Nitrates

5 o

Magnesium

Sulfur

. | || | —
SN

e €

i
5



Balster Lab

Collaborations in Ecosystem Science
& Environmental Education

Department of Soil Science
University of Wisconsin-Madison

—

Soil Fertility Analysis & Recommendations
Wilson State Nursery - Spring 2025 (soils data from 2024)
Boscobel, Wisconsin

(J. VandeHey, Superintendent)

Soil ": g ) ea ow(s) to vg.
BlockA S52tw65 58 none - all Satisfctory 0.3
BlockB 491066 5.7 none - all Satisfactory 0.3
BlockC  5.0106.1 5.7 none — all Satisfactory 02

Liming Recommendations - The soil pH in all arcas sampled was satisfactory for growing conifers and
hardwoods, There good news this year as the sulfur amendments appear to be working as all blocks have
lower sotl test pH by 0.2 to 0.3 from test levels in 2023 and by 0.1 to 0.3 from 2024. Even though the
values are moving in the right direction, I recommend vou continue to apply elemental sulfur to the
entire nursery at the same rate you applied last year.

Organic Matter:

BLOCK % O.\. ranges Average  Row(s) in need of O
1.L1to23 1.5 All rows

09102.1 1.6 All rows
C 17 Al
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pore

S

L J
e o oo
8
)
E3
L ]
e B o
e®
..

Eh-pH (Cells) ‘ Homeostasis

Abiotic stresses
Biotic stresses %

ﬂ.,,
Eh-pH (soil e
structure

ﬂnuuaﬂo s

Blolodu

8

activity




e
£
2
2
3
2
8
»

| siighty [medium

Very
Slightly |
| Alkaline

Alkaline | Alkaline

Very
Slightly
Acid

Acid

Medium | Siightly

Acid

How soil pH affects availability of plant nutrients.
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Tree species list - pH and moisture ranges

st- pH and moisture ra

I a I g et p H [ ] General information for several trees that can be used in tree trenches/tree boxes. NOTE: this list is not exhaustive and could include dozens of additional species.

Link to this table Download as a Word document (File:Tree spe: t-pHand m re ranges.docx) or Excel spreadsheet (File:Tree t - pH and moisture ranges.xlsx)

Scientific name™ 234 s Common name 234 + Soil moisture condition® ¢ Wetland indicator status® ¢ Moisture use ¢ Soil pH range

[1] Table: Optimal Soil pH for Common North American Tree
Seedlings

Tree Type/Species Optimal Seil pH Range

Maost conifers

Most hardwoods (nursery)
Most hardwoods (plantation)
Fraser fir

Pine, red & spruce species
Sugar maple

Red maple

Quaking aspen

Ranges based on cropland, nursery, and landscape studies.

Syringa reticulata 2 Japanese tree lilac 8.2d</t>
Taxodium distichum 2 Common baldcypress OBL High 4.5-6.0
Tilia americana 2 Basswood 3- FACU Medium 4575
Tilia cordata 2 Littleleaf linden - Medium

Tilia x euchlora 2 Crimean linden, Caucasian lime

Ulmus x species 2 Elm hybrids

orticulture, Comell University, Tthaca, N
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How soil pH affects availability of plant nutrients.
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How soil pH affects availability of plant nutrients.

H+

CO(NHp)p = NHg L»NHZ
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except NOj
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How soil pH affects availability of plant nutrients.
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Karst and shallow carbonate bedrock in Wisconsin

Wisconsin Geological and Natural History Survey
9

Factsheet 02

DOUGLAS

WASHBURN

o

BARRON

CHIPPEWA

R

CARBONATE BEDROCK

in depth below surface)

I 0-50 feet
[ ] = 50feet

E#twension ‘Wisconsin Geological and Natural History Survey 3817 Mineral Point Road - Madison, Wisconsin 53705-5100
e Tel 608.263.7389 - Fax 608.262.8086 » WisconsinGeologicalSurvey.org

Uniusesity ot Wiissonsin Extenzion

BAYFIELD

SAWVER

TAYLOR

Areas with carbonate bedrock within 50 feet of
the land surface are particularly vuinerable to

groundwater contamination.
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20 40 miles
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WINNEEAGO,

=1
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2Ohes Wa
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Director and State Geologist: lames M. Robertson
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Liming (CaCO;)?

Organic Matter? H i 1 H +
Nitrogen Fertilizer? p — Og

Land-Use History?

Water Source?

