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Summary 

Reason for performing the study: Clinical exacerbations of severe equine asthma are more 

frequently reported during winter, when horses are exposed to airborne dusts during stabling. 

However, we have also observed a worsening of clinical signs on days of heatwave.  

Objectives: To investigate the association between environmental temperature and humidity 

and clinical signs of asthmatic horses during clinical exacerbation of the disease. 

Study design: Retrospective longitudinal study.   
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Methods: Historical data of 14 severe asthmatic horses exposed to a dusty environment and 

evaluated using a previously validated clinical score system were analysed. Barn temperature 

and relative humidity values were obtained, and air enthalpy (h) was calculated. Correlation 

tests were used to study the relationship between mean daily clinical scores of horses and 

environmental variables. Lung function parameters recorded at 4-day interval during hot 

(25°C) and warm (18°C) barn conditions were compared using paired t-test.  

Results: Significant positive correlations were observed between the mean daily clinical 

score and temperature (r = 0.58, p = 0.01) and air enthalpy (r = 0.55, p = 0.02). Maximal 

daily temperature correlated with airborne pollen concentrations (r = 0.51, p = 0.0002). 

Higher barn temperature and enthalpy, in absence of changes in the management of horses, 

were associated with increased transpulmonary pressure (p = 0.005), pulmonary resistance (p 

= 0.008), and elastance values (p = 0.005).  

Conclusions: Providing a cold environment could help attenuating the severity of airway 

obstruction in uncontrolled exacerbation of severe equine asthma. Furthermore, variations in 

environmental heat and associated pollen concentrations should be taken into account when 

evaluating the response to therapy in clinical or research settings 

Introduction 

Severe equine asthma (also known as Recurrent Airway Obstruction or heaves) is a chronic 

obstructive respiratory condition affecting 15 to 20% of adult horses living in temperate 

climate [1]. The risk of disease exacerbation increases during winter months [1; 2], when 

horses are stabled for extended periods of time and exposed to endotoxins, moulds, mites, as 

well as other dust particulate matters present in hay and straw [3; 4]. Although not described 

in asthmatic horses, cold-induced bronchoconstriction could also play a role [5].  

We have occasionally observed unexpected worsening of clinical signs in severe asthmatic 

horses during hot summer months, driving the hypothesis that hot environmental conditions 
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could negatively affect lung function in affected horses. A cholinergic-mediated reflex 

inducing bronchoconstriction in response of breathing hot humid air has been shown in 

asthmatic humans [6] and could be present also in the equine form of the disease, given the 

similarities among the two conditions [7]. Alternatively, increased respiratory effort could 

have been secondary to thermoregulation strategies leading to altered breathing patterns with 

minimal changes in lung function (i.e. pulmonary resistance and elastance). Finally, pollens 

have been implicated as triggers for clinical manifestations of the summer form of equine 

asthma (SPAOPD) [8]. While evidence linking severe equine asthma exacerbations to these 

antigens is lacking [9], they could act as non-specific irritants for the reactive airways of 

affected horses. This study was therefore undertaken with the aim to investigate 

retrospectively the short-term effect of environmental temperature, humidity, and antigenic 

load (airborne pollens and spores) on the clinical status of asthmatic horses during clinical 

exacerbation of the disease.  

 

Methods 

Environmental data were obtained and analysed retrospectively. Fourteen severe asthmatic 

horses aged 15.1 ± 4.4 years (mean ± s.d.; range: 7-30) and weighting 519 ± 64 kg were 

studied. There were 5 Quarter Horse, 4 Standardbred, 2 Canadian, 2 Paints and one Arab 

mixed breed, of which 4 were geldings and 10 females. Study design is summarised in Figure 

1. All horses had been kept at pasture for at least 4 months before the beginning of the 

experimental phase of the study. Six weeks’ antigen exposure started on 15 April 2014. 

