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CHAPTER I

INTRODUCTION

Summer annuals have become more important as forage crops in the
United States during the past several years, Pearl millet (Pennisétum
americanum (L.) Leeke) contains little prussic acid and when managed
properly has high quality (4, 5, 6, 17).

Recommendations concerning optimum cutting height and frequency
vary, but it is generally agreed that leaving a higher stubble height
is better for regrowth in sudangrass and millets than for perennial
grasses (1, 5, 8, 22, 28). The primary point(s) of regrowth varies
depending on the stubble height. Proportionately more regrowth occurs
from terminal buds as the height of defoliation is raised, while axil-
lary and basal tillering are more important as the stubble height is
lowered (17). This regrowth pattern varies among species because of
the diversity in tillering habits of forages. For example, Clapp and
Chamblee (8) noted that the proportion of 'Gahi-1' pearl millet re-
growth from terminal buds increased as the stubble height was raised
from 8 to 25 cm, while basal and axillary tillering remained relatively

constant. 'Trudan II' sudangrass hybrid (Sorghum sudanense (Piper Staph.)

showed an increase in axillary tillering as stubble height was raised.
Mays et al (21) reported that two sudangrass-sorghum hybrids, Asgrow

'Grazer' (Sorghum bicolor var. sudanense) and Dekalb ‘Sudax SX-11',

Gahi-1 pearl millet, and 'Greenleaf' sudangrass (Sorghum bicolor L.

Moench) when cut to 10 and 20 cm produced new growth primarily from
basal tillers. Beaty et al (1) suggested that 'Tift' sudangrass (Sorghum

sudanense (Piper Staph.), Gahi-1 pearl millet, and Sudax SX-11 sudangrass-



sorghum be cut no lower than 10 to 15 cm. They reported that cuttiag to
stubble heights of 2.5 to 7.5 cm resulted in death of some plants. Most
regrowth of sudangrass and sudan-sorghum occurred from axillary and basal
tillers, while a majority of the pearl millet regrowth occurred from term-
inal buds.

During a two year study at Kansas State University (27}, some pearl
millet plants died when cut to the 15 cm height, particularly at the
boot stage of growth. This prompted further evaluation of factors influ-
encing regrowth of pearl millet under Kansas conditions. Objectives of
this study were: (a) to ascertain the effects of stubble height, stage
of harvest, and plant population on forage yield of pearl millet, (b)
to evaluate the point(s) of regrowth after defoliation, and (c) to deter-

mine the influence of carbohydrate content on plant regrowth.



CHAPTER II

LITERATURE REVIEW

bptimum Stubble Height in Forages

An important management decision for pearl millet is the optimum
stubble (cutting) height, because the amount of foliage removed greatly
influences regrowth and yield. The optimum stubble height has been stud-
ied in several forages (1, 3, 4, 5, 12, 19).

As the stubble height is lowered, more terminal meristems are re-
moved resulting in more axillary and basal tillering. The increased
tillering results from reduced auxins in the shoot apex of sudangrass
(18). Cooper (13) noted a yield reduction in rush-sedgégrass when the
cutting height was raised from 5 to 10 to 15 cm. Beaty et al (1) showed
that forage production of pearl millet increased as stubble height was
lowered, but that stubble height had less effect on yield than did fre-
quency of cutting. However, yield was reduced when 7/8 of the foilage
was removed. Burger and Hittle (5) concluded there was no advantage for
cutting summer annual grasses at 15 cm compared with 7.5 cm in a 3 or
4 cut system. The average crude protein content was higher in the for-
age cut at a 15 cm_stubble height because a larger proportion of stem
versus leaf tissue was harvested at the 7.5 em stubble height.

Heath et al (17) stated that optimum stubble height varies depend-
ing upon the species and its intended use. They noted that pearl millet
is more sensitive to cutting at low stubble heights then are some sor-

ghums.



Optimum Stage of Development for Pasture,
Hay, or Green Chop

The best stage of development to harvest forages for pasture, hay,
or green chop has been studied by several workers (4, 19, 36). Cutting
summer annuals, especially sudangrass and sudangrass-sorghum hybrids at
a very early stage of development increases the risk of hydrocyanic
acid (HCN), or prussic acid poisoning. Since pearl millet contains very
little, if amy, HCN, the stage of development for grazing is not as crit-
ical. The vegetative or grazing stage is generally defined as 60-90 cm
in height. Pearl millet will usually reach the boot stage at approxi-
mately 80~120 cm, suitable for hay, silage, or green chop (17).

Burger et al (6) reported large yield reductions in sudangrass when
cut under the pasture system of management (vegetative stage - 50 cm)
as opposed to the hay management system (boot ~ early bloom stage).
Broyles and Fribourg (4) reported in sudangrasses and millets that the
early bloom stage produced dry matter yields which were significantly
superior to those obtained from the vegetative stage. Although the later
stages of maturity may be considered for hay or green chop, they are not
suitable for pasture (grazing).

Ellett and Carrier (13) reported that summer annuals grasses cut
when they approach maturity have little aftermath as compared to grasses
kept grazed. It was observed at Kansas State University that pearl mil-
let defoliated at the boot stage sometimes produced little regrowth or

dfed (27).

Optimum Plant Population for Forage

Forage yield of summer annuals, including pearl millet is influenced



by cultural practices including optimum plant populations (3, 17). Plant
cultivars, soil type, and environmental conditions greatly influence op-
timum plant populations. Hart and Burton (16) reported no significant
differences in forage yields between 17 cm and 88 cm row spacings of
pearl millet. The wider rows were inefficient in utilizing light and
soil moisture early in the season. Later in the growing season as the
plant canopy and root system developed the wider rows became more effi-
cient. Nelson (25) showed grain yields in 'Proso' millet (Panicum
miliaceum L.) increased as row widths decreased from 71 to 18 cm. Heath
et al (17) stated that row spacing in summer annuals had little effect
on total forage production. Where mechanical harvesting is used,

Dovrat and Ophir (11) suggested reseeding pearl millet after each har-

vest to maintain the plant populations.

