Insights into pepper plant health and soil microbiome
under syntropic production systems

Z P& - ILAN HENZLER
16.04.2026
Intern with Dr. Lourena Maxwell

{\‘;‘; World Vegetable Center




Land acknowledgement
@

We are on land tended originally by Taivoan or Tevorang people

KM B EEARRIBRALZ (Taivoan) Z4AER (Tevorang) HEAMF=EIL# E

Miunun Makahanru

Please sit Thank you

2 of 32 worldveg.org



Spot the difference

/1\

SPICE UP YOUR TONGUE

SPICE UP YOUR EARS E

3 0of 32 worldveg.org



Presentation Outline

&

Project Context

Methods & Results

Conclusions

Further Work

)
)
)
)

4 of 32 worldveg.org



Presentation Outline

\ %

Project Context >

5 of 32 worldveg.org



Syntropic farming - following natural sucession

Syntropic farming systems (SFS) are a no-inputs form
of agroforestry where diverse edible, medicinal and
biomass crops grow and supplement each other.

Besides being highly productive, it also provides
ecoysystem services such as soil regeneration,
climate resilience and supporting natural water cycles.

Benefits for the farmers include:
« a reduction of input costs
« additional income streams
« production of highly nutritional food
« attraction of beneficials (eg. pollinators)

Other interest for this project:
- « Published articles are limited
« Collaboration with Tzu Chi & Indigineous tribes

Syntropic farm in Hualien
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Benefits for plant health & project objectives

Regarding plant health, benefits of SFS include:

 resilience to biotic stress, by means of companion

plants that repel pests and shading from tree cover

« increase plant growth in vegetative and fruiting
stage due to structural complexity and pruning

« increasing root-to-shoot ratio, root volume, and root

biomass due to denser fungal networks

The main objectives of this study were to compare
syntropic to conventional fields in terms of:

s

-

1.microbiome and bio-diversity

-

2.functional soil suppressiveness and its effects on
Capsicum annuum growth systems in the greenhouse

AN

N/

-
P

3.the plant health of Capsicum annuum through greenhouse
and field evaluations

'\

4.beneficial microbes to protect against Fusarium wilt
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Soil sampling & DNA extraction

&

Soil collection: soil samples were taken
near the roots and stored at 4%

Sggslowoio’

Soil analysis: microbial soil properties
were analysed using the Microbiometer kit

DNA extraction: the Qiagen DNAeasy kit
was used to extract DNA from the soil

Genetic sequencing: DNA samples will
be sent to Genomic Taiwan for sequencing
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Culture 1solation & antagonist screening

&

Culture isolation: single colonies were
isolated via petri dish for bacteria and
using the Olympus SZX10 stereo
microscope for fungal spores

Antagonist screening: co-culturing was
used to determine the resistance of
isolated colonies to Fusarium, Southern
Blight, Anthracnose and Bacterial Wilt

Microbebank Storage: selected strains
were stored in glycerol at -80°C for
bacteria, and in oil at 22°C for fungi
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Microbial analysis shows benefits of syntropic soil

&

Soil properties show that syntropic agriculture conditions enhance microbiome
concentration favouring fungi, while boosting other vital indicators

Trial

Monoculture
Soil Hualien

Syntropic
Soil Hualien

Monoculture
Soil Tainan

Microbiome
concentration

213 ug/g

1637 ug/g

236 ug/g

Fungus
Bacteria ratio

0.2:1

3.8:1

0.4:1

Soil pH

8.1

7.5

7.2

Carbon - .
Conductivity Potassium
content
1.8% 0.08 mS/dm 482 ppm
29% 0.32 mS/dm 2424 ppm
0.86% 0.24 mS/dm 80 ppm

Table of soil data for various growing conditions, including microbiome concentration, fungus : bacteria

ratio and soil pH
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Syntropic soil shows an overall richer microbiome
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There were about 2x more bacterial and fungal strains isolated from syntropic soil than for
monoculture, favouring beneficial microbes such as Trichoderma

. Number of Bacteria Number of Fungi Abundant species
Type of Soil

Isolated Isolated at 10%
Monoculture ‘
Soil Tainan = 8 Aspergillus
Syntl’op!C 63 21 Trichoderma
Soil Hualien

Table showing the amount and abundance of isolated microbes from soil samples

Monoculture soil

Syntropic soil

Supernatant  after DNA
extraction from monoculture
soil (A) and syntropic soil (B) Petri dish showing fungal colonies forming on APDA medium at a dilution of 10
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Antagonistic bacterial candidates come mainly from syntropic soil

