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Figure 3. Arithmetic mean (�} SE) daily DMI (kg/d; A) and feeding time 
(min/d; B) of healthy (n = 23), mildly metritic (n = 27), and 
severely metritic (n = 12) Holstein dairy cows from 13 d before until 
21 d after calving. Huzzey et al. 2007. 
 
Summary 

 Presence of increased levels of proinflammatory cytokines, and 
acute phase proteins in systemic circulation is associated with 
increased risk of metabolic, inflammatory, and infectious 
disease. 

 Cows that lost body condition during the peripartum, had altered 
levels of acute phase proteins, and signs of reduced liver 
function. 





















































REDUCED LIGNIN ALFALFA:   Can new genetics impact yield and quality? 

D. Putnam, Department of Plant Sciences, University of California, Davis, CA1 

INTRODUCTION 

Alfalfa (Medicago sativa L.) is the most important forage crop in North America, and is third in 
on-farm value (ranking: corn, soy, alfalfa, wheat--USDA-NASS, 2017).  It is the key forage for 
the US dairy industry, and is frequently considered a core feed for dairy rations.   The value of 
alfalfa is generally attributed to the combination of yield and quality and its wide agronomic 
adaptation, with quality defined by several important attributes (Putnam et al., 2008).  These 
include high protein content, energy (TDN or ME) content, relatively low fiber content, and high 
intake rates.  But as dairy rations have changed to include ever-lower forage component, energy 
and protein from alfalfa may take on a reduced role in compared with the value of the fiber itself 
to rumen function and health.  Long fiber in alfalfa may limit energy if too great in quantity, but 
is also critical for proper rumen function, rumen mat formation, maintenance of pH, and animal 
health (Mertens, 2011, Robinson, 2014).   

However, we know that not all ‘fiber’ is created equal, with digestibility rates varying greatly 
across feeds and within feeds.  Cell wall (NDF) digestibility may be a key indicator of intake 
potential, which in turn impacts milk production.  Approximately 20-25% of the energy for milk 
production is thought to originate in the digested fiber fraction.   Some nutritionists have 
estimated that increasing the fiber digestibility (from say 30% to 60% total track NDF 
digestibility) would increase digestible energy to support up to 8-10 lbs./ more milk per day 
(Combs, 2016). 

DOES ALFALFA 
DIGESTIBILITY VARY? 

Yes.  The digestibility of the NDF 
fraction of alfalfa varies from a low 
of about 35% to a high of about 
55%, even within what would be 
considered ‘Supreme’ or 
‘Premium’ dairy hays (Figure 1).  
Why is this important?   It’s 
important for both the marketing of 
hays and for dairy rations.  While 
hay brokers and dairy buyers may 
argue about the price difference 
between (say) a 54% TDN hay and 
56% TDN hay (or 165 vs. 175 
RFV) –based upon a difference of a 
few points of NDF or ADF - these 
are ONLY differences in fiber 
                                                           
1 California Animal Nutrition Conference, May, 2018, Fresno, CA 

Figure 1.  Fiber digestibility (NDFD30 hr.) in western hays varies widely 
and has little relationship with ADF or NDF content.  NDFD may be more 
important for milk production, but is not reflected in current markets. 



content, not the level of 
digestibility, or energy yield per 
unit kg of hay or NDF, which may 
vary by as much as 10-20 points!   
On the ration side, it stands to 
reason that a digestibility of 55% 
(30 h) of the NDF fraction is 
likely to yield more energy to the 
ruminant than a feed with only 
35% of the fiber being digested in 
30 hours.  The indigestible portion 
of forages (iNDF) is a defining 
characteristic that limits forage 
utilization (Mertens, 2011).  

AGRONOMIC PENALTIES 
FOR HIGH QUALITY-Links to 

Harvest Schedule. 

Since growers routinely cut early to attain quality (e.g. low fiber) hay, they typically compromise 
significant yield, which is an important issue for dairies and forage growers since it influences 
price and cost.  Figure 2 is data from Yolo County from many cuts, showing that yield 
maximizes at about 2.5 tons/acre per cutting at about 37-40 days, but is approximately ½ ton/acre 
when harvested at about 21 days. Conversely, quality is lowest at the late cutting schedules and 
highest at a short cutting schedule, a phenomenon known as the ‘yield-quality tradeoff’.  
Typically, growers strike a compromise between yield and quality, cutting at about 28 days –
unfortunately this often misses ‘dairy quality’ designation, resulting in both lower yields and 
lower quality.  This is because stem 
quality rapidly declines after about 
22-26 days (Figure 3), dramatically 
lowering quality.  Most of this 
decline is due to lignification of the 
cell walls in the stems. The 
secondary cell wall continues to 
develop in mature alfalfa, 
accompanied by lignification of the 
cell wall xylem after elongation of 
internodes is complete.    If the 
decline in stem quality can be 
delayed, even by a matter of 4-7 
days, this could be a significant.  