Effects of Cutting Frequency on

Forage Yield and Quality

The frequency of clipping affects grass yield and the points of
regrowth. Since regrowth is directly related to the amount of leaf area
remaining after defoliation and the development of meristems, the fre-
quency of harvest dramatically affects yield. As the cutting interval
is shortened, the amount of regrowth between each successive cut de-
creases, reducing the total seasonal yield. A study on sudangrass-
sorghum hybrids by Beuerlein et al (3) showed that increasing the number
of harvests reduced dry matter production. The frequent removal of foli-~
age causes stand reductions and general loss of vigor in summer annuals
(4, 29). Burger et al (6) reported a large decrease in sudangrass yields

from 2.33 to 1.54 metric tons/ha. when cut under the hay and pasture systems



of management. Joulie (20) showed a reduction of 4.9 metric tons of dry
hay/ha. when pearl millet was cut six times per year instead of twice.
Beaty et al (1) reported that by extending the harvesting interval of
summer annuals from 2 to 5 weeks, yields increased by 46%. They also
reported an increase in dead plants with close and frequent cuttings.
However, Mays et al (21) reported that the frequency of harvest did not
influence yield when plant height was allowed to reach 86 to 96.5 cm.

An advantage of frequent removal of new growth is improved forage
quality. As the time between harvests is lengthened, the proportion of
fiber and other cell wall components increases (13, 17). Rusoff et al

(30) showed that lignin content in 'Starr' millet (Pennisetum zlaucum

L.) increased from 3.23 to 6.75% from the first to the fifth cut and
crude protein dropped from 13.1 to 5.9%. Nuwanyakpa (27) showed that
in pearl millet, acid-detergent fiber increased from 24.23 to 26.19%
from the first to fourth cut vegetative stage. Crude protein decreased

from 21.54 to 18.60% for the same harvests.

Foliage Remaining After Harvest

Clapp et al (8) showed that summer annuals clipped at 15 to 20 cm
had enough remaining foliage for new growth but when clipped at 5 to 10
cm, the regrowth occured primarily from stored food reserves.

The amount of foliage removed influences the recovery time of sum~
mer annual forages, but seems to be less important with pearl millet.
Beaty et al (1) reported that removing 3/4 of the foliage in summer an-
nuals increased forage production by 17.55% over removing the top 1/3
of the plant.

Dovrat and Ophir (11) reported that in pearl millet the amount of



foliage removed influences plant regrowth. When plants were cut to 15
cm, 96% of the original shoots were regrowing from plants cut 30 days
after emergence. However, with plants cut to 5 cm, the regrowth rate
was only 76%. Part of these results may also be due to the position of
buds at the time of harvest. Begg (2) noted that 'Bulrush' millet (Pen-

nisetum typhoides 8. & H) is very susceptible to defoliation once inter-

node elongation has commenced. Millet shoots regrew following defolia-
tions made during the first four weeks after emergence, when the meri-
stems were below the cutting height. Later defoliations resulted in

loss of plant vigor and stands due to removal of meristems.

Total Nonstructural Carbohvdrate Levels

and Their Effect on Plant Regrowth

Heath et al (17) defined nonstructural carbohydrates as photosyn-—
thetic products in plants existing as a solute or stored insoluable ma-
terial, not as strucutral components of the plant. Fructose, glucose,
gsucrose, and starch are primary examples., Smith (32) described total
nonstructural carbohydrates (INC) as an estimate of the carbohydrate en-
ergy readily available to the plant. During normal growth, grasses accu-
mulate carbohydrates in various plant parts such as rhizomes, stolons,
or basal regions of the stems. Total nonstructural carbohydrate content
in pearl millet is importaﬁt because it has been shown that carbohydrates
are in part used for regrowth following defoliation (23).

Reduction of photosynthetic area due to defoliation or shading re-
duces carbohydrate levels throughout the plant (23, 24, 353). Mays and
Washko (23) reported substantial dependence on carbohydrate reserves for

regrowth when pearl millet was cut to a stubble height of 5 em. As stub-



ble height was raised to 15 cm, dependence on carbohydrate reserves de-
creased and the plant's ability to synthesize its own food for new growth
was enhanced. Sullivan and Sprague (34) reported similar findings in

ryegrass and orchardgrass.

Effects of Wheel Traffic

on Plant Regrowth

Observations have shown that wheel traffic of field equipment often
bends and damages stubbles remaining after green chop harvests (17).
Dovrat and Ophir (11) reported severe injury to stands of pearl millet at
the 5, 10, and 15 cm stubble heights when simulated wheel pressure was
inflicted. Gill et al (15) did extensive work on the effects of wheel
traffic on soil compaction in summer annuals. When the soil is wet, soil
compaction, reduced porosity, and wheel slippage occurs. Fribourg et al
(14) showed a 15 to 20% reduction in dry matter yield, often as high as
30%, and occasionally reaching 50% when a 1,745 kg tractor and 1,360 kg
wagon was run over Sudax—11 sorghum and Gahi-1 pearl millet stubble.
There was more damage to Gahi-~1l pearl millet than Sudax-SX-11 sorghum
during dry conditions indicating that pearl millet was more brittle and
susceptable to wheel traffic damage, Sheesley et al (31) showed that in
alfalfa (Medicago sativa L.) hay fields, root growth was limited by soil
compaction and mechanical damage from harvesting, resulting in reduced

plant vigor and stands.



CHAPTER III

MATERTALS AND METHODS

Field Procedures

Regrowth of pearl millet was evaluated in a two year study conducted
at the Kansas State University Agronomy Research Center near Manhattan,
Kansas. The study was conducted in 1979 and 1980 under dry-land condi-
tions. The 1979 experiment was seeded 7 June on Ivan fine-silty loam,
mixed mesic family of the Cumulic Hapludalls soil. Rainfall and temper-
ature data shown in Table 1 were obtained from the Weather Data Library
at Kansas State University.

Twelve treatments were Included in a randomized complete block de-
sign with four replications. Treatments included all combinations of 3
populations harvested at two stubble heights, and two stages of develop-
ment (Table 2). Plant populations consisted of three densities with the
following spacings: (1) 185 th. plants/ha, in rows 36 cm wide and 15 cm
between plants within the rows, (2) 368 th. plants/ha. in rows 18 cm wide
x 15 cm within the rows, and (3) 736 th. plants/ha, in rows 18 cm wide
by 7.5 cm. Stages of development.at harvest were vegetative and boot
and residual stubble heights were 15 and 25 cm.

