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The negative relationship between forage digestibility and lignin concentration has been observed for over 85 

years (Woodman and Stewart, 1932).  Until the 1950s hay quality was determined primarily by color (Putnam, 

2002).  Methods of measuring nutritive value in alfalfa and other forages have evolved considerably since the 

Proximate (Weende) Analysis was first used in the 1800s and include development of TDN (Total Digestible 

Nutrients) using measures of modified crude fiber, the Detergent Fiber System (Van Soest, 1963), RFV - 

Relative Feed Value (Rohweder et. al, 1978) and RFQ - Relative Forage Quality (Undersander and Moore, 

2002).   While each of these represented improvements, especially RFQ which took into consideration fiber 

digestibility, none considered digestion kinetics and the extent of digestion to more accurately predict animal 

response.  Recent improvements take into account multiple time points to integrate fiber digestion kinetic 

parameters and also estimate the total amount of potentially digestible fiber in a forage sample to more 

accurately predict animal response (Combs, 2012).  Putnam and DePeters (1995) provided a good synopsis 

identifying steps where variability is introduced into the measurement of forage quality or feeding value of 

alfalfa.  These steps include but are not necessarily limited to the following: sample procurement, drying, 

grinding, sub-sampling, storage, and wet chemistry or NIRS analysis.  For researchers to have any chance to 

meaningfully measure forage quality differences or to expect gain from selection in a breeding program, 

understanding these sources of variation and developing procedures to minimize their impact are necessary.  

 

Routine, yet rigorous, focused selection for lower lignin in diverse germplasm pools was imposed to exploit 

existing native trait genetic variability.  The scatter plot in Figure 1 illustrates the genetic variation existing in 

Alforex genetic pools for lignin content and forage dry matter yield.   

Selection in segregating spaced plant nurseries was based on multiple harvests per year and was imposed 

across a wide array of fall dormancy groups.  Numbers of parents selected per synthetic varied depending on 
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the pool and dormancy group.  Breeder seed (Syn.1) was produced under cage isolation and resulting 

experimental varieties were entered in standard replicated multiple-location forage yield trials during 2010-2017 

which included conventional experimental varieties from the same breeding cycle as well as commercially 

available check varieties developed by all commercial breeding programs.  Forage yield was measured for 3 or 

4 years and forage quality samples taken in the 1st and/or 2nd hay year from a minimum of 3 cuttings.  The 

following forage quality parameters were among those estimated using NIRS: Crude Protein (CP), Neutral 

Detergent Fiber (NDF), Acid Detergent Fiber (ADF), lignin, NDF digestibility (NDFD), Rate of Fiber Digestion 

(Kd) based on 24, 30, and 48 hour NDFD, undigested NDF at 240 hours (uNDF240 ), Potentially Digestible NDF 

(pdNDF240 determined from uNDF240), and Total Tract NDF Digestibility (TTNDFD).  Time point studies were 

also conducted with forage sampled at 21, 28, and 35 days after cutting and sub-samples separated into leaves 

and stems.  Weighted averages of the data are reported herein.  Based on the data, varieties in fall dormancy 

groups 3, 4, 6, 9, and 10 were advanced commercially.   During the 2015-2017 growing seasons on-farm forage 

samples (hay or haylage) produced in all major hay producing regions of the US were submitted by commercial 

hay growers and dairies to Rock River Laboratory1 for quality analysis including TTNDFD, Kd, uNDF240, and 

lignin.  Samples were taken by farmers, not researchers, and the resulting data is considered as “crowd 

sourced”. 

Data collected during 2010-2017 in all dormancy groups consistently showed that significant positive 

responses to selection for lower lignin were achieved.  Compared to appropriate control check varieties of the 

same dormancy group in research trials, Hi-Gest varieties have averaged 7-10% lower lignin, 5-10% faster rates 

of digestion (Kd), 5-10% greater extent of digestibility (uNDF240), 5-10% higher TTNDFD, and 3-5% higher 

crude protein.  In addition, leaf and stem separation has shown 5-8% higher leaf%.  Hi-Gest varieties were 

measured as having greater leaf% at 28 days than control varieties at 21 days, and greater leaf % at 35 days 

than control varieties at 28 days.  Data presented in Figures 3 through 6 illustrate these responses.  Figures 2 

and 3 show performance of Hi-Gest 360 and Hi-Gest 660 compared to checks at 28 and 35 days for lignin, 

uNDF240, pdNDF240, Kd, and TTNDFD (21, 28, and 35 days for Hi-Gest 660). 

 

Figure 4 shows leaf % of AFX 960 compared to checks at 21, 28, and 35 days after the prior cut.   
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Early release of lateral buds is a significant contributor to higher leaf:stem ratio and increased protein content 

of Hi-Gest alfalfa (Figure 5). 

 

Figure 6 shows lignin content of AFX 1060 compared to checks at 21, 28, and 35 days after the prior cut.   

 

Comparison of nearly 200 on-farm alfalfa samples submitted to Rock River Laboratory during 2017, shows 

that commercially produced Hi-Gest alfalfa averaged 7% lower lignin, had 11% less undigested fiber at 240 

hours, and 5% higher crude protein compared to check varieties (Figure 7). 
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The amount of undigested fiber at 240 hours (uNDF240) is increasingly viewed as an important measure of 

forage quality and feeding value and remains one of the current focuses of our selection program.  Figure 8 

illustrates genetic variation for uNDF240 in recent Alforex nondormant and dormant breeding pools. 

 

Research results showing that conventional selection within elite breeding pools for lower lignin content 

resulted in improved rate of digestion as measured by dynamic Kd, and greater extent of digestion as measured 

by uNDF240 has been subsequently validated by on-farm studies.  In addition, crude protein content has been 

improved by changing plant architecture resulting in plants with higher leaf-to-stem ratios. 
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