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INTRODUCTION

The production of high yields of good quality forage throughout the
growing period in an economic way is very important to the farmer. Any
addition of knowledge in the field of forage management to achieve this
objective will help the farmer to increase his profits, as feed costs
are a major factor in livestock farming. To achieve high yvield and
quality of forage, favorable environments, good cultivars, and appro-
priate defoliation managements are important.

This thesis deals with the accumulation of dry matter during the
spring season of perennial forages as related to the leaf area index
(LAI), utilizable energy reserves in the storage tissues, microclimatic
factors such as temperature, and stage of growth of the plants. Under
a favorable environment, the regrowth potential of a given perennial
forage that has been severely defoliated after utilization is initiallw
dependent on soluble carbohydrates in the stubble and the nresence of
active growing points. Non-structural carbohydrates appear to be rather
unimportant as reserve energy substances when plants have some leaves or
parts of leaves on shoots.

The objectives of this research can be summarized as follows:

1. To compare accumglating growth rates of three cool season

grasses during spring period.

2. To study regrowth in the field after harvesting the accumulating

canopies at different stages (dates) in spring.



To study the influence of temperature on regrowth after har-
vesting the accumulating canopies of three grasses at
different stages (dates) in spring.

To interrelate various biological and physical factors with
growth of the three grasses before and after defoliation at

different dates in spring.



REVIEW OF LITERATURE

Leaf Area in Plant Growth

Plants with leaves trap solar energy to synthesize carbohyvdrates
for subsequent synthesis into various metabolic substances which are
essential for its growth. The term leaf area index (LAI) was defined
by Watson (1947) as the ratio of total leaf surface (one side of the
leaf) of a canopy to the soil area. The rate of accumulating drv
matter by plants is closely related to LAI until most of the light is
intercepted. Brougham (1955), Davidson and Donald (1958), and Donald
and Black (1958) showed that dry matter accumulated at a maximum rate
when the LAI of canopies intercepted about 95% of the incident light.
At this state, under favorable growth environments, the drv matter
accumulation is at a maximum and any further increase in leaf area will
not improve the rate of dry matter accumulation. As a canooy develops,
the LAI increases until it reaches a critical value, where anv further
increase in LAI does not cause an increase in the rate of dry matter
production (Davidson and Donald, 1958: Donald and Black, 1958).

Further increases in LAI cause self shading; hence the efficiency of
individual leaves decreases (Brougham, 1956; Donald and Black, 1958).
They also showed that pasture will have a ceiling LAI at which leaf
senescence equals leaf initiation and expansion, and finally there will
presumably be a ceiling yield (weight of dry matter/unit area) where
respiration equals photosynthesis.

The critical LAI value differs considerablv for different species

due to differences in leaf arrangement and angle (Pearce, 1966: Brown



and Blaser, 1968). Brougham (1958) found that the critical LAT with
95% light interception at mid-summer was higher for grasses than clover
or clover-grass mixtures. The optimum LAI value also increased with
increased radiation (Stern and Donald, 1962). With increased radia-
tion the light penetrates more deeply into canopies, causing leaves
maintained above the compensation point to increase. Thev also found
that the light reduction in the lower lavers of canopies were abrupt
in clover swards and more gradual in grass dominant swards. Grasses
with more inclined leaves intercept less light than clovers and thus
require higher LAI's to intercept a given amount of light (Brown and
Blaser, 1968). Thev showed that the k value (extinction coefficient)
for plants with more inclined leaves was less than for plants with
horizontal leaves. The presence of inflorescence and stems above the
leaves alsc reduces the incident light at the leaf surface bv 15-20%,
even with poor stands. A uniform spatial arrangement of leaves within
canopies will intercept the light efficiently, resulting in high poten-
tial crop growth (Wilson, 1960).

The age of leaves can influence the nhotosvnthetic efficiencv.
In alfalfa maximum net photosvnthesis was reached 7 davs after emer-
gence when the leaves were fully exposed, and it declined 307 within
two weeks under full daylight (Wolf and Blaser, 1968). Thev also
observed a negative CO2 uptake value for individual vellowing alfalfa
leaves. Treharne et al. (1967) found similar effects in orchard grass.

Species may differ in their capacitv for carbon assimilation under
identical micro-environments. In experiments with orchardgrass,

ladino white clover, and bermudagrass, Brown et al. (1966) found the



leaves of these species to vary considerably in their capacitv for the
uptake of CO2 for given and varying light intensities. These differ-
encies in carbon assimilation may account for the difference in growth

rate in species of plants.

Organic Reserves in Plant Growth

Carbohydrate reserves have been recognized as plaving an important
role in the regrowth and persistence of perennial forages. The
survival of economic plants, their oroductivity, and their competitive
efficiency under field conditions are dependent on manyv interrelated
factors, but organic reserves were considered verv important (Graber,
1931). The principal storage organs for carbohydrates are roots,
stolons, rhizomes, and stem bases. Weinmann (1952) reported that the
reserve carbohydrates are stored in plants mainly as sucrose, fructosean,
and starch. CGrasses that contain fructosan are usually species native
to cool and temperate climates, whereas grasses accumulating sugars and
starch are adapted to warmer climates (Weinmann and Reinhold, 1946).
Cellulose, pentosan, and lignin are not considered as reutilizable
carbohydrates because thev do not show fluctuation in concertration as
is characteristic of sugars, fructosan, and starch (Sullivan and
Sprague, 1943).

McCarthy (1935), Eastin et al. (1964), Okajima and Smith (1964),
and Brown and Blaser (1965) postulated that there is generally an
inverse relationship between growth rate (cell division and expansion)
and reserve carbohvdrate accumulation in perennial grasses. This shows

that the utilization of carbohydrates by plants during fast g¢rowth is



in excess of their production. Severai workers have studied the
seasonal fluctuation in carbohydrate reserves in perennial grasses.
Graber (1931) and McCarthy (1935) have shown that most of perennial
forage plants accumulated carbohydrate reserves in their tissue during
fall season.

The total nonstructural carbohydrates (TNC) in tiller bases and
roots of perennial grasses decreases with the development of new top
growth in spring or after severe defoliation. It is known that non-
structural carbohydrates are mobilized and transported to the active
growing points during spring and early regrowth after defoliation.
McCarthy (1935) reported that the renewed growth after clipping must be
made at the expense of the accumulated carbohvdrates in the stem bases
and roots of the plants. When orchard grass was grown in the greenhouse
under two levels of nitrogen and clipped at intervals of five weeks,
Sprague and Sullivan (1950) observed that after each cutting of the
tops, the fructosan and sucrose in the stubble and rcots decreased in
percentage. The decrease in each was proportional to the respective
concentration, greater decreases occurring in the roots when the car-
bohydrates were high. After an initial drop, soluble carbohydrates
were restored as the canopy increased, giving a 'U'-shaped curve. 1In
parallel studies, Smith (1962) also reported similar results. This
indicates that the carbohydrates in basal plant tissues at the time of
cutting were withdrawn to furnish raw material for the formation of
new tissue and for respiration. The soluble carbohvdrates increased
again when the developing canopies manufactured carbohydrates in

excess of immediate needs of growth. Sullivan and Sprague (1943)



showed that soon after defoliation the reserve carbohydrates decline

as new leaves are produced. Developing canopies soon fix encugh CO2 to
prevent complete exhaustion of the reserve materials. If cutting is
repeated before carbohvdrate reserves are restored, the successive
herbage yields will become smaller; and eventuallv such a treatment will
lead to the death of the plant. They also observed that plants grown

in dark after defoliation underwent changes in soluble carbohvdrates
similar to those in light, except that soluble carbohvdrates continued
to decrease almost to the point of exhaustion.