Prior to planting, nitrogen and phosphorus were applied and disced
into the soil at a rate of 36 and 18 kg per hectare, respectively.
Treated, certified seed of Northrup King 'Millex 23' hybrid pearl millet
was planted with a Planet Junior seeder in plots 2 meters x 6 meters.

On June 26 and 27 the plots were thinned to the specified populations
using ropes with appropriate markings alongside each row. Neutron tubes

were placed in each of the four corners of the study to monitor soil



Table 1. Mean Temperatures (OC) and Total Precipitation (cm),
Manhattan, Kansas, 1979 and 1980.

1979
Temperature Precipitation

: Departure Departure
Month Mean from Normal Total from Normal
April 11.78 -1.3 4,72 -2.90
May 17.56 -0.9 6.96 -4.,09
June 23.11 -0.3 7.85 -6.99
July ‘ 25.50 ~0.7 14,10 2.97
August 25.50 -0.3 7.42 -1.73
September 21.50 0.9 3,20 -6.86
October 15.55 0.7 15.11 8.20

1980
Temperature - Precipitation
Departure

Month Mean from Normal Total Departure
April 12.22 -0.8 3.51 -4.11
May 18.17 -0.3 4.57 -6.48
June 25.78 2.3 7.14 -7.70
July 31.00 4.8 3,05 -8.80
August 28.83 3.k 7.46 ~1.68
September 22.50 1.9 6.40 -3.66
October 13.33 ~1.5 8.71 1.80
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Table 2. Treatments Imposed on 'Millex-23' Hybrid Pearl Millet, 1979-1980.
Plant Population Growth Stage Stubble

Spacings (Plants/ha.) At Harvest Heights

18 x 7.5 cm 736 Th. Veg. and Boot  15%°, 25%°, 30° cm

18 x 15 cm 368 Th. Veg. and Boot 1522, 259 30P n

36 x 15 cm 185 Th. Veg. and Boot 152, 25% cm

54 x 10 em 185 Th. Veg. and Boot le, 25b, 30b cm

a - 1979

b - 1980
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moisture during the growing season (Table 3).

Prior to each harvest, plant heights were taken on ten random plants
per plot. Plant heights were taken from ground level to the top of the
plant canopy at the vegetative stage and to the flag leaf at the boot
stage. The mean of these ten plants for each plot was recorded as plant
height. Plots were harvested at the vegetative stage when they reached
approximately one meter in height and when the heads were just emerging
for the boot stage. A self-propelled Carter flail harvester was used to
harvest all plots on the dates shown in Table 4. Plot weights were taken
from the center 92 cm of each plot and remaining guard rows were cut and
discarded. Plot weights were recorded and sub-samples (grab-samples)
were taken for moisture determination. The samples were dried in a
forced air dryer at approximately 65° C for five days.

Stubbles in the guard rows of each plot were sampled on the day of
harvest and seven days post harvest for total nonstructural carbohydrate
(INC) determinations. Since the stubble heights varied, the lower 15 cm
were taken to ensure uniformity. The samples were dried and ground to
pass through a 40-mesh screen, bottled, and stored in the dark.

Tiller counts were taken 7-10 days post harvest from one center row
in each plot, categorized visually into basal, axillary, terminal, or
dead, and expressed as percentages. Basal tillers were defined as new
shoots arising at the base of the existing tillers and main shoots, while
axillary tillers were new shoots coming from nodes between ground level
and the uppermost node. Terminal regrowth was that which occured from
the point of defoliation, while tillers that exhibited no regrowth after

cutting were counted as dead (Figures 1-4). Chinch bugs (Blissus leucop-

terus Say) were a problem and plots were spraved with Furadan at a rate
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Table 3. Soil Moisture: Total Water {(cm/meter of soil)
*1979 #%1980
Date Totéi HZO SE Date Totéi H20 Si
(X) (%)
July 14 32.83 3.25 July 16 27.80 1.64
August 3 34.79 4.36 July 28 25.50 1.37
August 25 35.11 4.23 August 11 23.55 2.90
September 1 34.93 4,18 August 29 23.45 3.64

*Means (X) of 4 values

**Means (X) of 3 values



Table 4., Harvesting Dates for Stages of Development and Stubble
Heights, 1979-1980.
1979
Stubble
Heights Veg-1 Veg-2 Veg-3 Boot-1
15 cm July Aug Aug Aug
12 2 12 2
25 cm July July Aug Aug
12 26 12 2
1980
Stubble
Heights Veg-1 Veg-2 Veg~3 Boot-1 Boot-2
15 em July Aug Sept Aug Sept
23 12 5 12 19
25 cm July Aug Aug Aug Sept
23 8 27 12 9
30.5 cm July Aug Aug Aug Sept
23 8 27 12 9




Fig. 1 Basal Tillers (upper)

Fig. 2 Axillary Tillers (lower)

15



Fig. 3 Terminal Tillers (upper)

Fig. 4 Dead Tillers (lower)

16
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of 1.2 kg A, I./ha. on 29 June and 9 July 1979. Weeds were controlled
by cultivation.

Procedures for the 1980 experiment were the same as in 1979 except
for the following changes. The plots were seeaed on 9 June 1980 on
Wymore fine, silty clay loam, montmorillonitic, mesic family of the Aquic
Argindolls and thinned to the correct populations on 27-30 June. Plant
populations were the same, but a spacing change from 36 x 15 cm to 54 x
10 em was made (Table 2). A stubble height of 30 cm was added to the
study and the two growth stages at harvest remained the same. Chinch
bugs were again a problem and plots were sprayed with Sevinmol at a
rate of 4.7 liters A, I. per hectare on 1 July.