Strain ID Origin

3-18
Mei-Hong

3-5
Su-mei

4-8
Jaw-rong

1-14
2-1
3-14
3-21
1-26
1-23

1-2
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Synt

Synt

Synt

Mono
Mono
Synt
Synt
Mono
Mono

Mono

\\’Il
PSS4 P2074 F.sp-123sl1 Rank
PSS2074
screening
| WEMERR
++ +++ High 2
++ 4 +++ Medium 3 PSS4 Bacterial
_ wilt screening
++ PAFar High 4
++ +++ High 5 MR AR
+++ ++ High 6
. F.sp-123s1
++ ++ Medium 7 sl
++ e Medium 8 >creening
A= V] Y
e ++ Medium 9 AR Z B
++ ++ Medium 10

Bacterial candidate #1-14 dual culture
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Antagonistic fungal strains come from syntropic and monoculture soils

Strain ID Origin F.sp-123sl1 Ca-524 Sr.124
20 . . ,
, , Mono Medium Medium High
Ming-hsieuh
29 . .
Synt High L High
T. Chen yn '9 ow '9
22 Synt Medium Low High
S. Chen
17 Mono Medium Low Medium
e Synt Low Medium Low
E. Gotsch y
19 Mono Medium Low Low
25 Synt Low Low Medium
34 Synt Low Low Low
16 Mono Low Low Low
2 Mono Low Low Low
16 of 32

F.sp-123s1
Fusarium
screening

AR Z=EER
G

Ca-524
Anthracnose
screening

RSB TR B

Sr.124
Southern Blight
screening

a3 R ER R

Fungal candidate #20 dual culture
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Testing germination and plant growth in infested soil

Germination outline: The effect of soil type on germination was tested by seeding
Susan Joy pepper in combinations of syntropic and monoculture soil

Soil infestation: Fusarium culture was grown on celery for 7 days, the celery
was then added to autoclaved soil and incubated. After another 7 days, colony
forming units (CFU) were recorded and soil diluted to 10> CFU/mI of Fsarium.

Culturing fusarium on celery, adding to autoclaved soil and
measuring the colony forming units (CFU)
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Type of Soil
Syntropic 100% 75% 50% 25% 0%
Monoculture 0% 25% 50% 75% 100%

Table showing the combinations of syntropic and
monoculture soil used to measure the germination rate
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Application of BCA in greenhouse & field

&
Culturing stored BCA candidates: Bacterial and Fungal ——
candidates were cultured on NA and APDA plates I 111 O }
respectively, by removing a loop from the stored stock B 1 —
under sterlie conditions.

Measuring bacterial concentrations: the optical density I C 0
at 600nm (OD600) was recorded using a spectrophotometer
and the concentration adjusted to 10*.

(-
=
b
th
3
3

Measuring fungal concentrations: cell density was
measured using a hemocytometer for fungal candidates
and the contration adjusted to 10* ug/ml.

BCA application onto plants: 10ml| of BCA solution were
applied directly onto the plant roots one time.
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Syntropic soll supports earlier seed germination

\

Pepper seedlings seem to germinate up to 3 days earlier in pots with pure syntropic soil
compared to pots containing mostly monoculture soil. However, the total germination
rate is significantly highest for monoculture soil

% germination

80
70
60
A— g
50 Ly :; b‘\‘\A >e >e * >e >e % syntropic soil

N——% = & = . 100%

—— 75%

40 =% 50%

25%

30 °

0%

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 days after seeding

Graph showing the germination rate of “Susan Joy” pepper seedlings in combinations of monoculture and syntropic soil
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Comparing syntropic soil with and without Fusarium

®

Plants grown in syntropic soil show higher growth rates in the presence of Fusarium
compared to the same plants grown without a pathogen. While no disease incidence was
recorded, the roots show evidence of this difference with thicker root system on the left.

F_usarlum Criteria Control
infested
Plant
9cm el 6.5cm
Plant
11lcm width 7.3cm
14 Leaf 10
number
0 Disease 0

incidence
Plants grown in syntropic soil (control)

Plants grown in Fusarium infested syntropic soil
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Analysis of disease incidence after BCA application

Analysis of Fusarium wilt incidence reveals that some BCA candidates protect plants from
infection, while syntropic soil seems to provide a natural immunity

Bacterial BCA 1-2 1-23 1-26 2-1 3-5 4-8 CTRL
Syntropic soil 0 0 0 0 0 1 2

Monoculture

soil _ |
monoculture soil monoculture soil syntropic soil
control with BCA 1-23 with BCA 1-23
Fungal BCA 17 20 22 29 31 CTRL
Syntropic soil 0 1 0 0 0 1
Monoculture
) 2 0 1 2 2 o 4y (M
soll o O

