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Predicting Developmental Morphology in Switchgrass and Big Bluestem 

Rob B. Mitchell,* Kenneth J. Moore, Lowell E. Moser, John 0 .  Fritz, and Daren D. Redfearn 

ABSTRACT 

Switchgrass (Panicurn virgatum L.) and big bluestem (Andropogon 
gerardii Vitman) are important warm-season grasses in livestock pro- 
duction systems in the central and eastern USA. The objectives of this 
study were to quantify the morphological development of  railbl blazer' 
switchgrass and 'Pawnee' big bluestem and to evaluate day of the 
year (DOY) and growing degree day (GDD) as predictors of 
switchgrass and big blnestem morphological stage. Pure stands of 
each species were sampled at weekly intervals in 1990 and 1991 at 
Mead, NE, and classified as to mean stage count (MSC) and mean 
stage weight (MSW). Prediction equations for MSC and MSW were 
developed based on DOY and GDD. The validation study was har- 
vested at 2-wk intervals in 1992 and 1993 at Mead, NE, and Manhattan, 
KS, and classified as to MSC and MSW. Switchgrass and big bluestem 
MSC and MSW were related linearly in all environments. Linear 
DOY calibration equations accounted for 96% of the variation in 
switchgrass MSC across four environments, which indicates that 
switchgrass development was related to photoperiod and that general 
management recommendations could be based on DOY in the central 
Great Plains. Quadratic GDD calibration equations accounted for 
83% of the variation in big bluestem MSC across four environments, 
which indicates that big bluestem development is more difficult to 
predict and management recommendations in the central Great Plains 
should be based on morphological development (which is best pre- 
dicted by GDD). The comprehensive growth staging system gave 
repeatable results for quantifying the morphological development of 
switchgrass and big blnestem. The morphological development of 
switchgrass and big bluestem can be reliably predicted for adapted 
cultivars in the central Great Plains during years with near-normal 
precipitation using DOY and GDD because of the determinate growth 
habit of these grasses. 

WITCHGRASS AND BIG BLUESTEM are perennial, warm- s season grasses native to the central Great Plains of 
the USA, and are determinate in growth habit. 
Switchgrass and big bluestem have become increasingly 
important as pasture grasses in the central and eastern 
USA because they are productive during the hot sum- 
mer months, when cool-season grasses are relatively 
unproductive (Moser and Vogel, 1995). Cumulative ef- 
fects of genetics, environment, and plant age are inte- 
grated and expressed in the developmental morphology 
of a species (Buxton and Marten, 1989). Morphological 
development has been used to time properly the applica- 
tion of management practices such as grazing (Kirch, 
1995), hay harvesting (Kalu and Fick, 1981), prescribed 
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burning (Mitchell et al., 1994), and fertilization (Rehm 
et al., 1976). 

Plant maturity is the primary factor affecting morpho- 
logical development and forage quality within a species 
(Nelson and Moser, 1994). Morphological development 
influences accessibility, palatability, and regrowth po- 
tential of forage species following defoliation (Briske, 
1991). Day of the year and accumulated GDD have 
been used to predict leaf development of native, warm- 
season grasses (Frank and Hofmann, 1989). Predicting 
the morphological development of a species may aid in 
planning and making forage management decisions. 

A classification system developed by Moore et al. 
(1991) was used to quantify the relationship of MSC 
and MSW with DOY and GDD in prairie sandreed 
[Calamovilfa longifolia (Hook.) Scribn.] and sand blue- 
stem [Andropogon gerardii var. paucipilus (Nash) Fern.] 
tiller populations (Hendrickson, 1992). The MSC of 
prairie sandreed and sand bluestem was predicted by 
DOY as well as by GDD. However, temporal and spatial 
variations in the morphological development of a sward 
may make MSC difficult to predict from one growing 
season to the next (Hendrickson, 1992; Moore and 
Moser, 1995). 