Axillary tillers were redefined as new tillers emerging from nodes
above ground level to the point of defoliation. The change was made be-
cause it was noted that tillering on the main shoot below the point of

defoliation was the result of axillary buds.
Laboratory Procedures

Total Nonstructural Carbohydrates

The genus Pennisetum reportedly contains sucrose in the lower por-
tions of the plant (10). Many different methods are available for deter-
mining total nonstructural carbohydrate content (TNC}, including acid
solutions (7, 33,) and enzymes (26, 32, 33), such as takadiastase. The
latter was used with a few modifications.

Duplicate analysis were run on each sample with the average recorded
as percent TNC. Two blanks were included in each run. Samples of 500 mg.
were placed in 125 ml Erlenmeyer flasks and 15 ml of distilled water was

added. They were boiled for 1-2 minutes, cooled to room temperature, and



18

10 ml of buffer and takadiastase enzyme solutions added? The flasks
were then covered with parafilm and incubated for 24 hours at 38°C. The
enzyme mycolase was used because replicated trials showed it to be twice
as active as 'Clarase 900'.

The solutions were then filtered through Whatman #1 filter paper
into 250 ml volumetric flasks. The Erlenmeyer flasks and filter paper
were washed with distilled water four times. Two ml of 10% lead acetate
solution was added and the volumetric flasks were brought to volume with
distilled water. The solutions were well mixed and approximately 30 ml
were poured into 50 ml centrifuge tubes and centrifuged for 7 minutes at
1,700 rpm. The liquid was decanted into 50 ml Erlenmeyer flasks contain-
ing 100 mg powdered potassium oxalate and placed in a refrigerator over-
night.

The following day the samples were filtered through Whatman #43
filter paper into 50 ml Erlenmeyer flasks. A 10 ml aliquot was taken
from each flask and placed in a 25 x 200 mm ignition tube. Ten ml of
Reagent 50 was added to the ignition tubes and they were heated in a
boiling water bath for 15 minutes. After the tubes had cooled to room
temperature, a 2 ml solution of potassium iodate-potassium oxalate was
added, followed by 10 ml of 1.0 N H2804. The tubes were agitated and 4
drops of starch solution was added as an indicator. The last step was
to titrate to a milky-green endpoint with 0.02 N sodium thiosulfate.
Seven glucose standards were used for each run: 0.0, 0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 ml of glucose solution per 10 ml.

The actual percentage of TNC were calculated using the procedure
as described by Smith (32). Samples were rerun if the duplicate samples

varied more than 0.5% from each other.
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CHAPTER IV

RESULTS AND DISCUSSION

Agronomic Characteristics

Plant Height

Few differences in plant height were noted among treatments in 1979
but more variation existed in mean plant heights during 1980 (Appendix
Tables 1 and 2).

The plants at the lowest population (also the wide row spacing) had
a significantly shorter mean plant height than either of the denser pop-
ulations. With adequate soil moisture in 1979, these results were not
unusual. With narrow rows and heavier plant populations, light penetra-
tion into the canopy is reduced and less auxin is broken down, resulting
in taller plants. The other mean difference that existed in 1979 occurred
between stubble heights at the third vegetative harvest. The plants were
harvested at different times throughout the season which could explain
the significant difference. Plant heights at the second and third har-
vests were much greater than the first and greater than those in 1980
because the plants were allowed to reach a greater plant height before
harvest. With adequate moisture, the plants reached a greater plant
height before reaching the boot stage than those in 1980.

Data for the significant stubble height ¥ population interaction are
shown in Table 5. At the 15 cm stubble height, mean plant heights de-
creased at the intermediate plant population but increased at the heavi-
est population. Mean plant heights at the 25 cm stubble height increased

at the intermediate population but decreased at the highest plant popula-
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Table 5. Mean Plant Heights (cm) - 1979,

Population (th. plants/ha.)

Stubble Height

(cm) 185 368 736
15 66 60 69
25 53 65 60

Mean 60 62 64

LSD .05 level for comparing stubble height ¥ population interaction = 4.0
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tion. These differences are what caused the significant stubble height x

population interaction.

Dry Matter Content

Differences in dry matter were found between stubble heights at the
firstrand third cuts of the vegetative stage, but dry matter percentages
of the two stubble heights were reversed between the two cuts. This re-
versal plus similar values for the second cut resulted in nonsignificant
mean differences between the 15 and 25 cm stubble heights.

In 1980 few differences were noted in mean dry matter percentages
at the vegetative stage. Significant differences occurred among stubble
heights at the first cut and among populations at the third cut.

At the boot stage of development, variation existed among popula-
tions and stubble heights for both 1979 and 1980. 1In 1979 the most
densely populated plots had a significantly higher dry matter content and
forage cut at the taller stubble height had higher dry matter content.

In 1980 two cuts were made at the boot stage, but the mean dry matter
percentages among populations were reversed from those in 1979. As in
1979, forage dry matter content increased with greater stubble heights.

A stage ¥ stubble height interaction occurred in 1979 as shown in

Table 6. The interaction was primarily caused by the significantly lower

dry matter content of the 15 cm stubble height at the boot stage.

Forage Yield

Several workers (5, 8, 29) have shown that the frequency of harvest
greatly influences forage yield. Variability exists among varieties and

vield is influenced by management practices and environment. It is gen-



Table 6. Mean Dry Matter Content (%), 1979.

Stubble Height (cm.)

Stage 15 25
Vegetative 13.1 13.0
Boot 10.8 12.6

Mean 12.0 12.8

X

LSD .05 level for comparing stage stubble height interaction = 2.0
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erally agreed (5, 8, 29) that more frequent removal of foliage results

in less forage yield. Such was the case in this study. As the time be-
tween harvests increased, higher yields were recorded. Imn both 1979 and
1980, the total forage yield at the boot stage (one and two harvests,
respectively) was more than that from the three cuts taken at the vegeta-
tive stage (Appendix Table 5). 1In 1979 the plants harvested once yielded
7.4 metric tons/ha, while those cut three times yielded 5.3 metric toms/ha.

Plant populations may influence total yield. While variability exis-
ted among harvests at the vegetative stage in 1979, differences in total
yield were nonsignificant. At the boot stage, forage yield increased as
population density.increased; from 6.5 to 7.4 to 8.2 metric tons/ha. at
185, 368, and 736 thousand plants ha, respectively. Adequate moisture
occurred in 1979, and Burton (15) reported that under normal rainfall,
narrow rows and high populations yield more than wider, less populated
rows. When rainfall is limiting, the wider less populated rows are bet-
ter because of reduced competition for moisture,.