Table of Fusarium wilt incidence for bacterial and fungal BCA for syntropic and monoculture soil
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Field in Hualien: 800 m? at Tzu Chi University
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Experimental setup for Hualien field trial

\

2/month: plant height, width & leaf area
1/month: pest & disease incidence
1/season: flowering & fruiting time
1/season: total & marketable yield

__+ 4-week old pepper plants of the variety “Susan Joy”
« 3 observations, with 10 plants per observation
« <-->50cm distance between plants, 5cm to edge

For the monoculture field, the conditions were:
- addition of banana trunk as natural fertiliser
« weeding every week
- watering every week

For the syntropic field, the conditions were:
« addition of banana trunk as natural fertiliser
- addition of woodchips to suppress weeds,
increase soil biomass and soil cover
« addition of seed balls with native species
« pruning and addition of leaves and stems
from surrounding plants for biomass

Syntropic Field
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Experimental setup for WorldVeg field trial

i/ \Y
&

4-week old pepper plants of the variety “Susan Joy”
3 observations, with 10 plants per observation 1/month: pest & disease incidence
<--> 50cm distance between plants, 5cm to edge 1/season: flowering & fruiting time
fungal BCA (#20) added 4 weeks post transplant » 1/season: total & marketable yield

2/month: plant height, width & leaf area

. 2 adC s

Two identical fields, one with BCA added 4 weeks after transplanting
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Results show enhanced plant growth an disease suppression

Plant measurements reveal that syntropic agriculture conditions seem to favour plant
growth, vigor, pest resistance and the presence of beneficials over monoculture
conditions. Plants grown in monoculture condition in Tainan show greater plant growth.

Parameter Syntropic Hualien control Tainan control
Plant height (in cm) 30.8 21.1 39.4
Plant width (in cm) 24.9 16.4 39.2

Vigor 3.7 1.8 3.2
White spot incidence 1% 3% 2%

Brown spots 0% 1.5% 1%

Insect leaf damage 6% 2.5% 2%

2 spiders, bees,

Beneficials
grasshoppers

1 spider barely any sign

Table showing measurements taken 4 weeks after transplanting in Hualien and Tainan
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Yield estimates suggest a rich harvest for syntropic conditions

conventional Tainan field syntropic observation 1 syntropic observation 2 syntropic observation 3

[ —— NP~

1.5kg per pepper plant 0.75kg per pepper plant 0.75kg per pepper plant 0.75kg per pepper plant

expected harvest: 15kg moringa, cassava, mulberry moringa, cassava, papaya, soursop, fern, taro, camphor
formosan ash, sweet potato cocoa, mint, taro, mugwort tree, delonix regia tree
mugwort — exp harvest: 40kg - expected harvest: 30kg - expected harvest: 45kg

28 of 32 worldveg.org



Presentation Outline

Project Context >
Methods & Results >

Further Work>




Key findings of effects on microbiome and plant health

&

1. Syntropic agriculture conditions seem to enhance microbiome concentration favouring fungi,
while boosting other vital indicators such as organic carbon content by a factor of 10

2.Greater abundance of fungal and bacterial candidates in syntropic soil by a factor of 2, with 80%
of most promising biocontrol agents having been isolated from this soil

3.Early germination seems to be favoured in syntropic soil, while enhancing plant growth by
48% compared to monoculture soil and 35% in the presence of Fusarium in the greenhouse

4.Isolated BCA candidates, show suppression of root Fusarium infestation both for syntropic
and monoculture soils, with bacteria strain #1-16 and fungal strain #20 as most promising

5.Initial field results show a 46% increase in plant height, 68% increase in plant width and a 92%
increase in plant vigor compared to monoculture conditions, while attracting beneficial insects
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Contributions / Future work

\Qﬂ

\

Gontributions achieved through this project thus far: h
e Isolation, testing and storage of 22 new bioncontrol candidates in WorldVeg microbial bank
e Insight into germination and early plant growth trials in field soil compared to peat moos
e Insight into soil suppression and effect on plant growth under Fusarium infestation
e Insight into the suitability of Capsicum annum for syntropic farming systems
° Establishment of connection between WorldVeg and Tzu Chi University )
~

éurther work for this project includes:

e Microbiome analysis of DNA samples, before and after pepper production
e Microscopy and DNA analysis of identified BCA candidates
¢ Increasing the concentration of Fusarium infestation and BCA candidates applied to the soll

o Collect additional data points on plant growth in syntropic vs monoculture in field & greenhouse

 Yield analysis of pepper production in syntropic vs. monoculture conditions )
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