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ABSTRACT

Sorghum-sudangrass hybrids (Sorghum bicolor (L.) Moench) and

improved pearlmillets (Pennisetum americanum (L.) Leeke) produce large

amounts of forage in summer when most cool season forage crops have

slowed production.

To determine some plant and environment characteristics and the

extent of cultivar x management interaction over a broad spectrum of

managements, four summer annual grass cultivars were subjected to

19 different defoliation frequency and stubble height managements at

Knoxville, Tennessee in 1976 and 1977. The cultivars were Chowmaker 235,

Sweet Sioux III, FS-531 sorghum-sudangrass hybrids, and Millhy 99 pearl-

millet. The plots were sidedressed with nitrogen (N) twice during the

summer and two samples were taken at each harvest, one large one to

determine DM production, and a smaller one for determination of leaf area,

dry weights of representative parts, meristem heights, N content and

in vitro dry matter digestibility (IVDMD). Predictive models were

developed for yield at each harvest, regrowth per day (kg/ha/day), total

N percent and IVDMD.

Quality, morphological characteristics, and quantity of DM produced

varied with year, management, and cultivar. The sorghum-sudangrass

hybrids outyielded the pearlmillet when harvested later than the 90-cm

height, but high quality and similar yields (10 metric tons/ha) were

obtained when harvested at 90 cm.

iii



iv

When cut at 90 cm, stubble heights of 15- or 8-cm had no effect

on yields or IVDMD, and resulted in similar N content. However, a

90-cm harvest cut to 15— or 8-cm stubble before a boot or early bloom

harvest resulted in greater season yields for Chowmaker than for Sweet

Sioux. Generally, Chowmaker performed best when cut to 15-cm stubble,

and Sweet Sioux when cut to 8—cm stubble, when the stage of growth at

harvest was earlier than the boot stage.

The pre-boot, boot or early bloom harvests were delayed by a pre

vious 90-cm harvest for all cultivars, and N content sometimes was

increased. A previous 50-15 cm harvest before an early bloom or boot

harvest delayed the early bloom and boot harvests of FS—531, but did

not delay those of the other sorghum-sudangrass hybrids and pearlmillet.

These had greater N content as a consequence of the previous cut. The

first pre-boot stage harvest of Sweet Sioux following a 50-15 cm harvest

also had a larger N percent than the first pre-boot harvest of plants

managed 'PB-15'. Material harvested at more mature or taller stages of

growth were low in total N percent but relatively high in IVDMD.

The number of days since March 1, average plant height and the

number of days during regrowth all were important predictors of harvested

yields, daily regrowth, total N and IVDMD. These four dependent variables

were increased as the number of days during growth increased, except for

the daily regrowth in the Chowmaker model. As average plant height at

harvest increased, yields and daily regrowth increased, but N percent

and IVDMD generally decreased. The number of days of regrowth generally

increased yields and decreased all the other dependent variables.
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Chowmaker plants performed best when growth before the boot

stage was cut to 15-cm stubble. The performance of plants generally

was related to rainfall, and many of the managements studied were

suitable. Management '50-15, EB-8, 75-15' was favorable for quality

and yield. Sweet Sioux plants performed best when growth was cut to

8 cm, and the dependent variables were related not only to the three

independent variables listed above, but also cumulative rainfall and

temperature.

The number of days of regrowth was related to all the dependent

variables for FS-531. FS-531 plants yielded more than other cultivars

when allowed to reach taller stages.

In addition to the number of days since March 1, the number of

days for regrowth, and average plant height, leaf area of the stubble

also were important in the MLllhy models. This cultivar was not respon

sive to management.
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INTRODUCTION

Sorghim sudangrass hybrids (Sorghum bicolor (L) Moench) (6)

and improved pearlmillets (Pennisetum americanum (L.) Leeke) are

important in forage programs because they produce large amounts of high

quality forage in summer when most cool season forage crops have

slowed production. Approximately 100,000 acres are grown in Tennessee,

and although this acreage is not expanding, more information is constantly

needed on new cultivars and ways of managing specific cultivars. Variety

trials are limited in their approach to determining superior genotypes,

since usually only one or two managements are used to compare genotypes.

If there exists a cultivar x management interaction, then some cultivars

may be penalized when compared to others because they are studied accord

ing to only one management scheme.

The objectives of this study were to determine the extent of

cultivar x management interaction over a broad spectrum of managements,

to find some of the managements better suited to specific cultivars,

and to evaluate some of the plant and environment characteristics which

affect these cultivar x management interactions.



CHAPTER I

LITERATURE REVIEW

Sorghum x sudangrass hybrids and certain improved pearlmillets

have the capability of producing high quality forage in mid-to-Iate

summer when cool-season perennials have low production (11, 7). Dairy

and some beef operations can benefit from the relatively higher yields

of crude protein (CP)/ha and in vitro dry matter digestibility (IVDMD)

obtainable from these grasses than from perennial grasses or unimproved

pastures. These plants are sometimes seeded as emergency crops when

other crops fail or a feed shortage exists (16).

1. PLANTING DATE

Generally, planting of sorghum soon after the last expected frost

results in higher yields than later planting, especially if available

soil moisture is high. Pearlmillet should be planted a week later

because of its sensivity to frost and cold (12, 19). If moisture becomes

limiting after planting and germination, growth will be delayed and

lower yields may result (19).

11. YIELDS

Dry matter yields of summer annuals tend to be higher when cut

fewer times (such as three cuts instead of four) so that the sorghum or

perlmillet will grow taller and reach a more mature stage of growth

(2, 4, 28). Increasing the number of harvests reduces dry matter (DM)

2
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production potential, partly because of loss of vigor and stand

reduction (2, 26). Tomeu found DM percent increased in some forage

sorghum cultivars from the first to the fifth harvest (26).

Many investigators have found regrowth occurs faster at higher

stubble heights (16) and that regrowth generally decreases with each

additional uniform cutting (7, 26, 4). In contrast. Burger et al. (4)

found that no yield advantage existed when 15.2 cm stubble was used

instead of 7.6 cm. Most of the growth of summer annual grasses occurs

during the first six to eight weeks after planting before it is cut (19).

Pearlmillet has a relatively short growing season; production of re

growth fluctuates widely, so that it is difficult to maintain a given

grazing pressure (17).

Ill. CRUDE PROTEIN

With each progressive advance in stage of maturity, the CP

content decreases (22). Overall CP levels are lower in regrowth than

in the initial harvest (22, 27). The percent CP of some cultivars of

sorghum and pearlmillet harvested four times/year was 2.6% higher than

that of the same cultivars harvested three times/year (4). At the first

cutting, the average protein levels were higher when cut at the 15.2 cm

stubble height than in similar herbage cut at 7.6 cm; in later cuts, pro

tein levels of comparable herbage cut at 7.6 cm were higher than in

herbage cut at 15.2 cm (4). Wedin (1970) obtained essentially equal

yields of CP with two or three harvests. Two harvests/year produced

slightly higher yields than three harvests/year; however, three
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harvests/year had better quality in terms of CP and IVDMD, 3.6% and

2.3% higher, respectively (28).

Burger et al. (4) and Srivastava (23) have found that increasing

cutting frequency increases CP. This was probably due to the shorter

height at which the herbage was cut (7). Decreasing cutting frequency

has been observed to decrease CP percent but increase CP yields (28).

IV. LEAVES AND LEAF AREA

Tomeu (26) claimed that leaf percentage increased from 24.3% in

the first cut to 42.1% in the sixth cut. Leaf area, however, decreased

with each succeeding cut.

V. TILLERING

Even though tillering is vital for regrowth in forage sorghums,

little work has been published on tillering behavior. Once the initial

meristem has been removed all regrowth must ensue from lateral meri-

stems. In several studies on grain sorghum (Sorghum bicolor (L.) Moench)

in Hawaii, Escalada and Plucknett (8, 9, 10) observed that early tillers

originated from basal or epigeal nodes adjacent to elongated internodes.

