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Nautrient and Carbohydrate Partitioning in Sorghum Stover
J. M. Powell, F. M. Hons,* and G. G. McBee

ABSTRACT

Although petroleum fuels have been abundant during the past
decade, alternative energy sources are needed for the lomg term.
Sorghum [Serghum bicolor (L.) Moench] stover has been demon-
strated to be a potential biomass energy source. Complete above-
ground crop removal, however, can result in soil degradation.
Differential dry matier, nutrient, and carbohydrate partitioning by
sorgham cultivars may allow management strategies that retorn cer-
tain stover parts to the field while removing other portions for al-
ternative uses, such as energy production. A field study was
condocted to determine N, P, K, nonstroctural carbohydrate, cellu-
lose, hemicellulose, and lignin distributions in stover of three diverse
sorghum cultivars of differing harvest indices. Determinations were
based on total vegetative biomass; total blades; total stalks; and
upper, middle, and lower blades and stalks. Concentrations of N
and P were higher in blades than stalks and generally declined from
upper to lower stover parts. Large carbohydrate and lignin concen-
tration differences were observed on the basis of cultivar and stover
part. Greater nutrient partitioning to the upper third of the inter-
mediate- and forage-type sorghum stovers was observed as com-
pared to the conventional grain cultivar. Stover carbohydrates for
all cultivars were mainly contained in the lower two-thirds of the
stalk fraction. A system was proposed for returning upper stover
portions to soil, while removing remaining portions for alternative
uses.

SGRGHUM has been identified as a good biomass
crop for fermentation to methane or ethanol
(Miller and Creelman, 1980; Creelman et al, 1981;
Lacewell et al., 1986). Removal of all aboveground dry
matter over time, however, can result in declining soil
productivity. Differential partitioning of nutrients and
carbohydrates in sorghum stovers may allow the re-
moval of components high in carbohydrates for en-
ergy production and the return of other components
to the field.

Plant parts can vary in mineral content and car-
bohydrate composition, which directly impact decom-
position rates by soil microorganisms, palatability to
ruminant livestock, and usefulness as alternate energy
sources. Structural carbohydrate and lignin concen-
trations in cell walls may vary widely in stover parts,
directly affecting their value as a livestock feed or bio-
mass energy source (Van Soest, 1982; Reed et al.,
1988). Significant cultivar differences in structural and
nonstructural carbohydrate concentrations and rela-
tive proportions of cellulose, hemicellulose, and lignin
may also exist in sorghum stovers {Ferraris and
Charles-Edwards, 1986; Smith et al., 1987; McBee and
Miller, 1990).

The objective of this study was to determine sor-
ghum cultivar effects on dry matter, nutrient, total
nonstructural carbohydrate, celiulose, hemicellulose,
and lignin distributions in various stover components.
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MATERIALS AND METHODS

Field experiments were conducted at the Texas Agricul-
tural Experiment Station Research Farm in Burleson County
near College Station on a Ships clay soil (very fine, mixed,
thermic Udic Chromustert) during 1986 and 1987. Average
annual precipitation at the site (50-yr period) is 980 mm,
45% of which occurs between the April to August cropping
period. Three sorghum cultivars were used in the study:
ATxz623 X RTx430, a conventional grain type; ATx623 X
Hegari, an iuiermmdiam-typc sorghum producing a relatively
high yield of both grain and stover; and Grassl, a forage-type
sorghum. The experimental design was a randomized com-
plete block with each cultivar being replicated four times in
plots consisting of six rows, 7.6 m long and 0.68 m apart.

