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. World population is projected to
reach more than 9 billion in 2050. To
sustain this level of growth, food
production will need to rise by 70 %.

. Prime farmland were increasingly lost
to development.

. Continue planting in prime farmland
led to soil degradation which is not
sustainable.

. Soil health management might be the
solution to climate change.

U.S. Drought Monitor
Jun 01, 2010

DO Abnorma Ily Dry

D1 Drought - Moderate
D2 Drought - Severe

D3 Drought - Extreme
D4 Drought - Exceptional
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@ cirad

https://4p1000.org/?lang=en

Why regenerative agricuflure
can be the Holution to climale /
change? |

Because soil contained 2-3 times more C than
the atmosphere, increasing soil C by 0.4% per
year in the top 30-40 cm of soil could stop the
increase in CO, in the atmosphere (CIRAD,
2015).
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Soil organic matter

Suppress plant- Improve soil food

i (V)
parasitic nematodes web structure Increase soil C by 0.4 %/yr

Tolerate high salinity
and low pH

Suppress weeds

Soil nutrients & Improve
crop yield




Sunn hemp, marigold, brown
mustard, sorghum, velvet bean

Tropical Cover Crops
w/ Nematode
Antagonistic Effect:




Glucosinolate Cover Crops

» Glucosinolate (GL)-derived isothiocyanate (ITC) from brassica cover crops is
aIIeIopathlc (toxm) to many soil-borne fungi and nematodes (Kirkegaard et al., 1993).

» Can suppress root-knot nematodes
effectively but not reniform nematodes.
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Sunn hemp, marigold, brown
mustard, sorghum, velvet bean

Tropical Cover Crops

w/ Nematode
Antagonistic Effect:
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r—==g% Anhydrobiotic reniform nematodes are hardy, can survive

drought or nematicides, and revive after a susceptible host is
planted

* Vermiform stages of reniform
NP nematodes are easier to kill
Pl 98 than the anhydrobiotic

Reniform nematode Ih{'e stages &3
- § A 19 (survival) stage.

* Sunn hemp (SH) is a poor host
of reniform nematode thus it
will stimulate the
anhydrobiotic reniform to
turn into vermiform stages.

* Thus, when soil incorporate
sunn hemp tissue can kill
reniform efficiently

Vermiform stage


http://coursewares.mju.ac.th:81/e-learning47/PP300/0016sugarteam1014/5605nematode/004%20under%20microscope/m450818d161729_p031.jpg

11

SH suppressed reniform if soil incorporate after a susceptible host

Post-treatments: amended (SH+) or not amended (SH-) with SH at 1% (w/w)

OHOH
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Monocrotaline
IS more
concentrate in
leaves tissues

Reniform nematodes/250 cm3 soil
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Y
BSH+  Plant cowpea
mSH- for 2 months
*%
Dry Irr SH CP

Pre-treatments

Pre-treatments

Dry = no irrigation

Irr = Irrigated

SH = planted with
sunn hemp

CP = planted with
cowpea

* = significant

difference
between SH+ and
SH-

(Marahatta, Wang et al., 2012 Nematropica 42: 34-40)



Soil organic matter

Suppress plant- Improve soil food
parasitic nematodes web structure

N~

Tolerate high salinity

Increase soil C by 0.4 %/yr

Suppress weeds

and low pH

Soil soil nutrients &
Improve crop yield




Healthy Soil Improves Soil Nutrient cycling
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Sunn hemp in a strip-till cover cropping system

hemp
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Crotalaria juncea
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Cover crop enhance beneficial soil nematodes
while suppressing plant-parasitic nematodes

nematodes
(Wang et al. 2011, Applied Soil Ecology 49: 107-117)



Sunn hemp and Marigold in a
strip-till cover cropping system
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(Wang et al. 2011, Applied Soil Ecology 49: 107-117)



Sunn hemp in a
strip-till cover
cropping system

‘/Can suppress plant-parasitic
nematodes effectively.

Can increase omnivorous or
predatory nematodes within one
cropping cycle, but only increase Sl in
the second cropping cycle.

X Increase soil C slowly, even after 7
years of consecutive SH-vegetable
crop conservation tillage practice, it
did not increase soil C close to 0.4%.

0.18% increase in Soil Organic Matter

1.4

1.3

1.2

1.1

Soil Organic Matter (SOM) %

BG

NT

7 consecutive years of no-till (NT) or strip-till with sunn hemp
compared to conventional till with bare ground practice.