Alberda (1966) found that plants with low carbohvdrate reserves at
the time of cutting had lower initial dry weight, greater loss in weight
after cutting, and needed a longer period for a constant relative rate
of dry matter production as compared with plants hich in carbohvdrate
reserves. Sprague and Sullivan (1950) found that cvclic changes occur
in carbohydrate contents in stubbles of forages under defoliation
practices. Mav and Davidson (1958), after defoliating subterranean
clover at different maturities, found more carbohvdrates in tons than
in roots; also the rate of decrease of carbohvdrates after defoliation
was higher in tops than in roots. The rate of decline decreased with
advancing time after defoliation, and the decline was followed bv a
rapid recovery showing that carbohvdrates were used as respiratorv
substrate and for svnthesis of new growing points after defoliation.

The accumulation of carbohydrates is influenced by manv environ-
mental factors, like nutrients, soil moisture, licht, and temperature.
Sprague and Sullivan (1950), Alberda (1960), Schmidt (19695, Griffith

et al. (1964), Brown and Blaser (1965), and Colbv et al. (1965) showved
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that increasing increments of nitrogen with concurrent increase in
herbage yields caused reductions in the percentage of reserve carbo-
hydrates. Brown and Blaser (1965) and Blaser et al. (1966) showed that
favorable moisture stimulated top growth causing concurrent decreases
in stubble carbohydrates. Plants under moisture stress accumulated
carbohydrates. They suggested that even though the moisture stresses
partially closes the stomata of the leaves, it affects the carbon assimi-
lation less than the cell expansion and differentiation. Brown and
Blaser (1970), working with orchardgrass at different moisture stress
and at different temperatures, showed that moisture stress increased
the percentage of carbohydrates in the orchardgrass. They postulated
that this may be due to a decrease in protein and amino acid content,
causing an increase in carbohydrates through a dilution effect or a
diversion of photosynthate to reserve carbohvdrates. They added that
it is possible that carbohydrates increase because of a drop in carbon
containing nitrogenous substances. If the reduced formation of

protein from amino acids is accompanied by reduced energy requirement,
the carbohydrates which may have been a source of energy mav accumulate
in the tissue. The cyclic trend of carbohydrates in perennial grasses
was interpreted by Blaser et al. (1966) as a dynamic energy balance

system that is allied with rate of growth and photosynthesis.

Temperature on Phvsiology and Regrowth

Many environmental factors influence the physiology and the
regrowth of perennial forages after defoliation. Since this thesis

deals with temperature responses, the literature related to this is
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reviewed.

High temperatures reduce the dry matter accumulation in cool
season grasses. Sullivan and Sprague (1949) showed that in high tem-
perature (32/26C) (day/night temperatures), the dry matter accumulation
in the tops of perennial ryegrass was less than at lower (21/15C)
temperatures. The production of roots was strongly affected by high
temperatures. Alberda (1959) in perennial rvegrass, found drv matter
to increase more with successive cuts at temperature regimes of 15/10C
and 15/15C than at 25/15C and 25/10C. When comparing a high with cool
temperature, a 32/24C regime produced less dry matter than 18/10C with
timothy and bromegrass (Smith, 1970). Earlier work by Blaser et al.
(1966) and Taylor et al. (1967) showed similar temperature responses.
Lovvorn (1945) found that under frequent cutting management, the four
cool season grasses he tested gave lesser vield at 29C than at 18C.
Orchardgrass grown by Brown and Blaser (1970) in controlled environment
at 35C gave only half as much yield as in 24C. They also found that
new tiller production was favored by cooler temperatures than 35C.

Temperature has profound effects on the reutilizable or reserve
carbohyvdrates. Increases in temperature augment the respiration rate
and reduce the rate of photosynthesis in cool season grasses; thus
after a critical high temperature, the reserve carbohydrates decline.
Cooler temperatures act in the opposite way, causing the carbohydrate
content to increase. Sullivan and Sprague (1949), with perennial rve-
grass recovering from defoliation, found losses in carhohvdrate reserves
in roots and stubbles to be more rapid at high than at lower tempera-

tures; carbohvdrates were not replaced but continued teo decline almost
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to the point of exhaustion at high temperatures. At a day temperature
of 10C, carbohydrate reserves were higher at a night temperature of 5C
than at 25C in perennial rye grass (Alberda, 1959). Colby et al. (1966)
reported that carbohydrate reserves in orchard grass increased during
cool, moist periods and decreased during warm, dry periods. Blaser
et al. (1966) observed that by shifting orchard grass from high tem-
perature to low temperature a rapid increase was caused in fructosan;
conversely, fructosan decreased rapidlv when grass was shifted from low
to high temperature.

Sullivan and Sprague (1949) reported that at high temperatures the
proportion of soluble nitrogen increased at rapid rates in cool season
grasses soon after defoliation. They attributed this to increased rate

of protein metabolism under such conditions.

Interrelationship Between Organic Peserves and LAT

in Regrowth of Perennial Forages

Rapid regrowth of perennial forages is strongly influenced by stage
of growth and height of defoliation. Regrowth potentials are inter-
related with carbohydrate reserves in the stubbles and underground narts
and the residual leaf area available for photosynthesis (Ward and
Blaser, 1961). Sprague and Sullivan (1943) and May and Davidson (1958)
showed that the reserve carbohvdrate level dropped soon after defolia-
tion, and with time the decline decreased, followed bv a rapid recoveryv.
Davis Alison (1965) concluded that the difference in carbohvdrate level
at the time of defoliation may lead to differential rate of regrowth

in plants.
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Dilz (1966) did not agree with the view of many authors. He
observed only a very weak relationship between the amount of carbohv-
drates and regrowth. When different nitrogen levels and clipping
frequencies were applied on perennial ryegrass, he found that good
relationships existed between the amount of crude protein in the plant
and regrowth. He concluded that proteinaceous substances ought to be
regraded not only as metabolized nitrogen, but chiefly as a reserve of
metabolized sugars. He agreed with Davidson and Milthorpe (1965) that
soluble carbohydrates form only a part of the pool of reserve materials
needed for crop growth. Alberda (1966) found that plants with high
total soluble carbohydrates used mainly the carbohydrates for the
regrowth. But in plants with low soluble carbohydrates, the loss from
carbohydrate reserves made only a part of the total loss. Hence he
postulated that other reserves, such as protein, were also used.