TE NURSERY.
@ oer 7

° + 0z + Hz0 = Hz50: - 2H* +

5

50.%°
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ssssssss

| B
V772277777770 7 2T
\
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Approximate pounds of finely ground elemental sulfur needed to increase soil
acidity.

Acidity and
nitrogen fertilizers

Soil organic matter content, %

Change in
pH desired 0.5t02 2to4 4to6 6to8 8told >10
-------------- pounds of sulfur per 1000 sq. ft. --------------
0.25 6 18 28* 40%* 53* 62*
0.50 12 35% 56* 80* 106* 125%
1.00 70* 112* 120%* 212*

* Do not apply more than 20 |bs of sulfur per 1000 sq. ft. per year.
Retest soil between applications.

Combs, S. (2007, October 27). Reducing Soil pH. University of
Wisconsin—Madison Division of Extension. XHT-1151.



Soil Test pH

Nursery Soil pH
(yearly averages)

y =-0.0199x + 46.008
R*=0.6378

2004
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2010 2013 2016

2019 2022

Soil Test pH

Soil Test pH

6.5

Soil pH
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y=-0.0217x +49.839
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Year
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Year
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y=-0.0165x + 39.353
R*=0.3934
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“Damping Off” Disease

Fungal soil-borne disease
Infection at soil level on hypocotyl or upper taproot
Poor germination
Particularly susceptible during rapid seedling growth
Only preventable, not curable
Infects before 6 week mark (for red pine)
o Before woody tissue develops
o Lamichhane et al., 2017
Common preventative measures:
Fungicides
Lowering pH (Cruz et al., 2020)
Cleaning equipment
Preventing excess moisture
Warm temperatures
Lack of soil aeration
Too much shade

O O O O O O O

ten o«

\% —p ‘"A
-5 :*“?;d ST -
%Q %% / Germ tube

a
Zoospore  Zoospore i‘ Mm'h.
C Sporangia ‘

: Host Damping off Of "'“"‘fﬂ"wiQ
' - Sifection Seedling karyogamy { Eametanal
B2 2, ‘
4%~ ” Dormant > \6.;4.
b"}’ Phase > i w

1. Pre-emergence 2. Post-emergence

Seed fail to emerge
infected seed- soft, discolored
shrink and finally disintegrated

rotting under soil

Toppling of the infected seedling
Tissues become soft & water soaked
Stem become constricted & collapse

Leaf spotting



“Damping Off” Disease

° Fungal soil-borne disease
° Infection at soil level on hypocotyl or upper taproot
° Poor germination
° Particularly susceptible during rapid seedling growth
° Only preventable, not curable
° Infects before 6 week mark (for red pine)
o Before woody tissue develops
° LamIChhar?e etal, 2017 Example of healthy red pine seedlings Example of a red pine seedling dying from
° Common preventative measures: in the “bird cage” stage damping off disease
o Fungicides
o Lowering pH (Cruz et al., 2020)
o Cleaning equipment
o Preventing excess moisture
o Warm temperatures )
. . Patches of dead seedlings from
o Lack of soil aeration damping off
o Too much shade

A C UL NN
AN
=74 N\
&(&” ) } — )
7 \\ z) 3 )5 €& 2 -\
\ / ( S N {/
\ (-\ Seedlings that likely survived the disease,
/ .