X sunn hemp also can’t grow in highly acidic

soil nor in soil with high salinity.




Soil organic matter

Suppress plant- Improve soil food

i (V)
parasitic nematodes web structure Increase soil C by 0.4 %/yr

Tolerate high salinity
and low pH

Suppress weeds

Soil soil nutrients &
Improve crop yield




Tropical Cover Crops
w/ Nematode
Antagonistic Effect:

Sunn hemp, black oat, brown
mustard, sorghum, velvet bean



Effects of Black Oat Cover Cropping
& No-till following 8 years of
Conservation tillage practices

Trial 1 2015
Trial 11 2016

Plant corn after

oy S

.%y' ngﬂ bfgc‘k;-ats (BO)




No-till of Black Oat increased soil C by 0.4% after 2 years

BO = No-till with black oats, BG = bare ground, Sol = solarization

1.60 A

Soil organic matter (%)

0.80 -
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1.40 A

1.20 A

1.00 A

MW Trial |
M Trail Il

BG

AI

BO

Sol

Field Capacity (Bv)

w
w

MW Trial |

MW Trail 1l

BG

BO

Sol

Average weekly soil moisture (Bv)

27 A

25 -

| MTriall

M Trail Il

BG

BO Sol

= BO+No-till increased SOM by 0.38% in Trial | and 0.4% in Trial Il ( \/); and
increased water holding capacity by 7.5-18%; and soil moisture on corn crop by 14-20%

(Marquez et al., 2022)



O Did not suppress plant-
parasitic nematodes due
to low PPN pressure on
corn.

‘/Increase Slin the second
cropping cycle.

Increased soil C close to in
Year 1 and achieved 0.4%
in Year 2.

X Did not improve water
infiltration rate
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BO surface organic mulch last for ~6 weeks after corn
planting, thus, reduced evapotranspiration rates in the soil

thus maintained higher soil moisture .
(Marquez et al., 2022)
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P s P S/ A w/ Nematode
el -\l Antagonistic Effect:

Sorghum also have

allelopathy against ‘ |
weeds. r AN LA e Sunn hemp, black oat, brown
| ‘ ' mustard, sorghum, velvet bean



Biofumigant from Sorghum/Sorghum-Sudangrass (SSgH)

m Need to be soil incorporated

tyrosine
CYP79A1 ¢

(Z)-p-hydroxyphenylacetaldoxime

CYP71E1 ¢

{@/RN

p-hydroxymandelonitrile

UGT% \ + HCN + Glucose -~ o
/@iol(ﬂc Dhurﬂnase /@/l"
o ? Leaf tissues release HCN (nematicidal) upon

YR hydrolysis of dhurrin (= Biofumigation).

Busk and Moller, 2002



Evaluate SSgH for soil building and water
conservation properties in a Strip and Low-till system

Field Trial at Poamoho Station T

* Treatments — 7 SSgH varieties
and one bare ground (BG)
control.

* Terminated with a flail mower
at 2.5 months.

e Strip till of 20-cm wide and 10-
cm deep strip for all SSgH
plots. Till BG.

* Planted eggplant for 6
months.




Throughout 5 months of eggplant
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Soil C

‘NX2’ increased soil C
~0.4%, and also
supported highest
numbers of
omnivores and
fungivores in Year 1,
and increased these
trophic groups again
in Year 2 plus
significantly higher
richness and SI.

Year 1
2.0
£0.09 0.15, 008 +0.36
001 : +0.26 +0.21 +0.28

— | +0.06 0.08
X 1.5
)
=
=
o 1.0
-
gy
a0
2 0.5
o
(")

0.0

BG 535145355542 BK LA NX2 Pipper
9/9/2021

BG 535145355542 BK LA NX2 Pipper
3/2/2022

2.5 months cover cropping| ------------------- 3 months of eggplant------- |




Relationships b/t
Soil Food Web
Structure &
Eggplant Yield in a
SSgH Strip-till
System

* Eggplant yield was positively
related to total microbial
biomass (TPLFA), volumetric
soil moisture (VSM), and
abundance of bacterivorous
nematodes (Bact).

e Root-gall index (RGI) was
reduced at higher SI, Cl and
abundance of omnivorous
nematodes.