Our objectives were (i) to quantify the developmental 
morphology and determine the relationship between 
MSC and MSW of switchgrass and big bluestem tiller 
populations and (ii) to evaluate DOY and GDD models 
as predictors of morphological development (MSC and 
MSW) of switchgrass and big bluestem tiller populations 
in different environments. 

MATERIALS AND METHODS 

Prediction Equation Development 
Pure stands of 'Trailblazer' switchgrass and 'Pawnee' big 

bluestem were seeded in 1986 in a randomized complete block 
design with a split-plot arrangement and six replicates on a 
Sharpsburg silty clay loam soil (fine, montmorillonitic, mesic 
Typic Argiudoll) at the University of Nebraska Agricultural 
Research and Development Center near Mead, NE (96"33' 
W, 41°11' N). Species were whole plots (1.2 by 4.6 m), years 
(1990 and 1991) were subplots, and harvests were sub-sub- 
plots. Prior to initiation of spring growth each year, standing 
dead material was mowed to a 2-cm stubble height and residue 
was removed. Nitrogen was applied in late May 1990 and 1991 
at 110 kg N ha-'. Switchgrass and big bluestem were harvested 
at approximately 7-d intervals from two 0.09-m2 quadrats, 
beginning on 6 June and concluding 6 Sept. 1990, and begin- 
ning on 22 May and concluding 3 Sept. 1991. 

Tillers used for morphological classification were hand- 
clipped at ground level from two 0.09-m2 quadrats randomly 
located within each whole plot. Tillers were transported to 
the laboratory and morphologically classified using the system 
described by Moore et al. (1991). The quantitative indices for 

Abbreviations: DOY, day of the year; GDD, growing degree day; 
MSC, mean stage count; MSW, mean stage weight; RMSE, root mean 
square error; S,,,, standard deviation of the mean stage count. 
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developmental stage were assigned at the conclusion of each 
growing season based on the total number of events in the 
vegetative and elongating stages. Mean stage count and MSW 
were determined for each species at each harvest date to 
quantify developmental morphology of the tiller populations 
using the working formula from Moore et al. (1991). 

4.y s, X N, 
MSC = x 7 

where S, is the growth stage, 1 to 4.9; N, is the number of 
tillers in stage S,; and C is the total number of tillers. The 
MSW can be calculated by replacing N and C with the total 
dry weight for the tillers in each stage and the total dry weight 
for all tillers, respectively. Standard deviation of the MSC 
(S,,,) was determined for each species at each harvest date 
to estimate variation about the MSC within tiller populations 
using the following equation from Moore et al. (1991). 

Accumulated GDD for the kth DOY was calculated as 

GDD = x C, - 10 

where C, is the mean temperature for day i. 
Day of the year and GDD were included as independent 

variables using linear. quadratic, and cubic effects with MSC 
and MSW as dependent variables in the combined data set 
for each species from 1990 and 1991 using the PROC REG 
procedure of SAS (SAS, 1985). Only significant (P < 0.10) 
regression coefficients were retained in the model. 
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11 I 
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MEAN STAGE WEIGHT 
Fig. 1. Mean stage count (MSC) and mean stage weight (MSW) rela- 

tionships for 'Trailblazer' switchgrass grown (a) near Mead, NE, 
in 1990 and 1991 and (b) near Mead, NE, and Manhattan, KS, in 
1992 and 1993. 