The Low-Lignin Concept.  In 2014, 
two varieties were introduced by 
competing companies that purported 
to have reduced lignin and higher 

Figure Ϯ. Relationship between yield and quality-Yolo County.  Maximum 
quality rarely occurs at maximum yield and growers must compromise. 

The Yield/Quality Tradeoff
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Figure ϯ.  Stem quality rapidly declines in alfalfa typically 
between 25 and 35 days of growth significantly reducing 
quality of the whole plant 
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fiber digestibility.  These were the ‘HarvXtra’ trait by Forage Genetics International (Land O 
Lakes) and the ‘HiGest’ trait introduced by Alforex (Dow Dupont).  The HarvXtra trait was 
produced via genetically-engineered down-regulation of the lignin pathway in alfalfa, after 
research by Nobel Institute and USDA-ARS and FGI identifying the role of various enzymes 
involved with lignin biosynthesis.  The lignification of the cell wall is modified so that lignin 
content is decreased, and the decline in NDFD is less as the plant matures.  The HiGest trait was 
produced via traditional plant breeding methods and selection for high forage quality.  These two 
products have now been commercialized.  Seed is available for some, but not all dormancy 
groups.   Because it is well known that harvest schedule impacts quality, reduced lignin lines 
could improve quality at a given harvest schedule (e.g. 28 days) or alternatively, produce the 
higher yield at a later cutting schedule (e.g. 35 days) while maintaining quality.   

Experimental Evidence. University researchers have been examining this concept over the past 
5-6 years. In addition to company research, independent field research is still ongoing – 
especially on non-dormant lines—but some of the university data that has been collected across a 
range of land-grant 
colleges can be 
summarized.  In data 
presented by Dr. 
Mark Sulc at the 
2016 California 
Alfalfa Symposium, 
a six location average 
response of HarvXtra 
lines compared with 
control lines can be 
seen in Figure 4.  
Here, we can see that 
all varieties decline 
in NDF digestibility 
over time, but the 
HarvXtra variety was always higher in NDFD at any harvest timing.  These were dormant lines 
(FD 3-4).  In a separate comparison of conventional lines and HiGest and HarvXtra at Tulelake, 
CA in 2016,  HarvXtra line was significantly higher in NDFD and lower in lignin (ADL) than 
conventional lines or the HiGest lines tested (data not shown). 

In a study at UC Davis, 4 HarXtra lines were compared with controls under two cutting regimes 
(28 days and 35 days) over a 2-year period.  The HarvXtra lines averaged lower lignin and 
higher levels of NDFD than controls, but also exhibited slightly lower NDF and ADF levels, but 
no change in protein concentration harvested at 35 days (Table 1).  Similar trends were seen at 
28 days.  Yields were slightly lower in the HarvXtra lines compared with the controls at Davis.  
Similarly in multi-state trials, HarvXtra lines at the same harvest schedule exhibited slightly 
lower yields – however, since delayed harvests significantly improve yields in alfalfa, HarvXtra 
lines harvested at 35 days yielded more than conventional lines harvested at 28 days.    
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Figure 4.  NDF Digestibility (30 hr) response of HarvXtra lines to growth of 
the crop (average of 6 locations). Sulc et al., 2016.  (2nd cut left, 3th cut right) 



Table 1. Quality response of 4 HarvXtra down-regulated lignin lines compared with 
controls, UC Davis trial (2 years, 5 cuts/year, 35 day schedule).  These were lines of Fall 
Dormancies of approximately FD 4.0 (dormant lines). 
Variety ADF NDF CP ADL NDFD(30) 
 -----------------------%------------------------- 
54R01 (control) 26.2 30.8 23.4 5.0 48.8 
Am405TRR (Control) 27.9 32.6 22.8 5.3 47.3 
Liberator (Control) 26.8 31.5 23.0 5.1 48.3 
WL355RR (control) 27.6 32.2 22.8 5.3 47.4 
RL-1 25.6 30.1 22.9 4.5 51.3 
RL-2 26.3 31.2 23.0 4.5 51.3 
RL-3 25.4 30.3 23.2 4.4 51.8 
RL-4 26.0 31.0 22.9 4.6 51.1 
Significance (F test): *** ** n.s. *** *** 
 