During this period, horses were stabled and fed hay. Stabling conditions (bedding, 

ventilation, number of animals kept within the facility, hay type/batch and quantities 

administered) remained the same for the duration of the study. Horses were turned out in a 

paddock 2 to 6 h/day in the afternoon. An 8-point clinical score previously validated in horses 
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and ranging from 1 (normal) to 4 (severe effort) for both nasal and abdominal effort during 

breathing [10] was performed between 8:00 and 10:00 a.m. during the first 5 weeks of 

antigen exposure. Scoring was performed by one of 3 trained operators in optimal agreement 

(interclass correlation coefficient>0.8), as was part of the antigen challenge monitoring 

protocol of our laboratory. During the 6th week, pulmonary mechanics were performed in the 

stable where horses were housed between 8:00 and 10:00 a.m. on Monday (retrospectively 

considered a “hot” day based on the average temperature for this time of the year in our 

geographical area: 25°C, 60% relative humidity, 55.27 kJ/kg enthalpy (h), indoor values at 

8:00 a.m.; versus 19°C, 71% relative humidity, 43.65 kJ/kg h outdoor) and on Friday 

(retrospectively considered a “warm” day: 18°C, 61% relative humidity, 37.82 kJ/kg h indoor 

at 8:00 a.m., versus 15.5°C, 77% relative humidity, 36.82 kJ/kg h outdoor). Briefly, 

transpulmonary pressure was measured with an oesophageal balloon catheter connected to a 

pressure transducer, and breathing flow signals obtained from a heated pneumotachograph 

connected to a mask.  Pulmonary resistance and elastance values were derived using the 

flexiWare 7.6 softwarea.  

Temperature and relative humidity outside and within the stable at 8:00 a.m. were obtained 

from www.meteoblue.com and from the archives of the barn in which horses were housed, 

respectively. Temperature and humidity in the stable are recorded twice daily (8:00 a.m. and 

4:00 p.m.). The concentrations of outside airborne pollens and spores were obtained from the 

Aerobiology Research Laboratoriesb information service. Measurements were performed at a 

station located 50 km west from the stable where the horses were kept. A complete list of the 

airborne allergens tested is provided in Supplementary Item 1. Enthalpy (h, expressed in 

kJ/kg) of the ambient air was calculated using the formula: h = T + x (2500 + 1.9T), where T 

is temperature and x is the specific humidity (or moisture content) of humid air. Further 

details on enthalpy calculation are provided in Supplementary Item 2.  Enthalpy was chosen 
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as it approximates to which extent a given combination of temperature and humidity affects 

heat dissipation.  

Statistical analyses were performed with SAS/STAT softwarec and Prism 5d. A regression 

model was used to identify data to be included in the analysis. In order to avoid biases due to 

the concomitant effects of antigen exposure and season-related increase in temperature on the 

horses’ clinical scores, a piecewise regression model was employed for differentiating the 

initial raising phase of the clinical score curve, where barn antigen exposure is likely to exert 

a predominant effect, from the following plateau, where the effect of antigen exposure has 

reached a stable phase. We fitted a model including two different slopes and an inflexion 

point. The equation for the first segment before the inflexion time is score = a + b*time and 

the equation for the second segment is score = a + b*time + c*(time-inflexion time). Only 

data obtained during the second segment of the curve (stable phase) were studied. The effect 

of the environmental variables on the mean daily clinical score obtained from the horses was 

analysed using Pearson or Spearman correlation test, depending on data distribution. Indoor 

and outdoor meteorological variables were compared with Pearson correlation tests. The 

effect of hot vs. warm environment on lung function was assessed with paired t-tests. Pearson 

correlation coefficient was also calculated to determine whether the pairing was effective 

(that is, whether the direction and magnitude of the variation induced by the warm vs. the hot 

conditions were similar in all horses). Normal distribution of data was assessed with the 

Kolmogorov-Smirnov test. P-values <0.05 were considered significant. 