Plots received 112 kg N ha-' as NH,NO; with half the N
broadcast preplant and worked intuiputpared beds by using
a rolling cultivator. The remaining fertilizer N was subsur-
face banded approximately 30 d atier planting. Planting oc-
curred in late March each year, with harvest normally
occurring in early to mid-August. Grain and stover yields
and plant samples were obtained from the middle two rows
of each six-row plot when the kernels were approximately
10 d post-black layer. Panicles for grain yield determination
were hand-harvested from the middle 3 m of the two rows
sampled in each plot and threshed in a stationary plot thresh-
er. Grain moisture was determined by electrical resistance
and yields were corrected to 140 g kg-' moisture. Stover was
removed 2 cm above the soil surface in the area harvested
for grain and immediately weighed. Subsamples were taken
for dry matter determination and calculation of total stover
dry matter yield. Two additional planis per plot were sam-
pled for chemical analysis of total stover, three plants per
plot were sampled for analysis of total blades and stalks, and
three additional plants were used for analysis of upper, mid-
dle, and lower blades and stalks. Plants for these stover anal-
yses were also cut 2 cm above soil level. Panicles were
removed at the peduncle and leaf sheaths were included with
stalk fractions. Plants used for analysis of upper, middle,
and lower blades and stalks were measured and divided
equally into the above portions. The conventional grain and
forage-type sorghums were sampled for dry matter, nutrient,
carbohydrate, and lignin partitioning in 1986 and 1987,
whereas the intermediate-type sorghum was sampled for
these parameters in 1987 only. The cultivar ATx623 X Ric
was originally used as the intermediate cultivar in 1986. Be-
cause of severe lodging of this cultivar, however, no data
were collected for the intermediate cultivar in 1986 and
ATx623 > Hegari was substituted as the intermediate cul-
tivar in 1987. )

After oven-drying (60 °C, 4 d), samples were initially
ground through a2 hammer mill to pass a 10-mm screen and
subsequently ground in a high-speed mill to <1 mm. Sub-
samples were acid digested (Nelson and Sommers, 1980) and
analyzed for N and P by autoanalyzer (Technicon, 1977),
while K was determined by inductively coupled plasma spec-

y. A phenolsulfunc acid procedure {Guiragossin et
al., 1979) was used to determine total nonstructural carbo-
hydrate contents as hexose equivalents in stover material.
Samples were extracted by placing 1 g of ground tissue in
50-mL centri tubes and boiling in 20 mL of distilled
water for 30 min. After cooling, 10 mL of 0.25% amylase
plus 10 mL of 0.5% amyloglucosidase were added to each
sample and allowed to incubate for 24 h at 60 °C. Samples
were subsequently filtered and brought 1o 50 mL volume for
analysis. The procedure of Goering and Van Soest (1970)
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was used to determine hemicellulose, lignin, and ceilulose.
During neutral detergent fiber extraction, approximately 2
mL of 2% amylase was added to each sample to digest ex-
cessive starch and facilitate sample filtering (Robertson and
Van Soest, 1977).

Dry matter weights were multiplied by respective nutrient
and carbohydrate concentrations to yield nutrient and car-
bohydrate contents on a plant part basis, Yields for upper,
middle, and lower stover fractions were determined by sum-
ming respective blade and stalk yields.

Analysis of variance using the general linear models pro-
cedure (SAS Institute, 1982) was used to determine yearly
cultivar and stover plant part differences in dry matter, N,
P, K, and structural and nonstructural carbohydrate con-
centrations and yields. Tukey's Honestly Significant Differ-
ence Test (Montgomery, 1984) was used to delineate
differences in treatment means where appropriate.

RESULTS AND DISCUSSION

Total Stover Dry Matter, Nitrogen, Phosphorus,
Potassinm, and Carbohydrate Yields

Total aboveground dry matter yield (grain + stover)
and nutrient and carbohydrate assimilation and par-
titioning varied considerably among the three sor-
ghum cultivars. Total aboveground dry matter yield
averaged 11.3 Mg ha' for ATx623 X RTx430 (con-
ventional grain-type sorghum), 21.2 Mg ha-! for
ATx623 X Hegari (intermediate-type sorghum) and
23.2 Mg ha™' for Grassl (forage-type sorghum). Har-
vest indices for these three sorghums were 53.8, 20.1,
and 2.5%, respectively. Total aboveground N, P, and
K contents of ATx623 X RTx430 were 103, 24, and
129 kg ha' with approximately 71, 65, and 13% of
these totals being contained in grain. ATx623 X He-
gari contained 96, 26, and 301 kg ha! of total above-
ground N, P, and K with 59, 47, and 5% of the totals
in grain, respectively. Except for the 1 yr of limited
(1.1 Mg ha-') grain production by Grassl (1986), all N
(108), P (30), and K (287 kg ha™') remained in vege-
tative material. Grassl is highly sensitive to the inter-
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Fig. 1. Cultivar differences for sorghum stover dry matter and no-
trient yields [vertical bars (I) represent HSDy .. for between cul-
tivar comparisons within stover component).
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action of photoperiod and temperature and normally
will not flower at our location.