There were no differences in forage yield between stubble heights
during 1979 except at the first vegetative harvest. Yields were greater
than those in 1980 for all treatments except the highest population cut
at the boot stage. The yields for the second harvest in 1979 were much
greater than the other two cuts because the plants reached a greater
height before harvest.

The analysis of variance for forage yield is given in Appendix Table
4, and a significant stage X population interaction occurred with the
mean values presented in Table 7. At the boot stage of maturity total
forage yield increased in a linear manner as population density increased.

At the vegetative stage, forage yield increased with population density,
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Table 7. Mean Forage Yields (metric tons/ha.), 1979-1980.
Population (th. plants/ha.)
1979 1980
Stage 185 368 736 185 368 736
Vegetative 5.0 5.8 5.3 4.8 4.0 4.1
Boot 6.5 7.4 8.2 6.8 4.7 5.4
Mean 5.7 6.6 6.7 5.8 4.4 4.7

LSD .05 level for comparing 1979 stage X population interaction

LSD .05 level for comparing 1980 stage X population interaction

0.3

0.7

Stubble Height (cm.)
1980
Stage 15 25 30
Vegetative 5.4 3.6 3.8
Boot 6.5 5.3 5.3
Mean 6.0 4.4 4.5

LSD .05 level

for comparing 1980 stage X stubble height interaction =

0.

7



25

but decreased slightly at the highest population which caused the signif-
icant interaction.

In 1980 differences in total forage yield were noted among populations
at both the vegetative and boot stages. The highest yields were obtained
at the lowest population (alsc the wider row spacing). A probable expla-
nation was that precipitation in 1980 was much below normal and soil
moisture competition was pgreater in the narrower more populated rows.

In 1980 the lowest stubble height had a significantly higher yield
at the vegetative stage. These results were similar to those reported
by Beaty et al (1) for summer annuals,

A substantial drop in yield occurred at the second harvest of the
boot stage in 1980, from 5.1 to 1.5 metric tons/ha. (Appendix Table 5),
because plants reached the boot stage at a much shorter plant height
after the first harvest. Part of the difference in vields was caused by
the warm, dry growing season which hastened maturity, and the position of
the buds at the time of first harvest. At the more mature harvest stage,
a large number of apical and lateral buds were above the point of defolia-
tion and regrowth was more dependent upon basal buds.

Two significant interactions for forage yield occurred in 1980 and
the mean values are presented in Table 7. A stage ¥ population interac-
tion resulted primarily from the magnitude of differences for the popula-
tions at the two stages because the yield trends were similar.

The stage X stubble height interaction also was caused primarily by
differences in magnitude of response in total yields. At the vegetative
stage, forage yield decreased sharply between 15 and 25 cm stubble heights,
but was slightly higher at the 30 cm stubble height. At the boot stage,

the decline between 15 and 25 cm stubble heights was less marked, and the
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two taller heights were almost equal. Differences in yield among stubble

heights were not as great at the boot stage as for the vegetative stage.

Percent Basal Tillers

All tiller counts were expressed on a percentage basis. In 1979 the
percent basal tillers was significantly higher at the vegetative stage
for the two higher populations {Appendix Table 7), but in 1980 differences
among populations were nonsignificant.

In 1979 percentage of basal tillers at the vegetative stage increased
slightly as the stubble height was raised, but the differences were non-
significant. In 1980 a larger percentage of basal tillers occurred at
the 15 cm stubble height at the second and third harvests, causing a sig-
nificant difference. These results correspond with Clapp et al (8), who
reported a greater percentage of basal tillers in sorghum-sudangrass hy-
brids as the stubble height was lowered from 30 to 15 cm.

At the boot stage, significant differences in percent basal tillers
occurred only among stubble heights in 1979 and 1980. As the stubble
height was lowered to 153 cm, a reduction in basal tillers occurred. This
reduction was much greater in 1979,

A stage X stubble height interaction existed in 1979 (Appendix Table
6) with means shown in Table 8. It is eclear from these data that the
stage of harvest greatly influenced the tillering habit of the plants,
but differences were larger at the shorter stubble heights. Contrary to
1979, the percent basal tillers at the boot stage (3.97%) was significantly
greater than for the vegetative stage (1.8%, LSD .05=2.0}.

Clapp et al (8) reported an increase in the number of basal tillers

after the first harvest which surpassed the number of axillary tillers.



Table 8., Mean Percent Basal Tillers, 1979.

27

Stubble Height {(cm.)

Stage 15 25
Vegetative 5.1 5.5
Boot 0.3 2.3
Mean 2.7 3.9

LSD .05 level for comparing stage ¥ stubble height interaction

.1
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In this study, the number of axillary tillers were much greater than the
number of basal tillers. This difference may have been caused by dif-
ferences in cultivars, environments, and the manner in which the tiller

counts were taken.

Percent Axillary Tillers

The percentage of axillary tillers (Appendix Table 8) was not greatly
influenced by population density in 1979 or 1980. At the vegetative stage
in 1980, the intermediate population had fewer axillary tillers at the
second harvest than the other two populations. This caused a difference
in population means.

Differences in percent axillary tillers were also noted among stubble
_heights at the second harvest in 1980. The greatest percent axillary til-
lers occurred at the 15 cm height and the fewest at the 25 ecm height, with
the 30 cm height intermediate.

At the boot stage, the intermediate population was significantly
lower in percent axillary tillers in 1979, but in 1980 differences among
populations were nonsignificant. Similarly, the shorter stubble height
had significantly fewer axillary tillers in 1979, but no differences were
found in 1980. This contradicts Clapp et al (8) who noted that in gen-
eral, as the height of defoliation is lowered, the percentage of basal
and axlllary tillers increases.

At the boot stage in 1980, many axillary tillers (38.8%) were pro-
duced after the first harvest, but few (5.1%) after the second harvest.
Little regrowth occurred after the second harvest and the drop in percent
axillary tillers corresponds to the marked increase in dead tillers

(Appendix Table 11).
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A stage X stubble height interaction existed in both years (Appendix
Table 6) and the data are presented in Table 9. The interaction in 1979
was largely caused by a much greater difference in axillary tillers be-
tween stages at the shorter stubble heights.