The presence of active leaf area in the stubble helps the plants
to recover faster after defoliation. Brougham (1956) showed that the
rate of regrowth of perennial forag es is closely related with the LAI in
the stubble after clipping. When clipped at different heights of 1-,
3-, and 5-inch sod residues, a pasture association comprised of rve-
grass, red and white clovers had almost complete light interception at
the 5-inch cut, and the rate of dry matter accumulation was at a
maximum. However, the 3-inch sod residue reached that stage sfter 16
days and the l-inch residue after 24 days. Ward and Blaser (1961)
postulated that organic reserves and leaf area interacted in regrowth
after defoliation an? tc some extent complimented each other. Thev

found that when carbohydrates were depleted bv placing the orchard-
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grass in darkness for 60 hours regrowth rates were lower than for plants
with high carbohydrates. Production of new tillers was influenced more
than regrowth of the parent plant with high as compared with low
carbohydrates. This was especially so during the first several days
after defoliation. Single tiller plants retaining two laminae grew
faster than completely defoliated plants, regardless of the carbohydrate
level. Working with sub-tropical grasses, Humphreys and Robinson (1966)
found that plants with very low carbohydrate reserves and a sizeable
canopy grew faster than plants with high carbohydrate reserves and a
little canopy under favorable environments.

Graber (1931) reported that the height of cut determines whether
the terminal growing point is removed or not and also the amount of
stubble left with reserve food. Lovvorn (1945) found that vields of
perennial grasses were generally reduced by frequent cutting at a high
temperature and soil fertility than at a lower temperature and lower
soil fertility. The combined effect of high temperature and high
fertility reduced the reserve carbohvdrates in plants, thus causing a
reduction in successive yields with frequent cutting. Xnoblauch et al.
(1955) found that harvesting at early heading reduced the dry weight of
corms regardless of fertilizer treatment and resulted in a poor stand of
timothy; cutting at early bloom or late bloom gave increasing forage
yields. Knievel and Smith (1967) reported that the growth stage and
cutting height influenced regrowth more at warm (32/24C) than at cool
(18/10C) temperature regimes. Herbage regrowth was highest for timothv
at cool temperature when averaging all cutting stages. Huokuna (19¢0)

reported that the forage yvield obtained from a shert stubble was more
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for orchardgrass cut when 35 cm high than for 15 and 25 cm canopy
heights. In this case reduced frequencies of cutting compensated for
shorter stubble heights. While studying the influence of intact tillers
and height of sod residue on regrowth and carbohvdrate reserves on
dallis grass, Watson and Ward (1970) observed that the total available
carbohydrates tended to increase in all plant fractions as height of
cut and percent intact tillers increased. Autoradiographs produced
from the plants fed labelled 614 sucrose, glucose, and fructose
demonstrated that labelled metabolites were translocated from intact to
defoliated tillers. Matches (1968) observed that the drv matter vield
per tiller increased by increases in stubble height and total available
carbohydrates when plants were grown in darkness.

The physiological age of plants can influence the rate of regrowth.
The presence of active growing points after defoliation is verv impor-
tant for quick recovery. If the apex growing points are removed by
defoliation, more energy and time will be needed for the development of
new tillers from basal bud meristem. Teel (1956) has shown that the
recovery rate of certain grasses, following the initial spring harvest,
can be influenced greatly by the position of the shoot apex. Working
with smooth bromegrass, he found a critical stage occurred when the
lowest internode of the stem compieted elongation. Recoverv rate at
this stage, when cut below the meristem, was low due to low food
reserve and slow development of axillarv crown buds. Reynolds and
Smith (1962) also observed similar effects with bromegrass and timothy
during the spring growth. FEastin et al. (1964), at earlv stem elonga-

tion and at early jointing period of smooth bromegrass,., renorted that
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growth regulators which inhibit the tiller development are very active.
Timothy and bromegrass produced the higher herbage yields at all
temperatures when cut at anthesis as compared to the stem elongation
stage (Knievel et al., 1971). The§ also observed that a warm tempera-
ture (32/24C) significantly lowered the herbage growth rate and tiller-
ing at all stages of cutting and at all stubble heights as compared to
a cool (18/10C) temperature. They concluded that yield and stand
persistence response of cool season grasses to growth stage at

cutting and stubble residue is partially dependent on temperature

before and after cutting.



MATERTIALS AND METHODS

This study was conducted at the Turfgrass Research Center of the
Virginia Polytechnic Institute and State University during the spring
season 1971. A Groseclose loam soil used for this experiment was high
in phosphorus, medium to high in potash, and had a pH of 6.3 according
to analyses made by the Soil Testing Laboratory of the Agronomy Depart-

ment. Orchardgrass (Dactylis glomerata L. Var. Patomic), tall fescue

(Festuca arundinacea Schreb. Var. Kentucky 31), and bromegrass (Bromus
inermis L. Var. Saratoga) were seeded in early September 1968 in 6 x A M
plots. Three replications were included in a randomized block design.
Each plot was divided into 8 strips (1.5 x 3 M) to obtain vields of
accumulating canopies at weekly intervals. The three grasses were main
plots and the dates of sampling were subplots.

All plots had uniform stands of well established sods in spring
1971. A 10-10-10 fertilizer was surface broadcast at the rate of 500
kg/ha in early March. In addition, 50 kg/ha nitrogen (ammonium nitrate)
was applied to each strip after harvesting the initial growth to stimu-
late rapid regrowth. Natural rainfall wags supplemented by irrigation to

maintain soil moisture so that growth was not inhibited.

Accumulating Canopies

Weekly samples of accumulating canopies were taken from April 19
to June 8 to estimate the dry matter aecumulaticn in the sod and leaf
el

area index (above and below the cutting height). An area of 1.73 m~

was harvested from the strips at a stubble height of 6.2 cm for orchard-

15
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grass and bromegrass and 3.7 cm for tall fescue. Tor each sampling
the herbage was harvested by a sickle bar mower, collected, and dried
in a forced draft oven at 75C. A subsample of forage was used for
estimating the leaf area index above the cutting height. Leaf area in
the stubble was sampled from a circular area of 0.29 m2, selected at
random, within the harvested strips.

Stubble segments (basal 5 cm) were collected at random and dried
at 75C for soluble carbohvdrates. The tissue was ground to 40 mesh, and
hot water soluble carbohydrates were measured with anthrone reagent
(Morris, 1948). Carbohydrates from 500 mg samples of the ground tissue
were extracted with 30 ml of distilled water in a boiling water bath for
one hour. The filtrate was brought to 100 ml volume and a ten-fold
dilution was made prior to analysis. A 2 ml aliquot of the diluted
sample was transferred to a test tube and 4 ml of anthrone reagent was
added. This solution was allowed to develop color and then read in a
colorimeter. Glucose standard was used, and carbohvdrates were
expressed as a percent of dry weight.

