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Which Should You Use:  Urea or 
ammonium sulfate? 
 
A question that commonly arises in the spring 
is whether it is better to use urea or ammonium 
sulfate to fertilize crops that need nitrogen 
fertilizer like irrigated pasture, orchardgrass or 
small grains.  Like most decisions in 
agriculture, there are tradeoffs.  Urea is less 
expensive per unit of nitrogen than ammonium 
sulfate and because it is higher concentration 
(46% N) reduces handling, storage and 
transportation costs.  However, ammonium 
sulfate provides sulfur (24% S), which can be 
deficient in our region.  One of the main 
disadvantages of urea is the possibility of 
volatilization losses, which is the loss of 
nitrogen as a gas to the air.  The urea fertilizer 
combines with water and together with the 
enzyme urease is converted to ammonia 
(NH3) and carbon dioxide.   Ammonia is a gas 
and nitrogen in this form can be lost to the air.   
 
So, even though urea is cheaper than 
ammonium sulfate is it the more economical 
nitrogen source?  The answer depends on how 
much of the nitrogen from urea is lost from 
volatilization.  The main factors affecting the 
amount of loss are moisture/humidity, soil pH, 
soil temperature, and the amount of residue on 
the soil surface. 
 
Moisture/humidity:  High humidity or wet soil 
conditions lead to greater volatilization. When 
the soil is dry and the humidity is low 
volatilization losses are minimal but dew and 
high humidity dramatically increase losses.  
 
Soil pH: High soil pH stimulates volatilization 
losses 
 
Soil temperature:  In general, losses increase 
with increasing soil temperature 
 



 

Residue on soil surface:  Residue or crop 
biomass on the soil surface increases losses.  
Crop residue prevents the urea from reaching 
the soil surface and the concentration of the 
enzyme urease may be at least 100 times 
greater in crop residue than in soil.   
    
The primary way to avoid volatilization losses 
with urea is by incorporating the fertilizer into 
the soil.  Tillage is an effective means of 
incorporating urea prior to planting.  Irrigation 
or rainfall is also effective—on bare soil 0.25 
inches is generally required, while 0.5 inches 
or more is needed when there is a crop canopy 
or crop residue.  Research was recently 
conducted in Oregon at several locations to 
monitor volatilization losses of nitrogen from 
broadcast applications to grass seed fields 
(fall) and wheat fields (spring).  Personally, I 
was amazed at the losses that can occur with 
surface applied urea.  In the grass seed fields, 
150 lbs of N/acre was applied in the fall.   
Losses depended on the location, temperature 
and when rainfall occurred after applications 
but losses of 25 to 66 pounds of N per acre 
were observed.   The worst case scenario 
often quoted for nitrogen losses due to 
volatilization of urea is around 30 percent.  
However, the nitrogen losses observed in 
these studies with spring top-dress 
applications to grain were even greater.  When 
no water was applied after application, 30 to 
80% of the nitrogen was lost to the air!   
Fertilizer is too expensive to waste such high 
quantities. 
   
Returning to the initial question whether urea 
or ammonium sulfate is preferable the answer 
is “it depends”. Urea is more economical per 
unit of nitrogen and is a wise choice provided it 
will be incorporated within a couple of days 
after application either mechanically or with 
irrigation or rainfall. The problem this year is 
that with all the rain we have received recently, 
many fields may not be irrigated for a while.  If 
sufficient rainfall for incorporation is 
questionable and irrigation is not planned, 
ammonium sulfate may be a better choice.  
However, on the flip side, if you can 
incorporate the urea with tillage, rainfall or 
irrigation then urea would be more economical.  
The urease inhibitor Agrotain was also 
evaluated in the studies mentioned above and 
it was found to significantly reduce 
volatilization losses with urea.     

Comparison of Small Grain Hay 
Varieties 
 
Small grain crops (wheat, barley, oats and 
triticale) grown for hay are common rotation 
crops with alfalfa.  For these crops to be 
profitable, high yields are critical, emphasizing 
the importance of selecting the proper seed to 
plant.  The yield of different species, and even 
varieties within a species, can vary 
significantly.   
 
