SOIL TESTING AND SPOT FUMIGATION: POTENTIAL FOR REDUCING ORCHARD FUMIGANT USE
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Background.  Prunus replant disease (PRD) is an incompletely understood soilborne disease complex that suppresses growth and productivity of replanted almond and stone fruit orchards.  Severity of the complex varies among orchards. Soil fumigation is used widely to manage PRD and plant parasitic nematodes, but the treatments are costly and increasingly restricted.  There are nearly 1 million acres of almonds and stone fruits grown in California, and knowledge and technologies are needed to minimize and optimize fumigant use for their production.  Accordingly, this project has three main objectives: 
· Objective 1. Use a greenhouse-based peach seedling bioassay to increase knowledge available on the need for pre-plant soil fumigation among the diverse soils used for almond and stone fruit production in California.
· Objective 2.  Augment the bioassay testing with orchard validations.  
· Objective 3. Demonstrate utility of GPS-controlled spot fumigation, which uses much less fumigant than strip and broadcast fumigation. 
[bookmark: _GoBack]Procedures, results and discussion.  In support of objective 1, greenhouse-based peach seedling bioassays were undertaken in 20 soils in summer 2014 and in 26 soils in summer 2015.  The soils were collected mainly from almond orchards throughout the Central Valley of California but represented various cropping histories and biological, chemical, and physical soil properties (e.g., Table 1).  Subsamples of each soil were mixed with course sand (2:1 soil:sand, v:v); given different preplant treatments (fumigation, pasteurization and a control); and planted with Nemaguard peach seedlings in a greenhouse (12 replicate seedlings per soil-treatment combination). Two months after planting, shoot length growth, shoot and root fresh weights, and root cortex necrosis were used to assess the potential for PRD in each soil.  
In the summer 2014 greenhouse bioassay, depending on the soil, pasteurization increased total plant weights by 8 to 268% of the control, while fumigation increased the weights by 19 to 351% (data not shown).  There was highly significant soil x soil treatment interaction (P<0.0001).  Mean plant weights were negatively correlated with the incidence of Pythium spp. (r= -0.67, P<0.0001) and C. macrodidymum (r= -0.67, P<0.0001). Across all soils, the percentage increase in plant weight resulting from pasteurization and fumigation, compared to the control plant weights, was positively correlated with pH (r=0.43, P=0.05 and r=0.45, P=0.05 respectively). Similar results were obtained to date in a summer 2015 greenhouse bioassay, where shoot length growth exhibits highly significant interaction between soils and preplant treatments (P<0.0001) (Fig. 1).  Near the completion of the 2015 bioassay, mean increases in shoot length growth resulting from fumigation and pasteurization ranged from -4 to 131% of the control.  Percentages of increase resulting from fumigation were positively correlated with those resulting from pasteurization (r=0.84, P<0.0001).  In the 2015 bioassay, shoot length increases resulting from fumigation or pasteurization were positively correlated with soil pH, cation exchange capacity, and exchangeable potassium values (r=0.44 to 0.64; P=0.03 to 0.0006).  To date, there are not significant correlations between shoot length increases and populations of plant pathogenic nematodes in the soils (Table 1).  Although peach seedling growth benefited significantly from preplant fumigation and pasteurization in most of the soils bioassayed in 2014 and 2015, growth responded little to none in several soils (e.g., Fig. 1).
In support of objectives 2 and 3, which involve validating greenhouse bioassay results and demonstrating spot fumigation technologies, respectively, seven orchard replant trials (one each near Crows Landing, Delhi, and Kerman; four trials near Parlier) were established and are being monitored.  The single trials all include spot fumigation, strip fumigation, and control treatments, whereas the Parlier trials only include strip fumigation and control treatments. First-year trunk circumference increases were measured over the first growing season for the trials that received treatments in 2013.  In the Crows Landing trial, trunk circumference growth was increased by 44% of the control in strip-fumigated plots and 33% of the control in spot-fumigated plots (Table 2).  Similarly, first year trunk circumference growth in the Kerman replant trial was increased by 25% in strip-fumigated plots and by 22% in spot-fumigated plots.  In the two 2013 Parlier trials at KAC, strip fumigation increased trunk circumference growth by 89 to 115% of the control in the first growing season (Table 2).  
Our results suggest that soil testing and spot fumigation technologies may contribute to reduction in fumigant use for orchards. With respect to objective 2, our field results to date provide qualitative but not quantitative validation of bioassay results.  For example, although positive growth responses to fumigation were observed in orchard trees in the Crows Landing, Kerman, and Parlier trials, the relative magnitudes of the growth responses were not highly correlated with the magnitudes of summer 2014 bioassay plant growth responses.  Regarding objective 3, our field results have demonstrated both the feasibility and efficacy of spot fumigation technology for control of PRD with much less fumigant that conventional fumigation treatments in commercial orchard settings. 