Validation of Prediction Equations 
The validation study was conducted in 1992 and 1993 at 

the University of Nebraska Agricultural Research and Devel- 
opment Center near Mead and the Kansas State University 
Agronomy North Farm near Manhattan (96"33' W, 39'11' N). 
Validation plots of Trailblazer switchgrass and Pawnee big 
bluestem were established in 1991 on a Sharpsburg silty clay 
loam soil in Nebraska and on a Wymore silty clay loam soil 
(fine, smectitic, mesic Aquertic Argiudoll) in Kansas as ran- 
domized complete blocks arranged as split plots with three 
replicates. Species were whole plots, years (1992 and 1993) 
were subplots, and harvests (six per year) were sub-subplots. 
Whole plots were 5 by 10 m, subplots were 5 by 5 m, and sub- 
subplots were 1.7 by 2.5 m. Vegetation on the plots to be 
harvested in 1993 remained undisturbed throughout the 1992 
growing season. Prior to initiation of spring growth, standing 
dead material was mowed to a 2-cm stubble height and residue 
removed. Nitrogen was applied in late May 1992 and 1993 at 
110 kg N ha-'. In Nebraska, switchgrass and big bluestem 
were harvested on 20 May, 3 and 17 June, 2 and 14 July, 
and 12 Aug. 1992 and 1993. In Kansas, switchgrass and big 
bluestem were harvested on 19 May, 4 and 19 June, 1 and 14 
July, and 10 Aug. 1992,10 and 25 June, 12 and 22 July, and 6 
and 18 Aug. 1993. Tillers used for morphological classification 
were hand-clipped and morphologically classified as to MSC 
and MSW in the same manner as for the calibration study. 

Mean stage count and MSW were predicted using the re- 
gression equations for DOY and GDD developed from the 
calibration study. Predicted MSC and MSW were regressed 
against the actual MSC and MSW determined from the valida- 
tion study for each species across environments using PROC 

Big bluestem 
1990 1991 

1 1  J 
1 2 3 4 5 

MEAN STAGE WEIGHT 

L - 1  MSC = 0.212 + 0.785(MSW) 

Validation 

Big bluestem / ~ i  
1 1  1 I 

2 3 4 5 
MEAN STAGE WEIGHT 

Fig. 2. Mean stage count (MSC) and mean stage weight (MSW) rela- 
tionships for 'Pawnee' big bluestem grown (a) near Mead, NE, in 
1990 and 1991 and (b) near Mead, NE, and Manhattan, KS, in 
1992 and 1993. 
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REG (SAS, 1985). The validity of each model was determined 
by evaluating the coefficient of determination, root mean 
square error (RMSE), slope, and intercept of the regression 
line describing the relationship between the predicted and 
actual MSC and MSW values. 

RESULTS AND DISCUSSION 
Environmental Conditions 

Accumulated GDD on a given DOY was greater in 
1991 than in 1990. Accumulated GDD patterns in Ne- 
braska were similar throughout the growing season in 
1992 and 1993. Accumulated GDD at the conclusion of 
sampling in 1992 and 1993 were 15% greater in Kansas 
than in Nebraska. 

Long-term average annual precipitation at Mead is 
680 mm, with 500 mm occurring between 1 April and 
1 October. Annual precipitation at Mead was near to 
or exceeded the 30-yr long-term average in 1990,1991, 
1992, and 1993 (totaling 687, 780, 658, and 859 mm, 
respectively). At  Manhattan, the long-term average an- 
nual precipitation is 860 mm, with 600 mm occurring 
between 1 April and 1 October. Annual precipitation 
at Manhattan exceeded the long-term average in 1992 
and 1993 (totaling 1053 and 1264 mm, respectively). 

Developmental Morphology 
Switchgrass and big bluestem MSCs were linearly re- 

lated to MSW in all environments (Fig. 1 and 2). How- 
ever, MSC slightly underestimated MSW in both spe- 

Mean Stage Count 
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2 . m  * 1.461.70 2.00 2.17 2.20 2.34 2.65 2.66 2.81 3.00 3.01 3.16 3.50 3.73 

I 
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DAY OF YEAR 
Fig. 3. Tiller demographics and mean stage counts for 'Trailblazer' 

switchgrass grown near Mead, NE, in 1990 and 1991. 