In 1980 the interaction was caused by the magnitude of the differ-
ence between stages at the three stubble heights. The percent axillary
tillers was always greater at the vegetative stage, but the advantage was
much greater at the lowest stubble height.

The greater percentage of axillary tillers in 1980 compared to 1979

was due primarily to the manner in which they were defined.

Percent Terminal Tillers

In the case of pearl millet, most of the regrowth occurs from ter-
minal buds, especially at the vegetative stage. With a longer time be-
tween harvests and greater plant maturity, more terminal meristems are
removed. This forces the plant to rely on axillary and basal tillers.

It has been reported that if summer annual grasses are defoliated to
stubble heights less than 15 cm, the percentage of terminal growth de-
creases, and basal and axillary tillers develop (8). Heath et al (17)
agrees that in pearl millet, most regrowth occurs from terminal meristems.
Cutting at higher stubble heights generally leads to more vigorous growth
and leafiness.

The analyses of variance for percent terminal tillers in 1979 and
1980 are shown in Appendix Table 9. The amount of stubble remaining
after harvest affected the percentage of terminal regrowth. A much smaller
percentage of terminal tillers occurred at the 15 cm stubble height for

both stages of maturity (Appendix Table 10). However, the differences



Table 9. Mean Percent Axillary Tillers, 1979-1980.

30

Stubble Height (cm)

1979 1980
Stage 15 25 15 25 30
Vegetative 2.7 3.5 272 20,2 23.9
Boot 0.4 2.6 23.4 19.7 22.7
Mean 1.6 3.0 25.3 19.9 23.3

LSD .05 level for comparing stage ¥ stubble height interaction - 1979

1.8 ,

LSD .05 level for comparing stage X stubble height interaction - 1980

7.0
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were significant only at the vegetative stage. Lowering the stubble
height from 25 to 15 cm reduced the percentage of terminal tillers by
nearly one-half. Although a population ¥ stubble height interaction oc-
curred in 1979, (Table 10) the percent terminal tillers were always great-—
er at the taller stubble height. The greatest difference between stubble
heights was at the middle population.

In 1980 variation existed among populations and stubble heights
(Appendix Table 10). Stage of maturity affected the percentage of termi-
nal regrowth more in 1980 than in 1979. The mean values for each treat-
ment were lower at the boot stage than the vegetative stage. Since most
of the regrowth occurs from terminal buds, a smaller percentage of ter-
minal tillers would be expected at the boot stage because of stem elonga-
tion and more apical meristems being exposed.

Stage X population and stage ¥ stubble height interactions occurred
in 1980 with appropriate data presented in Table 10.

The stage ¥ population interaction was caused primarily by the rela-
tive differences in percent terminal tillers between stages for the three
populations. Also at the intermediate population, the percentage of ter-
minal tillers at the vegetative stage increased, while at the boot stage
the percentage decreased. Despite the significant stage X population,
interacting percent terminal tillers was always much greater at the vege-
tative stage of harvest.

The stage X stubble height interaction resulted mainly from the smal-
ler difference between stages at the 30 cm stubble height compared to 15
and 25 cm heights. Percent terminal tillers was again consistently higher

at the vegetative stage than the boot stage.
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Table 10. Mean Percent Terminal Tillers, 1979-1980.

1979 - Population (th. plants/ha.)

Stubble Height (cm) 185 368 736
15 38.0 31.6 47.9

25 56.6 62.4 57.7
Mean 47.3 47.0 52.8

LSD .05 level for comparing stubble height X population interaction = 8.0

1980 - Population (th. plants/ha.)

Stage 185 368 736
Vegetative 62.4 66.4 65.9
Boot 42.6 40.4 31.4
Mean 52.5 53.4 48.6

LSD .05 level for comparing stage X population interaction = 8.0

1980 - Stubble Height (cm)

Stage 15 25 30

Vegetative 60.2 68.5 66.2
Boot 31.6 38.8 44,0
Mean 49.5 53,6 55.1

11.7

]

LSD .05 level for comparing stage ¥ stubble height interaction
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Percent Dead Tillers

As noted earlier, the percentage of dead tillers was inversely pro-
portional to the percentage of terminal tillers. The data for percent
dead tillers are presented in Appendix Table 1l with the corresponding
analyses of variance in Appendix Table 9. A smaller percent dead tillers
occurred in 1980 than in 1979 even though it was much hotter and driler
in 1980. The difference may be partly attributed to a better row spacing
in 1980 (185 th. plants/ha.) and an absence of wheel slippage which some-
times occurred under the wet harvest conditions during 1979.

At the vegetative stage, little wvariability existed among populations
in either year.

Stubble height strongly affected the percentage of dead tillers in
1979 but not in 1980. Lowering the stubble {cutting) height from 25 to
15 cm increased dead tillers almost two-fold (28.9% vs. 52.97%) in 1979
but the 15 cm stubble height was similar to the others in 1980.

At the boot stage in 1980, the 15 cm stubble height had a signifi-
cantly higher percent dead tillers than the 25 and 30 cm stubble heights
(Appendix Table 11). This response to stubble height has been substantia-
ted by several workers who found that shorter cutting heights resulted
in reduced plant vigor and stands (1, 8). Population density did not af-
fect percent dead tillers.

A significant stubble height X population interaction occurred in
both 1979 and 1980 and a stubble height ¥* stage interaction occurred in
1980 (Table 11),

The stubble height * population interaction that occurred in 1979

was caused primarily by the difference between stubble heights at the
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Table 1l. Mean Percent Dead Tillers, 1979-1980.

