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Fusarium management field trials

Map of the first of three replications of the garlic treatme nts. Following replications in the same rowe were randomized.
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Average of Weight per bulb (lbs)



Average of Weight per bulb	2.6605968775405713E-2	2.1543678984311414E-2	1.6780846216775974E-2	6.5354469783680189E-3	3.4696559203603646E-3	2.6789126926781988E-2	8.6453123381603873E-3	1.0743083530972029E-2	1.4993969158001859E-2	1.2305318246066059E-2	4.7320013455926123E-3	7.8851309638710114E-3	9.6951096354402043E-3	3.1178475747202214E-2	1.8651222344343596E-3	2.1378007023890994E-2	6.572825744976531E-3	0	Bf	Br	Wr	R(p)f	Gf	Wf	Gr	R(p)r	Gspr	Sr	HubSRr	Rf	Sf	Rr	Sspf	Gspf	Sspr	0.15171668679549113	0.14890000869528605	0.14755693774805534	0.14531474781257389	0.13834351282635093	0.13473961240922699	0.13386846405228758	0.13279333333333335	0.12808796992481203	0.12415998556998557	0.11398489278752437	0.11094181732246249	0.10993095151072126	0.1076857142857143	9.511627906976744E-2	9.4418113545542234E-2	9.1014492753623194E-2	







Sheet1

		Block		(All)

		Row Labels		StdDev of Weight per bulb		Average of Weight per bulb2				Row Labels		Average of Weight per bulb				StdDev of Weight per bulb

		Bf		0.0266059688		0.1517166868				Bf		0.152				0.0266059688

		Br		0.021543679		0.1489000087				Br		0.149				0.021543679

		Gf		0.0167808462		0.1383435128				Wr		0.148				0.0167808462

		Gr		0.006535447		0.1338684641				R(p)f		0.145				0.006535447

		Gspf		0.0034696559		0.0944181135				Gf		0.138				0.0034696559

		Gspr		0.0267891269		0.1280879699				Wf		0.135				0.0267891269

		HubSRr		0.0086453123		0.1139848928				Gr		0.134				0.0086453123

		R(p)f		0.0107430835		0.1453147478				R(p)r		0.133				0.0107430835

		R(p)r		0.0149939692		0.1327933333				Gspr		0.128				0.0149939692

		Rf		0.0123053182		0.1109418173				Sr		0.124				0.0123053182

		Rr		0.0047320013		0.1076857143				HubSRr		0.114				0.0047320013

		Sf		0.007885131		0.1099309515				Rf		0.111				0.007885131

		Sr		0.0096951096		0.1241599856				Sf		0.110				0.0096951096

		Sspf		0.0311784757		0.0951162791				Rr		0.108				0.0311784757

		Sspr		0.0018651222		0.0910144928				Sspf		0.095				0.0018651222

		Wf		0.021378007		0.1347396124				Gspf		0.094				0.021378007

		Wr		0.0065728257		0.1475569377				Sspr		0.091				0.0065728257

		Grand Total		0.0220735449		0.1271099794										0.0136305341





Average of Weight per bulb	2.6605968775405713E-2	2.1543678984311414E-2	1.6780846216775974E-2	6.5354469783680189E-3	3.4696559203603646E-3	2.6789126926781988E-2	8.6453123381603873E-3	1.0743083530972029E-2	1.4993969158001859E-2	1.2305318246066059E-2	4.7320013455926123E-3	7.8851309638710114E-3	9.6951096354402043E-3	3.1178475747202214E-2	1.8651222344343596E-3	2.1378007023890994E-2	6.572825744976531E-3	0	Bf	Br	Wr	R(p)f	Gf	Wf	Gr	R(p)r	Gspr	Sr	HubSRr	Rf	Sf	Rr	Sspf	Gspf	Sspr	0.15171668679549113	0.14890000869528605	0.14755693774805534	0.14531474781257389	0.13834351282635093	0.13473961240922699	0.13386846405228758	0.13279333333333335	0.12808796992481203	0.12415998556998557	0.11398489278752437	0.11094181732246249	0.10993095151072126	0.1076857142857143	9.511627906976744E-2	9.4418113545542234E-2	9.1014492753623194E-2	







Raw

		Treatment		Block		Rep		Marketable wt (lbs)		Cull #		Count		Weight per bulb		Weight per bulb		Bag #		Small		med		lg		cull