(Paudel et al., 2022)

0.6]

0.6]

ACT Year 1
A
Sl
~GP/GN
Infiltration | i, SN
MI N /
v SC/ SAF
1 Omn piv \ Fung F/B A
NS % A ruve
3 Diy & RKN A <
r denb 1A
S ‘f- =¥Biomass
Bact A __v/
— ! = =
ot PN
GNA FRr
W\ VSM
X
Bact
A
PROT
FP/B A

First two canonical analysis explained 76.59% of variance



Prexcription of

Suppress plant- Improve soil food
parasitic nematodes web structure

Tolerate high salinity

and low pH Suppress weeds

Soil nutrients & Improve
crop yield
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Root-knot

Cover Cropy for roily With high rafinity
EE e

No allele-  Allelo- Allelo-  Allelo- Allelo- Allelo- No Allelo- No Allelo- No Allelo-
and reniform pathic pathic pathic  pathic  pathic pathic pathic, pathic, pathic,
nematodes somevar some var some

Non host Non host Resistant Poor Poor Good host are are resistant to
host host resistant resistant root-knot,
to root- all
knot susceptible
to reniform
High salinity Tolerant | Tolerant | Moderately X X X Tolerant Tolerant X when
tolerant young,
Tolerant
when old
Day length Inter- yes yes yes yes no yes no no
sensitive mediate

|
Not good to grow in winter for HI X




Soil organic matter

Suppress plant- Improve soil food

i (V)
parasitic nematodes web structure Increase soil C by 0.4 %/yr

Tolerate high salinity
and low pH

<Soi| nutrients & Improve >
crop yield

Suppress weeds




VB required the least
irrigation among the
tropical cover crop
tested.

VB increased soil C by
0.38% at cover crop
termination.

6 months after sweet potato




3 months after cover o 0
- - ' B NH3-N = ——A te stability (%) '
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treatments, which would be more available
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3 months after cover

cropping & 4 weeks after soil TPLEA ACT Fung A GrlaN S
incorporation Tt eE OV (g GNPeE (g gy Unwl (g (gl B
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saprophytic fungi (SF), and v L) 130a [14166 IZBMFJH || f05%a |3306a 56130 189b  417h

resulted in a higher fungi:

bacteria (F/B) microbial 50 2 months after cover crop termination
biomass ratio. g 18 ®Bb
g 1.6 4 N Met
w14
/ . T 12 -
VB enhanced indigenous £ 10
entomopathogenic fungi 5 08 -
(Metharhizium and 3 82 :
Beauvaria) within 2 months > 02
after strip-till. 2 00 °
= BG VB




Summary

* High C: N tropical cover crops
(sorghum, black oat) as well as
velvet bean are most effective
in increasing soil C.

 Strip-till cover cropping allows

allelopathic compounds from * Low-till might not protect deep rooted cash crops from
5G, SH, VB to suppress PPN PPN, but induction of PGPR (G+ or G-) or AMF by strip-till
while reducing disturbance to cover cropping might induce host plant resistance of the
soil food web compared to cash crops against PPN and led to better yield.

conventional tillage.



Prescription por doil Heallh by Cover Cropping jor Hi

For annual cropping systems

Black Sorghum/ | French | Sunn | Velvet | Brown Alfalfa Lablab
oat Sudangrass | Marigold | hemp bean | mustard
Root-knot No Allelo- Allelo- Allelo- Allelo-  Allelo- No No Allelo- | No allelo- No
(RKN) and allele- pathic pathic  pathic pathic  pathic; Allelo- pathic pathic, allelopathic
reniform pathic susc.to | pathic susc. to susc. to RKN
nematodes RKN reniform | and reniform
High Tolerant Tolerant Moderately X X X Tolerant | Tolerant Tolerant X
. . tolerant

salinity when old
Acidity (pH | 4.5-7.3 5.5-8.5/ 6.0-7.0 | 5-7.5 <5.0 - 5.8-7.8 | 6.0-6.8 6.2-7.0 4.3-7.9 4.5-6.5
range) 5.0-9.0 8.0
Suppress medium no ok no medium slow
weeds ‘/ \/ ‘/ ‘/
*Increase |[Yes(yrl)| Yes(yr1l) No No | Yes(yr1) No No info No info No info No info
C ~0.4%/yr
Day length Inter- no no no
sensitive mediate

. . |
(* Conservation tillage system) Wil not produce sufficient biomass in the winter X = not tolerant
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