Tillers that appeared later originated from nodes adjacent to elongated

internodes. The first tillers arose at least a month after seed germina

tion. In regrowth, the time interval for tiller appearance was longer

with number of regrowths; tillers appeared after one week in the first

and second regrowths, but later as cuts continued. The appearance of

tillers in stands with a high population of stems was delayed more than



in stands of low population, and generally, the first two tillers that

arose died; however, later tillers were productive (8).

Escalada and Plucknett (10) later found that, as the rate of N

applied increased, tillering capacity increased for grain sorghum.

Eight centimeters about the ground seemed to be the best height of

cutting for attaining balance between uniform regrowth and sufficient

reserves for tiller production during summer (10).

VI. IN VITRO DRY MATTER DIGESTIBILITY

Variations of IVDMD among cultivars seem to be inversely related

to tannin and lignin content. High levels of tannin and lignin contribute

to relatively low digestibilities (20, 14). Lignin content increases

with aging; cellulose and hemicellulose content in forage millets follow

a similar trend as lignin content, and may also contribute to lower

IVDMD as maturity approaches (3). An exception, in forage sorghum,

is that greater digestibilities have been observed in frosted material,

possibly due to cell wall breakdown (11).

Stem IVDMD was consistently lower than leaf IVDMD by a few per

centage points (11). Forage sorghum leaves harvested at early bloom

were only slightly lower in IVDMD than when harvested in the vegetative

state; however, stem and head materials were of lower digestibility

than leaf blades (11).

In the sorghum-sudangrass cultivar, Sudax SX-11, IVDMD decreases

as the plant increases in height; it also decreases as percent leaves

decrease or as percent stems increase (7). In the literature, much has
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been discussed about harvesting frequency and quality (4, 7, 11, 14,

16, 21, 22, 26). It appears that forage harvested more frequently or

forage harvested at less mature stages was higher in digestibility

than more mature stages, but yield of IVDMD was maximized by fewer

harvests (28).

Pearlmillet IVDMD and leafiness (percentage of plant DM con

tributed by the leaves) decrease as the plant ages (14, 17). Leafiness

is not significantly related to leaf digestibility at any age (14). In

some cultivars stem and leaf digestibilities are not directly related

(14).



CHAPTER II

MATERIALS AND METHODS

Field experiments were conducted in 1976 and 1977 to study

management effects on summer annual grasses. The 1976 experiment had

15 management treatments; the one in 1977 had fewer treatments.

1. 1976 EXPERIMENT

Four summer annual grass cultivars (Table 1) were planted

26 April 1976 on a Sequatchie fine sandy loam (fine-loamy, siliceous,

thermic Humic Hapludults) at the University of Tennessee Plant Science

Farm, Knoxville. Previously the experimental area had received 68 kg

P/ha and 128 kg K/ha broadcast and disked in before planting. The

four cultivars were seeded in rows oriented north-south with a Planet

Jr. garden drill planter. A seeding rate of 28 kg/ha was used for

the three sorghum-sudangrass hybrids and a 20 kg/ha rate for the pearl-

millet.

Each experimental unit (plot) measured 6.10 m x 1.38 m and con

sisted of three rows .46 m apart. An area 1.83^ m wide was maintained

free of vegetation on all sides of the plots by disking. The area

between rows was hand-hoed.

Two weeks after emergence 54 kg N/ha were sidedressed as NH^NO^-

Later, an application of 160 kg N/ha was sidedressed on 5 August.



TABLE I

MANAGEMENTS AND CULTIVARS USED

HEIGHT OR STAGE OF GROWTH AT HARVEST CULTIVAR
(Main plot treatments*) (Split plot treatments)

1 _ '50-15' 1 - Chowmaker 235

2 '90-15'
(Ring Around Products)

'PB-15'
2 - Sweet Sioux 111

3 — (Acco Seed Co.)

4 - 'B-8' 3 - FS^531

5 - 'EB-8' (Acco Seed Co,)

6 '50-15, 90-15' 4 - Millhy 99
(Ring Around Products)

7 - '50-15, 90-15, 50-15, 50-15, 75-15'

8 - '90-15, PB-15'

9 - '50-15, PB-15, 50-15, 75-15'

10 - '50-15, B-8'

11 - '50-15, B-8, 75-15'

12 - '50-15, 50-15, B-8, 75-15'

13 - '50-15, EB-8, 75-15'

14 - '50-15, EB-8, PB-15'

15 - '50-15, EB-8, B-8'

16 - '90-8'

17 - '90-8, PB-15'

18 - '90-8, B-8'

19 - '90-15, B-8'

The numbers refer to height at harvest (50 or 90 cm) or to
stubble height (8 or 15 cm) . Maturity stages at harvest were PB (pre-boot
stage just before boot stage), B (boot stage), or EB (early bloom, 10%
in bloom). The last management listed within quotes was continued
until frost.
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A split-plot factorial treatment arrangement in a randomized

complete block with four replications was employed. In 1976, the

main plot treatments consisted of the first 15 managements in Table I

designed to simulate grazing, greenchop, hay, or silage harvests,

used singly or in various combinations. Split-plot treatments were

the four cultivars.

A garden tractor fitted with a sickle-bar mower was used to cut

guard rows at the 15^cm height when required. If an 8—cm stubble

height was desired, the plot was harvested with hand sickles using a

guide bar to insure proper height.

II. 1977 EXPERIMENT

The same cultivars as in 1976 were planted on 28 April 1977 on

the field used the previous year.

Prior to planting, any plant residues remaining over the winter

were burned and 49 kg P/ha and 53 kg K/ha were disked into the soil.

On 27 May 292 kg N/ha as NH^NO^ were sidedressed. This application was

followed by 47 kg N/ha on 9 August.

Four rows were planted .46 m apart, with 3.5 m allowed between

adjacent plots and 9.1 m alleyways at each end. The plot size was

9.1 m X 1.84 m. Guard rows were planted around the entire field experi

ment.

The number of split plot treatments (cultivars) allocated to each

main treatment differed from 1976. Main treatments used were managements

'90-15', 'B-8', 'EB-8', '90-15, PB-15', and the last four managements

listed in Table I for Chowmaker and Sweet Sioux. FS-531 and Millhy were
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subjected to managements 'EB-8' and '90-15, B-8', and 'EB-8' and

'90-15' respectively. The experimental design had a split-plot

factorial treatment set, arranged in a randomized complete block with

four replications of the main treatments.

III. DATA COLLECTED

In both years two samples were taken at each harvest from each

plot. A 2.13 m X .46 m sample was cut at the scheduled stubble height

from a center row, dried and weighed for dry matter yield. A

.30 m X .46 m sample, cut at ground level, was separated in the field

into leaves about the height where the cut was scheduled for each

management, leaves below the cut, and stems. These samples were placed

in ice in the field, then frozen and stored for later processing. In

the laboratory, the distance of primary and lateral meristems from the

ground surface was measured. When lateral meristems initiated growth

above the ground level, total height above the ground was recorded.

After meristem heights were recorded, the culms were separated into

portions which would have occurred above and below the scheduled stubble

height. Leaf areas (blades excluding sheaths) were measured on an

Automatic Area Meter (Hayashi Denko Co. Ltd. Type AAM-5) for green

leaves above and below cut. Weights to the nearest 0.1 g were obtained

for each of the four component parts after drying in a forced-draft

oven at 65 C.

In vitro dry matter digestibility (IVDMD) was determined for

134 samples selected from samples harvested in 1976. The design was
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a simple lattice with two replications over time (5). Another IVDMD

digestion was run on all above cut samples harvested in 1977. The

design was a simple lattice with three replications over time (5).

A modified Tilley and Terry (25) ̂  vitro technique was used. It

differed from the original method in that solka floe was used for

standards and that abestos-matted filter crucibles were used to collect

the residue. A fistulated steer, used as the source of rumen fluid,

was fed alfalfa (Medicago sativa L.) hay.