cies, as indicated by the slopes of the regression lines, 
particularly at later stages of development (Fig. 1 and 
2). This indicates that MSW increased at a faster rate 
than did MSC, which is consistent with previous research 
with alfalfa (Medicago sativa L.) (Kalu and Fick, 1981) 
and with prairie sandreed and sand bluestem (Hendrick- 
son, 1992). Since MSC is an average of all tillers present, 
the contribution of juvenile and mature tillers is equally 
weighted (Kalu and Fick, 1981). However, MSW is 
based on individual tiller weights. Because tillers accu- 
mulate dry matter as they mature, the MSW gives more 
leverage to tillers at advanced maturities (Moore et al., 
1991). Since MSC and MSW were highly correlated and 
MSC is readily determined, quantification of develop- 
mental morphology for switchgrass and big bluestem 
will be presented as MSC. 

Switchgrass developmental morphology progressed 
linearly with DOY and GDD in all environments. Big 
bluestem MSC increased linearly with DOY and qua- 
dratically with GDD in all environments. Switchgrass 
MSC was always greater than big bluestem MSC on 
common days of the year, indicating that switchgrass 
matured more rapidly. Switchgrass had a larger propor- 
tion of tillers develop to the seed production stage than 
big bluestem did, causing the greater MSC for 
switchgrass (Fig. 3 and 4). Few big bluestem tillers devel- 
oped to the seed production stage prior to the comple- 
tion of sampling, except in late 1991, as indicated by 
tiller demographics (Fig. 4). 

Mean Stage Count 
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Fig. 4. Tiller demographics and mean stage counts for 'Pawnee' big 

bluestem gown near Mead, NE, in 1990 and 1991. 

DAY OF YEAR 

Mean Stage Count 
2M)0128136 145 148165 171 197 195 215 225 259258297332 

1 500 rg - - 

11ue;f 1991 1 I 1 1 I 

I 4 + -I--- 



830 AGRONOMY JOURNAL, VOL. 89, SEPTEMBER-OCTOBER 1997 

Switchgrass El 

DAY OF YEAR 

3 
2 
u 
0 
z 
P 
% 
5 1 -  
W 
0 

Big bluestem El 

DAY OF YEAR 
Fig. 5. Standard deviations of the mean stage count for (a) 'Trail- 

blazer' switchgrass and (b) 'Pawnee' big bluestem grown near 
Mead, NE, in 1990 and 1991. 

2. 

a 

..* 

Switchgrass and big bluestem SMsc increased in a simi- 
lar manner as the growing season progressed at Mead, 
but S,,, was generally greater in 1991 than in 1990 (Fig. 
5 ) .  The greater SMSC in 1991 was probably a response to 
greater precipitation and more rapid accumulation of 
GDD. Big bluestem SMsc was greater than switchgrass 
SMsc in Kansas, whereas switchgrass and big bluestem 
SMSC were similar in Nebraska. A relatively small SMSc 

indicates that the tiller population was comprised of 
tillers in similar developmental phases, such as the first 
three harvests for big bluestem in 1990 and 1991 which 
were comprised solely of vegetative tillers (Fig. 4). The 
increase in SMsc as morphological development pro- 
gressed indicates that the tiller population was com- 
prised of an increasingly diverse array of substages, as 

n 
LT 
Q 
n 
z 
2 
cn 

0 

~ M S C .  

The quadratic response of big bluestem to GDD 

illustrated by tiller demographics for the calibration 
study (Fig. 3 and 4). With intensive grazing manage- 
ment, however, a livestock producer could prevent a 
large proportion of the tillers from advancing to the 

across all environments suggests that the morphological 
development of big bluestem was affected more by envi- 
ronmental variations than was switchgrass (Tables 1 and 
2). The linear response of switchgrass MSC to DOY 

140 160 180 200 220 240 260 r 
reproductive stages and, therefore, maintain a small 

and GDD across all environments indicates that mor- 
phological development of switchgrass is highly predict- 
able (Tables 1 and 2), and suggests that switchgrass may 
be more responsive to photoperiod than big bluestem. 
Photoperiod response may help explain why more tillers 
advance to the reproductive stages in switchgrass than 
in big bluestem. 