but are permanently stunted; notideal for
selling the trees later on
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e e Effects of Recently Incorporated Organic Amendments on Damping-Off
3 . .
. A ; of Conifer Seedlings
- “ " P . .
: i v " X k R. E. WALL, Research Scientist, Maritimes Forest Research Centre, Canadian Forestry Service, Department of the
. 3 Environment, P.O. Box 4000, Fredericton, N.B., Canada E3B 5P7
. TR ¥ nurseries and had been used previously to
- = ABSTRACT grow seedlings in the greenhouse for
5 Wall, R. E. 1984, Effects of recently incorporated organic amendments on damping-off of conifer pathogenicity studies with d i
4 y 3 seedlings. Plant Disease 68:59-60. and root rot fungi. Populations of
- Fusarium oxysporum Schlect., Rhizoctonia
. S 7ol In greenhouse tests, forest nursery soil containing the damping-off fungi Fusarium oxysporum, " —
£ : o Rhizoctonia solani, and Pythium spp. was planted to oats (Avena sativa). rve (Secale cereale). !offm. Kithn, Pythium “::e-r.cla:r:
v ~ -
- " h “ 1) )
i x Sawdust and sphagnum peat amendments (at 2% and 10% v/v) had no y serecacd
! o ‘ \ openings,
s o >
P 2 . > 4 . . . . ” 10 X 50 X 6
IV E = significant effect on seedling emergence or survival. recnhouse
£ e SRR - - 2 - half of the
o ¢ . ™ 7 Tr— TIATS WeTe PIanted 10 gTeeh Manure crops,
o ’ and 5 wk later, the remainder were
" 8 . planted (with the exception of the
P - Undecomposed plant residues incor- plant residues have been found to controls, which were left unplanted). The
" . : S orated into soils before planting can increase for 10-25 days after incorporation green manure crops, oats (Avena sativa
Rt o % L. ‘Stormont’), rye (Secale cereale L.
h *Kustro’), buckwheat (Fagopyrum escu-
i in  lentum *Redstraw’), and red clover
2-0sale | Germination Recalled — so I I' p H VS' S O M (Trifolium pratense L.), were grown
Inventory [Inventory per Germination |Observance  [STEE . r during the summer in a glass greenhouse
ction |Row perBed _|Bed vear Level | = - . and weeded regularly. Flats of rye were
e 4 (annual averages by section) P a3 caroom 413 € o e
}2; X j f:; t ninth through the 13th week after
61 20 To39 2. 1 planting to simulate vernalization
392 o 808 T Twenty weeks after the first planting,
B36 a i3 00 e d  all green manure crops were chopped into
B36 5 1 2,200 682 @ g 2<cm or smaller segments and incorpor-
Hese ° 2.200 878 g 5 ated into the soils on which they had been
332 ; 1 iigg 1’:32 = 2-0 A A @ B x C g grown. At the time of incorporation, the
Bg; 1 g :»23‘; 2‘;1’ 3 a first planting of oats was nearly ripe and
__B37 3 1.300 (13) = n the second planting was in the dough
“ 837 4 1,300 (90) - stage. The first planting of rye was about
57 S 928 280 -~ A y 30 cm tall and had not begun to flower;
37 7 1 1.300 190 1.9 @ A - the second was about 10 cm tall. The first
22 2 — 1.500 2z X planting of buckwheat had been ripe for
Co1 s 961 “900 ) Z X >’ about 3 wk; the second still had green
e 5 a05 500 5a o of  leaves and some ripened seed. The first
o2 T 475 o = X A it planting of red clover was about 20 cm
= 2 512 o 5 Sos0[Hign v 1.8 ® t  talland had a few Nlower buds; the second
gii ‘31 332 ™ i 22 ig — ® A or was |5 cm tall and had not begun to
c22 5 392 (192) 2020 [Higl - X flower.
oz - s00 z020lrmg (2 A The soils were reworked and watered
Co2 B 882 318 2020]Hig! y every 2-3 days for 2 wk. Each was then
c23 1 972 228 2020]Hig 1.7 @ A 00 s divided into five equal parts; one served
o i — Somoliiin A o] n  asacontrol and four were amended with
Ga7 2 3.005 G67 2018[High X X X A 1) 10% (v/v) fresh spruce-fir sawdust
o r T o Soielnin A t  from a local sawmill, 2) 2% sawdust, 3)
c27 5 1201 325 2018[High X X @ A i+ 10% (v/ v)comminuted Fafard sphagnum
C27 5 682 1.130 2018[High 1.6 o) o D Q@ is peat, and 4) 2% peat. Each of the 45 soil
g;; 5 Sou 12?; sl @ A A is mixtures was placed in a clay pot with a
c28 1 o16 042 2018[H @ A 5 12.5-cm top diameter and watered for the
o 2 szg 1854 2 A A r next 2 days. Triplicate pots of each type
c27 8 1.740 126 2014 @ '] were planted to cither jack pine ( Pinus
g;: 5 Teos 225 B 1.5 A A (O] banksiana Lamb.) or black spruce ( Picea
c2s S 1184 358 2014 % X A © A X mariana (Mill.) B.S.P.), 30 seeds per pot.
Cos a 742 256 2014 X Seeds were covered with 0.5 cm of coarse
< 2 2z S ErEe) X X ® . silicasand and pots were placed ina glass
A 1 64 5 20 t greenhouse at 20 C night temperature and
A 2 .15 7 20 1 4
A 3 ~03: 20 o .
A 2 03 20 Plant Disease/January 1884 58
A0S 5 .23 20
i 0 5.6 5.7 5.8 5.9 6.0 6.1 6.2 6.3 6.4
A0S 7 132 20
A0S s .012 20
A10 1 L168 204 20
A10 2 1,373 237 2015 H
o e I Soil pH
B35 1 1.035 577 2015
B35 2 1,106 362 2015
B35 3 901 285 2015
B35 a 855 a71 2015 &
B35 5 501 209 2015 3 o : -
4 B 2 2 uj- X -
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Forest Nursery Pests: Damping-off
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» 2 'y
el . <
’ ;.2
> Y
o
2-0Sale | Germination Recalled
Inventory |inventory per Germination |Observance
Section _|Row perBed |Bed vear Level
B15 1301 177 a69 2018[Low
Bi- g 1,82 557 2018(Low
.69 531 2018[Low
5 64 187 20 Low
0 1.039 2020[High
808 2020]High
759
715 2020]High
ce2 2020]High
a78 2020]High
1136 2020]High
156 2020]High
@1 2020[High
o 231
,300 (13)
1,300 (90)
A 1,525 380
A . B37 1,300 143
B37 7l 1110 1.300 190
- B37 s 1.027 1.300 273
- c21 5 873 1,200 327
c21 961 o 61)
c21 917 k=] az)
c21 802
c22 478 2
c22 812 ¥ 3
c22 .096 .325 2
c22 a 002 ¥ X
c22 5 392 .- (192)
c22 © 028 X o
c22 7 274 . (74)
c22 ) 882 . 318
c23 1 972 .- 228
c23 2] 1425 . 175
c23 3 1.241 1,300 59
c27 2] 1.005 1.672 667
c27 3 1,028 1,512 484
c27 4 1.6 1.680 202
c27 5 1,201 1,526 325
c27 © c82 1812 1,130
c27 2 657 2.254 1.597
c27 ) 806 2.022 1.218
c28 F o916 1,858 942
c2s 2 952 2.306 1.354
C2s 3 340 1.836 c87
c27 8] 1.740 1,866 126
C2s i 1457 1.674 217
c28 2] 1625 2.278 653
c2s 3 1.asa 1.512 358
c28 a 742 908 256
c 5 725 810 85
c © 908 1122 214
A Y 64 \156 5
A 2 15 .758 7
A 3 2031 6.
A 2 .18 5
) 5 .23 K
A0S ° .250 -
A0S 7 RER) .2
) s 012 .2
A10 1 “168 \572 202
Al0 2 1373 1.610 237
o A10 3 1,083 1,540 457
A10 41,000 1,542 544
B35 1] 1.035 1612 577
B35 2 1,106 1,468 362
B35 3 901 1,476 485
B35 a 855 1.326 a71
B35 5 501 1.210 409