Large cultivar differences in stover dry matter and
stover, N, P, and K yields were observed (Fig. 1).
Grassl stover dry matter, N, and P yields were signif-
icantly greater than those of the other cultivars. Al-
th Grassl stover dry matter production was only
33% greater than that of ATx623 X Hegari, Grassl
stover N and P contents were more than twice as large.
Grain of ATx623 X Hegari (4.2 Mg ha-') was a strong
sink for N and P and was primarily responsible for
observed stover N and P differences between the in-
termediate and forage cultivars,

Significant cultivar differences in total stover car-
bohydrate and lignin yields and partitioning were also
observed (Fig. 2). Approximately 81% of total plant
aboveground nonstructural carbohydrates [assuming
sorghum grain contains approximately 75% starch
(Doggett, 1970)] produced by the conventional grain
sorghum was contained in grain as compared to 44%
of total nonstructural carbohydrates contained in grain
for the intermediate-type sorghum. Since the forage
sorghum produced a small amount of grain in only 1
yr, most nonstructural carbohydrates were contained
in the vegetative material.

Each cultivar also differed as to relative proportions
of the various carbohydrates and lignin contained in
stover (Fig. 2). Grassl and ATx623 X Hegari stovers
would be more suitable for potential fermentation to
methane or ethanol than ATx623 X RTx430 stover
since nonstructural carbohydrates are most rapidly
converted, followed by structural carbohydrates
{McBee and Miller, 1990).

Dry Matter, Nutrient, Carbohydrate,
and Lignin Concenirations in Stover Parts

The conventional grain cultivar had a smaller
blade:stalk ratio (1:2.5; Table 1) than the intermediate-
type (1:6.2; Table 2) or the forage sorghum (1:4.6; Ta-
ble 3). Middle blades comprised the greatest percent-
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Fig. 2. Cultivar differences for sorghum stover carbohydrate and
lignin yields [vertical bars (I) represent HSD, . for berween cul-
tivar comparisons within stover component].
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age of the total blade dry matter of ATx623 X RTx430
and ATx623 X Hegari, whereas upper and middle
blades comprised similar proportions of Grassl blade
dry matter. The greatest portion of stover dry matter
for all cultivars came from lower stalks, which con-
stituted from 27 to 33% of total stover dry matter.
Sums of upper, middle, and lower blades and upper,
middle, and lower stalks were not identical to total

Table 1. Dry matter (DM), N, P, K, nonsiructural

blade and stalk values in tables because different plants
were sampled for the respective determinations as de-
scribed in Materials and Methods.

Concentrations of N and P were greater in blades
than stalks and generally declined from upper to lower
stover parts (Tables 1, 2, and 3). Potassium concen-
trations were somewhat similar in Grassl blade and
stalk fractions, but were much higher in ATx623 X

te (NSC), cellulose (CL), hemicellulose (HC), and lignin (LG) concentrations

carbohydra
in AT>623 X RT>430 stover parts (combined means of 1986 and 1987),

Stover Part DM N F K MSC CL HC LG

% of total 1

imkads g kg
Total Stover {i1] 6.0 1.4 0.7 142 313 282 71
Blades, total 28.4 13.8 2.4 12.3 100 249 329 54
Upper B.3 14.8 235 123 141 254 315 57
Middle 13.2 11.4 2.0 3.2 83 261 320 49
Lower 5.8 8.5 1.5 6.6 108 292 293 65
Stalks, total 7.6 4.6 1.6 24.4 212 316 255 T
LUpper 10.5 5.0 1.3 257 75 334 328 75
Middle 25.0 4.6 1.4 231 148 337 276 77
Lower 372 3l 1.3 218 245 337 234 T2
HSD ALLY = 3.2 0.8 53 41 61 47 24
HED Blades - 28 1.2 4.3 35 NS NS NS
HSD Stalk - 14 NS% NS i3 NS 29 NS

t All indicates Honestly Significant Difference (HSD) (p < 0.05) for all column pairwise comparisons; HSD Blades and HSD Stalks for comparing respective

upper, middle and lower
{ NS indicates no significant difference.