Prediction of Developmental Morphology 
The calibration equations with the highest correlation 

coefficients, lowest RMSE, and intercept nearest to 0.0 
were selected to predict morphological development of 
switchgrass and big bluestem (Table 1). Linear and qua- 
dratic equations gave the best fit. There was no advan- 
tage in using higher order polynomials. Developmental 
morphology data from Nebraska and Kansas in 1992 
and 1993 were used to validate the calibration equations. 
Actual MSC data were plotted against values predicted 
from the calibration equation (Table 2). Validation 
equations would require correlation coefficients equal 

Table 1. Calibration equations, coefficients of determination, and root mean square errors (RMSE) for predicting mean stage count 
(MSC) and mean stage weight (MSW) with accumulated growing degree day (GDD) and day of the year (DOY) for switchgrass and 
big bluestem grown near Mead, NE, in 1990 and 1991. 

Independent 
variable Calibration equations 

Coefficient of 
determination RMSE 

GDD 

DOY 

GDD 

DOY 

Switchgrass 
MSC = 0.875 + 0.0017(GDD) 
MSC = NSt 
MSW = 0.832 + 0.0019(GDD) 
MSW = 1.1 + 0.0013(GDD) + 0.00000028(GDD2) 
MSC = -1.399 + 0.021(DOY) 
MSC = NS 
MSW = -1.736 + 0.023(DOY) 
MSW = NS 

Big bluestem 
MSC = 0.600 + 0.0013(GDD) 
MSC = 1.178 + 0.00004(GDD) + 0.0000006(GDD') 
MSW = 0.387 + 0.0017(GDD) 
MSW = 0.973 + 0.0005(GDD) + 0.0000006(GDD2) 
MSC = -0.978 + 0.015(DOY) 
MSC = NS 
MSW = -1.875 + 0.021(DOY) 
MSW = NS 

i NS: Addition of the quadratic component was nonsignificant. 
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Table 2. Validation equations, coefficients of determination, and root mean square errors (RMSE) for mean stage count (MSC) and 
mean stage weight (MSW) based on accumulated growing degree day (GDD) and day of the year (DOY) for switchgrass and big 
bluestem grown near Mead, NE, and Manhattan, KS, in 1992 and 1993. 

Independent 
variable Regression equations 

Coefficient of 
determination RMSE 

GDD 

DOY 

GDD 

DOY 

Switchgrass 
MSC = 0.955 + 0.0019(GDD) 
MSC = 0.662 + 0.0028(GDD) - 0.0000006(GDD2) 
MSW = 1.035 + 0.0020(GDD) 
MSW = 0.673 + 0.0031(GDD) - 0.0000007(GDD2) 
MSC = -2.063 + 0.024(DOY) 
MSC = NSt 
MSW = -2.180 + 0.025(DOY) 
MSW = NS 

Big bluestem 
MSC = 0.893 + 0.0011(GDD) 
MSC = 1.520 - 0.00083(GDD) + 0.0000012(GDD2) 
MSW = 0.841 + 0.0014(GDD) 
MSW = 1.451 - 0.0004(GDD) + 0.0000012(GDD2) 

MSC = -0.745 + 0.013(DOY) 
MSC = 5.88 - 0.06(DOY) + 0.0002(DOY2) 
MSW = -1.337 + 0.018(DOY) 
MSW = 5.83 - 0.061DOY) + 0.0002(DOY2) 

t NS: Addition of the quadratic component was nonsignificant. 

to 1.0, intercept equal to 0.0, and RMSE equal to 0.0 
for perfect fits between predicted and actual values. 