 

Results 

Figure 2 shows the time-trend of the mean clinical score (daily mean of all the horses studied, 

panel A) together with the environmental variables studied (panel B and C). The non-linear 

model indicates that the slope of the curve (‘b’) was significantly greater than 0 before the 
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inflexion point (confidence interval not including 0), but it became not different from 0 after 

the inflexion point (confidence interval includes 0). The estimated inflexion point 

corresponded to 1 May 2014. These findings provided the rationale for including only the 

data observed after the first 15 days of antigen exposure into statistical analysis.  

From Day 15 to 35, there were significant correlations between the daily mean of 14 

individual clinical scores of the horses and the indoor temperature (r = 0.58, p = 0.01, Fig 3A) 

and enthalpy (r = 0.55, p = 0.02, Fig 3B). There was also some evidence of a correlation 

between the mean clinical score and the indoor relative humidity, but it was not statistically 

significant (r = 0.44, p = 0.08, Fig 3C). Indoor and outdoor temperature (r = 0.94, p<0.0001) 

and relative humidity (r = 0.62, p = 0.002) recorded at 8:00 a.m. during the whole study 

period as well as indoor and outdoor enthalpy values (r = 0.85, p<0.0001) were strongly 

correlated.  

Overall, during the period studied, daily airborne pollen concentrations correlated strongly 

with outdoor maximal daily temperature (r = 0.51, p = 0.0002), while spore concentrations 

correlated with minimal daily temperature and relative humidity (r = 0.44, p = 0.002, and r = 

0.29, p = 0.047, respectively). The most abundant outdoor airborne pollens during the period 

studied were tree pollens (deciduous trees > coniferous trees), with only limited 

concentrations of grass pollens. Most of the airborne spores were produced by ascomycetes 

(i.e. Oospora spp) and fungi imperfecti (i.e. Alternaria spp, Aspergillus spp). Mean clinical 

scores of the horses with the total concentrations of airborne pollens (r = 0.35, p = 0.15) or 

spores (r = 0.30, p = 0.23) of the same day. However, a significant correlation was observed 

between mean clinical scores and total pollen, but not with spore concentration, of the 

previous day (r = 0.5, p = 0.03; and r = 0.21, p = 0.41, respectively). Significant correlations 

(Supplementary Item 1) were observed between mean clinical score and specific airborne 
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concentrations of pollens (mainly from Pinaceae (pine, fir, spruce), Betula (birch), and 

Morus (mulberry)) and spores from Oospora spp (powdery mildew).  

Lung function was significantly worse on the hot compared to the warm day, demonstrated 

by the reduction of transpulmonary pressure (p = 0.005), pulmonary resistance (p = 0.008) 

and elastance values (p = 0.005, Fig 4). On average, a 32%, 27%, and 36% decrease was 

detected for transpulmonary pressure, pulmonary resistance, and pulmonary elastance, 

respectively. The statistical pairing was effective for all 3 parameters (r = 0.56, p = 0.03 for 

transpulmonary pressure; r = 0.69, p = 0.007 for resistance; and r = 0.75, p = 0.002 for 

pulmonary elastance), indicating that a similar improvement in lung function occurred 

proportionally in all subjects when environmental heat was reduced. Respiratory rate (p = 

0.5) and tidal volume (p = 0.1) were not significantly affected by temperature and relative 

humidity variations. The pairing was effective for tidal volume (r = 0.6, p = 0.02) but not for 

respiratory rate (r = 0.3, p = 0.2). As environmental conditions on the days preceding the lung 

function test could have exerted a carryover effect, they are described in Table 1. 

 

Discussion 

Winter is considered a risk factor for exacerbations of severe equine asthma [1; 2], as horses 

spend more time in stables during this season, inhaling increased concentrations of moulds 

and dusts. However, worsening of clinical signs of affected subjects has been reported also 

during summer months [11], even when horses were kept outdoor for most of the time [12]. 