The quality (digestibility and protein) of small 
grain forage is higher when harvested at the 
boot or early heading stage than it is at the soft 
dough stage.  However, there is a large yield 
penalty associated with harvesting at this 
growth stage. 
 
A field trial was established last year at the 
Intermountain Research and Extension Center 
in Tulelake to evaluate different small grain 
varieties for hay.  Sixteen different varieties 
were planted on April 15th at 100 lbs/acre.  
Each variety was harvested when it reached 
two growth stages: 1) early heading when the 
seed heads first started to appear; and 2) soft 
dough stage.   This way we could quantify the 
yield increase that occurs from the early 
heading to the soft dough stage.   
 
The yield increased significantly when harvest 
was delayed from the early heading to the soft 
dough stage.  Averaged over all varieties, yield 
increased from 3.3 to 5.1 tons per acre.  The 
yield increase was greater for some varieties 
than for others (see the table on the next 
page).  These results indicated that there are 
several new varieties with higher yield potential 
than the older standard varieties.  Two new oat 
varieties yielded significantly more than older 
standard varieties.  Cayuse, Monida and 
Charisma when harvested at the soft dough 
stage yielded 4.2, 4.8 and 3.8 tons per acre, 
respectively, whereas the new oat varieties 
Viking and Kona yielded 6.6 and 5.8 tons per 
acre, respectively.  A relatively new beardless 
barley variety Stockford yielded slightly higher 
than the standard beardless barley variety 
Belford (3.1 versus 2.8 tons per acre at the 
early heading stage and 5.2 versus 5.1 tons 
per acre at the soft dough stage).  Similarly, 
the newer beardless wheat variety Triple IV 
yielded nearly half a ton more than the 
standard variety, Twin, at both harvest timings.  



 

The two experimental triticale varieties also 
yielded higher than Merlin or Forerunner.   
 

 
Another Bad Stem Nematode Year 
 
Around this time of year I often receive phone 
calls asking why there are patches in a field 
that are not growing well while surrounding 
areas have normal growth (see photo).  
Patches like this at this time of year are almost 
always caused by stem nematode.  Stem 
nematode is a microscopic worm that lives in 
the alfalfa stems and leaves.  Alfalfa plants 
infected with stem nematode are usually 
severely stunted with shortened internodes 
(stem section between two nodes where the 
leaves originate).  Stem nematode can 
dramatically reduce yield and alfalfa stand.  
Eventually, the plants seem to “grow out” of the 
damage and the patches of poor alfalfa growth 
are less apparent, but yields are still affected.  
Wet cool conditions are ideal for the nematode 
to spread.  Temperatures so far this year have 
been too cool (downright cold) to create “ideal” 
conditions for the nematode to reproduce but 
there has been plenty of moisture with the 
frequent rains.  I have seen severely infested 

fields in the Scott Valley this year.  It may be 
too early to detect infestations as easily in the 
Butte Valley and Klamath Basin areas. The 
infestation level varies considerably between 
fields based on the resistance level of the 
variety and the age of the stand.    
 

 
 
Growers frequently ask what can be done 
about the problem. This has been a frustrating 
problem and unfortunately there really isn’t 
much a grower can do with a field that is 
already infected with the nematode.  
  
Nematacides are not used to control stem 
nematode in alfalfa and there are no effective 
registered chemical treatments. 
 
Crop rotation can be effective but at least two 
years of a non-host crop (such as barley or 
wheat) is recommended and even more years 
are preferred.  Unfortunately, we don’t have 
many profitable rotation crops so many 
growers do not want to rotate out of alfalfa for 
more than a single year.  
   
Resistant Varieties is the key control 
measure.  However, even a variety rated as 
highly resistant (HR) only has 51% resistant 
plants in a screening done on alfalfa seedlings.  
For a pest like stem nematode a higher level of 
tolerance is needed.   
 