The light penetration through the canopy was measured weekly with
a selenium photocell connected to a microammeter. The microammeter was
adjusted to a relative value of 100 at normal daylight. Readings of
light infiltrating through the canopy to the ground level were percen-
tages of light above the canopies. Meterological data for soil tempera-
ture (15 cm soil depth, at surface, and in air) were obtained with
thermocouples. Radiant energy was recorded with an Epply pvroheliometer

and expressed as total radiant energy in Langlies for each week.
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Regrowth Potentials

The regrowth of stubble after each of eight successive weeklv
harvests was measured in the field and in growth chambers. 1In the field
two weeks regrowth was allowed for each successive cut to obtain data
on growth poteﬁtials. The stubble height in each case was the same as
for the initial cutting heights.

Because temperatures and light varied sharplv among the regrowths,
sod samples for the three grasczes for the 8 weekly harvests were placed
in controlled environments. Constant temperature regimes of 35C dav/
29C night (high), 26C day/21C night (medium), and 18C day/13C night
(low) were provided. Florescent and incandescent lamps provided 3500
ft-c at pot level with 14 hours light and 10 hours dark for all temper-
ature regimes.

Sod plugs (10 cm diameter and depth) were collected at the time
of each weekly harvest (Burton and Jackson, 1962). FEight nlugs from
each replication (24 for each grass) were placed in nlastic pots.

The tillers were trimmed to a height of 5 cm for orchardgrass and brome-
grass and 3.75 cm for tall fescue and 6 plugs from each grass were
maintained in each of the three temperatures with light and in a dark
room for 13 days. Nitrogen was applied to the pots at the rate of 50
kg/ha. Soil moisture was kept adequate at all times.

Tillers were counted before placing pots in the chambers and again
at the time of harvesting 13 days later. The regrowth of the old tillers
was cut to the initial trimmed heights, and the new tillers were cut to

the soil level. Dry weight of the regrewths per tiller, percentage of



old tillers having regrowth, and percentage of new tillers (based on
final tillers, dead and alive) at the end of a 13-day period were
measured.

The dark room was illuminated by a 100 watt incandescent bulb,
and a 26C temperature was maintained by a thermostatically controlled
heater. Tiller harvests and counts were made at the 7th and 13th days.
01d tillers were harvested at the initial cutting height and the new ones
at the soil level.

The following data were obtained: drv matter production in
accumulating canopies of three grasses and crop growth rate:; LAI; light
interception; hot water soluble carbohydrates; regrowth in the field;
regrowth potential in three temperatures as estimated by tiller dry
weight, and percent of new, old, and total tillers in regrowth in
relation to the original count; and the regrowth in the dark for the
three grasses at different stages of growth.

Data were analyzed statistically, and the means were tested bv
Duncan's multiple range test. All references to differences will bhe

considered statistically significant, based on analvsis of variance,

unless otherwise noted.



RESULTS

Growth Analysis of Accumulating Canopies in Spring

Accumulated dry matter and crop growth rates for three grasses
were estimated by sampling accumulating canopies at weekly intervals
between 4/19 and 6/8 (Table 1). The crop growth rate prior to 4/19 was
not calculated, since an exact period of initial growth could not be
established. Bromegrass and orchardgrass accumulated the most drv
matter followed closely by tall fescue at the last harvest,

The crop growth rate of orchardgrass increased for each weekly
harvest through the 5th week, remained constant for a week, and then
declined (Table 1). Growth rate of tall fescue and bromegrass was
irregular among weekly harvests during the vegetative period and reached
the highest rate at the 6th week (heading stage). At the end of the
experiment where canopies accumulated for eight weeks, the growth rate
for orchardgrass was the lowest, while tall fescue and breomegrass main-
tained a moderate growth rate. Hence the objective of achieving the
maximum dry matter accumulation by the last sample date was not ful-
filled for tall fescue and bromegrass. At the final sampling, orchard-
grass was in soft milk stage, while tall fescue and bromegrass were in
late head. The crop growth rates for weekly periods combined for the
three grasses differed (P > 0.05), but the weekly values for crop growth
rates among grasses (interaction) were not significant.

Soluble carbohydrates in the three grass stubbles expressed in
percent of drv matter, LAI below and above the cutting height, and total
LAT for the grasses at different sampling dates are given in Table 2
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Table 1. Dry matter yield (kg/ha), growth stage, and crop growth rate
per day of three grasses cut different dates for the accumu-
lating spring canopy.

Sampling Orcharigrass Tall fescue Bromegrass

__date Yield CGR Yield CGR Yield CeR

4/19 120 (0! - 237 (V) — 190 (V) —
4/27 672 (V) 69 664 (V) 53 822 (V) 78
5/4 1950 (V) 183 1655 (V) 141 2104 (V) 183
5/11 3402 (E.H.) 208 2449 (V) 113 3216 (E.J.) 159
5/18 5200 (F.H.) 257 3950 (J) 214 4054 (E.H.) 120
5/25 7000 (E.A.) 257 5986 (H) 290 6389 (F.H.) 334
6/1 7928 (L.A.) 133 6370 (F.H.) 54 7060 (F.H.) 96
6/8 8222 (S.M.) 42 7816 (L.H.) 206 8337 (F.H.) 182
Letters indicate stage of growth: V, vegetative; E.M., earlyv joint, J,

jointing; E.H., early head; H., heading, F.H., full head, L.H., late
head, E.A., early anthesis; L.A., late anthesis; S.M., soft milk.



Table 2. Leaf area index above and below the cutting height and soluble carbohydrates (TNC)
(% of dry weight in basal stubbles) for harvests made at different stages of canopy
development in three grasses during spring.

Sam- -*”tTEEBardgrass Tall fescue Bromegrass

giigg Ne Below ‘ébﬁii Total e Below Aﬁﬁie Total Ne Below Aiﬁie Total
4/19 11.6 2.1 0.4 2.5 13.4 2.0 0.5 2.5 i1.1 2.6 0.5 3.1

4/27 5.4 1.6 2.0 3.6 12.0 1.6 1.4 3.0 13.0 2.0 2.3 4.3

5/4 3.8 0.8 4.3 5.1 13.9 1.9 3.2 4,2 8.6 1.3 4.5 5.8

5/11 7.8 9.5 6.2 6.7 9.1 0.9 3.4 4.3 6.4 0.5 5.0 5.5

5/18 6.4 0.2 8.6 8.8 8.5 0.4 4.6 5.0 5.7 0.1 5.6 5.7

5/25 7.4 0.1 10.0 in.1 9.4 0.2 6.6 6.8 7.1 0.1 8.3 8.4

et 12,2 0.0 11.3 11.3 5.9 0.0 7.6 7.6 14.0 0.0 8.2 8.2

6/8 14.8 0.0 4.7 4.7 6.8 0.0 5.0 5.0 12.4 0.0 6.0 6.0

The following were significant * and highly significant **: for TNC--dates®*; LAI Below--dates¥*¥*,
and date x grass*; LAT Above-—-dates**, grasses®*, and dates x grasses**; LAI Total--dates¥*,

srasses**, and dates x grasses¥®¥®,
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Carbohydrates showed tendency to decrease with advanced age until the
5th weekly cutting, after which there was an upward trend in orchard-
grass and bromegrass. The trend for carbohydrates in tall fescue was
irregular, contents being highest during the first three weeks and
lowest in the last cut (8th week when in a late heading growth stage).
Orchardgrass had the highest content of carbohydrates when cut at 8th
week (soft milk stage) and the lowest at 5th week (full head) when crop
growth rate was at a maximum. Bromegrass had the highest percent
carbohydrates in the 7th week and the lowest during the 4th and 5th
week when reaching early heading.