During 2 consecutive years, on periods of high environmental temperatures for our 

geographical area, we observed a worsening of the clinical signs of asthmatic horses kept at 

pasture (8 weeks post-exacerbation) or stabled and contemporarily treated with inhaled 

corticosteroids or bronchodilators. Results from this study indicate that an increase of 

environmental temperature and humidity (determinants of humid air enthalpy and strongly 
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associated with the pollen and spore air content) negatively affects the lung function of 

asthmatic horses during disease exacerbations, further worsening airway obstruction. 

Pulmonary transpleural pressure, resistance, and elastance values significantly improved over 

few days as a consequence of a reduction in environmental heat, in spite of unchanged 

breathing strategy or hay and bedding dust exposure.  

 

Increased environmental temperature and humidity, especially if sudden, hinders heat 

dissipation in animals, which in turn induces changes in their breathing strategy as a 

physiological response to avoid hyperthermia. Heat dissipation in horses occurs by 

evaporative cooling mainly from the skin and in part from the upper respiratory tract [13]. 

We initially postulated that the apparent deterioration of clinical conditions observed in 

asthmatic horses during hot environmental conditions would be the result of heat-induced 

thermoregulatory mechanisms altering their breathing pattern. A significant increase in 

respiratory frequency is indeed observed in horses in response to heat stress, and prevents 

hyperthermia during resting conditions [14; 15]. Asthmatic horses in exacerbation already 

have an increased respiratory rate compared to healthy animals, and mucus often covers an 

important portion of the tracheal mucosa, possibly hampering adequate thermoregulation in 

these animals. Furthermore, severe asthmatic horses are usually aged [2], which could further 

reduce their thermoregulatory ability [16] and increase the risk of hyperthermia even during 

resting conditions compared to healthy animals. However, contrarily to our initial hypothesis, 

the worsening of the horses’ clinical conditions observed with increased temperatures was not 

associated with an altered respiratory strategy to improve thermoregulation, as breathing 

frequency or tidal volume were similar during warm and hot days.  

reathing hot humid air increases bronchial temperature and causes bronchospasm in many 

species, especially in presence of airway inflammation [6; 17; 18], as occurring in equine 
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asthma. Interestingly, breathing hot humid air at increased respiratory frequencies induces a 

cholinergic-mediated bronchoconstriction also in human asthmatic patients [6], a condition 

that shares many pathophysiological similarities with equine asthma [7]. In our study, the 

significant correlation observed between environmental enthalpy and clinical scores, and 

significant increase in pulmonary resistance and elastance observed on the hotter day suggest 

that airway obstruction worsen when heat dissipation is prevented by increased temperature 

and/or relative humidity, supporting the implication of heat-induced bronchospasm in heaves 

pathobiology. The rapid development of severe airway obstruction after stabling a cohort of 

horses previously kept outdoors during winter in Quebec [19] and the identification of 

spending <15 h/day outdoors during winter months as a risk factor for equine asthma 

exacerbation [1] provide further evidence for the occurrence of heat-induced bronchospasm 

in diseased horses. It also stresses the importance of even moderate temperature increases as 

bronchoconstriction triggers rather than absolute cutoffs. However, further studies are needed 

to confirm this theory and the mechanisms implicated. 

 

Within the range of environmental conditions studied, heat dissipation is prevented to a 

greater extent by increases in temperature than in relative humidity (i.e. relative humidity 

should increase of 7-8% in order to produce the same effect on enthalpy as a 1°C-increase in 

temperature), which could explain why a more severe airway obstruction was detected on the 

hot day compared to the warm in presence of similar relative humidity but different 

temperature values. Furthermore, the correlation between relative humidity and clinical 

scores did not reach significance at the 5% level but there was some weak evidence of a 

relationship, and this in spite of a significant correlation of the scores with temperature and 

enthalpy, which further highlight the great effect of temperature on heat dissipation. The 

study power was, however, only 0.54 for relative humidity, and doubling the time points 
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studied would have been necessary in order to raise the power to 0.8 with the same alpha 

level (0.05). However, as enthalpy is determined by the integration of temperature and 

relative humidity, both of them can be considered as causal factors associated to 

environmental heat. 