Prevention/Field Sanitation is important to 
keep nematodes from spreading into clean 
fields.  Cut younger clean fields first and clean 
harvesting equipment before moving from one 
field to another.  When cutting be sure the 
topsoil is dry because nematodes can exit the 
drying plants and move into the moist soil; 
clean equipment; Do not plant noncertified 
“brown bag” seed because infested seed can 
also spread nematodes.  Avoid using or 

  Yield (tons/A) 
 
Variety 

 
Type 

Late Boot/ 
Early Heading 

Harvest 

Soft-Dough 
Harvest 

Twin  wheat 3.1 5.3 
Cayuse  oat 3.2 4.2 
Monida  oat 3.5 4.8 
Charisma  oat 2.4 3.8 
Belford  barley 2.8 5.1 
PR 1404 wheat 2.7 4.8 
Pacheco tritcale 3.1 4.1 
Stockford barley 3.1 5.2 
Forerunner triticale  2.9 5.0 
Triple IV wheat 3.6 5.7 
Merlin triticale 3.8 4.6 
Viking oat 3.6 6.6 
Trical 141  triticale 4.2 4.8 
Kona oat 3.8 5.8 
202567 triticale 3.4 6.0 
197782 triticale 3.5 5.8 
     
Mean  3.3 5.1 
CI (95%)  0.38 0.38 



 

applying manure obtained from cattle 
operations where infected hay was fed.    
  
None of these control practices can usually 
completely eliminate a stem nematode 
infestation.  The best practice currently 
available is to plant a variety with a high level 
of resistance and use proper field sanitation 
techniques to prevent the spread of 
nematodes.   
 
Is Roundup Ready Alfalfa Higher or 
Lower Yielding than Conventional 
Alfalfa? 
As most of you are probably aware, Roundup 
Ready (RR) alfalfa is now available.  After 
being taken off the market while an 
Environmental Impact Statement (EIS) was 
completed by the USDA, RR alfalfa is once 
again commercially available for alfalfa 
producers.  Soon after the decision to 
deregulate RR alfalfa was made in January, 
two lawsuits were filed against USDA 
challenging this decision.  The outcome of 
these lawsuits will likely not be known for quite 
some time but in the meantime plantings will 
continue. 
Several RR alfalfa fields were planted in the 
intermountain area during the time period 
when RR was previously available (fall of 2005 
through March of 2007).  As far as I know, 

most growers who tried RR alfalfa were 
pleased with the technology.  Many growers 
seeded in fields with difficult to control weeds 
such as quackgrass and dandelion and were 
happy with the results.  The main advantages 
of the system were ease of weed control (long 
application window with no perceptible alfalfa 
injury), control of difficult-to-control perennial 
weeds, and ability to deal with replant 
situations (effective weed control in replanted 
areas without problems with herbicides that 
have soil residual like Raptor or Pursuit).  
Some growers have been reluctant to plant RR 
varieties, primarily due to market acceptance 
issues, especially concerns over the export 
market or possibly horse-market customers 
who for some reason may not want GE alfalfa.  
RR alfalfa is obviously not a choice for organic 
growers as well.  Whether you choose to grow 
RR alfalfa or not, many producers and the 
industry as a whole are interested in the 
performance of RR alfalfa varieties compared 
with conventional varieties.  In some of the 
variety trials conducted by UC Cooperative 
Extension in the Scott Valley and other areas, 
the RR varieties were toward the bottom of the 
list when it comes to yield.  A yield drag has 
been observed with other crops like soybean 
with the RR trait.  So, this baits the 
question…How do RR alfalfa varieties yield 
compared with conventional varieties?   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Plot Layout. 
Alfalfa varieties 

were seeded in 3 
by 20 foot plots.  

Herbicide 
treatments were 

applied in 
horizontal blocks 
across the plots.  

Note the non RR 
variety seeded in 

the Roundup-
treated block. 

(Plot was 
reseeded to 

avoid border 
effect.)    



 

To shed some light on this issue, a field trial was 
established in Tulelake in 2005 at the 
Intermountain Research and Extension Center 
(IREC) to compare RR and conventional alfalfa 
varieties. Twelve RR varieties were seeded; six of 
which are still experimental varieties (those listed 
in Table 2 with an 8 character code starting with 
the letter R) and six of which are released 
commercial RR varieties.  Twelve commercial 
varieties were seeded plus the old public variety 
Vernal as a check variety for comparison 
purposes.  The trial was harvested in the seeding 
year plus 4 more years.  Conventional varieties 
were treated with a conventional herbicide 
program typical for the area.  Raptor was used in 
the seeding year.  For years 2, 3 and 4 when the 
alfalfa was established, a tank mix of Velpar and 
Gramoxone was applied.  In year 5 (the last year 
of the trial) a tank mix of Sencor plus Gramoxone 
was used.   RR varieties were treated with the 
same conventional herbicides listed above or with 
glyphosate. By treating a block of the RR varieties 