The differences in carbohydrate contents in the three grasses
among dates were highly significant, but the mean values for the grasses
(all dates averaged) were not significant. The carbohvdrate contents on
the 4th, S5th, and 6th weeks (all grasses averaged) were significantlv
lower than for the rest of the dates (P < 0.01). The interaction
between dates and grasses was not significant.

The maximum LATI in stubble cccurred at the beginning of the
growing season at the first weekly harvest. The LAI values in stubble
declined as top growth accumulated. Orchardgrass and bromegrass has
very low LAI in the stubble after canopies accumulated for four weeks,
Tall fescue, however, retained appreciable amount of LAT in the stubble
as the canopy accumulated through five weeks. 1In the first spring
sampling when the canopies were shortest, LAI in the stubble consisted
of 80 to 84% of the total LAI for the three grasses. 1In orchardgrass
and bromegrass the declines in stubble LAI's were more rapid than for

tall fescue. Ry the 4th week, orchardgrass and bromegrass had onlv 7



and 97 of the total LAI in the stubble, whereas tall fescue had 217 of
the LAI in the stubble at the 4th week and 8% at the 5th week.

The total LAI for orchardgrass increased during the first 7 weeks
with advancing maturity. The rate of increase declined after the 5th
week. For tall fescue and bromegrass, the total LAT values increased,
leveled off, increased again, and finally declined sharply. During the
4th and 5th weeks, the rate of increase in LAI was very low and maximum
LAT values occurred at the 7th week.

LAI values above cutting heights and for total canopies differed
significantly among grasses. These LAI values were highest for orchard-
grass and lowest for tall fescue. Among sampline dates (averaging for
all grasses) the accumulated LAI above the cutting height differed
significantly. The date x grass interactions were significant for the
LAT above the cutting height and total LAI showing that LAT values for
the cutting dates differed among the species.

Leaf-stem separations showing the percent leaves (drv matter basis)
for the three grasses at different sampling dates for the accumulating
canopies are given in Figure 1. TFor the first two weeks the grasses
had only leafy growth. From the third week onward the leafv portion
declined. In orchardgrass the decline was rapid during the third and
fourth weeks. In bromegrass the decline during the third week was very
rapid and continued to decrease until the seventh week. Tall fescue
showed no change in percent leaves between the 5th and 7th weeks. All
grasses showed steep declines in leafvness after the 7th week.

Light penetration to the soil surface was recorded during the

first five weeks for the accumulating canopies. At the 5th week,
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orchardgrass and bromegrass lodged due to the combined effect of heavy
winds with some rain. The results obtained from the light penetration
measurements along with the crop growth rate are given in Figure 2.
The rate of decline in the amount of incident light penetrating through
the canopies was very rapid during the 1lst to the 2nd week for all
grasses. Orchardgrass intercepted more than 95% light by the 4th week
of canopy development. Bromegrass reached this stage soon after the
4th week. Tall fescue had a less efficient canopy for light interceon-
tion and at the time of last measurement (5th week), only 927 of the
incident light was intercepted. Orchardgrass and bromegrass had LAI
values of 6.2 and 5.5 respectively when more than 95% of the light was
intercepted by the respective canopies (Fig. 3).

The calculated leaf efficiency (CGR/LAIL) for the three grasses at
different sampling dates is shown in Figure 4. Orchardgrass showved a
maximum value at the third week; thereafter the leaf efficiencv declined
for the remaining weekly periods. Tall fescue and bromegrass had maxi-
mum leaf efficiencies at the 6th week and lesser values for the 4th and
5th weeks. Leaf efficiency was greater during the 8th than for the 7th
week for these two grasses.

When leaf efficiency was calculated per unit of radiant energy
(Langly = g cal/cmz) to have a uniform effect of radiation throughout
the growing period, it was found that all grasses had two peaks for
leaf efficiency: one peak occurred at 3rd week for all grasses and the
other peak occurred at 5th week for orchardgrass and tall fescue and at
the 6th week for bromegrass (Fig. 5). In orchardgrass (after 5th week)

the leaf efficiency/Langly continued to decline but for tall fescue and
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bromegrass after a steep decline at the 7th week, an increase was noted
for the last week of caneopy accumulation. The interrelationships of
environmental and biological factors with crop growth rates for each

grass are given in Figures 6, 7, and 8.

Regrowth Potential in Field

The regrowth yields, after cutting accumulating canopies of each of
three grasses at different stages of growth (eight weekly cuttings),
were estimated in the field by allowing l4-day regrowths. The vields
and crop growth rates are shown in Table 3. Orchardgrass and bromegrass
gave highest dry matter yield for the cutting made at the 3rd week (late
vegetative stage). The crop growth rate at this stage was 133 kg/ha/dav
for orchardgrass and 150 kg/ha/day for bromegrass. Tall fescue produced
the highest CGR for the 4th weekly cutting (139 kg/ha/day), which
occurred after the late vegetative stage. The CGR values wre low for all
erasses after the 4th weekly cut, but the values for tall fescue were
higher than for the other grasses. Generally for the three grasses, the
regrowth yields showed a tendency to increase up to 3rd or 4th weeklv
cutting and then declined sharplv and remained low.

The statistical analysis of the CGR of the regrowths in field
revealed that there was a significant difference (P < 0.01) among
grasses in regrowth. When averaging regrowth for all cuttine dates,
tall fescue had a higher CGR than the other two grasses; whereas no
significant difference in CGR existed between orchardgrass and brome-

grass. When averaging all grasses, the CGR differed among the regrowths
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Table 3. Yield and crop growth rate (CGR) of 1l4-day regrowth of three grasses grown in the

field after cutting

at different stages in spring 1971.

