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Abstract

Alternative and renewable bio-based energy sources are gaining prominence
worldwide. Sweet sorghum is currently being evaluated throughout the world
because its stem juices are rich in sugars that can be directly fermented to
ethanol. In this two-year study, sweet sorghum varieties; Dale, Theis, Topper
76-6, and M81E (Obtained from Mississippi State University Experiment Sta-
tion, MS) and CHR-SW8 (Obtained from Chromatin Inc., IL) were used. Ni-
trogen (N) fertilizer rates of 0, 40, 80 or 120 kg-N-ha™' were applied to experi-
mental units. The experiment was a randomized complete block design with
treatments in a split-split plot arrangement with three replications. Nitrogen
rate was the main plot, cultivar as sub-plot, and panicle removal as sub-plot.
Results showed that N application increased fresh stem yield, juice volume,
but had minimal effect on juice soluble sugar concentration. Compared to
controls, application of >40 kg-N-ha™" increased fresh yield and juice by >60%
and 10%, respectively. There were also variety differences in harvested fresh
biomass, juice volume and °Brix, and soluble sugar content. Dale and Theis
consistently showed lower sucrose compared to other varieties over the two
years. Panicle removal during early reproductive phase increased °Brix, su-
crose and total sugar content in all varieties. Across the two years of study,
panicle removal increased “Brix by more than 10%, sucrose and total sugar
increased by more than 20%. Selection of varieties that produce high juice vo-
lume with high sugar content and strategies to inhibit seed formation may re-
sult in improved juice quality.
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1. Introduction

Throughout the world, there is increasing attention to bio-based renewables as
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alternatives to fossil-based energy sources. Given the wide variety of crop with
potential bioenergy use, there is a need for well researched scientific information
on production of different bio-energy crops. Sorghum is a warm-season grass
species that tolerates both high temperatures and moisture stress conditions. Its
distinct morphological characteristics make it suitable for production in areas
where other grass family crops like maize do poorly [1]. Sorghum’s extensive
root system allows a large volume of soil to be sampled for moistures and its
small waxy leaves limit water loss through evapo-transpiration. Under low soil
moisture, sorghum is reported to maintain physiological activity by increasing
root length density and water-use efficiency [2]. Sweet sorghum whose stems
contain high content of easily fermentable sugars [3] [4] [5] [6] is being eva-
luated, worldwide, as a source of sugar-rich juices for bio-ethanol production.
When compared to other grasses like switchgrass, big bluestem, and miscanthus,
sweet sorghum produced the highest estimated biomass and ethanol yield [7].
Sweet sorghum is also reported to produce 23% more fermentable sugars, re-
quiring 37% less nitrogen (N) fertilizer, and 17% less irrigation water than maize
[8]. It is also reported to produce more ethanol than maize during dry periods
[9]. Unlike sugarcane, a crop with sugar-rich stems too, sweet sorghum is ready
for harvest in a single season and gives better returns on unit area basis [6] [10]
[11]. The concentration of sucrose and the dominant fermentable sugars in all
sweet sorghum differ with varieties [8] [10]. Variety selection and field man-
agement approaches like de-heading affect stem sugar concentration [12] [13].
These differences in juice sugar concentration and juice volume may be respon-
sible for reported variation in ethanol yields among sweet sorghum cultivars [9]
[12] [14] [15]. Acid hydrolysis of bagasse, a left-over product of juice extraction,
releases more sugars for fermentation [16]. Bagasse can also be burned to pro-
vide heat and electrical energy [5] [17].

Sweet sorghum has been grown extensively for syrup in the southeastern
states in the United State of America [18]. While the crop can tolerate poorly
drained soils, and yields are highest in well drained loam or sandy loam soils.
Studies in the southern states have reported sweet sorghum production for ethanol
to be economically viable, and yields of between 3700 and 5600 L-ha™ have been
reported in Florida [19]. Fertilizer requirements depend on soil test fertility le-
vels and preceding crop, but in well drained silt loam, 45 kg-ha™ each of N, P,Os,
and K,O is sufficient [18]. Other field management strategies affect sweet sorg-
hum fresh biomass, juice yield and sugar content, and bagasse quantity and
quality. A study on M81-E showed that both N fertilizer rate and soil types are
important [20]. The wide genetic variability and varying responses to similar en-
vironmental and management conditions call for an evaluation of varieties to
determine their productivity potential in given localities.