Table 1. Site histories and nematode populations in soils used in 2015 greenhouse bioassay 
[image: ]aSoil location number is followed by nearest city or landmark and additional coded information.  In code text, “Vin” indicates soil was from vineyard (all other soils were from almond or stone fruit orchards); “Tri” indicates that location had hosted or is hosting fumigation trial; “C35” indicates that soil was treated with Telone C35 before collection from the field; “ASD” indicates that soil was treated with anaerobic soil disinfestation before collection from the field; “CK” indicates soil was from control plots that did not receive C35 or ASD; “St” indicates standing orchard or vineyard;  “Cl” indicates cleared orchard.
bYears are estimates
cBased on sugar flotation method. “RKN” indicates root knot nematode.
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Table 2. Results and listing of orchard replant trials conducted for purposes of bioassay validation (Objective 2) and spot fumigation demonstration (Objective 3)
[image: ]
aSoils tested in 2013-14 bioassays described in 2014 annual report to Cal DPR, Browne et al.; soils tested in 2015 bioassay described in Table 1  and more fully in 2015 annual report to Cal DPR, Browne et al.
bMeasured from winter 2014 to winter 2015.
cMeasured from winter 2015 to July 2015
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Fig. 1. Response of ‘Nemaguard’ rootstock seedlings to preplant soil treatments in 2015 greenhouse bioassay of 26 soils as of 20 Aug 2015.  
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Fumigant rate, lb per 

treated acre (& kg/ha)

Proportion of 

treated area

Fumigant per orchard 

acre, lb (& kg/orchard ha)

First growing 

season (95 % CI)

b

Second growing 

season (95 % CI)

c

Control 0 0.00 0 7.8 (6.0-9.6) --

Telone C35, strip 520 (582) 0.53 276 (309) 11.2 (9.5-12.9) --

Telone C35, spot 520 (582) 0.21 109 (122) 10.4 (8.6-12.1) --

Control 0 0.00 0 9.7 (8.9-10.4) --

Chloropicrin, strip 350 (392) 0.38 133 (149) 12.2 (11.5-12.9) --

Chloropicrin, spot 350 (392) 0.19 67 (75) 11.8 (11.0-12.5) --

Control 0

0.00

0 3.7 (3.2-4.2)

16.4 (15.1-17.7)

Telone C35, strip 540 (605) 0.58 313 (350) 7.0 (6.6-7.5) 25.6 (24.3-26.9)

Control 0

0.00

0 3.3 (2.6-4.0) 17.1 (16.0-18.1)

Telone C35, strip 540 (605) 0.58 313 (350) 7.1 (6.7-8.1) 27.3 (26.2-28.3)

Control 0

0.00

0

-- --

Telone C35, strip 540 (605) 0.50 270 (303)

-- --

Telone C35, spot 540 (605)

0.19

103 (115)

-- --

Control 0

0.00

0 2.2 (1.8-2.6) --

Telone C35, strip 540 (605) 0.58 313 (350) 5.1 (4.8-5.5) --

Control 0

0.00

0 2.6 (2.1-3.1) --

Telone C35, strip 540 (605) 0.58 313 (350) 4.9 (4.4-5.4)

2014 Delhi 8. Delhi-Lit.Tri.CK.Cl, 2015

Parlier, trial C13.Parlier-KAC2014.Tri.CK.Cl, 2015

Parlier, trial D13.Parlier-KAC2014.Tri.CK.Cl, 2015

2013 Crows 

Landing  

5. GoT soil, 2013-14 

Kerman  9. AvT soil, 2013-14

Parlier, trial A12. Parlier KAC, 2013-14

Parlier, trial B12. Parlier KAC, 2013-14

Year field 

plots  

treated

"Location" of 

field plots

Designation of soil in greenhouse 

bioassays, year(s) tested in 

greenhouse bioassays

a

Field treatment

Field treatment details

Increase in circumference (cm) 
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Soil