Table 2. Dry matter (DM}, N, P, K, nonstructural carbohydrate (NSC), cellulose (CL), hemicellalose (HC), and lignin (LG) concentrations

in ATX623 X Hegari stover parts (1987).

Stover part DM N P K MNSC CL HC LG
% of total kg™
Total Stover 100 23 0.8 16.9 285 253 217 73
Bldes, total 13.8 74 1.2 129 89 269 338 55
Upper 5.1 2.6 1.7 2.1 NI ND N ND
Middle 7.1 5.8 1.0 14.7 ND ND ND ND
Lower 3.6 4.7 0.7 124 ND ND ND ND
Stalks, total 86.2 L9 0.8 16.8 389 234 207 76
Upper 12 25 0.8 15.0 ND ND ND ND
Middle 5.1 1.4 0.7 16.5 ND MND ND ND
Lower 36.9 1.5 0.7 206 ND MD NDy ND
HSD AllY - 1.9 0.5 4.0 51 23 17 7
HSD Blades = L3 0.9 NS = - == =
HSD Stalks - 0.8 NS 1.6 - - - -

1 All indicates Honestly Significant Difference (HSD) {p < 0.05) for all column pakrwise comparisons; HSD Blades and HSD Stalks for comparing respective

upper, middle and lower components.
$ ND signifies not determined; NS indicates no significant difference.

Table 3. Dry matter (DM), N, P, K, nonstruciural carbohydrate (NSC), cellulose (CL), hemicellulose (HC), and lignin (LG) concentrations

in Grassl stover parts (combined means of 1986 and 1987).

Stover DM M P K NSC CL HC LG

% of total i

stover 8 ke
Tatal Stover 104 4.5 1.4 13.2 ) | 291 239 70
Blades, total 8.0 122 2.0 150 112 98 387 54
Upper 6.9 16.0 23 125 160 264 421 51
Middle 6.3 8.9 1.4 16.6 87 kx ] ass 60
Lower 2.7 T.4 ] 13.6 67 336 k1N 66
Stalks, total 82.0 37 1.2 129 116 275 213 65
Lipper 15.9 4.6 1.4 122 305 267 290 52
Middle 28.1 23 1.0 10.7 308 276 204 68
Lower 40.0 13, 1.0 129 297 301 05 85
HSD All} - 2.7 05 4.0 32 EH] 47 15
HSD Blades - 7.3 0.4 28 36 &4 17 5
HSD Stalks - 0.9 N5 NS NS 14 59 13

t All indicates Honestly Significant Difference (HSD) (p < 0.05) for all column pairwise comparisons; HSD» Blades and HSD Stalks for comparing respective

upper, middle and lower components.
§ NS indicates no significant difference.
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Cultivars
AT X623 X Hegari Grassl

ATHX623 X RTX430

Stover Component Upper third  Lower two-thirds Upper third  Lower two-thirds Upper third  Lower two-thirds
Dry matter (Mg ha™} L19)F 4.2 4.4{26) 12.5 5.1(23) 173
Nitrogen (kg ha™") 8.3(15) 254 17.0440) 25.1 55.6(52) 520
Phosphorus (kg ha') 2.0(26) 5.7 4.3(31) 9.5 11.9(39) 18.4
Potassium (kg ha-*) 15.2{15) 878 61.4(17) 226.9 T1.3(25) 2159
MNonsiruciural 0. 10{12) 0.75 MDY} ND 1.08{18) 505
carbohydrates (Mg ha™')

Cellulose (Mg ha-") 0.30{18) 1.35 ND ND 1.3721) 5.17
Hemicellolose (Mg ha™') 0.32(22) 1.12 ND ND L.T{31) 382
Lignin (Mg ha™") 0.06(17) 0.29 ND ND 0.26(17) 1.26

t Numbers in purentheses indicate the percentage of the parameter contained in the upper third of stover.
§ No fractionation of carbohydrates for this cultivar corresponding to opper, middle and lower stover components.

RTx430 stalks than blades. Nutrient accumulation in
upper plant parts in sorghums and other cereals is
normally indicative of nutrient remobilization during
grain development (Vanderlip, 1972; Marschner,
1986). Shoot apexes remain photosynthetically active
during grain fill and have greater nutrient reguire-
ments (Pate and Layzell, 1981).