The IVDMD values were adjusted for variability among blocks and

replications using the least squares approach and the GLM procedure

in SAS76 (1). Duncan's Multiple Range test was performed using the

Duncan procedure from SAS76 (1).

Percent total N in plant tissue was determined on a dry weight

basis. All above cut portions, leaves and stems, of the .30 x .46 m

samples for a treatment at each harvest was composited, then analyzed

for total N; the below cut portions were composited in similar fashion

and also analysed for N. A 0.2 g portion of each composite sample was

digested in concentrated sulfuric acid and in 35% hydrogen peroxide.

The resultant extract was analyzed with a Technicon Autoanalyzer using

the phenolhypochlorite color reaction described by Thomas et al. (24).

IV. PRESENTATION OF DATA

The nature of the data obtained did not permit analysis of

variance procedures. Since there were many harvests at different times

during each season, most data are presented graphically to describe
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the changes that occurred over time. Total seasonal dry matter yields

were calculated and are presented to place the several treatments in

proper perspective relative to each other. However, since the range

of productivity was very large and number of cuts extremely varied,

no combined statistical analysis was attempted. Instead, data are

presented graphically to describe the changes over time, at each

harvest, in DM yield, CP and IVDMD.

The plant characteristics were determined from total separation

of plants harvested from small .30 x .46 m areas. The yields/ha

of the 2.13 m X .46 m samples and of .30 m x .46 m samples were com

pared to determine if the .30 m x .46 m samples were a good estimate
2

of the larger plots in both years. The R values were .86 and .80

for 1976 and 1977, respectively, indicating that the smaller samples

were indeed a good estimate of the larger plots.

To calculate weighted N percent and weighted IVDMD, N percent

and IVDMD were separated into those from early season harvests (before

1 August) and those from late season harvests (after and Including

1 August). The percent N and IVDMD were weighted for early and for

late season DM production.

A total of 671 samples was analyzed for meristem heights, and

individual data recorded for each culm. Skewness and kurtosis were

determined for each sample to determine the extent to which these data

approached normality in their distribution.

Precipitation and temperature were recorded daily at a climato-

logical station about 200 m from the plots. Precipitation was summed
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for the season, (cumulative precipitation) beginning at planting time

and summed for periods of regrowth (regrowth precipitation), Period

of regrowth included the time from the day of harvest until the day

before the next harvest. Heat degree days were also summed for the

season (cumulative degree days) and periods of regrowth (regrowth

degree days) in the same manner (base temperature 15 C, maximum

allowed 35 C).

The independent variables used in the predictive models are

listed in the appendix. The dependent variables were yield

per harvest, regrowth/day, total N percent, and IVDMD,

All data for all cultivars were entered into a discriminant

analysis, and the results clearly indicated that the cultivars each

belonged to a different population. Therefore, all subsequent analyses

were conducted for each cultivar separately. Secondly, for each

dependent variable, all independent variables were included in a

factor analysis. When loading weights were similar for two or more

independent variables, only one was kept. The selection of independent

variables was made on the basis of ease and economy of data collection.

After the selection of variables from the factor analysis results, the

remaining independent variables were ranked from the "easiest" to obtain

or the "cheapest" to measure to the more "difficult" or more expensive.

The final ranking used was: number of days since March 1, number of

days during regrowth, average plant height, cumulative precipitation,

rainfall during regrowth periods, cumulative degree days, degree days

2 2
during regrowth, culm population of previous cut/m , culm population/m ,
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L.A.I, of the stubble, L.A.I, of total plant from previous cut, L.A.I,

of total plant, stubble yield, leaf percent of harvest material,

N content of stubble, in that order.

Subsequently, a predictive model was fitted to all observed

data for each cultivar by least squares techniques. At first, those

independent variables for which significant (P ̂  .10) partial regression

coefficient estimates were obtained in either sequential (Type I) or

partial (Type III) sums of squares were retained. When two similar

independent variables were retained (e.g., cumulative precipitation

and precipitation since previous harvest) the model was attempted with

only one of the two also, and both variables were included in the final

model only if the exclusion of one appreciably decreased the coefficient

of determination (P ̂  .05). The predictive models reported are those

which contain only independent variables for which the partial regression

coefficient estimates were significant (P ̂  .10), and which had the

fewest and the "cheapest" or "easiest" variables, and still accounted

for the largest attainable coefficients of determination.



CHAPTER III

RESULTS AND DISCUSSION

I. TOTAL DRY MATTER YIELDS

The total seasonal DM yields for each cultivar each year for

each management treatment are presented in Table II. They ranged

between 5,100 and 32,000 kg/ha. Differences were due not only to

years and managements, but also to cultivars.

In general, the managements where plants were allowed to

reach the later stages of growth produced more than those cut in the

more vegetative stages. In the vegetative stages, plants cut at pre-

boot produced more than those cut at a 90-cm height, and these yielded

more than plants cut at 50 cm. This is in agreement with the results

of many others (2, 4, 28).

Chowmaker (also known as Super Chow-Maker 235) yields were

largest in 1976 from the two managements cut each time plants reached

the B or EB stages (24,000 kg/ha) and smallest from the plants cut at

50 cm (5,800 kg/ha). The 1976 yields of the plants managed in different

ways were ranked in the following manner from greatest to least;

'EB-8' = 'B-8'

'50-15, EB-8, B-8'

'50-15, EB-8, PB-15'

'50-15, EB-8, 75-15' = '50-15, B-8'

'50-15, B-8, 75-15' = '90-15, PB-15'

15
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'PB-15' = '50-15, 50-15, B-8, 75-15'

'50-15, PB-15, 50-15, 75-15'

'50-15, 90-15' = '90-15'

'50-15, 90-15, 50-15, 50-15, 75-15'

'50-15'.

In 1977, a similar ranking was observed for the managements

that were studied that year:

'EB-8'

'B-8'

'90-15, B-8'

'90-8, B-8'

'90-15, PB-15'

'90-8, PB-15' '

'90-15' = '90-8'

Sweet Sioux yields followed a trend similar to that observed for

Chowmaker, with the largest yields obtained from plants cut at EB and

the smallest from plants cut at 50 cm. Yields in 1976 of the plants

managed in different ways were ranked as follows:

'EB-8'

'B-8'

'50-15, EB-8, B-8' = '50-15, EB-8, PB-15' = '50-15, B-8' =

'PB-15' = '90-15, PB-15'

'50-15, EB-8, 75-15' = '90-15, PB-15'

'50-15, B-8, 75-15'

'50-15, 50-15, B-8, 75-15'
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'50-15, PB-15, 50-15, 75-15' = '90-15'

'50-15, 90-15'

'50-15, 90-15, 50-15, 50-15, 75-15'

'50-15'.

In 1977, yields were smaller than in 1976 for all Sweet Sioux

plants with the same managements in both years, except for those cut

at 'EB-8' which yielded the same. When the yields from managements

were ranked, they occurred as follows:

'EB-8'

'B-8' = '90-8, B-8'

('90-15, B-8' = '90-8, B-8') ='90-8, PB-15'

'90-15, PB-15'

'90-8' = '90-15'

FS-531 grown in 1976 was unusual, since plants cut at the 'B-8'

or '50-15 then B-8' yielded about 3,000 kg/ha more than those cut

according to the 'Eb-8' management. The yields of the different plant

managements were ranked as follows:

'B-8' = '50-15, B-8'

'EB-8' = '50-15, B-8, 75-15' '

'50-15, EB-8, B-8' = '50-15, EB-8, PB-15'

'50-15, EB-8, 75-15'

'50-15, 50-15, B-8, 75-15'

'50-15, PB-15, 50-15, 75-15 = 'PB-15'

'90-15, PB-15' = 'PB-15'

'90-15' = '50-15, 90-15'

'50-15' = '50-15, 90-15, 50-15, 50-15, 75-15'.
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In 1977, FS-531 plants from the 'EB-8' management yielded about

5,000 kg/ha more than in 1976. This yield (32,000 kg/ha) was the

highest that year. The other management, '90-15, B-8', yielded

about half of the yield measured in the 'EB-8' management.