by Thomas D. Landis

Figure 5 - Many of the pests causing damping-off are consid
ered weak or opportunistic pathogens, which are aided by
favorable envirommental fuctors such as soils that have a high
pH or dow't drain well (modified from Landis 2000).

RA and Springer-Verlag France 2017

ract Damping-off is a discase that lcads to the decay of
inating scods
prs one of the most important yicld constraunts both in
nies and ficlds. As for other biotic stresses, conventional
peides are widely used to manage this discase, with two

nd young scedlings, which represents for

r consequences. On the one hand, fungicide overuse
tens the human heakh and causes ecological concermns.
pe other hand, this practice has lod to the emergence of
ide-resistant microorganisms in the environment. Thus,
we increasing concemns to develop sustainable and du-
damping-off management strategics that are less reliant
wventional pesticides. Achieving such a goal requires a
r knowledge of pathogen biology and discase epidemiol
n order to facilitate the decision-making process. It abo
nds using all avalable nonchemical tools that can be
ted to regional and specific production situations

jay Ram Lamichhanc
joymum amichhanc@ gmail com. Jay- Ram Lamichhane @inra &

RA, Eco-lnnov Rescarch Unit, Avenue Lucion Brétignideos
TE8S0 Thiverval- Grgnon, France

RA. IRHS 1345, 42 ruc George Morel
4907 Bawcouzé, France

RA. UMR AGIR 1248, 24 chemin de Bordarouge- A s
31320 Castanct-Tolosan, France

miversité de Toulouse, INPT, El-Purpan, UMR AGIR 1248, 24
amin de Borderouge- Auzcville

31320 Castanct - Tolosan, France

niversité de Toulouse, INPT, ENSAT, UMR AGIR 1248, 24

chamin de Borde: pe- Auxcwilke
F-31320 Cstanct-Tolosan, France

INRA. Domaine expérimental d"Epoisses UE 0115
F-21110 Bretenséee, France

However, this still is not the case and major knowledge gaps
must be filled. Here, we review up to 300 articles of the
damping-off literature in onder to highlight major knowledge
gaps and identify future rescarch priorities. The major findings
are (i) damping-off is an emerging discase worldwide, which
affects all agricultuml and forestry crops, both in nursenics and

