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Introduction 
One of the most common problems faced by hay or 
silage producers is how to manage production 
schedules around unfavorable weather. Inevitably, 
some wilting forage crops are damaged by rainfall each 
year, and producers often inquire about the effects of 
rain damage, and what impact this may have on forage 
quality, silage fermentation, and animal performance. 
Actually, the problem is more complex than damage to 
wilting forage crops via leaching, extended or 
reactivated plant respiration, and/or leaf shatter. 
Common consequences of uncooperative weather also 
may include: i) spontaneous heating and/or combustion 
that occurs when producers try to complete baling 
operations of incompletely wilted hays prior to an 
oncoming rainfall event; ii) poor silage fermentation; and 
iii) excessively mature forage that results from delaying 
haying or silage harvesting operations until weather is 
more favorable. Maturity effects on forage quality can 
be as severe as spontaneous heating and/or rain 
damage.  

How does plant maturity affect forage 
quality? 
The effects of plant maturity on forage quality are well 
known to most producers; more than any other factor, 
the maturity level of the forage at the time of harvest 
determines the quality of the hay or silage fed to 
livestock. Generally, ratios of leaf-to-stem decline as 
forages mature. This results in greater concentrations of 
fiber components, such as neutral-detergent fiber 
(NDF), acid-detergent fiber (ADF), and lignin, but 
reduced concentrations of crude protein (CP), digestible 
dry matter, and energy (TDN). Figure 1 illustrates the 
inversely related responses for NDF and TDN observed 
commonly as cool-season grasses mature (NRC, 2001). 
Similar responses also are observed for legumes 
(Figure 2). These relationships are important for several 
reasons. First, increased NDF depresses the energy 
density of the forage, often necessitating 
supplementation with concentrates to meet livestock 
energy requirements. Secondly, greater NDF often 
reduces intake by livestock consuming forage-based 
diets. This is especially important when livestock  

consuming the forage have high nutrient demands, such 
as lactating dairy or stocker cattle. Finally, and most 
importantly, these concepts are important because they 
illustrate that there is always a cost associated with 
delaying harvest because of potential rainfall events. 
This cost is forage of lower nutritional value that will not 
be consumed as readily by livestock. 
 

 
Figure 1. Relationship between concentrations of NDF 
or TDN (% of DM) and plant maturity for cool-season 
grasses based on data compiled by NRC (2001). 
 
 

 
Figure 2. Relationship between concentrations of NDF 
or TDN (% of DM) and plant maturity for legumes based 
on data compiled by NRC (2001).  
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What happens when rain falls on wilting 
forages? 

Plant sugars are assumed to be 100% digestible. 
Therefore, any loss of sugar has a direct effect on the 
energy density of the harvested forage. During the 
normal wilting process, respiration of plant sugars 
continues to occur at moistures suitable for ensiling; 
numerous research studies have shown that this 
process slows considerably by the time forages reach 
50% moisture, but may persist at a low level until the 
forage is nearly dry enough to bale as hay. These 
factors explain why rapid drying to the desired forage 
moisture concentration is important, regardless of 
whether the forage is to be preserved as silage or hay. 
Unfortunately, rainfall events can reactivate respiration 
within dry forages, and promote the growth of 
microorganisms on the forage. One study has reported 
that respiration rates for rain-damaged forages can 
return to rates similar to those of freshly mown forages 
(Pizarro and James, 1972) after rewetting by rainfall 
events. This type of secondary respiration causes 
additional plant sugars to be respired, greater losses of 
DM, and further reductions in nutritive value.  
 
Rain falling on wilting forages also directly leaches 
soluble nutrients (primarily sugars) from the forage. 
Leaching losses are affected by forage species, the 
moisture concentration of the forage when the rainfall 
event occurs, concentrations of soluble sugars within 
the forage, and the number, amount, intensity, and/or 
duration of the rainfall event(s). Plant sugars also serve 
as the primary substrate for formation of lactic acid 
during the silage fermentation process; therefore, rain-
damaged forages can be problematic to ensile. 
Significant losses of DM also can occur directly as a 
result of leaf shatter, particularly if the forage is a 
legume. In addition, any rainfall during the wilting 
process may lead to additional tedding and raking 
operations that result in even more leaf shatter before 
the forage is dry enough to bale.  