The linear DOY and GDD regression equations from 
the calibration data for switchgrass accounted for 94 
and 98% of the variation in MSC, respectively, and had 
low RMSE, which indicates strong relationships (Table 
1). When the validation data were fit to the calibration 
functions, the linear DOY model gave the best results 
and accounted for 96% of the variation in MSC across 
the four environments (Table 3). The linear DOY equa- 
tion generated from 1990 and 1991 data accurately pre- 
dicted MSC throughout a range of maturities across all 
environments (Fig. 6). The high correlation between 
actual and predicted MSC using the linear DOY model 
showed that switchgrass development was probably re- 
lated to photoperiod and that switchgrass management 
recommendations for adapted cultivars may be made 
based on DOY in the central Great Plains (Fig. 6). 

Table 3. Relationship, coefficients of determination, and root 
mean square errors (RMSE) between predicted mean stage 
count (PMSC) and actual MSC and predicted mean stage 
weight (PMSW) and actual MSW from calibration equations? 
developed near Mead, NE, in 1990 and 1991 based on accumu- 
lated growing degree day (GDD) and day of the year (DOY) 
for switchgrass and big bluestem and validated with data col- 
lected near Mead. NE. and Manhattan. KS. in 1992 and 1993. 

Independent Relationship between Coefficient of 
variable predicted and actual determination RMSE 

Switchgrass 
GDD PMSC = 0.157 + 0.829(MSC) 0.94 0.15 

PMSW = 0.034 + 0.879(MSW) 0.92 0.20 

DOY PMSC = 0.451 + 0.826(MSC) 0.96 0.12 
PMSW = 0.349 + 0.882(MSW) 0.96 0.13 

Big hluestem 
GDD PMSC = 0.392 + 0.702(MSC) 0.83 0.15 

PMSW = 0.157 + 0.825(MSW) 0.84 0.21 

DOY PMSC = 0.458 + 0.763(MSC) 0.68 0.24 
PMSW = 0.279 + 0.892(MSW) 0.75 0.31 

t The best calibration equations for MSC and MSW based on GDD and 
DOY were selected from Table 1. 

The big bluestem quadratic GDD regression equation 
from the calibration study accounted for 88% of the 
variation in MSC, and had low RMSE, indicating good 
relationships between GDD and MSC (Table 1). How- 
ever, the linear DOY model for big bluestem from the 
calibration study accounted for only 74% of the varia- 
tion (Table 1). When the validation data were fit to 
the calibration functions, the quadratic GDD equation 
accounted for 83% of the variation in MSC across four 
environments (Fig. 7). The quadratic GDD equation 
accurately predicted MSC across all environments, with 
a slope approaching 1.0 and an intercept approaching 
0.0. However, the scattering of points around the regres- 
sion line at low MSC caused the correlation coefficient 
to be lower than that for switchgrass (Fig. 7). The MSC 
of the big bluestem tiller population in the validation 
study did not progress beyond the mid elongation stages 
of development, minimizing the range of maturity for 
prediction. The good correlation between actual and 
predicted MSC using the quadratic GDD model indi- 
cates the feasibility of making big bluestem management 

Switchgrass 
1992 1992 1993 1993 

0 + 

I 
2 3 4 

ACTUAL MEAN STAGE COUNT 
Fig. 6. Relationship between actual mean stage count in four environ- 

ments and those predicted from a linear day-of-the-year model 
developed from 'Trailblazer' switchgrass grown near Mead, NE, 
in 1990 and 1991. 
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n 

2 3 

ACTUAL MEAN STAGE COUNT 
Fig. 7. Relationship between actual mean stage count in four environ- 

ments and those predicted from a quadratic growing-degree-day 
model developed from 'Pawnee' big bluestem grown near Mead, 
NE, in 1990 and 1991. 

recommendations across a wide geographic region 
based on accumulated GDD or the developmental mor- 
phology of big bluestem. The morphological develop- 
ment of Trailblazer switchgrass and Pawnee big blue- 
stem can be reliably predicted in the central Great Plains 
during years with near-normal precipitation using DOY 
and GDD because of the determinate growth habit of 
these grasses. 
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