Ids: (i) over a dozen of soil-bome fungi and fungus-like
organisms are a cause of damping-off but only a few of them
are frequently associated with the discase; (i) damping-off
may affect from S 1o 80% of the seedlings, thereby inducing
heavy cconomic consequences for farmers: (iv) a lot of re-
scarch efforts have been made in recent years to develop bio-
control solutions for damping-off and there are interesting
future perspectives: and (v) damping-off management re-
quires an integrated pest management (IPM) approach com
bining both preventive and curative tactics and strategics.
Given the complex nature of damping-off and the numerous
factors involved in its occurrence, we recommend further e
scarch on critical niches of complexity, such as scods, scad-
bead, associated microbes and their interfaces, using novel and
robust experimental and modeling approaches based on five
rescarch priorities described in this paper.

Keywords Abiotic stresses - Best management practices
Economic losses - Integrated pest management - Interactions
Seed germination - Seadling decay - Soil-bome pathogens
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However, this still is not the case and major knowledge gaps
must be filled. Here, we review up to 300 articles of the
damping-off literature in order to highlight major knowledge
gaps and identify future rescarch prioritics. The major findings
are (i) damping-off is an emerging discase worldwide, which
affects all agricultural and forestry crops, both in nursenics and
fields: (i) over a dozen of soil-bome fung and fungus-like
organisms are a cause of damping-off but only a few of them
are frequently associated with the discase: (i) damping-off
may affect from $ to 80% of the scedlings, thereby inducing
heavy cconomic consequences for farmers: (iv) a lot of re-
scarch efforts have been made in recent years to develop bio-
control solutions for damping-off and there are interesting
future perspectives; and (v) damping-off management re-
quires an integrated pest management (IPM) approach com-
bining both preventive and curative tactics and strategics.
Given the complex nature of damping-off and the numerous
factors involved in its occurrence, we recommend further re-
scarch on critical niches of complexity, such as seads, scad-
bead, associated microbes and their interfaces, using novel and
robust expenimental and modeling approaches based on five
rescarch prionities described in this paper.
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Association of Soil Organic Matter, pH and Soil Moisture in a
Wisconsin Forest Nursery

Lydia White!. Nick J. Balster!:2 . and Janet Silernagel Balster3
Environmental Science Major 1. Soil Science Department? . Silvernail Studio for Geodesign. LLC?
University of Wisconsin, Madison, College of Agriculture and Life Sciences (CALS)

This case study i 3 ¥ soil agxmcmnmr(m soxlvohmmcmmsmcmm(\'\(() andsode(ouldbechlectuiw:dnwom G-pmm\s )«pomt) sxmphngmolsmasmﬂysnﬂof:“&sconnnSmth\uscy Data were collected

rheWﬂsanSlnteVmsuvaoscobeL“iscmdm’mgsmnf"m4 T wasobmnedm-rma(umlserymgamllmm Datza were analyzed using an Inverse

Distance Weighring finction with ArcGIS Pro and correlatons (regression results SOM and VMC (R® = 0.01) or soil pH (R = 0.01) across the

stady area However, the coefficients of vanation were higher for all vaniat rsw:mplmgxezxms There were no significant spatial patterns in SOM. as the Moran’s I Index foumd it

to be randomly chmhmdmvssdnsmdym‘rheseremhssuggestm 0 510 20 Meters / rarranted for sampling the rest of the mmsery. Potential explanations are ofered to explain these results
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and inform future soil managemen: at the mEsery to mest producton goals,

Hypotheses Soil pH (5-point)
Soil Organic Matter (SOM) is a major determinant in -
nutrient and warer retention especially in sandy soils. VALUE
Therefore, SOM distribution will be positively correlated % I 498 - 5381
with soil volumetric water content and negatively . B s362- 5625
correlated with soil pH across the study site. 5.626-5.773

Materials and Methods

Sparial sampling at a coarse scale will represent
sufficient precision to capmure the site spatial variability,
as expressed through the coefficient of variation,
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Discussion
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Key Characteristics of the Scale
*Logarithmic: Each unit change = 10x difference in H" concentration.
— A soil with pH 5 has 10x more H* than pH 6, and 100x more than pH 7.
*Inverse relationship:
— Lower pH = more acidic (more H)
— Higher pH = more basic (fewer H*)
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