For cool-season grasses, what percentage of 
forage DM is lost during rainfall events? 
Recently, studies conducted at the University of 
Arkansas evaluated losses of DM from wilting 
orchardgrass forages damaged by rainfall delivered 
from an artificial rainfall simulator (Scarbrough et al., 
2005). Simulated rainfall was applied to wilting 
orchardgrass as a single rainfall event in 0.5-inch 
increments totaling 0 to 3.0 inches. Orchardgrass 
forages were wet (67.4%), ideal for baling (15.3%), or 
excessively dry (4.1%) when rainfall was applied. 
Losses of DM were minimal (< 2% of DM) if rainfall 
occurred while the forage was wet, but losses were far 
greater when the orchardgrass was dry enough to bale 
(Figure 3), and exceeded 8% of DM when the rainfall 

amount exceeded 2 inches. These results illustrate 
several concepts: 
●   losses of DM generally increase with the amount of 

rain applied;  
●   damage to wilting forages usually becomes more 

severe as forages dry; 
●   concentrations of NDF increase as sugars are 

leached from the forage, leaving a more fibrous plant 
residue with reduced nutritional value (Figure 4). 

 

 
Figure 3. Losses of DM from (2nd-cutting) orchardgrass 
forages subjected to similated rainfall in 0.5-inch 
increments (0 to 3.0 inches). Rainfall was applied to 
forages at 67.4, 15.3, and 4.1% moisture (Scarbrough 
et al., 2005). 
 
 

 
Figure 4. Concentrations of NDF within (2nd-cutting) 
orchardgrass forages subjected to similated rainfall in 
0.5-inch increments (0 to 3.0 inches). Rainfall was 
applied to forages at 67.4, 15.3, and 4.1% moisture 
(Scarbrough et al., 2005). Orchardgrass forages were 
grown in Arkansas; therefore, concentrations of NDF 
are greater than observed commonly in Wisconsin. 
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What other factors influence DM losses 
following rainfall events? 

Work by Rotz et al. (1991) has established that the 
intensity of rainfall events has a significant effect on the 
amount of DM lost. Losses of DM were consistently 
increased when identical amounts of water were applied 
over longer periods of time. For example, when 0.7 
inches of simulated rainfall were applied to alfalfa 
mowed into heavy swaths, losses of DM were 5.5, 7.8, 
and 12.1% of total DM when the duration of the rainfall 
was extended from 1.0 to 3.5 to 7.0 hours, respectively. 
This may occur because alfalfa retains more water 
when the rainfall is less intense, thereby facilitating 
increased leaching of sugars. Perhaps more 
importantly, the additional field operations required to 
aid drying following a rainfall event will cause increased 
leaf shatter, particularly for legumes. These losses are 
difficult to measure, and are highly dependent on field 
conditions and the equipment available to the specific 
producer.  

Does rain damage to hays affect intake by 
livestock? 
In one recent experiment (Turner et al., 2004), tall 
fescue from the same cutting was baled under four 
conditions: i) no rain damage or heating during storage; 
ii) no rain damage, but modest heating during storage; 
iii) 0.9 inches of natural rainfall followed by modest 
heating during storage; and iv) heavy rain (2.9 inches), 
but no heating during storage (Table 1). Voluntary 
intake of these hays by growing steers was reduced by 
0.18% of BW, or about 10%, when hays that received 
heavy rains were compared to hays baled without rain 
damage. However, the apparent organic matter (OM) 
digestibility of the rain-damaged hay was 4 percentage 
units (8%) greater than the undamaged hays. 
Presumably this occurred because rain-damaged hay 
exhibited slower rates of passage through steers. Thus, 
the amount of digestible OM consumed by the steers 
from the rain-damaged hay was only slightly less than 
obtained from hay with no rain damage.  

How does rain damage affect silage 
fermentation for alfalfa? 
It is widely understood that forages damaged by rainfall 
events are at risk for clostridial fermentations producing 
ammonia and butyric acid as end products. A recent 
study conducted at the Marshfield Agricultural Research 
Station (Coblentz and Muck, 2012) summarizes mowed 
and conditioned alfalfa forages wilted under three 
conditions: i) ideal conditions without rain; ii) moderate 
rain damage (1.1 inches); and iii) severe rain damage 
(1.9 inches) that persisted over an approximate 8-day 
period (Table 2). Under ideal conditions, fresh pH, 
buffering capacity, and sugars (measured as water-

soluble carbohydrates) all remained relatively stable as 
the forage was wilted from 82.8 to 54.1% moisture. 
Concentrations of sugars, which provide the primary 
substrate for production of lactic acid, were oxidized 
during respiration of wilting plant tissues, but these 
losses also were offset by mobilization of starch, 
thereby yielding little net effect on total sugars. With 
moderate rain damage, fresh pH remained relatively 
stable as the forage was wilted from 78.1 to 55.9% 
moisture; however, buffering capacity was reduced by 
about 35 mEq/kg DM in rain-damaged forages 
compared to freshly mown alfalfa. Buffering capacity is 
an indicator of resistance to pH change during the 
silage fermentation process, and a lower buffering 
capacity normally makes the forage easier to ensile. 
Concentrations of both sugars and starch were reduced 
by moderate rain damage; sugars were lost through 
direct leaching, and also by prolonged respiration of 
plant tissues, but were maintained by the mobilization of 
starch into water-soluble sugars. With severe rain 
damage, pH was elevated nearly a full pH unit 
compared to freshly mown alfalfa, and there were sharp 
reductions in buffering capacity, sugars, and starch.  
 