Cutting Regrowth vield (keg/ha) CGR (kg/ha/day)
dates Orchard-  Tall Brome- Orchard- Tall Brome~- Mean
grass fescue grass grass fescue grass

4/19 856 864 819 61 62 58 60 d**
4727 1243 1062 1270 88 76 90 85¢c
5/4 1864 1595 2099 133 114 150 132 a
5/11 1499 1946 1351 107 139 96 114 b
5/18 162 576 0 12 41 0 18 e
5/25 101 378 0 7 27 0 11 e
6/1 17 405 9 8 29 0.6 13 e
6/8 261 351 144 18 25 10 18 e
Mean 54 B* 64 A 51 B

*Means among grasses followed bv

probability.

similar capital letters do not differ at 0.05 level of

**Means among dates followed bv similar small letters do not differ at 0.01 level of

nrobability.

2%



for the first four weekly cuts. CGR for the last four weeks was very

low and did not differ among these dates.

Regrowth Potential in Controlled Environment

Regrowth data after each of eight weekly harvests were obtained
simultaneously in the field and in controlled environments. The
regrowth potential of the three grasses in controlled environments under
different temperature regimes are given in Table 4. Weight per tiller,
percent of new and old tillers in tiller regrowth, and the total
tillers in the regrowths as the percent of the original number are
included.

Orchardgrass and tall fescue had the highest weight per tiller at
18/13 C (low) regime when cut at and second week of spring canopy
growth, whereas bromegrass had the highest weight per tiller after the
first weekly cut. Weight per tiller dropped for the subsequent cuts
for all grasses; regrowth for the 6th weeklv cut tended to produce the
lightest weight per tiller. The weight per tiller showed a tendency to
increase after the 6th weekly cutting for orchardgrass and tall fescue.

Data for the 26/21 C (medium) temperature regime showed trends
similar to those for the cool regime in that all grasses had the
highest weight per tiller for the second week. The weight per tiller of
tall fescue tended to decrease until the 8th cut, while orchardgrass an?
bromegrass tended to increase for the later cuts.

The 35/29 C (high) temperature regime showed a different trend in
weight per tiller than the other two temperature regimes. The highest

weight per tiller for orchardgrass and bromegrass occurred in the
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Table 4. Tiller regrowth (13 days) of three grasses at three
temperatures following various stages of growth in
spring (cutting dates) giving weight (mg) per tiller
and new and old tiller development.

Tiller regrowth

ngz;gg Stigst;f Weight New 01d Percent of
¢ & (%) () original
Orchardgrass 18/13 C
4/19 Vegetative 21.2 abc¥** 12 88 112 a #*%
4727 " 25.0 a 2 98 86 ab
5/4 " 24.2 ab 8 92 76 bc
5/11 Early head 23.0 abc 15 85 50 cde
5/18 Full head 19.2 ¢ 14 86 57 bede
5/25 Early anthesis 11.0 d 27 73 44 de
6/1 Late anthesis 11.4 4 25 75 28 e
6/8 Soft milky 19.4 be 33 67 _70 bed
Mean 19.3 C** 65 Ak*
Tall fescue 18/13 C
4/19 Vegetative 13.8 cd ** 15 85 106 a **
4727 " 21.2 ab 7 93 9N ab
5/4 B 16.0 ¢ 5 95 85 ahc
5/11 Y 18.6 bc 7 93 72 bed
5/18 Jointing 24,6 a 2 98 58 cde
5/25 Heading 11.1 4 2 98 52 de
6/1 Full head 9.8 d 7 93 38 =
6/8 Late head 16.8 be 2 98 44 de
Mean 16.5 B 68 A
Bromegrass 18/13 C
4/19 Vegetative 55.8 a ** 2 98 97 a **
4727 " 47.8 b 16 84 110 ab
5/4 " 37.0 ¢ 26 74 80 he
5/11 Farly jointing 8.2 4 93 7 113 ab
5/18 Early head 7.8 d 100 0 74 ¢
5/25 Full head 4.8 d 100 0 h7 ¢
6/1 " 7.8 d 100 0 76 ¢
6/8 i 8.6 d 100 0 125 a
Mean 22.2 A 94 B

**Mecans among dates within temperatures and grasses followed bv
similar small letters do not differ at 0.0! level of probabilitw
unless noted by * which is sign at 0.05 level of vprobabilitv.

Means among grasses within temperatures followed by similar
capital letters do not differ at 0.01 level of probability.



Table 4. (Continued).

Tiller regrowth

CZleng Stagetﬁf Weight New 0ld  Percent of
ates grow (%) (%) original
Orchardgrass 26/21 C
4/19 Vegetative 37.3 b *% 4 96 88 a **
4/27 " 49.6 a 5 95 75 ab
5/4 " 31.6 bc 9 91 69 ab
5/11 Early head 23.0 d 18 82 58 be
5/18 Full head 23.6 d 8 92 41 ¢
5/25 Farly anthesis 20.2 d 27 7 32 ¢
6/1 Late anthesis 24.8 cd 22 78 52 be
6/8 Soft milky 27.2 cd 27 73 75 ab
Mean 29.6 Ax* 61 A*%
Tall fescue 26/21 C
4/19 Vegetative 21.1 b * 7 93 97 a **
4727 " 30.0 a 7 93 99 a
5/4 " 20.6 b 8 92 90 a
5/11 " 19.8 b 9 91 80 ab
5/18 Jointing 18.4 b 2 98 58 hc
5/25 Heading 19.9 b 5 95 b4 ¢
6/1 Full head 16.9 b 5 95 44 ¢
6/8 Late head 16.0 b 10 90 52 ¢
Mean 20.3 B 70 A
Bromegrass 26/21 C
4/19 Vegetative 58.0 b #* 11 89 100 a *
4/27 " 72.2 a 14 86 98 a
5/4 " 49.0 c 28 72 74 a
5/11 Early jointing 11.8 d 93 7 110 a
5/18 Early heading 10.4 d 100 0 91 =
5/25 Full head 9.9 d 100 0 a0 a
6/1 " 9.4 d 100 0 80 a
6/8 " 14.6 d 100 0 92 a
Mean 29.4 A 92 R

**Means among dates within temperatures and grasses followed bv
similar small letters do not differ at 0.01 level of probahilitvy
unless noted by * which is sign at 0.05 level of probabilitv.

Means among grasses within temperatures followed bv similar
capital letters do not differ at 0.01 level of probabilitv.



Table 4. (Continued).