 

Increased temperature during spring and summer months is associated with increased 

airborne pollens and molds [8]. Pollens are considered triggering factors for exacerbations of 

SPAOPD [8], but evidence directly linking severe equine asthma exacerbations to these 

antigens is lacking. Nevertheless, they could act as non-specific irritants for the reactive 

airways of affected horses, and it has been estimated that up to approximately 30% of the 

variance in equine asthma prevalence in veterinary hospitals could be explained by the sum 

of climatic factors and their effect on aeroallergen concentrations in ambient air [11]. As the 

horses studied spent a few hours per day at pasture, we investigated whether airborne 

concentrations of pollens and spores could have affected disease severity. Our findings 

confirm and even strengthen the evidence for a correlation existing between daily outdoor 

temperature and relative humidity values and air airborne pollen and spore levels. Airborne 

pollen but not spore concentrations were correlated with the horses’ clinical scores, 

suggesting that they could play a role in disease severity. It is interesting to notice that the 

correlation was significant between the clinical scores and the pollen concentration of the 

previous day, as horses spent their afternoon outside and the scores were performed early in 

the morning. Also, outdoor concentration of pollens were increased on average 3-fold on the 

hot compared to the warm day during which pulmonary function tests were performed. In 

particular, increases in birch (Betulla, 5.4-fold increase on the hot day), ash (Fraxinus, 12.6-

fold), mulberry (Morus, 5.5-fold), and oak (Quercus, 12-fold) pollens were most marked. The 

same trend was observed on the 3 days preceding the hot and the warm days. Alternaria and 
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Aspergillus/Penicillum spore concentrations were also higher (4-fold and 6-fold, respectively) 

on the 3 days preceding the hot compared to the 3 days preceding the warm day. An 

association between monthly prevalence referrals for equine asthma exacerbations in 

veterinary hospitals and pollen counts measured 3 months before was observed for Quercus, 

Fraxinus, and Morus spp in a previous study, as well as with Alternaria spore counts 

measured during the same month [11]. Although these data would support an association 

between the increase in airborne pollens and equine asthma pathobiology, it is not possible to 

separate the specific role of environmental temperature/humidity and inhalable allergens 

based on our observations. However, the same is true in clinical practice. With this study we 

have shown that a correlation exists between environmental heat and the severity of clinical 

signs in severe equine asthma. Albeit both heat-induced bronchoconstriction and airway 

irritation caused by airborne particulates are likely to act synergically, environmental heat can 

be more easily predicted, assessed, and, at least partially, contained by means of preventive 

measures (i.e. improved ventilation).  

 

In conclusion, our study indicates that high environmental temperature and humidity can 

worsen the clinical signs of horses with severe equine asthma during disease exacerbation 

due to impaired lung function. Whether and in which proportion the negative effect of high 

environmental temperature and relative humidity on lung function is worsened by inhalable 

pollens and moulds, or by other undefined factors, remains to be ascertained. Nevertheless, 

these findings highlight the necessity of providing a temperate environment to severe 

asthmatic horses, especially during disease exacerbation or when exposure to stable antigens 

cannot be avoided. Also, changes in environmental temperature should be taken into account 

when evaluating the response to therapy in clinical or research settings. 
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Table 1: Environmental characteristics during lung function tests. 

 Hot day Warm day 
p 

(paired t-test) 

Breathing frequency* [Hz] 0.344 (± 0.084) 0.304 (± 0.123) 0.5 

Tidal volume* [L] 5.6 (± 0.9) 6.2 (± 1.5) 0.1 

Indoor temperature (barn) 8h a.m. 25°C 18°C  - 

Indoor relative humidity (barn) 8h 

a.m. 

60% 61%  - 

Outdoor temperature 8h a.m.  19°C 15.5°C  - 

Outdoor relative humidity 8h a.m. 71% 77%  - 

Indoor temperature (barn) 8h a.m. 