While such production incentives may exist, there is lack of recommendations
and cropping guidelines for sweet sorghum due to insufficient research in the
mid-Atlantic. There is need for a comprehensive study to determine the suitabil-

ity of sweet sorghum cultivars to prevailing climatic and edaphic conditions. The
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objective of this study was to evaluate the effect of nitrogen fertilizer and be-
heading on biomass production, extractable juice, and juice sugar content of five

sweet sorghum cultivars in mid-central Virginia.

2. Materials and Methods

2.1. Experimental Design and Treatment

Sorghum was planted in clean-tilled plots at Virginia State University Demon-
stration and Research Farm (Randolph Farm), near Ettrick, VA (37°13"43'N;
77°26"22'W, elevation 45 m above sea level). Temperature and rainfall from April
through October of each production year is shown in Table 1. The soil type at
the site is a Bourne series fine sandy loam (mixed, semi-active, thermic Typic
Fragiudults). The experiment was laid out as a randomized complete block de-
sign with treatments in a split-split plot arrangement, and replicated three times.
Nitrogen rate was the main plot, cultivar the sub-plot, and head panicle pres-
ence/absence (head removal) the sub-sub-plot treatment. During planting in late
spring (May 30, 2014 and May 27, 2015), seeds at a rate that results in about
89,000 plant ha™' were drilled in four rows, 45 cm apart, in 1.8 m x 4.5 m expe-
rimental plots. With each plot replicated three times. Phosphorus and K applica-
tion was incorporated prior to planting based on soil test recommendations. Ni-
trogen fertilizer at 0, 40, 80, or 120 kg-N-ha™" was applied at the 3 - 4 leaf-stage.
No irrigation was done and weed control was by a combination of pre-emergent
herbicide application and post-emergent tilling. At the beginning of panicle
emergence and early milk stage, plants in plots to be de-headed had their pa-
nicles physically removed. The other plots had the panicle intact until harvested.
The sweet sorghum varieties used were; Dale, Theis, Topper 76-6 and M81E
(MAFES Foundation Seed Stocks, Mississippi State University, MS) and CHR-
SW8 (Chromatin Inc., IL).

2.2. Data Collection

2.2.1. Fresh Stem Biomass
Stems for yield determination were obtained from a randomly selected middle
row. All plants within a given length in the middle of the selected row were har-

vested and separated in to leaves and stems (stems + sheath). Leave and stem

Table 1. Monthly precipitation and mean temperature during crop growth period near
Randolph farm, Virginia State University.

Production year ~ Apr May Jun Jul Aug Sep Oct  Mean values

Precipitation (mm)
2014 102.9 62.0 86.1 66.8 91.6 34.3 66.8 510.5
2015 1354 409 150.1 149.6 70.4 87.1 82.3 715.8

Temperature ("C)

2014 14.4 209 24.8 25.9 25.0 23.2 17.9 21.7

2015 15.1 214 25.9 26.9 25.7 24.3 17.1 22.3
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fresh weights were determined and leaf dry weight determined after oven drying
to constant weight. Total leaf biomass (leaf DM ha™') was calculated based on the

expected fresh weight yield per hectares (fresh biomass ha™).

2.2.2. Juice Extraction and Volume Measurement

Representative stems were selected for juice extraction, and separated into bot-
tom, middle, and top sections. Each sub-section was processed independently
for juice extraction and the extracted juice was collected in a jar and volume de-
termined using a calibrated measuring cylinder. Juice was extracted using a
stainless steel RAJA-SS sugarcane juice extracting machine (US Ice Machine
Manufacturing Company, North Miami FL). Total juice volume per stem was
obtained as a sum of the individual volumes of the three stem sections. Juice
yield per experimental plot and the expected volume on hectare basis was calcu-
lated based on plot stem fresh weight (stems + sheath) harvested from each plot,

and expected total fresh biomass per hectare (fresh weight ha™).

2.2.3. Juice Brix and Sugar Content Determination
Juice from each stem section was analyzed independently for brix and sugar
content. After determining the volume of extracted juice, the juice brix was de-
termined using a digital hand-held MASTER-20 alpha pocket refractometer
(Atago, Tokyo, Japan) on a subsample drawn from the extract. Juice samples
were analyzed for soluble sugar (Glucose, fructose, and sucrose) contents using
HPLC method optimized by Johansen et al [21]. Sugars in the extracts were
identified by comparing their retention times with standard sugars. For quanti-
fication, trehalose was used as an internal standard and sugar concentration was
expressed as a percentage of juice volume. The sum of these individual soluble
sugars was considered as total fermentable soluble sugars, an approach pre-
viously used by other researchers [22] [23].