with conventional herbicides and another block 
with Roundup we could separate the effect of the 
herbicides and the alfalfa variety on yield. The 
alfalfa was harvested for every cutting over the 5 
years.   
Averaging over all 12 RR varieties, the first-year 
alfalfa yield was 0.51 tons per acre greater when 
treated with Roundup than when treated with 
Raptor.  This is a greater difference than I would 
have expected.  However, I have observed more 
alfalfa injury with Raptor in Tulelake than in other 
areas of the county because alfalfa grown on the 
organic clay loam soils in that area often appears 
more succulent and susceptible to injury.  In the 
subsequent 4 years when alfalfa was treated with 
winter-dormant herbicides, there was not a 
consistent difference in yield when RR varieties 
were treated with Roundup versus conventional 
herbicides. However, over the 5-year stand life, 
alfalfa yield was 1.10 tons/A greater when the RR 
alfalfa was treated with Roundup than when it was 
treated with conventional herbicides (Table 1) 

 

 
The question posed in the title of this article was:  Is Roundup Ready Alfalfa Higher or Lower Yielding than 
Conventional Alfalfa?   The answer is Yes…RR alfalfa is both higher and lower yielding. It clearly depends 
on the RR variety and the conventional variety you are comparing it to.  However, when we average all 12 
RR varieties and average all 12 conventional varieties, the RR varieties yielded 0.15 tons per acre per year 
less (0.75 tons/A total difference over the 5 years) than the conventional varieties when both types were 
treated with the same conventional herbicides.  However, it is important to consider individual varieties 
rather than just the average of all RR or all conventional varieties.  The performance of individual varieties 
over the 5 years varied considerably.  Table 2 shows the ranking of all the varieties tested with their 
respective weed management system (conventional herbicides or Roundup).  As you can see, there were 
high yielding conventional and RR varieties.  All varieties Roundup Ready or conventional yielded 
considerably more than the check variety Vernal.  

Table 1.  Influence of Herbicide and Variety strategy on total alfalfa yields, Tulelake, CA, 2005‐2009.  Each strategy is 
the average of 12 varieties, within each herbicide treatment.   This enables comparison of whole systems (conventional 
vs. RR Ready), as well as the influence of herbicide alone (Conventional vs. Roundup herbicides on the same RR 
varieties).    

Combined variety/Herbicide Strategy         

  Variety 
Herbicide 
Treatment 2005 2006 2007 2008 2009 

5‐Year 
Average   

5‐Year 
Sum Total   

   tons/acre  

 
Roundup 
Ready Roundup 4.55 9.96 8.28 7.23 8.15 7.63 A 38.16 A 

 Conventional Conventional 4.59 9.87 8.20 7.15 8.00 7.56 A 37.81 A 

  
Roundup 
Ready Conventional 4.04 9.47 8.18 7.6 7.77 7.41 B 37.06 B 

            
  Mean 4.39 9.77 8.22 7.33 7.98 7.54  37.68  
  LSD 0.29 ns ns 0.19 0.16 0.14  0.72  
    CV 16.10 12.53 4.99 6.56 5.01 4.74   4.74   



 

Table 2.  Yield of Roundup-Ready (RR) and Conventional (Conv.) varieties grown under conventional and Roundup treatments at Tulelake, CA, 2005-2009. 

Variety 
Genetic 
Background 

Herbicide 
Applied 2005 2006 2007 2008 2009 

5-Year 
Average 

5-Year 
Sum 
Total 

% of 
Vernal 

R54BD14 RR Roundup 4.46 10.60 8.49 7.80 8.52 7.98 39.88 111.9 
Legendairy Conv. Conventional 4.40 10.75 8.83 7.59 8.26 7.97 39.83 111.7 
Expedition Conv. Conventional 4.26 10.29 8.51 7.89 8.32 7.86 39.27 110.2 
R54BD17 RR Roundup 4.41 10.60 8.56 7.24 8.39 7.84 39.20 110.0 