The pearlmillet Millhy had a smaller range in yields than the

other cultivars. The largest yield (13,200 kg) resulted from plants

allowed to reach the EB stage and cut to 8-cm stubble. The smallest

yields were obtained from management '50-15' or '50-15, 90-15, 50-15,

50-15, 75-15'. The yields from the other managements ranged from

8,900 to 11,100 kg/ha and fell into two main groups, 8,900-9,800 kg/ha

and 10,000-11,100 kg/ha. Two of the managements used in 1976 were

repeated in 1977. Management '90-15' had a larger yield in 1977 than

the previous year, and the same yield was observed both years for

plants cut at 'EB-8'.

In general, where there were fewer harvests, the greater were the

yields. Plants allowed to grow taller or to more mature stages yielded

more per harvest and season. An exception was FS-531 in 1976, which

yielded more in the 'B-8' or '50-15, B-8' managements than when subjected

to the 'EB-8' management.

FS-531 generally yielded most in managements with B or EB stages

of growth. The exception was management '50-15, EB-8, B-8', which

resulted in the largest yields for both FS-531 and Chowmaker. Millhy

was generally the smallest yielding; however, in managements cut at

90 cm or 50 cm, yearly total yields were the same for all cultivars

or differed at most by 2,600 kg/ha in management '50-15'. Chowmaker

total yields were greater than those of Sweet Sioux in management 'B-8'
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in 1976 and 1977, or when plants were harvested at 50 cm prior to the

B or EB cuts in 1976.

In 1977, Chowmaker plants yielded more than Sweet Sioux plants

when a PB or B harvest preceded by a 90-cm harvest was cut to a 15-cm

stubble. However, Sweet Sioux yielded more than Chowmaker when the

PB or B harvest was preceded by a 90-cm harvest cut to a 8-cm stubble,

or in managements 'PB-15' or '50-15, 90-15, 50-15, 50-15, 75-15' in

1976. The stubble height of a single harvest produced different results

in the two cultivars. Chowmaker yielded more per season when cut at

90 cm down to a 15-cm stubble, rather than at 8 cm, when this was

followed by PB or B cut; however. Sweet Sioux yielded more per season

when the 8-cm stubble height was used instead of 15 cm for the 90-cm

harvest. The yields from the other managements were not different for

these two cultivars.

II. SEASONAL DISTRIBUTION OF DRY MATTER YIELDS

Both cultivars and managements had considerable effect on the

distribution of DM production during the season (Figures I and II).

In 1976, the B or EB harvests for Chowmaker, Sweet Sioux and Millhy

occurred on the same day within a management, regardless of whether or

not a 50-15 cut had been made. This harvest day was the same because

the plants had reached the pre-determined stage of growth at that time.

However, when a 50-15 cut had preceded a B or EB cut, the yields at

these more mature harvest stages were decreased. Sometimes the EB

harvest yields were decreased by as much as half when Sweet Sioux had

been cut to 50 cm previous to the EB harvest (management '50-15, EB-8,
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FS-531 1976 CHOWMflKER 235 1976

□ 50-15
* 90-15.PB-IS
+ 50-15,59-0.75-15
« 50-15.EB-8.PB-1S21.

16.

al2

A

o- -« .-B- □
-O-

O- B 90-15
* *PB-15
^ 1- B-8
>1 » 50-15.9-9

JUNE JULY fl UG. SEPT.QCT.

21.&

19.?

16.fr

12.0

9.6

7.2

-

H.fr

2.4 _ □
.^S- - m. - -O- -

0.0
JUNE JULY RUG. SEPT.OCT.

FS-531 1976

Q. 0 90-15
* A P0-15
i 1-9-9
Hi III 50-15.9-8

16

^14

- - - _

CHOWMflKER 235 1976

O- 0 50-15
A A 90-15.P9-15
■I 1- 50-15.E8-8.75-15
m !• 50-15.E9-9.PB-15

JUNE JULY fl UG. SEPT.OCT.
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9.2
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2.fr
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7.2
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2.4

B- -O- B- O■g- PiO-
0.0

JUNE JULY fl UG. SEPT.OCT.

FIGURE I. SEASONAL DISTRIBUTION OF DRY MATTER PRODUCTION FOR
MANAGEMENTS HARVESTED IN VEGETATIVE AND BOOT STAGES OF GROWTH, AND
COMBINATIONS OF THE VEGETATIVE, BOOT, AND EARLY BLOOM STAGES FOR
CHOWMAKER AND FS-531, 1976.
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SWEET SIOUX III 1976 MILLHY 99 1976
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12.0

cr

^ 9.6
i:

o 7.2
_i,
LU

4.6
a:
o

2.4-

0.0-

JUNE JULY AUG. SEPT.OCT.

SWEET SIOUX in 1976
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12.0

(X

^ 9.6
>—
£

a 7.2-

LU

4.6
z:
a

2.4-

O.O-
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/ /// \ >
// V ^ ^

o.

a 50-15
A 90-15.PB-IS

► 50-15.£8-8.75-15
m 50-15.£8-8.PB-15

•K.

0- -O- Q.

JUNE JULY AUG. SEPT.OCT.

MILLHY 99 1976

o 90-15
A PB-15

^ io?i5.B-e

JUNE JULY RUG. SEPT.OCT.

CHOWMRKER 235 1977

JUNE JULY RUG. SEPT.OCT.

O- 0 90-15
» *9-8
•I 1- 90-15.PB-IS
* * 90-B.PB-1512.9

-9.6

7.2

\ \4.6

\ \

2.4

G.G
JUNE JULY RUG. SEPT.OCT.

2.9

9.6

7.2

\ \4.6

-a
2.4

D.O

FIGURE II. SEASONAL DISTRIBUTION OF DRY MATTER PRODUCTION FOR
MANAGEMENTS HARVESTED IN VEGETATIVE AND BOOT STAGES AND COMBINATIONS
OF THE VEGETATIVE, BOOT AND EARLY BLOOM STAGES FOR SVfEET SIOUX AND
MILLHY IN 1976, AND SWEET SIOUX AND CHOWMAKER IN 1977.
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75-15'), as compared to the first EB harvest in management 'EB-8'

(Figure II).

FS-531 did not decrease in yield when the B or PB harvest was

preceded by a 50-15 cut, but harvest was delayed. When an EB cut was

preceded by a 50—15 cut, yields were decreased and harvest delayed.

A 90-15 cut before a PB cut delayed harvest for all cultivars, increased

the yield of FS-531 and decreased the yields of the other cultivars.

The PB harvests of Sweet Sioux were delayed by a preceding 90-8

cut (management '90-8, PB—15', Figure II, 1977) but the plants exposed
o

to that management yielded more than those allowed to reach the PB

following a 90-15 cut (management '90-15, PB-15'). In the same two

managements, Chowmaker yielded about the same or slightly more when the

90—15 cut preceded the PB in management '90—15, PB—15'. The second or

PB harvest was the only one delayed. Results from managements

'90-8, B-8' and '90-15, B-8' exhibited the same trends for both Sweet

Sioux and Chowmaker in the boot stage.

Managements '50-15' and '90-15' produced forage uniformly over

the entire season. Managements which had a 90-cm cut before the PB,

B or EB resulted in delayed harvests for all cultivars. The PB, B or

EB harvests,of FS-531 also were delayed by a previous 50-cm harvest.

In many cases, delayed harvests can be advantageous, since greater

production later in the year may render hay making more feasible than

earlier in the season because of less rainfall (Figure III).
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MM/DAY

60
1977

45

30

15

60

45

30

15

l.dl I , ill U i.- li
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J_li

1976

r
L U
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FIGURE III. DAILY PRECIPITATION DURING THE SUMMER ANNUAL

GRASS GROWING SEASONS, 1976-1977.
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III. TOTAL NITROGEN CONTENT

Nitrogen content of harvested material was greatest for those

managements harvested more frequently and at more vegetative stages

of growth (Figures IV and V). The first N fertilizer applications in

1976 (54 kg N/ha) resulted in forage containing about 1.1 to 2.6% N

at the beginning of the season if harvested at 50 or 90 cm or PB. The

B and EB material contained only 0.5 to 1.5% N at its first harvest.

