
 Switchgrass and Sweet Sorghum Fertilization for Bioenergy Feedstocks 
Gene Stevens, Roland Holou, David Dunn, and Allen Wrather 

   
 Nutrient uptake and crop removal from sweet sorghum and switchgrass was 
studied in model biofuel production systems in Missouri.  Although both crops are 
relatively efficient users of fertilizer, farmers should consider the cost to replenish 
nutrients being “mined” from their fields in biofuel systems. Sugars in sweet sorghum 
juice are readily fermented by yeast into ethanol.  The remaining biomass material after 
juice is extracted is called bagasse. Bagasse can be feed to livestock or the cellulose 
broken down into sugars by enzymes.  Sweet sorghum can be harvested with a silage 
cutter which removes all leaves and stalks from the field or with a modified sugar cane 
harvester which strips the leaves and only removes the stalks.  Prototype sweet sorghum 
harvest machines have been tested that squeeze the juice in the field and leave stalks and 
leaves on the soil.  One potential advantage from this system to farmers is the nutrients in 
the leaves and bagasse are not removed from the field.  In a switchgrass ethanol system, 
all the nutrients in the biomass are removed from the field because the cellulose is treated 
with enzymes to make sugars for fermentation.  Preliminary tissue test showed that 
nutrient content in switchgrass harvested varied by the time of year biomass was 
harvested.  This study measured nutrient content in switchgrass biomass from summer 
and fall harvest dates to find a time that the least amount of fertilizer would be needed to 
offset crop removal.     
 
Objectives:  To determine optimum nitrogen rates, monitor the amount of potassium and 
phosphorus in stem and leaves throughout growing season, and develop P and K soil test 
recommendations for sweet sorghum and switchgrass.  
 
Procedures: Switchgrass. Beginning in 2007, biomass yield and nutrient content was 
measured from an established stand of switchgrass on the Aubrey Wrather Farm located 
3 miles east of Portageville. The switchgrass was planted 10 years ago in strips to provide 
wind protection from blowing sand for cotton seedlings.  In late November 2007, we 
found tissue content averaged 0.03% P and 0.12% K in leaves and 0.04 % P and 0.54% K 
in stems.   

At the Wrather Farm, switchgrass biomass was collected from plots in June, July, 
October, and November.  Tissue subsamples will be separated into leaf and upper and 
lower stem parts, weighed, oven dried, and tested for NPKS content.  Root balls were 
dug, washed, and ground for nutrient analyses to evaluate nutrient remobilization from 
stems and leaves to roots in the fall.  
Sweet Sorghum.  

In 2007, an experiment was begun to determine optimum nitrogen fertilizer rates 
for producing ethanol from corn and sweet sorghum. Tests were conducted on a 
Tiptonville silt loam with linear move irrigation. In 2008 and 2009, we expanded the sites 
to include a Sharkey clay and Malden fine sandy loam. Atrazine and metolachor gave 
good grass and broadleaf weed control.  Before planting, sweet sorghum seed was treated 
with fluxofenin herbicide seed safener to minimize crop injury. Seven N rate treatments 
per crop are being used with four replications. Corn rates were 0, 50, 100, 150, 200, 250, 
and 300 lb N/acre. Sweet sorghum rates were 0, 25, 50, 75, 100, 125, and 150 lb N/acre. 
Ammonium nitrate was broadcast applied. Corn plots were harvested with a plot combine 



and sweet sorghum plots harvested with a sickle mower.  Sugars in the sorghum stalks 
were analyzed for sucrose, glucose, and fructose.  
 