Data was analyzed using mixed (PROC MIXED) procedures in SAS 9.4 for
windows (SAS Institute, Cary NC). Where necessary, data was transformed prior
to analysis. Significance was determined at P < 0.05. The PDIFF function of

LSMEANS procedures was used to compare means.

3. Results

3.1. Effect of Variety and Nitrogen

3.1.1. Yield

In 2014, fresh stem yield differed with variety (P < 0.05) and was significantly
affected by N rate (P < 0.0001) which showed a quadratic response effect on
yield (Table 2). Unfertilized crop produced 40.4 Mg-ha™' of fresh stem while ap-
plication of 40 kg-N-ha™' increased stem yield by 66% to 67.1 Mg-ha™. At =80
kg-N-ha™' produced similar yields averaged 75.3 Mg-ha™. Total fresh (stem +
leaf) yield at harvest also showed a quadratic response to N application. The
unfertilized crop produced the least total biomass at 45.7 Mg-ha™' and 120
kg:N-ha™' increased total biomass by 85%. Nitrogen applied at 40 and 80 kg-ha™
produced similar total yields of 73.3 and 79.7 Mg-ha™', respectively. Nitrogen fer-
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Table 2. Fresh biomass of different sweet sorghum varieties in response to nitrogen ferti-
lizer at Randolph farm, Virginia State University.

Fresh biomass at harvest

Nitrogen Stem Total (Stem + Leaves)
(Kg:N-ha™) 2014 2015 2014 2015
Mgha™

0 40.4¢ 54.8¢ 45.7¢ 61.8°

40 67.1° 60.5" 73.3° 67.0%

80 73.3% 70.0° 79.7% 77.7%
120 77.3 63.4% 84.7° 71.6®
P-value <0.0001 0.0054 <0.0001 0.0045
Linear <0.0001 0.0045 <0.0001 0.0037
Quadratic <0.0001 0.0399 <0.0001 0.0850
Cubic 0.0793 0.1555 0.0772 0.1454

"Values for nitrogen rates within a column with same letters are not significantly different at 2= 0.05.

tilizer rate > 80 kg-N-ha™" produced comparable yields averaged at 82.2 Mg-ha™'.
Though yield among varieties was not significantly different, there was a 4.3
Mg-ha™' difference between Topper 76-6 CHR-SW8. While leaf contribution to
total fresh biomass at harvest was around 7.5 % for Dale and Theis, it was above
9.5% in the other varieties.

In 2015, biomass yield was significantly affected N fertilizer rate (P < 0.01)
and variety (P < 0.01). Like in 2014, stem yield showed a quadratic response to N
fertilizer application rate (Table 2). Unfertilized crop produced 54.8 Mg ha™" of
fresh stems while at >80 kg-N-ha™', stem biomass averaged 66.7 Mg-ha™. The to-
tal biomass had similar trend to that of stem only, with N fertilizer at 120 kg-ha™
producing greater yield than unfertilized crop. Unlike in 2014, stem and total
biomass were significantly lower for Dale compared to CHR-SW8 (Table 3).
Like in 2014, proportion of leaf in Dale and Theis was low at below 8.5% while it

was above 10% in all other varieties.

3.1.2. Juice Volume

In 2014, juice yield was affected by N rate application (P < 0.02) and differed
with variety (P = 0.05). Juice volume increased linearly with N rate (Table 4),
with the least juice yield of 14,595 L-ha™ obtained in the unfertilized crop., Ni-
trogen fertilized crop produced greater juice yield averaged at 18,813 L-ha™'. Al-
though Topper 76-6 produces the least juice yield (13,094 L-ha™) compared to
Dale and Theis, the volume was similar to that of CHR-SW8 and M8IE. Of the
four varieties with similar juice yield, Dale produces a relatively greater amount
of 22,431 L-ha™.

Although juice yield showed an increasing trend with N rate in 2015, volume
were similar within the range of N fertilizer rate. The lowest volume was ob-
tained in crops receiving no N fertilizer (16,000 L-ha™') while fertilized crops
produced 2000 L-ha™ additional juice (Table 5). Theis and M81E produced the
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Table 3. Fresh biomass of different sweet sorghum varieties at Randolph farm, Virginia
State University.