In 1977, plants contained about 3.1 to 2.1% N for the first 90 cm

harvest following the N fertilizer application (292 kg N/ha), while

the B and EB material contained from 2.5 to 0.8% N. The higher content

in 1977 was a result of the higher rate of N applied in early summer.

Sweet Sioux plants cut at B or EB had two to three times the total N

content in 1977 as in 1976. No other cultivar responded to increased

N/ha as did Sweet Sioux.

When Chowmaker and Sweet Sioux were harvested in management

'PB-15', the N content did not increase until the last harvest

(Figures IV and V), but FS-531 and Millhy in the same management

(Figures IV and V) increased or remained the same in N content in each

successive harvest over the season. Millhy, however, dropped in N

content at the last harvest. In management 'B-8', total N percent

increased during the season for Chowmaker, FS-531, and Millhy in 1976.

Sweet Sioux and Chowmaker did not vary greatly in N content over the

season in 1976, and Chowmaker did not either in 1977, but Sweet Sioux

decreased in N content after the first harvest in 1977.
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When a management was used which, removed material at a uniform

and vegetative stage of growth (50 cm, 90 cm, PB), the N percent tended

to remain at about the same level during the season, at least until the

second N fertilization resulted In an increase. When plants were har

vested at the B or EB stage, N content decreased in July and did not

appear to Increase until the next fertilization and after a rain.

The fluctuations In N content of plants In management '50-15'

during the entire season were similar for all cultlvars. Trends observed

for plants subjected to '90-15', within each cultivar, were very similar

to those of '50-15' plants; however, N content of '90-15' plants was

lower (Table II, p. 16) and varied less than the N content of plants sub

jected to the '50-15' management.

IV. WEIGHTED N CONTENT

The N content of plants harvested at each cut was adjusted for

the yields measured before and after 1 August to obtain a weighted N

content for each half of the season (Table II, p. 16). The effect of

developmental age and maturity on the total N content of plants subjected

to different managements was pronounced and different for the several

cultivars. Plants cut frequently in vegetative stages had between 2.4

and 1.8% N during early summer in 1976 and between 3.4 and 2.3% in late

summer. When cut at the B or EB, plants ranged from 1.3 to 0.5% in

early summer and from 2.4 to 1.1% in late summer.

In 1977, weighted N contents were higher for management '90-15'

in early summer than In 1976, but late summer values were lower than in
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1976. When plants were cut at the B or EB stages, the N percent was

higher in early summer in 1977 than in 1976, and late summer values

were again lower. Early summer values ranged between 2.5 and 0.8% N,

and late summer values ranged from 1.8 to 1.0% N.

In 1976, a 50-15 cut preceding PB, B, and EB harvests resulted

in greater weighted N percent of all cultivars above that measured from

plants cut repeatedly at PB, B or EB stages only. This occurred because

not only the high N content of the first cut material increased the

weighted N content, but also because in some cases, the N percent of the

plants cut at PB, B, and EB following the initial 50-15 harvest was

higher than that measured from plants initially cut at PB, B, or EB.

Thus, the early season weighted N percent was increased. Both situations

occurred with the EB-managed sorghum-sudangrass hybrids; the B management

of Chowmaker, FS-531 and Millhy, and the PB-managed Sweet Sioux. The

90-15 harvest preceding the PB stage cut resulted in a decrease in N

percent of the plants cut at PB, compared to all plants cut continuously

at PB to a 15.>cm stubble except FS-531, which increased about 0.3% N.

In 1977, all the early summer weighted total N contents were higher

than in 1976 for those managements that were studied both years, and the

late season N percents were generally lower. Sweet Sioux had the same

late sunmer N content in both years in managements '90-15' and 'EB-8';

Chowmaker N percent was the same in both years during late season in

managements '90-15, PB-15' and 'EB-8'. The greater easly season N

contents observed in 1977 were probably due to the higher rate of N

fertilizer applied the second year.
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A 300 kg growing steer consuming at least 8,1 kg roughage/day

needs 10.0% CP (1.6% N) and a mimimum of 70% TDN (15), The forage

harvested in 1976 which met these minimum requirements were obtained

from the '50-15', '50-15, 90-15', '50-15, 90-15, 50-15, 50-15, 75-15'

managements for all cultivars; from management '50-15, PB-15, 50-15,

75-15' for Sweet Sioux and Chowmaker; and from all the PB or B harvests

preceded by 50 or 90 cm cuts for Millhy and 'PB-15' for Millhy (Table II,

p. 16).

In 1977, managements '90-15' and '90-8' for the two sorghum-

sudangrass hybrids resulted in plants which met the above minimum

requirements. Other managements which had plants that appeared to have

met these requirements but may have had low late season weighted IVDMD

were 'EB-8' for Millhy, '90-8, B-8' for Sweet Sioux and '90-15, B-8'

for Chowmaker.

V. IN VITRO DRY MATTER DIGESTIBILITY

In vitro DM digestibility for all samples analyzed ranged from

82.9 to 49.8% for both years (Table II, p. 16) and from 82.9 to 59.7%

in 1976 (Figure VI). As expected, IVDMD of B and EB plant material was

much lower than that of material harvested at younger stages of maturity.

Many IVDMD values, if used as estimators of total digestible nutrients

(TDN),exceeded the minimum TDN requirements for the growing steer

example used earlier (15) .

In 1976, managements with cuts at 50 and 90 cm resulted in the .

largest IVDMD values for all cultivars (Table II, p. 16), as well as
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managements '90-15, PB-15' and '50-15, 50-15, B-8, 75-15' for Millhy.

Smallest in IVDMD were Chowmaker and FS-531 plants cut continuously

at the B or EB growth stages, and Chowmaker plants subjected to the

'50-15, EB-8, PB-15' management. Sweet Sioux and Millhy were generally

higher in IVDMD than Chowmaker and FS-531 for the same managements.

In 1977, plants cut at 90 cm also had the largest IVDMD values,

as well as those from the '90-15, B-8' management for Chowmaker and

Sweet Sioux. Sweet Sioux and FS-531 plants had the smallest IVDMD when

cut continuously at 'EB-8'. All 1977 IVDMD values were equal to or less

than the IVDMD measured for the same managements in 1976, never higher.

In 1977, differences in stubble height did not result in yield

differences between the '90-15' and '90-8' managements applied to Chow

maker and Sweet Sioux; there was also no difference in IVDMD between

these two managements. Managements '90-8, B-8' and '90-15, B-8' also had

IVDMD values which were not different from each other between manage

ments and within cultivars. However, FS-531 plants had a smaller late

season IVDMD in management '90-15, B-8' than the other cultivars. The

PB plants of Chowmaker preceded by a 90-cm cut to an 8-cm stubble

resulted in a higher IVDMD than the PB plants preceded by a 90-cm

harvest cut to a 15-cm stubble, but this was not the case for Sweet

Sioux.

The seasonal trends in 1976 IVDMD values are illustrated for

four managements and four cultivars in Figure VI. The largest values

were obtained from plants harvested at 50 cm for all cultivars; the

smallest were from plants cut at B and EB for all cultivars, and at

PB for all cultivars except Chowmaker.
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The sorghum-sudangrass hybrids subjected to the '90-15' manage

ment had relatively uniform IVDMD throughout the season, and so did

the Sweet Sioux plants cut at 'B-8'. The other jnanagements usually

resulted in IVDMD values which had a minimum in July. Since FS-531

matured later than the other cultivars, the smallest IVDMD for this

crop occurred in August. Millhy plants had small IVDMD both in July

and at the end of the season for all managements. The IVDMD of this

cultivar did not seem to be affected by management, since the trend in

IVDMD over time was the same for almost all managements. After the

minimum was reached in July, the IVDMD of the sorghum-sudangrass

hybrids tended to increase until the end of the growing season.