Generally, these results suggest that a single rainfall 
event does not negatively affect ensilability, provided 
the forage dries quickly after the rainfall event. 
Prolonged exposure in the field, coupled with poor 
drying conditions and/or multiple rainfall events is more 
problematic, and will result in substantial increases in 
pH and significant losses of sugars, likely resulting in 
poorer silage fermentation. Furthermore, these studies 
did not address the epiphytic microflora (bacteria and 
other microorganisms) associated with the alfalfa plants, 
which also may be altered by rainfall events.  
 
When ensiling rain-damaged alfalfa, producers should 
consider wilting forages to < 60% moisture, and using a 
silage inoculant formulated to support production of 
lactic acid. These safeguards will likely decrease the 
risk of secondary fermentations dominated by 
undesirable end products, such as ammonia and butyric 
acid. It also is advisable to ensile rain-damaged forages 
separately from forages without rain damage, and then 
plan to feed rain-damaged silages before forages 
without rain damage. Both of these practices will 
minimize the possibility of having clostridial silage to 
feed.  

How does rain damage affect the quality 
characteristics of wilting alfalfa before it 
is ensiled? 

Table 3 summarizes common quality characteristics for 
the same rain-damaged alfalfa forages described 
previously (Table 2). For alfalfa wilted under ideal 
conditions (no rain), there was little measureable 
change in forage quality as plant tissues wilted from 
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82.8 to 54.1% moisture. With moderate rain damage, 
modest increases in NDF, ADF, lignin, and ash were 
observed for all damaged forages relative to those 
sampled immediately after mowing. Concentrations of 
CP increased in response to damage by rain, largely 
because sugars were preferentially leached (and 
respired) from plant tissues. Overall, these changes 
resulted in losses of TDN ranging from 3.8 to 4.7 
percentage units on a pre-ensiled basis. With severe 
rain damage, increases in fiber components and ash 
were much greater in magnitude than those observed 
with moderate rain damage; specifically, NDF increased 
by 12.4 to 13.4 percentage units during an 8-day period 
of inclement weather. In this case, concentrations of CP 
declined with severe rain damage, which may have 
been associated (in part) with leaf loss. For these 
severely damaged forages, losses of TDN also were 
substantial, decreasing from 61.7% immediately after 
mowing to less than 50% by the time the moisture 
concentration reached 56.2%.  

Summary 
Decisions to delay harvests of hay or silage while 
waiting for favorable weather are never made without 
costs. Forage plants continue to mature during harvest 
delays. This results in hays and silages with greater 
concentrations of fiber, and lower energy densities. 
These forages often will be consumed less readily by 
livestock. During rainfall events, sugars are leached 
from plant tissues, resulting in significant DM losses. 
Sugars are assumed to be 100% digestible, and are the 
principle substrate for silage fermentation. Therefore, 
energy is lost from the forage, and suitability for silage 
fermentation may be compromised. Generally, rain 
damage is much worse for dry forages compared to wet 
forages, largely because hydrated plant tissues retain 
some internal physiological control, thereby limiting 
leaching of sugars. Rain damage or poor drying 
conditions normally extend wilting times, which also 
causes losses of sugars through extended or 
reactivated respiration. When ensiling rain-damaged 
alfalfa, producers should consider wilting forages to < 
60% moisture, and using a silage inoculant formulated 

to support production of lactic acid. It also is advisable 
to ensile rain-damaged forages separately from forages 
without rain damage, and to feed rain-damaged silages 
first. These safeguards will likely decrease the risk of 
unsatisfactory secondary fermentations dominated by 
undesirable end products, such as ammonia and butyric 
acid.  
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Table 2. Effects of natural rainfall on indicators of ensilability for wilting alfalfa forages (Coblentz and Muck, 2012). 

