from statewide replant soil survey. Soils 
were classified as PRD-inducing or non-PRD inducing based on growth of 
Nemaguard peach seedlings, in a greenhouse bioassay.

Fig. 6. Scenes from establishment of the 2017 ASD trial, CSUF. Elements of ASD 
optimization treatments being tested include different ASD carbon substrates, 
i.e. rice bran, almond hull and shell mixture, and tomato pomace. The almond 
hull and shell medium was applied at three different rates (9, 12, and 16 
tons/ac), with and without ammonium sulfate and whole orchard recycling 
chips. The rice bran and almond hull and shell carbon sources were applied: (i) 
without tarp or water; (ii) with water but no tarp; and (iii) with tarp and water, 
to determine the value of the carbon source alone, and the additional value of 
water and tarp components.

Fig. 7. First-year tree growth responses to treatments being tested in the two 
trails trial at Parlier (increases in trunk cross sectional area from the time of 
planting to November, 2017).

Objective 2: 2016 ASD trial at Parlier
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Rice bran; 9 

tons/treated ac

Soil water at  

~field capacity 

during 

treatment 

TIF tarp 

covering, row 

strip

Row strip; 1,3-

D, 340 lb/ac + 

Pic 200 lb/ac; 

treated area 

50%

Tree spot; 1,3-

D, 340 lb/ac + 

Pic 200 lb/ac; 

treated area 

16%

1. Control - - - - -

2. Rice bran + water 

+ tarp (ASD)
+ + + - -

3. Substrate + - - - -

4. Water - + - - -

5. Tarp - - + - -

6. Rice bran + water + + - - -

7. Rice bran + tarp + - + - -

8. Water + tarp - + + - -

9. Strip fumigation - - - + -

10. Spot fumigation - - - - +

Treatment number 

and name

ASD treatment component included Fumigation treatment included

Mainplot 

treatment

Subplot 

treatment Subplot treatment details

Control --

ASD
 Almond hull:shell substrate; 4-drip 

line soil wetting + TIF tarp; 4 weeks

Strip fumigation  11.7 ft-wide strips, down tree rows

Spot fumigation 8 x 8 ft spots, centered on tree sites

Control --

ASD 
 Almond hull:shell substrate; 4-drip 

line soil wetting + TIF tarp; 4 weeks

Strip fumigation  11.7 ft-wide strips, down tree rows

Spot fumigation 8 x 8 ft spots, centered on tree sites

No orchard 

recycling chips

Recycled almond 

orchard chips

Table 1. Treatments in almond 
hull+shell ASD & whole orchard 
recycling trials at Wonderful Orchards 
(Fig. 8).

Table 2. Treatments in rice bran ASD-
optimization trials at Wonderful Orchards 
(Fig. 9).

Fig. 8. Top graph, Ranch 3371; 
Bottom graph, Ranch 3381.

Fig. 9. Top graph, Ranch 3371; 
Bottom graph, Ranch 3381.

Fig. 10. Yield responses to ASD and fumigation in RD orchard, with and without 
preceding sudangrass rotation. Top graphs: orchard removed 2013, replanted 2014. 
Bottom graphs: orchard removed 2014, replanted 2015.

Acknowledgements: Almond Board of California; California DPR; TriCal, Inc.; Wonderful Orchards; Northwest Tillers; Penny Newman Co.; Central California Almond Growers Association; and many others.

Bacteria, May Sampling Oomycetes, May sampling

KAC 2013, May, Bacteria, from DESeq
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KAC 2013, May, Oomycetes, from deseq
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KAC 2013, May, Oomycetes, from deseqKAC 2013, May, Bacteria, from DESeq

1.
 S

te
ro

id
ob

ac
te

r s
p.

2.
 U

nc
la
ss

ifi
ed

 S
tre

pt
om

yc
et

ac
ea

e

3.
 S

te
ro

id
ob

ac
te

r s
p.

4.
 S

tre
pt

om
yc

es
 s
p.

5.
 U

nc
la
ss

ifi
ed

 M
ic
ro

m
on

os
po

ra
ce

ae

6.
 P

se
ud

om
on

as
 s
p.

7.
 P

he
ny

lo
ba

ct
er

iu
m

 s
p.

8.
 U

nc
la
ss

ifi
ed

 C
om

am
on

ad
ac

ea
e

9.
 B

ac
illu

s 
sp

.

10
. R

hi
zo

bi
um

 s
p.

11
. S

te
ro

id
ob

ac
te

r s
p.

12
. S

tre
pt

om
yc

es
 s
p.

13
. N

oc
ar

di
oi
de

s 
sp

.

14
. O

ht
ae

kw
an

gi
a 

sp
.

15
. U

nc
la
ss

ifi
ed

 O
xa

lo
ba

ct
er

ac
ea

e

16
. D

on
gi
a 

sp
.

17
. M

yc
ob

ac
te

riu
m

 s
p.

18
. S

ph
in
go

py
xi
s 
sp

.

19
. U

nc
la
ss

ifi
ed

 G
am

m
ap

ro
te

ob
ac

te
ria

20
. D

ev
os

ia
 s
p.

L
o

g
2
 F

o
ld

 C
h
a
n
g
e
 i
n
 O

T
U

 a
b
u
n

d
a
n
c
e

-10

-5

0

5

10

Control vs ASD

Control vs Fumigation

OTUs significantly associated ASD and Fumigated soils

OTUs significantly associated with Control soils

Control vs ASD

Control vs Fumigation

From Bioassay of soils throughout the stateBioassay Oomycete
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Experiment 1, TIF tarp used 

Experiment 2, 

no tarp