VI. PLANT AND MERISTEM HEIGHTS

The average heights of plants and terminal meristems of each

cultivar and for each management at each harvest are illustrated in

Figures VII - XI. Plants which were scheduled to be cut at 50 or 90 cm

in height were in fact cut close to those heights. The height of plants

cut at the PB, B and EB stages varied over the season for each cultivar

and was influenced by the previous harvest. Average meristem height

almost always paralleled average plant height—and at a lower level—

over the growing season, except at the end of the season when average

meristem heights approached average plant heights.

It is appropriate to consider here the nature and distribution of

plant and meristem heights within the samples collected from the

0.30 X 0.46 m sampling areas (Table III). Primary culm and tiller
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TABLE III

SKEWNESS AND KURTOSIS OF DISTRIBUTIONS OF MERISTEM HEIGHTS

OF FOUR SUMMER ANNUAL GRASSES SUBJECTED TO DIFFERENT

MANAGEMENTS, 1976-1977 (671 SAMPLES)

Skewness Percent Kurtosis Percent

Primary Culm and Tiller Meristem Heights Above Ground

-0.5 to +0.5 43.7 -0.5 to +0.5 47.2

-1.0 to +1.0 70.3 -1.0 to +1.0 66.9

-1.5 to +1.5 88.4 -1.5 to +1.5 78.1

-2.0 to +2.0 96.0 —2.0 to +2.0 84.2

0.0 to +2.0 91.2 -2.0 to +3.0 90.1

Axillaty Tillers

Meristem Lengths

-0.5 to +0.5 26.8 -1.0 to +1.0 33.8

-1.0 to +1.0 42.9 -2.0 to +2.0 52.6

-1.5 to +1.5 67.4 -2.5 to +2.5 59.6

-2.0 to +2.0 86.4 -3.5 to +3.5 70.7

-2.0 to +2.5 95.1 -5.5 to +4.5 79.1

0.0 to +2.5 90.4 -5.5 to +5.5 86.4

Heights of Origin Above Ground

-0.5 to +0.5 55.6 -1.0 to +1.0 60.2

-1.0 to +1.0 76.4 -1.5 to +1.5 72.3

-1.5 to +1.5 92.0 -2.0 to +2.0 77.2

-2.0 to +2.0 98.8 -3.0 to +3.0 87.2

o
•

o

to +2.0 88.1 -4.0 to +4.0 94.1
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meristem heights refer to meristem heights from culms that originated

at ground level. If a tiller originated as an adventitious bud above

ground level, the distance of the meristem beginning from the point of

origin on the stem was called the axillary tiller meristem length.

The distance from the ground to the point of origin on the stem was

called the height of origin above ground. Since a large proportion

of the 671 samples, where both primary culm and tiller meristem heights

were measured, had a skewness with an absolute value of less than 1.5

and a kurtosis with an absolute value of less than 2, it would seem

that the data measured were distributed normally. However, the skewness

range of 0.0 to +2.0 indicates that about 90% of the observations for

the three morphological characteristics have values clustered to the

left of the mean, with extreme values to the right of the mean. This

indicates that more heights occurred below the mean of the characteristics

than above it, or that primary culm and axillary tiller origins in fact

occurred mostly below the mean heights listed. The skewness values of

-1.0 to +1.0, which describe a relatively normal distribution, included

70% of meristem heights and 76% of axillary origins above ground. Thus,

most of these were distributed almost normally, while many axillary

tiller meristem heights were skewed to one side.

Kurtosis values indicate little flattening of distribution peaks.

In fact 67% of meristem heights and 60% of axillary tiller origins

occurred in the kurtosis range of -1.0 to +1.0. Only 34% of axillary

tiller meristems occurred in the same range. Since a majority of the

skewness and kurtosis values have an absolute value of 1.5, the data

can be considered normally distributed.
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The height of sorghum-sudangrass plants cut at PB in management

'PB-15' (Figure VII, p. 39) rose from the first to the second harvest,

and then decreased. Meristem heights changed less than plant heights,

but followed the same trend. The average plant height of Millhy plants

cut at PB decreased from beginning to end of the season, while there

was little change in average meristem height. The PB harvest succeeding

the 90-15 harvest (Figure VIII, p. 40) was the highest of the plants

cut at PB for the sorghum-sudangrass hybrids, then PB plants decreased

in average plant height during the rest of the season. The graph of

Millhy from the second harvest onward resembled the graph for management

'PB-15' in average plant and meristem height.

Average plant height in management 'B-8' (Figure IX, p. 41)

ranged from about 255 cm to 150 cm for all cultivars, then decreased for

all cultivars except Sweet Sioux which had a higher plant height for the

second than for the first harvest. The curve for average meristem

height was not parallel.to plant heights for Millhy. Average meristem

height decreased after the first harvest to 15 cm.

Average plant and meristem heights for the B stage of Sweet

Sioux preceded by a 50-cm cut were lower than for plants in the B stage

of management 'B-8' (Figure IX, p. 41). Plants of FS-531 had the same

heights when cut at the B stage whether preceded by a 50-cm cut or not;

the last harvest of management '50-15, B-8' was lower in height for both

plants and meristems because of fewer days of growth. The first cut at

the B stage for Millhy in management 'B-8' was higher than the first

cut at the B stage in management '50-15, B-8', but during the rest of

the season heights at the B stage were not different.
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The data shown for the first two harvests of the managements

illustrated in Figure X, p. 42, coincide because the managements were

different only after the second harvest. The single harvests of

Chowmaker and FS-531 plants after the EB cut in management '50-15,

EB-8, PB-15' were over 2.5 m in height, and Sweet Sioux plants were

about 2.1 m tall. Millhy plants had the lowest average plant and meri-

stem heights. Sweet Sioux and Millhy were harvested at 130 or 120 cm

instead of 75 cm for management *50-15, EB-8, 75-15', but Chowmaker and

FS-531 were harvested close to 75 cm. The curve of average meristem

height again mirrored the curve of average plant height, but it was

below 15 cm after the second harvest in Chowmaker and FS-531.

In 1977, management 'B-8' (Figure XI, p. 43) had one more harvest

than in 1976 for Chowmaker, but the plants in managements 'B-8' and

'90-15, PB-8' were similar to those in 1976. Management '90-15' plants

were harvested sometimes when higher than 90 cm.

Chowmaker plants harvested at PB, when preceded by a 90-15 or

90-8 cut, were not different in average plant or meristem height, but

Sweet Sioux plants were lower in average plant and meristem heights

when the PB was preceded by a 90-15 harvest rather than a 90-cm cut

to 8-cm stubble.

VII. PREDICTIVE MODELS

Predictive models for yield at each harvest, regrowth per day

(kg/ha/day), total N percent, and IVDMD were developed for the four

cultivars (Table IV). Some variables such as average plant height

■Hd:.
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or climatic day occurred in various combinations in many models;

however, some of the variables appeared in only a few models and

illustrated genotypic differences. Even though these variables

do not necessarily reflect a cause and effect relationship, the

statistical process used to isolate the independent variables signifi

cantly related jointly to the dependent variables, to the exclusion

of non-significant effects, should be useful in determining those

factors affecting the plant responses. Coefficients of determination

2
(R ) were high (> 0.80) for the most part, with only a few between

.65 or .80. All partial regression coefficients presented in the

models were significantly different from zero at P > 0.05.

Yields

2The predictive models for yield at each harvest all had R''

values above 0.90. Average plant height and number of days of

regrowth occurred in all of the yield models and were associated with

increases in yields, except that number of days of regrowth of FS-531

plants had a negative effect on yield.

Chowmaker yields were further increased as total L.A.I, increased,

but were decreased as previous stubble yields increased.

Sweet Sioux yields also were larger as the season progressed

(climatic day increased). The other variables in the Sweet Sioux yield

model had negative coefficients, meaning that cumulative precipitation,

regrowth degree days, and previous stubble yield were related to

decreased harvested yields.
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FS-531 had a simple model of four Independent variables for

harvested yield. In addition to average plant height and number of

days of regrowth, climatic day and above leaf percent (the above cut

portion that is leaves) occurred in the model and were related to

decreases in harvested yield.