		R(p)f		f		1		1.746		0		12		0.1455		0.1455		1/2

		Rf		f		1		1.434		0		14		0.1024285714		0.1024285714		1/2		9		7		8		4

		Rf		f		1		1.384		0		14		0.0988571429		0.0988571429		2/2

		R(p)f		f		1		1.946		1		13		0.1496923077		0.1496923077		2/2

		Rr		r		2		2.226		1		21		0.106		0.106		1/1		9		23		5		0

		R(p)r		r		2		2.160		0		16		0.135		0.135		1/1

		R(p)r		r		3		1.706		0		12		0.1421666667		0.1421666667		1/2

		R(p)r		r		2		1.760		1		15		0.1173333333		0.1173333333		1/1

		R(p)r		r		3		2.272		1		15		0.1514666667		0.1514666667		2/2

		Rr		r		1		1.520		0		14		0.1085714286		0.1085714286		1/2

		Rr		r		1		1.818		0		18		0.101		0.101		2/2		5		19		6		3

		Rr		r		3		1.524		0		14		0.1088571429		0.1088571429		1/2		3		16		7		3

		Rr		r		3		1.482		0		13		0.114		0.114		2/2

		Rf		f		3		1.022		0		10		0.1022		0.1022		1/3

		R(p)f		r		1		1.634		0		11		0.1485454545		0.1485454545		1/2

		R(p)r		r		1		1.534		0		13		0.118		0.118		2/2

		Gr		r		1		6.802		0		48		0.1417083333		0.1417083333		1/1

		Rf		f		3		2.404		4		21		0.1144761905		0.1144761905		1/1

		Gr		r		1		2.034		0		16		0.127125		0.127125		1/1		2		6		8

		Sr		r		2		6.900		1		60		0.115		0.115		1/1		8		26		26				Row Labels

		R(p)f		f		3		2.926		0		23		0.1272173913		0.1272173913		1/1										Bf

		Rf		f		2		4.532		4		39		0.1162051282		0.1162051282		1/1		5		23		10		1		Br

		Rf		f		3		8.152		1		62		0.131483871		0.131483871		1/1		8		12		9		3		Gf

		R(p)f		f		2		1.272		0		9		0.1413333333		0.1413333333		1/2										Gr

		R(p)f		f		2		1.596		1		10		0.1596		0.1596		1/2										Gspf

		Sr		r		2		1.846		0		13		0.142		0.142		1/1										Gspr

		Bf		f		1		8.392		3		46		0.1824347826		0.1824347826		1/1										HubSRr

		Gf		f		2		9.694		1		61		0.1589180328		0.1589180328		1/1										R(p)f

		Wf		f		3		7.582		0		58		0.1307241379		0.1307241379		1/1										R(p)r

		Wf		f		2		7.588		0		51		0.1487843137		0.1487843137		1/1										Rf

		Sr		r		3		6.212		0		55		0.1129454545		0.1129454545		1/1										Rr

		Gf		f		1		4.454		0		32		0.1391875		0.1391875		1/2		2		24		8				Sf

		Gr		r		1		4.642		0		34		0.1365294118		0.1365294118		2/2										Sr

		Wf		f		2		7.688		0		77		0.0998441558		0.0998441558		1/1										Sspf

		Wr		r		2		3.442		1		23		0.1496521739		0.1496521739		1/1										Sspr

		Wr		r		2		4.748		0		34		0.1396470588		0.1396470588		1/2										Wf

		Sr		r		3		5.102		1		40		0.12755		0.12755		1/2		13		30		11				Wr

		Sr		r		3		2.294		1		18		0.1274444444		0.1274444444		2/2										Grand Total

		Bf		f		2		4.924		0		36		0.1367777778		0.1367777778		1/1

		Br		r		1		6.090		0		40		0.15225		0.15225		1/1		28		43		7

		Br		r		1		3.810		0		23		0.1656521739		0.1656521739		2/2

		Wf		f		1		6.184		0		44		0.1405454545		0.1405454545		1/2		1		10		29

		Wf		f		1		6.152		0		40		0.1538		0.1538		2/2

		Wr		r		1		4.500		0		32		0.140625		0.140625		1/1		3		10		35		1

		Sr		r		1		6.024		0		50		0.12048		0.12048		1/2

		Wr		r		3		5.130		1		33		0.1554545455		0.1554545455		1/1

		Sf		f		3		5.948		2		54		0.1101481481		0.1101481481		1/2

		Sf		f		3		2.228		0		19		0.1172631579		0.1172631579		2/2

		Bf		f		2		4.350		2		32		0.1359375		0.1359375		1/1		15		45		38

		Gr		r		3		4.684		0		36		0.1301111111		0.1301111111		1/1

		Sspf		f		2		3.142		0		43		0.0730697674		0.0730697674		1/2

		Sspf		f		2		5.038		1		43		0.1171627907		0.1171627907		2/2

		Gf		f		3		6.364		2		54		0.1178518519		0.1178518519		1/1												Block		(All)