Stubble Height 1979-Population (th. plants/ha.)
(cm) 185 368 736

15 55.0 62.9 46.6

25 | 85,7 28.6 35.1

Mean 5 43,4 45.8 40.8

LSD .05 level for comparing stage ¥ stubble height interaction = 16.7

Stubble Height 1980 - Stage 1980-Population (th.plants/ha.)
{cm) ‘Vegetative Boot 185 368 736
15 10.0 37.7 19.0 24.2 19.9
25 10.3 29.7 20.2 18.6 15.2
30 8.6 28.3 14.1 17.0 18.0
Mean 9.6 31.9 17.8 19,9 17.7

L8D .05 level for comparing stubble height ¥ stage interaction = 6.8

LSD .05 level for comparing stubble height ¥ population = 8.4
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intermediate population. The largest percent dead tillers occurred at
the 15 cm stubble height and lowest percent at the 25 cm height. The per-
cent dead tillers was always greater at the 15 ecm height.

In 1980 the stubble height ¥ population interaction was caused by
fluctuating data. The highest percent dead tillers occurred at the inter-
mediate population and 15 em stubble height, while the lowest values oc-
curred at the highest population and 25 cm height and the lowest popula-
tion and 30 cm stubble height.

The 1980 stubble height X stage interaction was probably caused by
the relative difference between stages at the three stubble heights. The
difference was greater at the 15 cm height than at the 25 and 30 cm
heights.

Despite the significant stubble height X stage interaction in 1980,
percent dead tillers was always greater at the boot stage. The number
of dead tillers at the boot stage in 1980 was about three times as great
as the vegetative stage for all stubble heights.

Besides the management practices mentioned, envirommental factors
such as temperature, rainfall and soil moisture also affect forage yield
and plant regrowth. This study was conducted under two totally different
growing seasons. The precipitation was slightly above normal and temper-
atures were near normal during 1979. Above normal temperatures and below
average precipitation occurred in 1980, Soil moisture was monitored on
four separate occasions each year. The readings are presented in Table
4 and it is evident that in 1979 more scil moisture was present in the
upper 100 cm of soil. Seasonal means indicate that soil molsture was

approximately 18% greater in 1979 than in 1980.
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Laboratory Analysis

Total Nonstructural Carbohydrates

When most of the leaf area is removed, the plant must rely on al-
ternative supplies of energy. Many plants accumulate carbohydrates in
the roots, rhizomes, and basal stubbles of the plant. Similar to the
objectives of Mays and Washko (23), this study was designed to determine
to what extent pearl millet relies on total nomstructural carbohydrates
(TNC) for regrowth. By éomparing carbohydrate levels on the day of har-
vest with those seven days post harvest, the utilization of TNC for plant
regrowth could be estimated. It was postulated that differential levels
of TNC might partially explain the poor growth which sometimes occcurred
at the boot stage.

The carbohydrate percentages (TNC) of samples taken the day of har-
vest for both 1979 and 1980 are shown in Appendix Table 13. The appro-
priate analyses of variance are given in Appendix Table 12.

In 1979, significant differences in carbohydrate percentages occurred
between stubble heights at the third vegetative harvest. This greater
CHO percentage for the 15 cm stubble height also caused a greater mean
value for the vegetative harvests. A stage ¥ stubble height interaction
occurred in 1979 and is presented in Table 12. The interaction was caused
by a decrease in CHO% at the vegetative stage and a slight, but nonsig-
nificant increase, at the boot stage of maturity.

At seven days post harvest (Appendix Table 14), little variation
existed among treatments, except stubble heights at the third cut of the
vegetative stage. The carbohydrate values correspond closely to those

on the day of harvest.



Table 12. Mean Percent Carbohydrate Content - Day of Harvest, 1979.

Stubble Height (cm.)

Stage 15 25

Vegetative 5.17 3.99
Boot 5.75 6.33
Mean 5.46 5.16

LSD .05 level for comparing stage X stubble height interaction = 1.6
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During 1980, on the day of harvest, carbohydrate levels varied
slightly among treatments, but few differences were significant. The
carbohydrate levels were much higher in 1980 than in 1979 (Appendix
Table 13). Carbohydrate levels at the boot stage were significantly
lower at the lowest stubble height.

At seven days post harvest, a significant difference in carbohydrate
content occurred at the first vegetative harvest (Appendix Table 14).
This difference corresponds to levels taken the day of harvest. The dif-
ferences caused significant variation in the means for the three popula-
tions. Variation existed among stubble heights at both the vegetative
and boot stages., Carbohydrate levels increased as stubble height was
raised.

The analyses of variance for CHOZ are presented in Appendix Table
12. At seven days post harvest, the stage X stubble height and popula-
tion ¥ stubble height interactions occurred. These data are presented
in Table 13. No clear pattern in CHOX is evident for the stage X popula-
tion interaction. However, large differences in carbohydrate percentages
between stages at the intermediate population were what probably caused
the interaction.

The stage X stubble height interaction resulted from the greater
differences between stubble heights for the vegetative and boot stages.
CHOZ was always greater at the vegetative stage and increased with taller
stubble heights for both stages.

The population ¥ stubble height interaction alsc shows no clear pat-
tern for CHO%. The trend was toward higher CHOZ at higher populations
and taller cutting heights. However, differences were very slight at

the 15 cm height, and the intermediate population had the highest CHOZ
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Table 13. Mean Percent Carbohydrate Content-7 Days Post Harvest, 1980.

Population (th. plants/ha.)

Stage 185 368 736

Vegetative 5.00 6.29 5.74
Boot 4.74 4.46 4,92
Mean 4.87 5.38 5.33

LSD .05 level for comparing stage X population interaction = 1.16

Stubble Height (cm)

Stage 15 25 30
Vegetative 5.11 5.88 6.03
Boot 3.40 4.97 5.78
Mean 4,26 5.43 5.91

LSD .05 level for comparing stage X stubble height interaction = 1.43

Stubble Height (cm)

Population
{th. plants/ha.) 5 25 30
185 4.27 5.05 5.03
368 | 4.57 6.12 5.97
736 4,21 4,88 6.44
Mean

LSD .05 level for comparing population X stubble height interaction =

1.43
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at the 25 cm height. CHOZ increased with each increase in population at
the 30 cm height,

The results of this study were similar to those obtained by Mays
and Washko (23). In several instances the more severe cutting treatments
resulted in the greater carbohydrate reduction. The carbohydrate levels
taken seven days post harvest showed a general increase in TNC as the
stubble height was raised. This indicates that those plants cut at the
higher stubble heights with more leaf area remaining after harvest were
able to synthesize food more readily and relied less on carbohydrate re-
serves. The proportion of TNC used for regrowth was determined as fol-

lows:

CHOZ (Day of Harvest)-CHO% (7 days post harvest)
CHO% (Day of Harvest)

% TNC used
during regrowth

At the vegetative stage in 1979 and 1980, 42 and 39% of the TNC was used
between the day of harvest and seven days post harvest. At the boot
stage, 64 and 53% TNC was utilized during regrowth.