Millhy was different, since all independent variables had

positive coefficients, indicating relationships that helped to increase

harvested yields. Climatic day, regrowth degree days, previous L.A.I,

of the stubble, and total L.A.I., in addition to average plant height

and days regrowth, were present in the model for Millhy.

Regrowth

The models for daily regrowth had three variables in common:

average plant height, climatic day, and number of days of regrowth.

Average plant height and climatic day tended to increase daily regrowth

for all cultivars except Chowmaker. In the case of Chowmaker, however,

increasing number of days of regrowth tended to decrease regrowth per

day.

The Chowmaker model had two additional variables, one which

increased daily regrowth (total L.A.I.) and one which decreased daily

regrowth (the previous total L.A.I.).

Regrowth degree days and previous stubble yield were two other

variables that tended to decrease the daily regrowth rate for Sweet

Sioux. FS-531 had daily regrowth further decreased by cumulative

precipitation. Millhy also had two additional variables: regrowth

days tended to decrease regrowth, but the previous L.A.I, of the stubble

tended to increase regrowth for Millhy.
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Total N Percent

Two variables were common to all the total N percent models.

Total N percent tended to increase as climatic day increased, but

number of days of regrowth tended to decrease total N percent.

Cumulative precipitation also tended to decrease total N percent for

models of all cultivars except FS-531. The number and type of additional

variables present varied with genetic differences.

Above leaf percent and previous L.A.I, of the stubble were present

in the models for Chowmaker and Sweet Sioux. Total N percent was appar

ently increased as above leaf percent increased, and decreased as the

previous L.A.I, below cut increased. Rainfall appeared to be important

for total N percent of Chowmaker plants, since regrowth precipitation

occurred in the predictive model and increased total N percent.

The Sweet Sioux model included cumulative degree days and total

L.A.I., and these were related to an increase in total N percent, but

the number of previous live culms tended to decrease total N percent.

FS-531 had the simplest model, with only three variables. Millhy

and FS-531 both had N percent of the stubble related to an increase in

total N percent. Millhy total N percent decreased as average plant

height increased.

IVDMD

The models for IVDMD were the simplest developed. Coefficients

of determination ranged from .58 to .90. Climatic day increased IVDMD

in all models except that for FS-531. Cumulative precipitation decreased

IVDMD in all models where it occurred. Average plant height decreased
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IVDMD in Chowmaker and FS-531 models but increased IVDMD in the model

for Sweet Sioux.

FS-531 had only two variables (average plant height and number

of days of regrowth), and they both decreased IVDMD.

Additional variables present in the model for Sweet Sioux were

regrowth degree days, which decreased IVDMD, and previous total L.A.I.,

which increased IVDMD. The previous L.A.I, of the Millhy stubble

decreased IVDMD.

Conclusions

2
As indicated by the high R values, most of the models explained

the data very well. Some variables such as average plant height,

climatic day, and cumulative precipitation, were common to many of the

models. In other years and places the models may differ because of

environmental differences that may tend to favor certain variables.

However, within the constraints established by the 1976-1977 environ

ments at Knoxville, several general conclusions may be drawn.

Chowmaker yields, daily regrowth, N, and IVDMD appear to be

related to rainfall, the number of days of regrowth and climatic day,

average plant height, present or past leaf area of the total plant

and the stubble's previous yield or leaf area. Also, above leaf

percent occurred in the total N model.

The dependent variables for Sweet Sioux appear to be related

to some of the same variables as Chowmaker, number of days of regrowth,

yield of previous stubble, average plant height and climatic day.
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But only cumulative precipitation seems to be related to the dependent

variables instead of regrowth precipitation, and temperature appears

to be related because either cumulative degree days or regrowth degree

days appear in all the models. Other variables that occasionally occur

are previous number of live culm, previous L.A.I, of stubble, total

L.A.I, and previous total L.A.I.

Number of days of regrowth occurred in all the models for the

dependent variables of FS-531 and appears to be significant for

prediction of FS-531. Other related independent variables include

climatic day and average plant height. Cumulative precipitation occurred

in the regrowth model and above leaf percent in the yield model. Total

N percent of the stubble is related to total N percent of the plant

for both FS-531 and Millhy.

The pearlmillet, Millhy, dependent variables are also related to

climatic day, the number of days of regrowth and average plant height.

The leaf area of the stubble is related to all of the dependent varia

bles except total N percent. Other related variables included regrowth

degree days, cumulative precipitation and total L.A.I.

Generally, climatic day tended to increase all the dependent

variables except the daily regrowth of Chowmaker; average plant height

tended to increase yields and daily regrowth, but it decreased total

N percent and IVDMD, except the IVDMD of Sweet Sioux. The other common

variable, number of days of regrowth, tended to increase yields, except

for FS-531, and decreased all the other dependent variables in the

models where it occurred.
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VII. GENERAL DISCUSSION

The quality and quantity of DM produced, and other variables

measured, varied with year, management, and cultivar. There were

greater differences in yields and morphological characteristics among

cultivars for the sorghum-sudangrass hybrids than for the pearlmillet.

In DM yield, the sorghum-sudangrass hybrids ranged from about 6000 kg/ha

to about 30,000 kg/ha, whereas the pearlmillet ranged from 7000 kg/ha

to about 13,000 kg/ha, only a 6000 kg/ha difference.

Generally, DM was greater when plants were harvested at taller

or more mature stages; this is in agreement with the results of

Beuerlein et al. (2), Burger et al. (4), and Wedin (28). However,

insufficient data were obtained from FS-531 to determine whether it

yielded more in the B than in the EB stage of growth.

In agreement with Burger et al. (4), no yield difference

existed when 90-cm growth was cut to either 8-or 15-cm stubble in 1977.

On the other hand, when the B or PB cut was preceded by a 90-cm harvest

cut to 8-or 15-cm stubble, Chowmaker plants yielded more than Sweet

Sioux plants when the previous 90-cm harvest was cut to 15 cm, and Sweet

Sioux plants yielded more when the PB or B cut was preceded by a 90-cm

harvest cut to 8 cm. The season yields of Chowmaker were also larger

in management '90-15, B-8' than in '90-8, B-8'. Sweet Sioux season

yields were greater in management '90-8, PB-15' than in '90-15, PB-15'.

These results are different from those of Burger et al. (4).

All cultivars had similar quality and yield performance when

harvested at or below 90 cm. At 90-cm harvests, season yields were
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around 10 metric tons for all cultivars» When the cultlvars were

harvested at later stages than 90-<cm growth, differences among cultlvars

became apparent.

FS-531 was generally the highest yielding cultlvar when allowed

to reach the B or EB stages. If large amounts of DM of average quality

are desired, then FS-531 could be managed '50-15, B-8' or '50-15, B-8,

75-15'.

Plants of FS-531 appeared to be slower In regrowth after harvest

ing than those of the other cultlvars. The plants also had unusual

tiller Initiation growth. Tiller buds first grew horizontally along

the ground then later curved upward toward a more vertical position.

Culms of other cultlvars grew almost vertically from the start of

tiller Initiation.

It was found that CP content and IVDMD decreased with each

progressive advance In stage of maturity. This agrees with Sherrod et

al. (22), but. In contrast to their results, CP levels were not less In

regrowth material than In first growth material, as long as the plants

were cut at the same continuous height or stage of growth throughout

the season. This may be because Sherrod et al. (22) harvested plants

In Hawaii at the heading or later stages of growth. The plants had an

overall decrease In N percent as harvest continued over the season.

Knoxvllle has a much shorter growing season than Hawaii with less time

for regrowth, and most plants were harvested when at more Immature

stages than the heading stage. This may be why lower CP levels were

not usually found In regrowth. Management '90-15' for Chowmaker In
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1977 and management 'B-8' for Sweet Sioux in 1977 were the only ones

where overall CP levels decreased over the season for harvests at a

constant height or stage of growth.