		Gspr		r		3		5.696		0		35		0.1627428571		0.1627428571		1/2										Really fall planted

		Gspr		r		3		4.750		0		35		0.1357142857		0.1357142857		2/2										Many split bottoms		Row Labels		Average of Weight per bulb

		Gspf		f		3		5.936		1		64		0.09275		0.09275		1/1		29		30		4						Bf		0.1517166868

		Br		r		3		8.664		2		58		0.1493793103		0.1493793103		1/2		12		22		24		0				Br		0.1489000087

		Gspf		f		2		7.552		1		82		0.092097561		0.092097561		1/1												Wr		0.1475569377

		Sf		f		1		6.332		0		64		0.0989375		0.0989375		1/1		17		44		16						R(p)f		0.1453147478

		Br		r		3		2.140		0		13		0.1646153846		0.1646153846		2/2												Gf		0.1383435128

		Br		r		2		7.094		0		63		0.1126031746		0.1126031746		1/1		21		33		9						Wf		0.1347396124

		HubSRr		r		3		5.508		3		48		0.11475		0.11475		1/1												Gr		0.1338684641

		Wr		r		1		2.612		0		17		0.1536470588		0.1536470588		2/2												R(p)r		0.1327933333

		Sf		f		1		1.814		0		16		0.113375		0.113375		2/2												Gspr		0.1280879699

		Gspr		r		1		2.032		0		19		0.1069473684		0.1069473684		1/2												Sr		0.1241599856

		HubSRr		r		2		5.984		0		57		0.1049824561		0.1049824561		1/1												HubSRr		0.1139848928

		Sspr		r		1		6.094		0		66		0.0923333333		0.0923333333		1/1												Rf		0.1109418173

		Gspr		r		1		2.032		0		19		0.1069473684		0.1069473684		1/1												Sf		0.1099309515

		Wr		r		3		5.560		0		38		0.1463157895		0.1463157895		1/1												Rr		0.1076857143

		HubSRr		r		1		7.700		0		63		0.1222222222		0.1222222222		1/1												Sspf		0.0951162791

		Sspr		r		1		4.126		0		46		0.0896956522		0.0896956522		1/1												Gspf		0.0944181135

		Sr		r		1		2.474		0		20		0.1237		0.1237		2/2		4		10		6						Sspr		0.0910144928

		Gf		f		3		3.298		0		24		0.1374166667		0.1374166667		2/2		1		10		13						Grand Total		0.1271099794