Fresh biomass at harvest

Stem Total (Stem + Leaves)
Variety
2014 2015 2014 2015
Mgha!

Topper-76-6 59.9 57.5b¢ 66.2 68.5%

CHR-SW$ 63.9 67.8 71.4 76.9*

MS81E 63.9 65.5% 70.9 74.2%

Dale 64.4 53.9¢ 69.7 58.3¢

Theis 65.9 66.4° 71.4 72.7%
P-value 0.7213 <0.0001 0.7910 <0.0001

"Values within a column with same letters are not significantly different at 2= 0.05.

Table 4. Juice volume, brix and sugar contents of different sweet sorghum varieties in
response to nitrogen fertilizer at Randolph farm, Virginia State University, in 2014.

Sugar content

Nitrogen Volume

(Kg:N-ha™!) (Lha™) Brix Fructose Glucose Sucrose Total sugar
gL
0 14595%" 16.6* 11.4° 19.7 46.0° 80.4°
40 16121% 15.3¢ 21.4° 24.6 52.8° 100.7*
80 16350° 15.5% 21.8° 26.3 69.5 119.0°
120 239692 16.5® 22.1° 29.0 46.5° 100.5*®
P-value 0.0194 0.0226 0.0202 0.0569 0.0030 0.0131
Linear 0.0033 0.6297 0.0502 0.0155 0.7402 0.0919
Quadratic 0.0880 0.0106 0.0556 0.4595 0.0635 0.0321
Cubic 0.3331 0.4375 0.6730 0.7133 0.1066 0.3334
Variety
Topper-76-6 13094 16.8 233 23.7 67.1°* 117.8
CHR-SW$ 15846% 15.7 17.2 20.0 59.7 98.8
MSI1E 18238 15.4 18.0 222 67.8 108.5
Dale 22431% 16.2 21.0 327 28.8° 92.2
Theis 19032° 15.8 15.1 27.8 26.9° 83.1
P-value 0.0321 0.1791 0.5079 0.0571 <0.0001 0.1729

"Values for nitrogen rates and variety within a column with same letters are not significantly different at P=
0.05.
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Table 5. Juice volume, brix and sugar contents of different sweet sorghum varieties in
response to nitrogen fertilizer at Randolph farm, Virginia State University, in 2015.

Sugar content

Nitrogen Volume

(Kg:N-ha™!) (Lha™h) Brix Fructose Glucose  Sucrose  Total sugar
gl
0 16078" 14.3 17.6 25.6° 38.5 82.4
40 18347 13.3 13.7 18.1° 26.5 59.0
80 19799 13.1 15.0 26.2° 32.1 75.0
120 18482 13.1 18.4 24.3 33.6 77.0
P-value 0.1951 0.0678 0.2750 0.0396 0.1038 0.0741
Linear 0.1294 0.0298 0.5109 0.8251 0.4466 0.8183
Quadratic 0.1639 0.2988 0.7953 0.3531 0.1401 0.1767
Cubic 0.7568 0.8019 0.1419 0.0526 0.4671 0.2499
Variety
Topper-76-6 16142°¢t 15.3 19.7% 26.1° 38.9° 85.1°
CHR-SW8 18785 13.8° 18.8* 25.0° 36.5° 80.8*
MSI1E 20489* 13.0% 17.28 25.4° 39.0° 81.9°
Dale 14787¢ 13.2° 17.18 28.4° 35.2° 83.2°
Theis 20954° 12.1¢ 9.0° 14.1° 16.6° 40.3°
P-value 0.008 <0.0001 0.0059 0.0015 0.0002 <0.0001

"Values for nitrogen rates and variety within a column with same letters are not significantly different at P=
0.05.

greatest volume of 20,954 and 20,489 L-ha™', respectively. The least juice volume
of 14,786 L-ha™' produced by Dale was statistically similar to 16,142 L-ha™ pro-
duced by Topper 76-6.

3.1.3. Juice "Brix and Sugar Content

In 2014, juice °Brix showed no clear relationship to N fertilizer application with
values ranging from 15.3 to 16.6 (Table 4). Juice °Brix did not differ among va-
rieties and averaged 15.9. Juice from crops receiving 40 or 80 kg:N-ha™, had
higher fructose and total sugar than the unfertilized crop (Table 4). Although
glucose content showed a linear response to N fertilizer rate, there were statisti-
cally similar within the range of N rate used. Varieties only showed differences
in amount of sucrose (P < 0.001). Dale and Theis had the least sucrose content
averaged at 28.0 g-L™' while the others had similar quantities averaged at 6.49
¢/100 ml (Table 4).