N content and IVDMD were higher when plants were harvested at

lower heights, or more frequently, than at taller heights. This agrees

with the results of many others (4, 7, 11, 14, 16, 21, 22, 26, 28).

Results similar to Burger et al. (4) were obtained for N percent for the

first 90-cm harvest cut to 15 or 8 cm. The other harvests for manage

ments '90-15' and '90-8' were not consistent in N percent. The material

cut to 15-cm stubble was always higher in N percent than the material

cut to 8-cm stubble in the first harvest.

In 1976 the first two-thirds of June were dry (Figure III, p. 29),

and the end of July and August had rain that was well distributed. This

helped regrowth. The latter parts of August and September were drier,

resulting in good haymaking weather, but growth had also slowed. July

was droughty in 1977, and August had mostly small showers which did not

increase soil moisture very much. This may be another reason why N

percent was lower in 1977 than in 1976. Moisture was adequate the rest

of the year in 1977.

Chowmaker plants yielded more and had the same or higher N percent

and the same IVDMD when cut to 15-cm stubble than when cut to 8 cm.

Sweet Sioux plants, on the other hand, yielded more when stubble was

8 cm than when it was 15 cm. The N percent was about the same, and

the IVDMD was not different with 8-or 15-cm stubble for Sweet Sioux.

The pearlmillet slowed production in September and October due to its
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sensitivity to frost and cold (12, 19). It was observed that after

some very cool nights, the leaves turned brown, and growth was not

apparent in the field. This resulted in a shorter effective growing

season for pearlmillet than for the sorghum-sudangrass hybrids. This

observation agrees with those of Fribourg et al. (1975), Overton

et al. (1972), and McCarter et al. (1977).

It was also difficult to maintain constant quality and large

DM production of pearlmillet because the average plant height of

physiologic stages of maturity decreased as the growing season pro

gressed. This finally resulted in plants which, at the EB stage, had

plant heights below 90 cm and sometimes below 50 cm.

Plants preceded by 50-cm or 90-cm harvests had responses that

differed according to cultivar. The 50-cm cut previous to the B or EB

cuts delayed harvest only for FS-531. The other cultivars reached the

B or EB stages at the same time as plants cut at B or EB, whether that

harvest was preceded by a 50-cm cut or not. If preceded by a 50-cm cut,

the B or EB stages occurred at shorter heights for all cultivars,

except FS-531. It is not known why this is so, but perhaps FS-531

plants are not as sensitive to daylength as the other cultivars. The

90-cm cut before the B or EB cuts delayed harvest for all cultivars,

probably because all regrowth originated from axillary meristems. Most

primary meristems had been removed; this may not have been the case in

the 50-cm cuts, as indicated by average meristem and stubble heights

(Figures VII and VIII, pp. 39, 40). The delayed harvests may be bene

ficial in helping to produce more DM later in the season when it may

be more desirable or needed.
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All cultivars had the highest quality when cut at 90 cm or

below. Chowmaker plants seemed to perform best when cut at 90 cm or

below, '90-15, PB-15' or when an EB harvest was preceded by a 50~cm

cut. A stubble height of 15 cm for Chowmaker plants seemed important

in maintaining high yields and quality.

An 8-cm stubble resulted in higher seasonal yields and sometimes

higher quality for Sweet Sioux plants. The B or PB preceded by a 90-8

cm cut performed well. In 1976 the B or PB preceded by a 50-15 harvest

had good quality and yields, but it is not known if 8-cm stubble would

improve this. The higher rate of N applied in 1977 increased N content

of Sweet Sioux in early summer.

FS-531 plants performed best when subjected to managements

'50-15, B-8' or '50-15, B-8, 75-15'. This cultivar had high yields

under these managements with fair quality and outyielded the other

cultivars when allowed to reach the B or EB stages of growth. Plants

subjected to a 90-15 cm harvest before a B harvest did not perform as

well as plants managed '50-15, B-8'.

Millhy yield or quality were not affected by the managements

studied. The 'PB-15' management, or any harvested before EB, was satis

factory. The higher rate of N applied in 1977 increased N content.

These results indicate that yield trials of many varieties give

only limited information on the performance of a cultivar. Each sorghum-

sudangrass cultivar performs better than other cultivars in terms of

yield or quality, when subjected to specific managements, and these will

vary with genotype response. An understanding of specific management

applications for specific cultivars will help obtain better performance

in the field in terms of yield and quality in the furnre.



CHAPTER IV

SUMMARY AND CONCLUSIONS

Sorghum-sudangrass hybrids and improved pearlmillets produce

sniounts of forage in summer when most cool season forage crops

have slowed production.

To determine some plant and environment characteristics and the

extent of cultivar x management interaction over a broad spectrum of

managements, four summer annual grass cultivars were subjected to

19 different defoliation frequency and stubble height managements at

Knoxville, Tennessee in 1976 and 1977. The cultivars were Chowmaker

235, Sweet Sioux III, FS-531 sorghum-sudangrass hybrids and Millhy 99

pearlmillet. The plots were sidedressed with N twice during the summer

and two samples were taken at each harvest, one large one to determine

DM production, and a smaller one for determination of leaf area, dry

weights of representative parts, meristem heights, N content and

iS: "^^tro dry matter digestibility IIVDMD). Predictive models were

developed for yield at each harvest, regrowth per day (kg/ha/day),

total N percent and IVDMD.

Quality, morphological characteristics, and quantity of DM

produced varied with year, management, and cultivar. The sorghum-

sudangrass hybrids outyielded the pearlmillet when harvested later than

the 90-cm height, but high quality and similar yields (10 metric tons/ha)

were obtained when harvested at 90 cm.

62
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When cut at 90 cm, stubble heights of 15-or 8-cm had no effect

on yields or IVDMD, and resulted in similar N content. However, a

90-cm harvest cut to 15-or 8-cm stubble before a boot or early bloom

harvest resulted in greater season yields for Chowmaker than for Sweet

Sioux. Generally, Chowmaker performed best when cut to 15-.cm stubble,

and Sweet Sioux when cut to 8-cm stubble, when the stage of growth at

harvest was earlier than the boot stage.

The pre-boot, boot or early bloom harvests were delayed by a

previous 90-cm harvest for all cultivars, and N content sometimes was

increased. A previous 50-15 cm harvest before an early bloom or boot

harvest delayed the early bloom and boot harvests of FS-531, but did not

delay those of the other sorghum-sudangrass hybrids and pearlmillet.

These had greater N content as a consequence of the previous cut. The

first pre-boot stage harvest of Sweet Sioux following a 50-15 cm harvest

also had a larger N percent than the first pre-boot harvest of plants

managed 'PB-15'. Material harvested at more mature or taller stages

of growth were low in total N percent but relatively high in IVDMD.

The number of days since March 1, average plant height and the

number of days during regrowth all were important predictors of har

vested yields, daily regrowth, total N and IVDMD. These four dependent

variables were increased as number of days since March 1 increased,

except for the daily regrowth in the Chowmaker model. As average plant

height at harvest increased, yields and daily regrowth increased, but

N percent and IVDMD generally decreased. The number of days of regrowth

generally increased yields and decreased all the other dependent

variables.
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Chowmaker plants performed best when growth, before the boot

stage was cut to 15-cm stubble. The performance of plants generally

was related to rainfall, and many of the managements studied were

suitable. Management '50-15, EB-8, 75-15' was favorable for quality

and yield. Sweet Sioux plants performed best when growth was cut to

8 cm, and the dependent variables were related not only to the three

independent variables listed above, but also cumulative rainfall and

temperature.

The number of days of regrowth was related to all the dependent

variables for FS-531. FS-531 plants yielded more than other cultivars

when allowed to reach taller stages.

In addition to the number of days since March 1, the number of

days for regrowth, and average plant height, leaf area of the stubble

also were important in the Millhy models. This cultivar was not

responsive to management.
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