		Gspf		f		1		5.806		0		59		0.0984067797		0.0984067797		1/1		30		23		6

		GspRr3FALL																		1		19		19

		Roja Hub garlic R1																		22		17		15		3

		 Roja Hub Garlic R2																		11		18		31		2

		Roja Hub Garlic R3																		13		16		19





pivot data

		Treatment		Block		Rep		Marketable wt (lbs)		Cull #		Count		Bag #		Notes

		Bf		f		1		8.392		3		46		1/1

		Bf		f		2		4.924		0		36		1/1

		Bf		f		2		4.350		2		32		1/1

		Gf		f		2		9.694		1		61		1/1

		Gf		f		1		4.454		0		32		1/2

		Gf		f		3		6.364		2		54		1/1

		Gf		f		3		3.298		0		24		2/2

		Gspf		f		3		5.936		1		64		1/1

		Gspf		f		2		7.552		1		82		1/1

		Gspf		f		1		5.806		0		59		1/1

		R(p)f		f		1		1.746		0		12		1/2

		R(p)f		f		1		1.946		1		13		2/2

		R(p)f		f		3		2.926		0		23		1/1

		R(p)f		f		2		1.272		0		9		1/2

		R(p)f		f		2		1.596		1		10		1/2

		Rf		f		1		1.434		0		14		1/2

		Rf		f		1		1.384		0		14		2/2

		Rf		f		3		1.022		0		10		1/3

		Rf		f		3		2.404		4		21		1/1

		Rf		f		2		4.532		4		39		1/1

		Rf		f		3		8.152		1		62		1/1

		Sf		f		3		5.948		2		54		1/2

		Sf		f		3		2.228		0		19		2/2

		Sf		f		1		6.332		0		64		1/1

		Sf		f		1		1.814		0		16		2/2

		Sspf		f		2		3.142		0		43		1/2

		Sspf		f		2		5.038		1		43		2/2

		Wf		f		3		7.582		0		58		1/1

		Wf		f		2		7.588		0		51		1/1

		Wf		f		2		7.688		0		77		1/2

		Wf		f		1		6.184		0		44		1/2

		Wf		f		1		6.152		0		40		2/2

		Br		r		1		6.090		0		40		1/1

		Br		r		1		3.810		0		23		2/2

		Br		r		3		8.664		2		58		1/2

		Br		r		3		2.140		0		13		2/2

		Br		r		2		7.094		0		63		1/1

		Gr		r		1		6.802		0		48		1/1

		Gr		r		1		2.034		0		16		1/1

		Gr		r		1		4.642		0		34		2/2

		Gr		r		3		4.684		0		36		1/1

		Gspr		r		3		5.696		0		35		1/2		Really fall planted

		Gspr		r		3		4.750		0		35		2/2		Many split bottoms

		Gspr		r		1		2.032		0		19		1/2

		Gspr		r		1		2.032		0		19		1/1

		HubSRr		r		3		5.508		3		48		1/1

		HubSRr		r		2		5.984		0		57		1/1

		HubSRr		r		1		7.700		0		63		1/1

		R(p)r		r		1		1.634		0		11		1/2

		R(p)r		r		2		2.160		0		16		1/1

		R(p)r		r		3		1.706		0		12		1/2

		R(p)r		r		2		1.760		1		15		1/1

		R(p)r		r		3		2.272		1		15		2/2

		R(p)r		r		1		1.534		0		13		2/2

		Rr		r		2		2.226		1		21		1/1

		Rr		r		1		1.520		0		14		1/2

		Rr		r		1		1.818		0		18		2/2

		Rr		r		3		1.524		0		14		1/2

		Rr		r		3		1.482		0		13		2/2

		Sr		r		2		6.900		1		60		1/1

		Sr		r		2		1.846		0		13		1/1

		Sr		r		3		6.212		0		55		1/1

		Sr		r		3		5.102		1		40		1/2

		Sr		r		3		2.294		1		18		2/2

		Sr		r		1		6.024		0		50		1/2

		Sr		r		1		2.474		0		20		2/2

		Sspr		r		1		6.094		0		66		1/1

		Sspr		r		1		4.126		0		46		1/1

		Wr		r		2		3.442		1		23		1/1

		Wr		r		2		4.748		0		34		1/2

		Wr		r		1		4.500		0		32		1/1

		Wr		r		3		5.130		1		33		1/1

		Wr		r		1		2.612		0		17		2/2

		Wr		r		3		5.560		0		38		1/1





pivot draft

		Row Labels		Sum of Marketable wt (lbs)

		Wf		35.2

		Sr		30.9

		Br		27.8

		Wr		26.0

		Gf		23.8

		Gspf		19.3

		HubSRr		19.2

		Rf		18.9

		Gr		18.2

		Bf		17.7

		Sf		16.3

		Gspr		14.5

		R(p)r		11.1

		Sspr		10.2

		R(p)f		9.5

		Rr		8.6

		Sspf		8.2

		Grand Total		315.2











Total	

Wf	Sr	Br	Wr	Gf	Gspf	HubSRr	Rf	Gr	Bf	Sf	Gspr	R(p)r	Sspr	R(p)f	Rr	Sspf	35.194000000000003	30.852000000000004	27.798000000000002	25.992000000000001	23.810000000000002	19.294	19.192	18.927999999999997	18.161999999999999	17.665999999999997	16.321999999999999	14.51	11.066000000000001	10.220000000000001	9.4860000000000007	8.57	8.18	
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The relationship between nitrogen and Fusarium

Also known as:

Fusarium Nitrogen
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Effect of Nitrogen on Fusarium:

2017 Results — % Clove Coverage (Nov 1)

Effect of Nitrogen Rate on Percent Fusarium Clove Coverage (%)
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Effect of Nitrogen on Fusarium, 2018

Effect of Nitrogen Rate on Fusarium in Garlic (Pooled across seed size) Albion’ 2018
30
25 +52%
A A
21.2 21.3
20
AB
15.6
15 B
13.5
10
+ 48%
5
3.4 3.4
2.3 / .
0
% Culls at Cracking (Oct 17) % Clove Coverage out of Storage (Dec 10)