The fertilized crop produced juice with numerically lower °Brix values in 2015
and the effect of N application was not significant (Table 5). The juice from
non-fertilized crop had a higher °Brix value (14.3) while crops receiving some
level of N fertilizer averaged at 13.1 (Table 5). Except for glucose that showed
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significant N effect with no particular trend, other sugars and total sugar showed
no response to N fertilizer (Table 5). Across N fertilizer rates, fructose, sucrose
and total sugar averaged 16.2, 32.7, and 73.3g-L"", respectively. Varieties showed
significant (P < 0.001) differences in "Brix value with Theis showing the least
value (12.1) and Topper 76-6 the greatest value (15.3).

3.2. The Effect of Panicle Removal

3.2.1. Effect on °Brix

°Brix value were significantly affected (P < 0.05) by panicle removal and differed
with variety (Table 6), although no interaction (P = 0.07) between variety and
panicle removal was observed. However, for all varieties, juice obtained from
plants with panicles had relatively lower °Brix value compared to those without
panicles. Across varieties, mean °Brix value for plants with panicle was 16.8, a
value significantly (P < 0.05) lower than the 19.0 shown by juice from plants
whose panicles were removed. Among the varieties, Theis had the lowest *Brix
value (17.5) compared to that of CHR-SW8 and Topper that averaged a unit
higher at 18.4. In 2015, a significant interaction (2 < 0.001) between variety and
panicle removal was observed (Table 6). For plants with panicles, Topper had
the highest *Brix of 16.6 while Theis had the lowest at 13.2. All others had simi-
lar “Brix values that averaged 14.4. For plants without panicles, Topper had the
greatest “Brix value (18.1), followed by M81E and CHR-SW8 with °Brix value
averaging 16.7. Dale and Theis had similar and the least “Brix value averaged at
15.9.

Table 6. Brix, sucrose, and total sugar content in juice from different varieties as affected
by presence (+) or absence (—) of the panicle.

°Brix Sucrose Total sugar
Variety Panicle 2014 2015 2014 2015 2014 2015
glL™

Topper-76-6 + 18.1b" 16.6" 61.2% 54.5b¢ 117.4bcde 102.3*
CHR-SW$8 + 16.7° 14.7¢ 68.1° 46.8% 109.14¢ 92.1°
MS1E + 16.4° 14.2¢ 61.0% 45,04 106.5% 91.7°
Dale + 16.7¢ 14.3¢ 44,04 39.0% 105.1¢ 95.4°
Theis + 16.4° 13.2f 4224 21.1° 94.9° 46.84
Topper-76-6 - 20.0° 18.1° 85.4° 73.0° 143.0° 121.7
CHR-SW8 - 18.7° 16.4 79.8% 69.3* 133.6° 116.2*
MS81E - 18.8° 17.0° 68.1%° 63.5® 125.1%¢ 109.0%
Dale - 18.8° 15.64 66.6° 31.8° 121.9° 70.7¢
Theis - 18.6° 16.2¢4 51.8° 31.8° 112.7% 64.5¢

"Values within a column with same letters are not significantly different at 2= 0.05.
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3.2.2. Effect on Glucose, Fructose and Sucrose Content

In 2014, variety and panicle removal affected the concentration of all simple su-
gars (data not shown), sucrose, and total sugar in the juice (Table 6). Sucrose
and total sugar were greater in crops whose panicles were removed compared to
those with panicles. Topper, M81E, and CHR-SW8 had similar sucrose content
averaged at 63.0 g-L™' that were higher than that of Dale and Theis, at 43.1 g-L™".
In juice from plants whose panicles were removed, a similar pattern was ob-
served with Topper, M81E, and CHR-SW8 giving similar sucrose content aver-
aged at 77.0 g-L". Dale had sucrose content of 67.0 g-L™' that was greater than
52.0 g-L™! for Theis, but similar to that of M81E, and CHR-SW8. For plants with
panicles, Theis had the least total sugar of 94.9 g-L™!, while all other varieties had
comparable contents averaging 110 g-L™". For plants without panicle, total sugar
content of 143.0 g-L™' in Topper was similar to that of CHR-SW8 and M81E and
greater than the 113 g-L™' recorded for Theis.