Tiller regrowth

Cg;t::g Stigst;f Weight New 0ld Percent of
& (%) (%) original
Orchardegrass 35/29 C
4/19 Vegetative 13.6 a ** 3 97 66 a **
4727 " 10.0 abc 0 100 56 ab
5/4 " 10.5 ab 0 100 42 be
5/11 Early head 13.4 a 2 98 39 be
5/18 Full head 7.4 be 0 100 8 d
5/25 Farly anthesis 9.7 abc 0 100 11 d
6/1 Late anthesis 5.9 ¢ 14 86 30 cd
6/8 Soft milky 12.3 a 36 64 14 4
Mean 10.4 A *% 33 A ®%
Tall fescue 35/29 C
4/19 Vegetative 11.6 ab ** 4 96 85 a **
4/27 " 10.8 ab 4 96 83 ahb
5/4 v 9.3 bce 1 29 63 bc
5/11 " 14.4 a 7 93 59 ¢
5/18 Jointing 6.2 ¢ 0 100 19 d
5/25 Heading 12.6 ab 0 100 28 d
6/1 Full head 9.0 be ) 100 26 d
6/8 Late head 5.6 ¢ 2 98 33 d .
Mean 10.0 A 51 B
Bromegrass 35/29 C
4/19 Vegetative 57.7 a *%* ] 100 88 a #%
4127 " 36.8 b 6 94 91 a
5/4 " 29.8 ¢ 13 87 72 a
5/11 Early jointing 13.2 d 67 33 36 b
5/18 Farly head 4.2 f 100 0 10 ¢
5/25 Full head 5.8 f 100 0 35 b
6/1 " 3.9 f 100 0 23 b
6/8 L 9.6 de 96 4 29 b
Mean 20.1 B 48 B

#*Means among dates within temperatures and grasses followed bv
similar small letters do not differ at 0.01 level of probability
unless noted by * which is sign at 0.05 level of probabilitv.

Means among grasses within temperatures followed by similar
capital letters do not differ at 0.01 level of probability.
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regrowth after the first cut, but tall fescue had the highest weight
per tiller for the fourth cut. Orchardgrass and bromegrass showed
decreasing trends in weight per tiller from lst to 5th week, and sub-
sequently, weight per tiller increased. As an exception, the fourth
cut for orchardgrass produced higher weight per tiller than the second
and third cuts. The lowest weights per tiller for orchardgrass and
bromegrass were at the seventh weekly cut. Tall fescue did not show a
trend in weight per tiller, and the lowest weight per tiller occurred
for the last cut.

In the statistical analysis the data were not combined across
temperatures due to heterogeneity in variance between temperatures. The
grasses differed significantly (P < 0.01) in weight per tiller at 18/13
C regime. When averaging all dates, bromegrass had the highest weight
per tiller followed by orchardgrass and tall fescue. The weight per
tiller for the grasses differed among dates of cutting as shown by the
significant interaction (P < 0.01).

There were significant differences (P < (.01) for weight per tiller
in 26/21 C regime and tall fescue was lower than the other two grasses.
The difference between orchardgrass and bromegrass was not significant.
Weight per tiller among dates differed as shown by the significant
grass x date interaction.

Bromegrass had the highest weight per tiller in 35/29 C regime
followed by orchardgrass and tall fescue. The weight per tiller for
the bromegrass was significantly different from the other two grasses,
but the difference between orchardgrass and tall fescue was net signifi-

cant. Among dates of harvests the grasses showed variable responses as
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shown by the significant interaction (P < 0.01).

There was a decreasing trend in tiller regrowth number (based on
percent of original tiller) for orchardgrass and tall fescue from first
to seventh weekly cuts at 18/13 C regime (Table 4). There was generally
an increase in tiller regrowth for the last weekly cut for all grasses.
The tiller regrowth values were inconsistent, and the lowest value
occurred for the 6th weekly cut in bromegrass. Regarding the percent
of new tillers in relation to the total tillers harvested, orchardgrass
tended to increase toward the later cuts, the lowest value occurred
for the second weekly cut in 18/13 C regime. Tall fescue had the highest
value for the new tillers for the first weekly cut, and values for
subsequent cuts were low and variable. Bromegrass showed a marked
increase in new tillers with increasing maturity and reached 100%
after the fourth weekly cut.

The tiller regrowth in relation to the original count decreased
in orchardgrass and tall fescue until the sixth weekly cut at 26/21 C
regime. After this date, an increase was noted for orchardgrass but
for tall fescue the values were constant for the sixth and seventh
weekly cuts, and there was a slight increase for the last {8th) cut).
Bromegrass had the highest value for the fourth week and the lowest for
the seventh weekly cut, but the differences were not significant. The
percent of new tillers in regrowth for 26/21 C and 18/ 13 C regimes
were similar.

The percent tiller regrowth (based on original tillers) at 35/29
C regime showed a decreasing trend with advancing maturity of the

canopies during spring for all grasses up to the fifth week, and
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thereafter the values increased. The percent of new tillers in the
regrowth was very low in orchardgrass for the first six weeklv cuts and
then increased in the last two cuts. As compared to the orchardgrass,
the values for the tall fescue were higher during the first four cuts,
and thereafter the values were nil or low. Bromegrass showed a distinct
increase in percent of new tillers with increasing maturitv after the
fourth weekly cut. All tillers in regrowth after the fourth week cut
were new in bromegrass.

Statistical analysis of the combined data as percent tiller
regrowth (based on original tillers) showed significant differences
among grasses, among temperatures, and among cutting dates within
temperatures, with the exception of the 26/21 C regime where bromegrass
showed no significant difference among dates. Bromegrass gave the
highest and orchardgrass the lowest tiller regrowth among the grasses in
all temperatures. There was no significant difference between 26/21 C
regime and 18/13 C regime for the tiller regrowth, but the tiller
regrowth at the 35/29 C regime was substantially lower than for the
other two regimes (P < 0.01).

Table 5 presents the weight per tiller for each grass regrown in
the dark when cut at different stages of cancpy development. For
orchardgrass and tall fescue, the highest weight per tiller occurred
for the fifth and seventh weekly cuts, respectively. BRBromegrass showed
a decreasing tendency in weight per tiller with increasing maturities
up to the 6th week, and this was followed by a slight increase for

the seventh weekly cut.
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Table 5. Dry weight (mg) production per tiller during 13 davs
in darkness after cutting three grasses at different
stages of canopy development in spring 1971.

Cutting date Orchardgrass Tall fescue Bromegrass
4/19 6.3 b ** 5.9 ab* ' 20.1 a *%
4/27 6.8 ab 5.6 a 17.6 b
5/4 5.0 be 4.1 be 11.4 ¢
5/11 6.9 ab 4.2 be 5.5 de
5/18 9.0 a 5.6 ab 3.6 ef
5/25 3.1 ¢ 2.8 ¢ 3.0 £
6/1 4.1 be 6.8 a 6.6 d
6/8 4.2 be 5.8 ab 4.4 def
Mean 5.8 B** 5.0 B 9.0 A

*Means among dates followed by similar small letters do not
differ at 0.05 level of probabilitw.

**Means among grasses or dates followed by similar small or capi-
tal letters do not differ at 0.01 level of probabilityv.
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The statistical analysis showed significant differences (P < 0.01)
among grasses in weight per tiller when grown in darkness. When
averaging all dates, bromegrass had the highest values followed by
orchardgrass and tall fescue; the difference between orchardgrass and
tall fescue was not significant. When averaging all grasses, the dates
of cutting caused significant differences (P < 0.01).