(mean previous 3 days)  

18.5°C 15.9°C  - 

Indoor relative humidity (barn) 8h 

a.m. (mean previous 3 days) 

62.3% 61%  - 

Outdoor temperature 8h a.m. 

(mean previous 3 days)  

14°C 11.3°C  - 

Outdoor relative humidity 8h a.m. 

(mean previous 3 days) 

88% 83%  - 

Pollens [P/m3] 249.2 85.4 - 
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Spores [P/m3] 1737.1 2137.2  - 

Pollens [P/m3] 

(mean previous 3 days)  

102.1 34.8  - 

Spores [P/m3]  

(mean previous 3 days) 

2121.2 4040.5  - 

 

P/m3: particles per cubic meter of air. *: daily mean ± s.d. of individual values observed in 

horses.  

Figure legends 

 

Fig 1: Experimental design. RH: relative humidity. 

 

Fig 2: (A) Time trend of daily mean clinical score of the group of horses studied (n = 14, 

error bars correspond to s.d.) for the whole period of antigen exposure. Data on the left of the 

dashed line were not considered for statistical analysis. (B, C) Time trend of daily mean 

clinical score, indoor and outdoor temperature, indoor relative humidity and enthalpy 

measured at 8:00 a.m. during the period studied.  

 

Fig 3: Correlations of the mean clinical score (daily mean of the clinical scores of the horses 

studied, n = 14) and (A) temperature, (B) enthalpy, and (C) relative humidity measured at 

8:00 a.m. in the stable where horses were housed. 

 

Fig 4: Effect of temperature variation on pulmonary mechanics in asthmatic horses during 

disease exacerbation. Data are presented as median, 25th to 75th percentiles (boxes), and 

min-max values (whiskers). ΔPL: transpulmonary pressure; RL: pulmonary resistance; EL: 

pulmonary elastance. 
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Supplementary information  

Supplementary Item 1: List of the airborne pollens and spores studied, and results of their 

correlation with clinical scores of the horses (Bonferroni correction for multiple comparisons 

was applied). 

Supplementary Item 2: Details for enthalpy calculation. 
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Supplementary Item 1: Aeroallergens studied and correlation with mean clinical score of the horses. 

Correlation 

between mean 

clinical score and 

allergen 

concentration on 

the same day 

Correlation 

between mean 

clinical score and 

allergen 

concentration on 

the previous day 

Correlation 

between mean 

clinical score 

and mean 

allergen 

concentration on 

the previous 3 

days 

r p r p r p 

POLLENS 

TOTAL GRASSES 0.4320 0.0734 0.4978 0.0355 -0.4927 0.0378 

CYPERACEAE (Sedge family) 0.08835 0.7274 0.2193 0.3820 -0.3711 0.1294 

GRAMINEAE (True Grasses) 0.5649 0.0146 0.5073 0.0317 -0.6222 0.0058 

TOTAL TREES 0.3535 0.1501 0.5034 0.0332 0.06615 0.7943 

TOTAL CONIFEROUS TREES -0.1465 0.5619 0.05179 0.8383 0.6944 0.0014 

CUPRESSACEAE (Cedar, 

Cypress, Juniper) -0.3874 0.1122 -0.1697 0.5008 0.6512 0.0034 

LARIX (Larch, Tamarak, 

Pseudotsuga) 

 PINACEAE (Pine, Fir, Spruce) 

0.8081 

<0.000

1 0.6617 0.0028 -0.4143 0.0874 

TSUGA CANADENSIS/TSUGA 

HETEROPHYLLA (Hemlock) 0.3512 0.1530 0.3043 0.2195 -0.2341 0.3498 

TOTAL DECIDUOUS TREES 0.3928 0.1069 0.4982 0.0354 -0.1654 0.5120 

ACER (Boxelder, Maple) -0.3435 0.1628 -0.04966 0.8448 0.4956 0.0365 

AESCULUS (Buckeye, Horse 

Chestnut) 
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ALNUS (Alder) -0.2623 0.2930 -0.1423 0.5734 0.1577 0.5321 