1.Durham-Mea.Tri.St2.Durham-Mtz.Tri.St 3.Durham-Mtz.S.St 4.Durham-Gilb.N.St 5.Durham-Gil.S.St 6.Arbuckle-Nic.Tri.St 7.Arbuckle-Hen.St 8.Delhi-Lit.Tri.CK.Cl 9.Delhi-Lit.Tri.C35.Cl 10.Firebaugh-WO.Tri.St 11.Parlier-KAC.Vin.S.St 12.Parlier-KAC.Vin.N.St 13.Parlier-KAC2014.Tri.CK.Cl 14.Parlier-KAC2014.Tri.C35.Cl 15.Parlier-KAC2014.Tri.ASD.Cl 16.Reedley-Klas.N.St 17.Reedley-Klas.S.St 18.Sanger-MG.Rep.St 19.Sanger-LTB.Hc.Cl 20.Sanger-LTB.Rc.Cl 21.Traver-Famt.St 22.Shafter-3901.K&B.St 23.Shafter-WO.3010.S.St 24.Shafter-WO.3010.N.St 25.Belridge-WO.3540.196.St 26.Belridge-WO.3580.211.St
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Ring Lesion RKN Dagger Pin Free living

1.Durham-Mea.Tri.CK.St Almond/Lovell, 11 yr 0 0 0 0 62 92

2.Durham-Mtz.Tri.CK.St Almond/Lovell, 11 yr 0 0 0 2 112 134

3.Durham-Mtz.S.St Almond/Lovell, >20 yr 0 0 0 0 360 54

4.Durham-Gilb.N.St Almond/Lovell, >20 yr 0 0 0 0 104 8

5.Durham-Gil.S.St Almond/Lovell, >20 yr 0 0 0 0 26 22

6.Arbuckle-Nic.Tri.CK.St Almond/Nemaguard, 6 yr 0 0 0 0 646 64

7.Arbuckle-Hen.St Almond/Lovell, >20 yr 0 0 0 36 318 6

8.Delhi-Lit.Tri.CK.Cl Almond/Nemaguard, >20 yr 30 0 0 0 0 54

9.Delhi-Lit.Tri.C35.Cl Almond/Nemaguard, >20 yr 14 0 0 0 0 132

10.Firebaugh-WO.Tri.CK.St Almond/Nemaguard, 8 yr 0 0 0 0 883 29

11.Parlier-KAC.Vin.S.St Vineyard, >20 yr 808 0 15 7 317 149

12.Parlier-KAC.Vin.N.St Vineyard, >20 yr 56 0 0 22 544 336

13.Parlier-KAC2014.Tri.CK.Cl Peach/Nemaguard, ca. 12 yr 0 0 0 0 4 248

14.Parlier-KAC2014.Tri.C35.Cl Peach/Nemaguard, ca. 12 yr 0 0 0 0 0 178

15.Parlier-KAC2014.Tri.ASD.Cl Peach/Nemaguard, ca. 12 yr 0 0 0 0 0 586

16.Reedley-Klas.N.St Nectarine/Nemaguard, ca. 12 yr 37 4 0 0 900 35

17.Reedley-Klas.S.St Peach/Nemaguard, ca 15 yr 0 13 0 0 538 134

18.Sanger-MG.Rep.St Plum/Nemaguard, 1 yr 0 38 0 0 45 70

19.Sanger-LTB.Hc.Cl Almond/Nemaguard, >20 yr 0 0 0 0 186 146

20.Sanger-LTB.Rc.Cl Almond/Nemaguard, >20yr 29 0 0 1 941 80

21.Traver-Famt.St Nectarine/Nemaguard, ca. 15 yr 0 0 0 27 662 92

22.Shafter-3901.K&B.St Almond/Nemaguard, >20 yr 892 184 3 38 179 42

23.Shafter-WO.3010.S.St Almond/Nemaguard, >20 yr 0 0 0 0 268 34

24.Shafter-WO.3010.N.Stb Almond/Nemaguard, >20 yr 0 0 0 0 184 33

25.Belridge-WO.3540.196.St Almond/Nemaguard, >20 yr 0 0 0 0 824 58

26.Belridge-WO.3580.211.St Almond/Nemaguard, >20 yr 0 4 0 45 500 89

Crop history

b

Nematode count (per 250 cc)

c

2015 soil number and code

a