Results:   
Switchgrass. The overall goal of the switchgrass research is to determine the best time 
of the growing season to harvest the biomass in order to minimize nutrient removal and 
sustain the system. This experiment was conducted on a 10-year old switchgrass stand 
near Portageville, Missouri. Four plots were delimited and at different time of the year, 
biomass was harvested within these plots. Using an atomic absorption spectrometer, 
nutrient content was determined in the biomass.  The maximum feedstock yield was 
obtained in October (9.8 tons/acre); while a slight loss of biomass was encountered from 
October to November due to the fall of seed and the wind that cut some dried leaves off 
the plants (Table 1). The big challenge for Missouri farmers harvesting in late fall is the 
potential onset of winter rains and poor hay drying conditions.  Phosphorus and 
potassium removal was lowest in the November harvest, but the magnitude of change 
was greatest with potassium. The least decrease was observed with the micronutrients 
such as Zn, Cu, Mn, and Fe. November was the optimum time to harvest in order to 
maximize the yield and minimize nutrient removal. Using conversion factors in the 
literature, more than 7500 liters/ha of ethanol could be produced from switchgrass 
biomass.  Until cellulose enzymes can be produced economically switchgrass may be 
more used for biofuel in pellets for burning in heating and electricity generating. 
Sweet sorghum was an efficient user of nitrogen fertilizer. Averaged across years, sweet 
sorghum yields Tiptonville silt loam increased with N fertilization to 60 lb N per acre 
(Table 2). The seed heads on sweet sorghum are located on the top of the stalks.  A 
significant effect of soil type was found for the fresh and the dried biomass yield of sweet 
sorghum (P<.0001). In 2009, the silt loam site followed corn.  In the same experiment, 
corn yields increased to 120 to 160 lb N per acre (Table 3). As the plant matures 
carbohydrates are translocated from the stalks to the head to make starch in the seeds.  To 
maintain high sugar content in the stems we removed the seed heads at “when the seed is 
in the milk stage.  We found that the juice in sweet sorghum contained almost one-half of 
the P2O5 and two thirds of the K2O in the biomass (Table 4).   

Summary 
 The practical implications of this research are that sweet sorghum is more 
efficient in producing maximum yields from nitrogen than corn.  Harvesting sweet 
sorghum with a silage cutter would remove more nutrients than a sugar cane 
harvester.  However, since most of the P and K are in the juice there was not as 
much difference as we expected.  If the ethanol producing facility is close to 
production fields, growers should consider returning the vinasse material to the 
field after juice fermentation and distillation to replenish the soil with nutrients. 
The least amount of P, and K was removed from October and November 
switchgrass harvests, but growers need to access the risk of rainfall as the fall 
progresses in Missouri.  



 
Table 1.  Phosphorus and potassium removed with switchgrass biomass harvest at 
different times of the year in 2008 and 2009.  
 
Harvest Removed Phosphorus Removed Potassium 
 -----lb P2O5 per acre------ ---------lb K2O per acre---------- 
 2008 2009 Average 2008 2009 Average 
May 16 23 20 105 260 183 
June 29 31 30 251 395 323 
July 23 45 34 188 379 283 
October 41 31 36 171 258 215 
November 12 23 17 64 110 87 
 
Table 2. Fresh weight yield of sweet sorghum produced on Tiptonville silt loam. 
 

2007 2008 2009 2010 Average Nitrogen 
lb N/acre -----------------tons fresh wt per acre---------------- 

0 15.7 25.9 13.0 33.4 22.0 
20 14.6 23.5 15.2 29.7 20.8 
40 18.4 36.7 16.4 30.7 25.6 
60 20.4 44.3 21.9 31.7 29.6 
80 17.6 47.1 21.0 36.5 30.6 
100 18.3 38.6 21.1 40.7 29.7 
120 16.0 40.1 23.1 29.4 27.2 

 
 
Table 3. Grain yield of corn produced on Tiptonville silt loam. 
 

2007 2008 2009 2010 Average Nitrogen 
lb N/acre -----------------bushels per acre--------------- 

0 57 96 20 65 60 
40 132 90 46 88 89 
80 175 128 87 109 125 
120 203 169 95 118 146 
160 205 163 102 116 147 
200 182 134 104 126 137 
240 184 139 102 131 139 

 
 
 
 



 
 
Table 4. Average phosphorus and potassium removed in processing sweet 
sorghum for ethanol production. 
 
Nutrient Juice Leaves Bagasse� Total 
removed --------------------lb nutrient per acre--------------------- 
P2O5 10 6 7 24 
K2O 123 40 26 189 
 
� Bagasse is the remaining stalk material after juice has been squeezed. 
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