In 2015, simple sugars (data not shown), sucrose and total sugar content were
significantly affected by the interaction between variety and panicle removal
(Table 6). While all varieties showed an increase in juice sucrose and total sugar
content with panicle removal, the percentage increase differed with variety.
Plants with panicles, were greatest sucrose content (54.5 g-L™') in Topper was
similar to that of other varieties except Theis. The least sucrose content of 21.1
gL' found in Theis was similar to 39.0 g-L™' found in Dale. In plants without
panicle, Dale and Theis juice had the least sucrose content averaged at 35.4 g-L™".
All other varieties had greater juice sucrose content averaged at 75.6 g-L™". Simi-
larly, in plants with panicles, Theis had the least total sugars at 46.8 g-L™', while
all other varieties had greater but similar contents averaged at 95.3 g-L™". The
same trend was seen in plants with without. Dale and Theis had similar and the
least amount of total sugar averaged at 67.7 g-L™', while all other varieties had
similar and greater sugar content averaged at 115.6 g-L™". In all years and for
each variety, sugar concentration of sugars in plants with panicles were lower
than that those without.

4. Discussion

Yield obtained for all the varieties studied were within margins of those reported
by other researchers [24] [25] [26]. The observed varietal difference in fresh
biomass may be a result of genetic differences and resource use efficiency that
was not determined in this study. Nitrogen fertilized crop produced more yield
than the control during both production years. However, the major increased
was with the first increment of 40 kg-N-ha™, a result similar to that previously
reported [20] [22]. Though there was yield increased up to 80 kg-N-ha 7, the de-
crease in additional yield per unit of N may be attributed to diminishing returns.
Residual soil N and mineralized N from organic matter and preceding crop his-
tory may affect N response [18]. The observed differences in N response magni-
tudes between the two years may be attributed to preceding crop effect, a maize
crop (2014) and soybean (2015).

The juice yield volume for M81E was comparable to those found in Mexico
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and India [27] [28]. It also compares well with those of six varieties and hybrids
evaluated in Nebraska [29]. The respective increase and the relatively higher vo-
lume with N fertilizer in 2014 and 2015 are similar to those reported before [28]
and may be a result of an increase in stem biomass. The low juice yield in Dale in
2015 may be due to observed low fresh stem biomass. The juice °Brix values
were similar to those reported elsewhere [13] [22]. The positive response to N in
sugar content in 2014 is in line with increase in water soluble sugars with N fer-
tilizer reported earlier [30]. The relatively high quantitative values for soluble
sugar in 2014 compared to 2015 may be due differences in rainfall amounts. The
summer of 2014 was drier than 2015 (Table 1) and may have led to increased
soluble sugar production as earlier reported for water stress sweet sorghum that
produced 29% more hexose sugars than a well-watered crop [31]. Differences in
sucrose levels among the varieties may be due to differences in the expression of
the amylase enzyme, a possible scenario especially given that varieties with high
sucrose had lower glucose content. Sucrose and total sugar were slightly lower
than those reported by others [6] [27] [32] [33].

The increase in °Brix with head removal observed is similar to previous re-
ports [12] [13]. Despite previous studies showing that stem sugar accumulation
post-anthesis is minimal [34], increase in sucrose with panicle removal in this
study is similar to other findings where a 13% increase in sugar occurred with
head removal in M-81E [13]. Increase in °Brix and sugar content in stems with
male sterility has also been reported [12]. These two studies show the potential
benefit of pollen sterility and non-seed formation on sugar concentration in the
stem. Manipulation of the plant like removal of panicle is reported to alter nu-
trient partitioning and relocation in plants [35] because developing seeds are
sinks for photosynthates during the grain filling phase [36]. In fact, the resultant
grain starch from soluble sugars that reach the seed can be as high as 200 to 555
g-kg™' of grain weight [37]. Therefore, panicle removal at seeding phase as done
in this study allowed sugars to be redirected to the stems and most likely respon-

sible for the greater juice sugar content obtained.

5. Conclusion

In conclusion, the tested varieties showed good potential for production in the
mid-Atlantic. Nitrogen fertilizer increased fresh biomass and juice yield while
panicle removal increased sugar concentration in extracted juice. Beside these
management strategies, selecting varieties that are shorter and which anchored
firmly on to the soil and with low susceptibility to stalk borer may help reduce
lodging associated biomass losses. While greater volume may compensate low
sugar concentration, extraction of the additional juice increases the costs. There-
fore, future research should target varieties with inherently high sugar content

for improvement and subsequent recommendation to producers.
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