None -0 Ib/A Low - 50 Ib/A Standard - 100 Ib/A  E High - 150 Ib/A
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Effect of nitrogen levels on yield

Effect of Nitrogen Rate on Total Marketable Yield (Ib.)
Long Island, 2017
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No response to applied nitrogen between 50 and 150 Ib/A

Seed Source had greatest effect on yield — infested seed had lowest yield



Effect of Nitrogen on Yield, site 2

Batavia, 2017

Effect of Nitrogen Rate on Total Marketable Yield
(Ib per 40 feet of row)
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No response to applied nitrogen between 50 and 150 Ib/A

Seed Source had greatest effect on yield — infested seed not the lowest yield
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Evaluation of Sanitizers for Fusarium Control:
Treatments

Terraclean: hydrogen peroxide,
peroxyacetic acid

Bacillus licheniformis

Bacillus subtilis

Bacillus pumilus

Bacillus amyloliquefaciens

Bacillus megaterium

Trichoderma harzianum

Trichoderma reesei

Humic Acids (derived from leonardite)

Soy Protein Hydrolysate (microbial nutrient)

Kelp (Ascophyllum nodosum) (microbial nutrient)

Molasses (microbial nutrient)

Oxidate 1%

o Terraclean 1:500 dilution Applied every 2 weeks:
2 min dip fb. Terragrow 1 0z/100 gal Apr 18, May 3, May 17, Jun 1&2,
Plant wet 4 hours between Terraclean & Terragrow Jun 13, Jun 28

2000 ml per 20-ft
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Effect of Oxidate Dip 1% and Terraclean/Terragrow:
(100 Ib N) Percent Fusarium Clove Coverage (%)

Batavia, 2017
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Percentage of Plants from Original Stand with Fusarium (%)
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Evaluation of Fungicides for Fusarium Control:
Treatments — Albion, 2018

Trade Name Active ingredient FRAC Group | Application

Maxim 4FS fludioxonil 7 Seed slurry

Vibrance sedoxane 12 Seed slurry

Serifel Bacillus 44 In-furrow at planting
amyliliquefaciens In-season drench:
strain MBI 600 May 9, 23, Jun 8, 20

Rootsheild Plus Trichoderma ?7? 2 min seed dip
harzianum, T. virens

Terraclean hydrogen peroxide, sanitizer |2 min seed dip
peroxyacetic acid

Terraclean See above Sanitizer | In-furrow drench at planting

Terragrow Microbe package 44 In-season drench:

Apr 23, May 9, 23, Jun 8, 20




Fungicide Evaluation for Control of Fusarium Basal Rot in Garlic, Holley, 2018:
Spring Emergence (%)
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Screening chemicals for controlling
seed-borne Fusarium

Mean % of clove with rot/mycelium
* Culled cloves dipped ” /my

in solutions (20 min).
( ) S 29.5 289 Treatments significantly lower than control (P<0.05)

* Incubated under high

22.3 22.1 20.4
humidity 21 d. 5
12.2 11.7 10.5
* Peeled and assessed 99 a8 .
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Effect of in-season Incidence of Fusarium (% of cloves)
application of (P=0.809)
chemicals against 15.0

Fusarium

11.4
9.6 10.5
. ) 10.0 |2
For each treatment: 3 varieties x 3
replicate plots of 30 cloves each. Seed
with Fusarium. 5.0
May 12, May 27, June 22.

50 ml of chemical applied around base oo

of each garlic plant. Nontreated Double Nickel Howler Serenade Aso
55

July 22,2022.

Trialharvested. One dlove from cach

of 30 bulbs was peeled and assessed 19.5 g/17.5 L water/100 row feet

visually for presence of fungal rot.

Serenade Aso (4 qt/A) 26.1 mlf17.5 L water/100 row feet

None of the in-season drench treatments reduced
Cornel|CALS ol o saricuture Fusarium on harvested cloves. 24



Take home lessons to manage Fusarium:

Don’t over-apply nitrogen

Start with vigorous, clean seed

Find the right varieties for your site

Choose a mulch and bed system with garlic health in mind

**Fusarium is an advantageous pest, and follows damage to the crop!



Questions, comments,
discussion?

Many thanks to our grower cooperators in

Eastern NY, western NY, and Long Island for their
support and to Sandy Menasha, Christy

Hoepting, and Robert Hadad for conducting

trials for this project.
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