The levels of carbohydrates were influenced by the stage of harvest.
In both years the carbohydrate levels declined more at the boot stage dur-
ing the seven days post harvest. This indicates that at the boot stage,
less leaf area remained after harvest and regrowth came primarily from
stored food reserves in the stubble. Similar results have been reported
by other workers (18, 34). Holt and Alston (18) also showed that plants
at the boot stage were very slow in replenishing carbohydrate reserves
after harvest. With a longer recovery period and environmental stresses,
each successive harvest resulted in less dry matter than the previous

harvest.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The major objectives of this study were to ascertain the effects of
selected management practices on regrowth and forage yield in pearl mil-
let, and to determine the major points of regrowth,

Frequent harvests greatly decreased regrowth and total forage yield.
In 1979 forage cut once at the boot stage (7.3 metric tons/ha) yielded
significantly more than three harvests at the vegetative stage (totgl of
5.3 metric tons/ha).

In 1980 the forage yield at the boot stage (2 harvests) was 5.6 met-
ric tons/ha and the vegetative stage (3 harvests) yielded 4.3 metric tons/
ha. The lowest stubble height (15 cm) in 1980 yielded 36% more than the
25 and 30 cm stubble heights at the vegetative stage and 25% more at the
boot stage.

The results of the study clearly show that the majority of pearl
millet regrowth occurred from terminal tillers. These results support

previous work with several cultivars of the Pennisetum and Sorghum genera.

Lowering the stubble (cutting) height from 30 or 25 cm to 15 cm reduced
the number of live tillers at both the vegetative and boot stages of ma-
turity. The percentage of basal and axillary tillers were greater at
the 15 cm stubble height than the 25 and 30 cm heights. Cutting pearl
millet to 15 cm removed many terminal tillers, increasing the proportion
of basal and axillary tillers,

A higher percentage of dead tillers occurred at the lower stubble
height and at the boot stage of maturity. This was due in part to the

number of growing points and leaf area removed and TNC available for regrowth.
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With more frequent harvests (vegetative stage), the amount of total
nonstructural carbehydrates (INC) was reduced. Plants harvested at the
boot stage contalined more TNC the day of harvest, but regrowth was more
dependent on the stored carbohydrates as shown by reduced carbohydrate
levels at seven days post harvest. It is clear that pearl millet relies
on stored carbohydrates for regrowth. The lowest stubble height (15 cm)

relied more heavily on TNC for regrowth.
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Appendix Table 4. Analyses of Variance-Forage Yield, 1979-1980.

Forage Yield (metric tons/ha.)

1979 1980

Source DF MS Prob>F DF MS Prob>F
Replicates 3 0.45 | 3 0.16

Cut (C) 3 40.14 <0.01 4 4.63 <0.01
Stage (5) (1)  (1.65) 0.01 (1) (6.42) <0.01
Error 9 0.17 12 0.10
Population(P) 2 0.48 0.01 2 | 0.32 0.01
Stubble Ht (H) 1 0.04 0.55 2 0.71 <0.01
cCx?P 6 0.40 <0.01 8 0.08 0.34
(8 xP) (2) (1.02) <0.01 (2) (0.38) <0.01
CxH 3 0.23 0.09 8 | 0.11 0.14
(S x H) (1) (0.14) 0.25 (2) (0.72) <0.01
PxH 2 0.19 0.17 4 0.04 0.68
CxPxH 6 0.03 0.92 - 16 0.03 0.97

Error 60 0.10 120 0.07
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ABSTRACT

REGROWTH OF PEARL MILLET

In 1979 and 1980 'Millex 23' hybrid pearl millet was studied at
Manhattan, Kansas to determine the point(s) of regrowth and the effects
of selected management practices on forage yield. All possible combina-
tions of three stubble heights: 15 cm, 25 cm, and 30 em (30 in 1980 only)
and three populations: 185, 386, and 736 thousand plénts/ha. were har-
veéted at the vegetagive and boot stages of maturity. Treatments were
arranged in a randomized complete block design with four replicationms.
There were three vegetative cuttings each year with one boot stage har-
vest in 1979 and ﬁwo in 1980.

The major point of regrowth was from terminal tillers, with a greater
percentage initiated at the vegetative stage and a higher stubble height.
Terminal regrowth provided 50.75 and 64.93%7 of the total tillers at the
vegetative stage in 1979 and 1980, respectively. At the boot stage,

43.89 and 38.10%7 of the regrowth was from terminal meristems. Axillary
and basal tillering increased in both years as the stubble height was
lowered.

Stage of maturity at harvest affected total dry matter yield. At
the vegetative stage, the total yields were 5.3 and 4.3 metric tons/ha.
in 1979 and 1980, Dry matter yields at the boot stage were 7.4 and
5.6 metric tons/ha. in 1979 and 1980, respectively. Stubble heights also

affected total forage yields (metric toms/ha.) as follows:

1979 Vegetative Stage Boot Stage
15 em 5.32 7.54

25 cm 5.37 7.14



- 1980 Vegetative Stage Boot Stage

15 em 5.44 6.53
25 em 3.62 5.26
30 cm 3.80 5.15

Regrowth at the boot stage of maturity was more dependent upon stored
reserves because carbohydrate levels declined more between the day of har;
vest and seven days post harvest. The percentages of carbohydrates used
for regrowth at the vegetative stage were 42 and 39% versus 64 and 53%
for the boot stage in 1979 and 1980, respecgively.

Rainfall affected yield with the narrower, more demsely populated
rows yielding higher when moisture was adequate (1979) and the wider,

less populated rows yielding more when rainfall was below normal (1980).