BETULA (Birch) 0.6084 0.0074 0.7782 0.0001 -0.2891 0.2446 

Birch look-a-likes (Hornbeam,  

Hop-Hornbeam) 0.5452 0.0193 0.5855 0.0107 -0.3383 0.1697 

CARYA (Hickory) 

      CASTANEA (Chestnut) 

      CELTIS (Hackberry) 

      CORYLUS (Hazelnut) 

      FAGUS (Beech) 0.3325 0.1776 0.5107 0.0303 -0.6146 0.0066 

FRAXINUS (Ash) 0.5386 0.0211 0.6173 0.0064 -0.1536 0.5427 

JUGLANS (Walnut) 0.00757

0 0.9762 0.3340 0.1755 -0.3576 0.1451 

MORUS (Mulberry) 

0.5085 0.0312 0.7916 

<0.000

1 0.01882 0.9409 

OLEACEAE (Ligustrum, 

Syringa) 

      PLATANUS (Sycamore) 

      POPULUS (Aspen, Poplar) -0.2434 0.3305 -0.2339 0.3502 0.4050 0.0955 

PRUNUS, MALUS, 

CRATAEGUS   

(Apple, Plum, Pear, Hawthorn) 0.7110 0.0009 0.6840 0.0017 -0.4160 0.0860 

QUERCUS (Oak) 0.6948 0.0014 0.6056 0.0077 -0.3992 0.1008 

SALIX (Willow) 0.2063 0.4114 0.3464 0.1591 -0.1284 0.6117 

SAMBUCUS (Elderberry) 

      TILIA (Basswood, Linden) 

      ULMUS (Elm) -0.2914 0.2407 -0.3500 0.1545 0.6136 0.0068 

Misc. Trees and Shrubs 0.2093 0.4046 0.3512 0.1529 -0.2797 0.2610 

TOTAL WEEDS 
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AMBROSIA (Ragweed) 

      ARTEMISIA 

      CRUCIFERAE (Mustards) 

      LYTHRUM (Purple Loostrife) 

      Misc. Compositeae 

      Misc. Weeds 

      PLANTAGO (Plantain) 

      RUMEX (Dock, Rhubarb, 

Sorrel) 

      S. PESTIFER (Russian Thistle) 

      SOLIDAGO (Goldenrod) 

      TYPHA (Cattail) 

      UMBELLIFERAE (Wild Carrot) 

      URTICACEAE (Nettles & 

Pellitory) 

      Unidentified pollen 

      FILICINAE (Ferns)       

       

SPORES 

TOTAL ASCOMYCETES 0.3080 0.2137 0.1860 0.4598 0.1757 0.4855 

ASCOBOLUS       

CALOPLACA, XANTHORIA       

CHAETOMIUM 0.3512 0.1530 0.3043 0.2195 0.3043 0.2195 

DIATRYPACEAE 0.07938 0.7542 0.04626 0.8554 -0.3862 0.1134 

LEPTOSPHAERIA       

Leptosphaeria and Look-a-likes 

0.2094 0.4043 

-

0.002069 0.9935 -0.2501 0.3168 

Leptosphaeria look-a-likes       
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MASSARIA       

