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Fusarium wilt, disease incidence was highest at 45% soil moisture and absent at 15% soil moisture, indicating that
pathogen activity and host invasion require an intermediate-to-high soil moisture range rather than dry substrates
(Figure 1). Fruit pathogens show a similarly broad but humidity-responsive capacity for infection, because
Phytophthora capsici formed lesions across all tested relative humidities, yet water-soaking and pathogen growth
increased as humidity increased, demonstrating that elevated atmospheric moisture can intensify symptom
expansion even when infection is already possible.

Humidity-driven disease development and spread on cucumber

Temperature & minimum leaf-wetness duration

Relative humidity (RH) for infect
or infection

Low RH (<60%)

LY Surface wetness Temperature  Minimum wetness duration

(°c) (approx.)* ‘
L 'S - . [ >6-8h |
Water film enables 10 “ @
spore activity
+ Leaf surface mostly dry | >3-4h
- Spores desiccate P3) Spore survival 15 ' ; . @
+ Poor survival and germination and germination ' “
+ Low infection risk 9
Q@ =1h
oo ] |
Moderate RH (70-90%) .
Germ tubes emerge
under suitable conditions
>3-6h

30 —— O ‘

EJ) Penetration

* Thin water film forms ‘
= Some spores survive and germinate Pathogen penetrates
* Moderate infection risk through stomata or wounds

High RH (~100%)

B e O

Infection is fastess at 20-28°C,

@ where only ~1 h of leaf wetness may be
sufficient. Cooler or hotter conditions
require much longer wetness durations.

Infection
Oy

*Values are approximate and vary with pathogen and host.

Pathogen colonizes
host tissues

Wet-dry cycles promote spore release

4

Wet period Drying period Wind
(Pathogen develops) (Spore discharge) (Spore dispersal)

Disease development

+ Continuous water film

+ Abundant spore survival and germination
+ High sporangia production

= High infection risk

Symptoms appear and expand
Increased inoculum pmducﬁon

Infected leaf Wind-driven dispersal and secondary infection Neighboring plant
(spore production) (secondary infection)
Wind transport
o
= p %
> * ’
0 Water film e Spore ,D Germinating spore Y Sporangium éj’ Wind @ Time

Near-saturation humidity, favorable temperature, sufficient leaf wetness, and wind-driven dispersal
act together to increase disease risk and outbreak potential.

Figure 1 Conceptual framework illustrating the effects of relative humidity, leaf wetness duration, temperature, and wind-driven
dispersal on cucumber pathogen survival, germination, infection, and disease development

3.2 Humidity-mediated changes in plant-pathogen interactions

Humidity conditions modify plant-pathogen interactions not only by favoring the pathogen, but also by changing
cucumber physiology and defense capacity. Under low temperature plus 95% humidity, young cucumber plants
showed reduced photosynthesis, chlorophyll content, and biomass together with increased oxidative stress
markers, indicating that humid stress environments can weaken host performance at the same time that they favor

disease development. Later work similarly showed that low temperature and high relative humidity reduced
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