Although values were averaged over 2 yr, one dif-
ference due to year was noted for total N concentration
in ATx623 X RTx430. Total stover and total blade
N concentrations were significantly greater (p < 0.01)
in 1987 than 1986. Grain vyields for this cultivar in
1986 and 1987 were 6.7 and 5.4 Mg ha-!, respectively.
Greater stover N concentration in 1987 may have been
due to reduced sink demand associated with lower
grain yields,

The two-fold increase in ATx623 X Hegari stover
dry matter yields as compared to ATx623 X RTx430
resulted in dilution of nutrient concentrations in all
stover components (Tables 1 and 2). Nitrogen and P
concentrations in Grassl stover tended to be higher
than in ATx623 X Hegari stover (Tables 2 and 3),
probably because Grassl produced no or only a very
small grain sink while the intermediate-type sorghum
exhibited a moderate grain yield.

Carbohydrate and lignin concentrations varied con-
siderably between stover parts (Tables 1, 2, and 3).
Concentrations of hemicellulose were generally higher
in blades than stalks, whereas the reverse was true for
lignin, Stalks contained higher concentrations of non-
structural carbohydrates, most structural carbohy-
drates, and lignin than did blades. The higher
concentrations of lignin in stalks was possibly due to
its role in cell-wall strength and plant support. Stalks
contained higher concentrations of nonstructural car-
bohydrates and may have served as a storage organ
for these carbohydrates. Nonstructural carbohydrate
concentrations were higher in upper than in middle
or lower blade fractions and may be associated with
reported carbohydrate accumulations in upper plant
parts after grain fill, especially in axillary branches
(Vietor et al., 1990). The two-fold increase in Grassl
nonstructural-carbohydrate concentrations in upper as
compared with middle and lower blade fractions was
probably due to continued photosynthesis by upper
leaves and lack of a significant reproductive sink for
remobilization.

Stover Management Based on Nutrients
and Carbohydrates in Stover Parts

Mutrient, lignin, and carbohydrate partitioning in
sorghum stover suggested that the upper third of
Grassl stover might be returned to the field, while the
remaining middle and lower portions, high in non-
structural and structural carbohydrates, could be used
for alternative purposes, such as methane production
{Table 4). The upper one-third of Grassl stover con-
tained approximately 1.6, 1.5, and 0.7 times the total
M, P, and K contained in the total aboveground stover
of the conventional grain cultivar. Although only 23%
of Grassl's total vegetative dry weight was contained
in the upper third of the stover, this portion contained
52 and 39% of the total stover N and P, respectively.
These values contrasted with 40 and 31% and 25 and
26% of total stover N and P in the upper stover thirds
of ATx623 X Hegari and ATx623 X RTx430. The
quantities of N, P, and K in ATx623 X Hetgari upper
stover components were only about half of that con-
tained in the total aboveground stover of the conven-
tional grain cultivar.

Dry matter, nutrients, and carbohydrates in the lower
two-thirds of stover were greatest for Grassl (Table 4).
If nonstructural carbohydrates, cellulose, and hemicel-
lulose are assumed digestible or fermentable (McBee et
al., 1987), then Grassl produced 18.2 Mg ha! of po-
tentially digestible stover carbohydrates, 77.2% of
which were located in the lower two-thirds of stover.
ATx623 X RTx430 yielded only 3.94 Mg ha' of po-
tentially digestible stover carbohydrates, with 81.7%
being found in the lower two-thirds of stover.

Dhgestibility of the cell wall components in cereal
stovers largely depends on the extent of lignification
(Van Soest, 1982; 1988). Cell walls of ATx623 X
RTx430 and Grassl on a total stover basis had similar
celluloserhemicellulose:lignin ratios of 1:0.87:0.21 and
1:0.84:0.23, respectively, indicating that these stovers
might be more easily converted to methane or ethanol
than ATx623 X Hegari stover with a cell wall ratio
of 1:0.90:0.31.

CONCLUSIONS

Cultivar differences were observed for dry matter,
nutrient, nonstructural and structural carbohydrate,
and lignin yields and partitioning. The cultivar Grassl



appeared the most suitable as a biomass energy source
based on stover carbohydrate yields and partitioning.
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