MASSARINA -0.5206 0.0268 -0.4216 0.0814 -0.6774 0.0020 

Misc. Ascospores 0.4682 0.0500 0.2580 0.3013 0.2408 0.3357 

OOSPORA (Powdery mildew) 0.7854 0.0001 0.4447 0.0645 0.4108 0.0904 

PERONOSPORA(Downey 

mildew) 0.1657 0.5112 0.3735 0.1268 0.4539 0.0585 

PLEOSPORA 0.09940 0.6948 -0.2439 0.3293 -0.4434 0.0654 

SORDARIA       

VENTURIA 0.3614 0.1406 0.3280 0.1839 0.3075 0.2145 

TOTAL BASIDIOMYCETES 0.08682 0.7319 0.1546 0.5402 -0.02377 0.9254 

BOLETUS       

BOLETUS, MELANOGASTER       

CALVATIA       

COPRINUS, COPRINELLUS 0.2418 0.3337 0.3368 0.1717 0.3559 0.1472 

GANODERMA 0.09364 0.7117 -0.06435 0.7997 0.01991 0.9375 

Misc. Basidiospores 

0.2112 0.4002 

-

0.007768 0.9756 -0.3680 0.1330 

PANAEOLUS       

UREDINALES (Rusts) 0.04597 0.8563 0.01837 0.9423 0.1159 0.6471 

USTILAGINALES (Smuts) 0.3404 0.1669 0.4049 0.0956 0.5628 0.0150 

TOTAL FUNGI IMPERFECTI 0.1261 0.6181 0.3039 0.2202 -0.03618 0.8867 

ALTERNARIA 0.3321 0.1781 0.3497 0.1549 0.2310 0.3565 

ARTHRINIUM       

ASPERGILLUS, PENICILLIUM 0.1458 0.5638 0.09235 0.7155 0.2563 0.3047 

BOTRYTIS 0.06359 0.8021 0.4003 0.0998 0.1453 0.5651 

CERCOSPORA       

CLADOSPORIUM 0.01240 0.9610 0.2760 0.2677 -0.08992 0.7227 

CURVULARIA       
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DRECHSLERA 0.5148 0.0288 0.1639 0.5159 -0.1706 0.4984 

EPICOCCUM -0.1801 0.4746 -0.1321 0.6013 -0.05498 0.8285 

FUSARIELLA       

FUSARIUM       

FUSICLADIUM 0.3043 0.2195 -0.01136 0.9643 0.2308 0.3569 

HELICOMYCES 0.2503 0.3165 0.2104 0.4020 0.3868 0.1128 

LACCARIA       

Misc. Fungi Imperfecti 0.07032 0.7816 0.1085 0.6682 0.1013 0.6892 

NIGROSPORA       

PERICONIA       

PITHOMYCES -0.09364 0.7117 0.2559 0.3053 0.7622 0.0002 

POLYTHRINCIUM 0.3512 0.1530 0.3043 0.2195 0.3043 0.2195 

STEMPHYLIUM 0.09364 0.7117   0.4778 0.0449 

TETRAPLOA       

TORULA 0.5119 0.0299 0.1639 0.5159 -0.1706 0.4984 

ULOCLADIUM       

TOTAL MYXOMYCETES   -0.3980 0.1019 -0.3583 0.1443 

Misc. Myxomycetes   -0.3980 0.1019 -0.3583 0.1443 

TOTAL ZYGOMYCETES       

Misc. Zygomycetes       

Misc. Phycomycetes       

Unidentified spores -0.05678 0.8229 -0.09068 0.7205 -0.1532 0.5440 

Algae 0.3885 0.1111 0.2990 0.2281 0.4566 0.0568 

LYCOPODIUM (Club Moss) -0.3994 0.1005 0.1449 0.5662 0.5347 0.0222 

 

Analyses were performed using Spearman correlation test on data observed from 05/01/2014 to 

23/05/2014. Red: statistically significant after Bonferroni correction.  



Supplementary Item 2 

Methods 

Enthalpy calculation 

Enthalpy (h, expressed in kJ/kg) was calculated using the formula: 

h = T + x (2500 + 1.9T), 

where: T is temperature [°C] and x is the specific humidity of the air [kg/kg]. The specific humidity of 

the air is defined as the ratio of the mass of water vapour in an air parcel to the mass of dry air for the 

same parcel, and derived in turn with the formula:  

x = 0.622 (RH*Psat)/(P-RH*Psat). 

Psat is saturation pressure and P is the atmospheric pressure (101325 Pa). Psat corresponds to 

610.5eA. A is a temperature-dependent variable, which corresponds to (17.269T)/(T+237.3) when 

temperature is ≥0°C, and to (21.875T)/(T+265.5) when temperature is <0°C. 
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