SUMMARY 

In virtually all the university data we have examined to date, the down-regulated HarvXtra lines 
have exhibited superior fiber digestibility to control lines of the same fall dormancy level and 
lower lignin concentrations at the same harvest schedule.   Additionally, cutting schedule 
experiments showed that HarvXtra lines harvested late exhibited similar nutritive value to forage 
harvested 5-10 days earlier.  Although we have limited data on HiGest, in most experiments 
these lines were closer to high quality conventional alfalfa lines and distinct from HarvXtra lines.  
Further field trials, particularly on non-dormant lines (which were only recently released) and the 
interactions with harvest schedule as well as feeding trials are being conducted.  Yield, stand 
persistence, lodging resistance, pest resistance, cost and economic value are all important for 
producers and require further scrutiny.  
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major concern for Cr). Although we can get accurate total mineral 
concentrations data for basal ingredients, you must be careful when 
evaluating and using the data.  Concentrations of minerals in feeds, 
even most macrominerals, are low.  For example 1 ton of average corn 
silage (35% dry matter) only contains about 2.5 grams of Cu (to put 
this in perspective a penny weighs about 2.5 g). 
 

 
Figure 1. Distribution of Cu concentrations in corn silage grown 
throughout the U.S. The smooth line indicates a normal distribution 
would while the bars indicate the actual distribution. (Knapp et al., 
2015). 

 Sampling error is a problem for most nutrients and when 
concentrations are low, sampling error is usually larger. From a survey 
we conducted, sampling variation for trace minerals was greater than 
true variation. This means that mineral concentration data from a 
single sample should be viewed very suspiciously. Mineral concentration 
of soils is a major factor affecting the concentrations of most 
minerals in forages. Therefore averages of samples taken from a farm 
over time (up to a few years) or from a group of farms within a small 
geographic area (e.g., a few counties) should be a truer estimate of 
the actual mineral concentration of a forage than a single sample.  
 
 In a normal distribution (the classic bell shaped curve) about 
half the samples have less than the mean or average concentration, 
about half the samples have more than the average, and about 95% of the 
samples are within + 2 standard deviation (SD) unit of average. This 
means that if you know the average concentration and the SD you have a 
good description of the population.  This information helps with risk 
assessment. If a feed has an average concentration of Mg of 0.4% and an 
SD of 0.01% and the distribution is normal, about 95% of the samples of 
that feed should have between 0.38 and 0.42% Mg. With that information 

 

Cu concentration, ppm (DM basis)

N
um

be
r o

f s
am

pl
es



you should probably conclude it is not worth analyzing that feed for 
Mg, because even if your sample is 2 or 3 SD units from the mean it 
will have no effect on the diet or the animal.  However when 
distributions are skewed, the average and the SD may not be good 
descriptors of the population. For many minerals, concentrations within 
feeds are not normally distributed (Figures 1 and 2).  Often the 
distributions have long tails because concentrations cannot be less 
than 0 but can be extremely high for various reasons. Some samples have 
high concentrations of certain minerals because of soil contamination. 
The more skewed the data, the less valuable the average and SD become 
in describing the feed.  The median is the concentration where half of 
the samples have a lower mineral concentration and half of the samples 
have more mineral, and in a normal distribution the mean and the median 
are essentially equal.  For concentrations of trace minerals and some 
macro minerals, the median is usually less than the average because 
their distributions are skewed. What this means is that for most 
situations, using average trace mineral concentration (e.g., feed table 
data), overestimates the trace mineral concentration in the majority of 
samples. For skewed populations, the median is a better descriptor of 
the population than the mean; however simply replacing average 
concentration with median concentration does not fix all the problems 
associated with a skewed distribution.  

 
Figure 2. Distribution of Mn concentrations in mixed, mostly legume 
silage grown throughout the U.S. The smooth line indicates a normal 
distribution would while the bars indicate the actual distribution 
(Knapp et al., 2015). 

 
 As a distribution becomes more skewed, the risk that a specific 
feed will contain excess mineral increases. The Mn data shown in Figure 
2 is a good example.  That data has an average of 55 ppm and an SD of 
23.  Assuming a normal distribution, one would expect about 2.5% of the 
samples to have more than about 100 ppm (55 + 2 SD unit) and about 2.5% 
of the samples to have less than about 9 ppm. However, no samples had 
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