Conditions  Moisture pH Buffering Capacity Sugarsa Starch 

 %  mEq/kg DM ------------- % of DM ------------- 
Ideal Conditions – No Rain 
Initial 82.8 6.39 424 5.84 3.06 

Field Wilted 80.0 6.49 423 5.38 2.21 

Field Wilted 71.8 6.52 434 6.02 0.91 

Field Wilted 66.5 6.51 474 5.86 0.63 

Field Wilted 54.1 6.56 444 6.11 0.65 

Moderate Damage – 1.1 inches natural rainfallb 

Initial 78.1 6.65 368 6.41 3.34 

Field Wilted 69.4 6.61 335 4.94 1.05 

Field Wilted 62.7 6.63 327 5.00 1.24 
Field Wilted 55.9 6.51 337 4.70 1.11 
Severe Damage – 1.9 inches natural rainfallc 

Initial 80.5 6.48 410 6.13 2.28 

Field Wilted 61.0 7.48 335 2.72 0.30 

Field Wilted 57.3 7.52 342 2.93 0.51 

Field Wilted 56.2 7.29 334 3.04 0.55 
a Measured as water-soluble carbohydrates. 
b Total time in the field ranged from 47 to 52 hours for field-wilted treatments. 
c Total time in the field ranged from 189 to 191 hours for field-wilted treatments. 

 

Table 1. Effects of natural rainfall during wilting and spontaneous heating during storage on the voluntary intake, in vivo 
apparent digestibility, and total tract retention time for growing steers consuming diets containing endophyte-infected tall 
fescue hays. Rainfall events were naturally occurring, and bales were packaged as conventional rectangular bales and stored 
for approximately six weeks in small stacks at Fayetteville, AR during 2000.a 

     --- Intake --- 
Digestibility 
Coefficientsd 

 

Treatment 

Crop 
Moisture 
at Baling 

Total 
Rainfall 
Amount 

Number 
of 

Rainfall 
Eventsb 

Maximum 
Internal bale 
temperature 

 
 

Dietc 

 
 

Hay DM OM NDF 

Total Tract 
Retention 

Timee 

 % mm no. oC -- % of BW -- ------ % ------ h 

Ideal 9.9 0 0 42.8 2.28 2.10 50 52 52 57.6 

Modest Heat, No Rain 22.5 0 0 49.8 2.31 2.10 51 53 56 56.5 

Modest Heat, Modest Rain 24.6 0.9 1 50.8 2.04 1.85 57 60 64 60.9 

Heavy Rain 9.3 2.9 3 31.4 2.15 1.92 53 56 59 59.2 
a Adapted from Turner et al. (2004). 
b Number of rainfall events contributing to the total rainfall prior to baling. 
c All steers were offered a soy-hull based concentrate supplement at a rate of 0.2% of BW daily. 

d Digestibility coefficients: DM, dry matter; OM, organic matter; and NDF, neutral-detergent fiber. 
e Determined with Yb as an external marker. 
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Table 3. Effects of natural rainfall on quality characteristics of wilting alfalfa forages (Coblentz and Muck, 2012). 

Conditions  Moisture  NDF ADF Lignin Ash CP TDN 

 %       

Ideal Conditions – No Rain 

Initial 82.8 41.9 28.9 4.46 9.07 20.0 62.5 

Field Wilted 80.0 43.1 28.8 4.59 9.04 20.4 62.0 

Field Wilted 71.8 42.0 28.3 4.53 9.23 20.6 62.2 

Field Wilted 66.5 40.5 27.2 4.90 9.86 21.6 61.5 

Field Wilted 54.1 41.0 28.4 4.42 9.11 20.4 62.8 

Moderate Damage – 1.1 inches natural rainfallb 

Initial 78.1 43.6 31.8 5.48 8.33 17.3 61.8 

Field Wilted 69.4 47.2 34.5 6.63 8.95 17.9 58.0 

Field Wilted 62.7 48.2 34.9 6.63 9.21 18.2 57.2 

Field Wilted 55.9 48.2 34.5 6.49 9.59 18.6 57.1 

Severe Damage – 1.9 inches natural rainfallc 

Initial 80.5 43.8 32.2 4.90 8.54 16.8 61.7 

Field Wilted 61.0 56.8 42.8 8.61 9.90 15.1 50.2 

Field Wilted 57.3 56.2 42.6 8.07 11.11 14.7 49.9 

Field Wilted 56.2 57.2 43.8 8.71 10.25 13.9 49.6 
a Abbreviations: NDF, neutral-detergent fiber; ADF, acid-detergent fiber; CP, crude protein; and TDN, total digestible 

nutrients. 
b Total time in the field ranged from 47 to 52 hours for field-wilted treatments. 
c Total time in the field ranged from 189 to 191 hours for field-wilted treatments. 
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