Rebound Conv. Conventional 4.50 10.24 8.61 7.44 7.91 7.74 38.69 108.5 
RR405 RR Roundup 4.22 10.28 8.24 7.41 8.48 7.73 38.64 108.4 
R44BD13 RR Roundup 4.31 10.22 8.61 7.32 8.04 7.70 38.50 108.0 
R54BD17 RR Conventional 3.94 10.25 8.28 7.72 8.25 7.69 38.43 107.8 
DKA43-22RR RR Roundup 4.52 10.21 8.36 6.99 8.32 7.68 38.39 107.7 
RR405 RR Conventional 3.92 10.02 8.23 7.73 8.17 7.61 38.06 106.8 
WL 357HQ Conv. Conventional 4.13 9.96 8.72 7.52 7.74 7.61 38.06 106.8 
Boulder Conv. Conventional 4.65 10.03 8.07 7.12 8.00 7.58 37.88 106.2 
Hybriforce 400 Conv. Conventional 5.26 9.77 7.79 6.75 8.32 7.58 37.89 106.3 
Ameristand 405T RR RR Conventional 4.21 9.85 7.88 8.06 7.89 7.58 37.88 106.3 
R54BD14 RR Conventional 4.18 9.82 8.44 7.71 7.69 7.57 37.82 106.1 
Innovator +Z Conv. Conventional 4.47 10.00 8.13 6.82 8.39 7.56 37.82 106.1 
R43M625 RR Roundup 4.37 10.12 8.49 6.97 7.86 7.56 37.80 106.0 
Masterpiece Conv. Conventional 4.82 9.99 7.90 7.05 7.94 7.54 37.69 105.7 
Ameristand 405T RR RR Roundup 4.33 9.39 8.10 7.48 8.39 7.54 37.69 105.7 
R44BD06 RR Conventional 3.89 9.91 8.41 7.35 8.12 7.54 37.67 105.7 
WL355RR RR Roundup 4.65 9.76 8.22 7.08 7.96 7.53 37.68 105.7 
Mountaineer Conv. Conventional 4.39 10.23 7.97 7.33 7.65 7.51 37.57 105.4 
R44BD06 RR Roundup 4.26 9.94 8.24 7.03 8.05 7.51 37.52 105.3 
R44BD09 RR Roundup 4.37 9.98 8.07 7.07 7.97 7.50 37.47 105.1 
54R01 RR Conventional 4.18 10.04 8.13 7.58 7.55 7.49 37.47 105.1 
Dura 512 Conv. Conventional 4.71 10.15 7.95 6.90 7.74 7.49 37.44 105.0 
RRALPH 6R100 RR Roundup 4.66 9.50 7.98 7.29 8.02 7.49 37.45 105.0 



 

R43M625 RR Conventional 4.29 9.88 8.15 7.54 7.56 7.49 37.41 104.9 
DKA43-22RR RR Conventional 3.93 9.96 8.14 7.45 7.78 7.45 37.25 104.5 
WL355RR RR Conventional 4.10 9.84 8.31 7.14 7.84 7.45 37.24 104.5 
54R01 RR Roundup 4.52 9.86 8.00 7.09 7.79 7.45 37.25 104.5 
RRALPH 6R100 RR Conventional 4.35 9.14 8.34 7.64 7.75 7.44 37.21 104.4 
R44BD13 RR Conventional 4.03 9.20 8.26 7.74 7.90 7.43 37.13 104.2 
54V54 Conv. Conventional 4.46 9.63 7.90 6.88 7.89 7.35 36.74 103.1 
R44BD09 RR Conventional 3.84 9.21 8.19 7.52 7.44 7.24 36.19 101.5 
Ameristand 403T Conv. Conventional 4.53 9.07 7.98 6.57 7.89 7.21 36.04 101.1 
Vernal Conv. Conventional 4.54 9.20 7.38 6.51 8.01 7.13 35.65 100.0 
           
  Mean 4.35 9.92 8.21 7.31 7.99 7.56 37.77  
  LSD (P<0.05) 0.35 0.90 0.48 0.61 0.51 0.33 1.62  
    CV 5.70 6.49 4.15 5.92 4.58 3.07 3.07   
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