The relative yields of regrowth in the field and in 26/21 C regime
between the dates of cutting for all grasses are given in Table 6. The
average dry matter yield per pot at different dates was used for cal-

culating the relative yield in controlled environment.
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Table 6. Relative regrowth of three grasses cut at various
stages of growth during spring in the field and in
the growth chamber at 26/21C (mg per pot).

. Orchardgrass Tall fescue Bromegrass
Cutting = — ;
dates Field Growth Field Growth rield Growth
chamber chamber ) chamber
4/19 100 100 100 100 100 100
4/27 145 138 123 139 155 106
5/4 218 76 184 105 256 62
5/11 175 36 225 92 165 36
5/18 19 30 66 56 0 20
5/25 12 18 44 66 0 12
6/1 14 26 66 26 1 15

6/8 30 34 40 32 18 20




DISCUSSION

Practical experience and yield data show that dry matter produc-
tion per unit of land area for temperate perennial forage species is
rather low as compared to tropical annuals and perennials. It is
thus desired to isolate defoliation management practices that will
maximize dry matter production for given field environments. This

research should be helpful in managing canopies to achieve high regrowth

rates after defoliation.

Growth Analysis of the Accumulating Canopies in Spring

The highest CGR for the accumulating canopies of the three grasses
was observed when the LAI values reached 6.7 in orchardgrass, 5.0 in.
tall fescue, and 5.7 in bromegrass. Up to these stages, high correla-
tions were maintained between the LAI values and corresponding CGR as
shown by r value of 0.92 for orchardgrass and 0.86 for tall fescue.
However, bromegrass showed a poor correlation (r = 0.56). As canopies
continue to develop beyond these stages, the LAI values continued to
increase but without corresponding increases in CGR. This generally
agrees with the observations made by Davidson and Donald (1958) and
shows that under the environment encountered in spring the critical
values of LAI for orchardgrass, tall fescue, and bromegrass are near
6.7, 5.0, and 5.7 respectively.

The CGR for all three grasses showed a tendencv to decline after
the sixth weekly sampling (Table 1) in spite of the continued increase

in LAI values until the 7th week. Brown and Blaser (1968&) showed that
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even though the increases in LAI beyond the critical value of high light
interception large canopies caused self shading and a subsequent reduc-
tion in individual leaf efficiency. Also, the rate of respiration of
the shaded leaves declined, and under such circumstances the CGR is
independent of LAI and a somewhat constant CGR can be expected for LAI
values beyond the critical value until a species nears maturitv. 1In
spring, the nature of growth and the quick attainment of maturity
after the 6th week may cause a general decline in the efficiencv of
the leaves; hence, this in addition to the self shading may be causing
continuous decline in CGR. When the CGR for the grasses was calculated
per unit of radiation (Fig. 9), a sharp decrease in CGR was prominent.

The depression in CGR during the 7th weekly cut followed by an
increase in the 8th week in tall fescue and bromegrass may be partially
attributed to the low light intensities during this week (Fig. 10).
When the leaf efficiency was calculated oer unit of radiation (Fig. 5),
there was still a depression in CGR for the 7th weekly cut. Stern and
Donald (1962) observed that with increased radiation the light pene-
trates more deeply into canopies causing more of the leaves to be main-
tained above the compensation point. This effect may also occur in an
opposite way. With reduced radiation, in addition to the general
reduction in CO2 assimilation per unit area of leaf, the light mav pene-
trate less deeply into canopies causing a reduction in leaves main-
tained above the compensation point. Hence a drop in leaf efficiency
may have occurred per unit radiation during the reduced light condi-

tions for the 7th weekly cut in tall fescue and bromegrass. In orchard-

grass which matured earlier than the other two grasses, an increased
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radiation during the 8th week might not have produced a corresponding
increase in CGR due to the absence of a growth sink.

Two peaks for leaf efficiency per unit radiant energyv were obtained
for all three grasses (Fig. 5). The first peak occurred at the third
week for all three grasses, and the second one appeared at the 5th week
for orchardgrass and tall fescue and at the 6th week for bromegrass.
The leaf efficiencies were probably at a maximum when the plants had
low LAI values which was a time when all fully developed voung leaves
were exposed to rather high intensities of light. But in this experi-
ment during the second week, when the LAI values were verv low, the
efficiency was not at maximum. This mav be attributed to the low tem-
peratures that prevailed during earlv soring (Fig. 10). When the
temperature increased, the leaf efficiencv also increased in the 3rd
week. Bevond this stage, self shading due to the increase in LAI values
caused a decline in leaf efficiencv up to the 5th week for orchardgrass
and tall fescue and 6th week for hromegrass. At these later points
the grasses showed a better leaf efficiencv, which was associated with
the rapid stem elongation and was followed bv heading. This increase
in leaf efficiency may be due to a decrease in k value (extinction
coefficient) and consequent increase in leaf area maintained above the
compensation point. The rapid increase in canopv depth at this time
due to stem elongation probably changed leaf display pattern, thereby
increasing light penetration and efficiency per leaf.

The reduction in stubble LAT in all grasses was clearlv associated
with the amount of light that penetrated to the cuttine height. In

orchardgrass and bromegrass the light intercertion was efficient during
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early stages, and by the 4th week more than 957 of the incident light
was intercepted. These low light conditions caused faster reductions
in the stubble LAI values in these two grasses than in tall fescue
which allowed more light to penetrate to the soil level during corres-
ponding dates (Fig. 3).

The hot water soluble carbohyvdrates in stubble at different dates
showed an inverse relation with CGR in orchardgrass and in bromegrass,
but in tall fescue the relation was not very clear. The carbohvdrate
contents in stubble when the highest CGR occurred (4th, 5th, and 6th
weeks) were significantly lower than for the other dates when averaging
all the grasses. This observation agrees with the findings of other
authors who showed that carbohydrate contents in plant storage organs
fluctuate with the rate of cell division and expansion (Smith, 1962;
Brown and Blaser, 1965). The change in the morphologv of the grass
stem bases from leaf sheath in early spring to true stem in late spring
may also have influenced the carbohvdrate contents in these grasses due
to the differential nature of stem and leaf sheaths as potential sinks

for carbohydrates.

Regrowth Potential of Grasses After Cutting at Different

Stages of Canopy Development

The soluble carbohvdrate reserves and stubble LAT has been shown
to influence the regrowth potential of orchardgrass under favorable
environments. Tillers with reasonablv high carbohvdrate reserves and
leaf area made the fastest regrowth and produced the most new tillers

under favorable environment (Ward and Blaser, 1961).
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The maximum CGR of regrowths in field occurred in orchardgrass and
bromegrass following the 3rd cut and in tall fescue after the 4th weekly
cut. Even though highest CGR (regrowth) values for the three grasses
were obtained after the first four weekly cuts, the values were sig-
nificantly different among each other. When the canopies accumulated
more than four weeks before cutting the CGR (regrowth) was very poor,
with lowest rates after the 6th weekly cut (Table 3).

In growth chambers where temperature and light were controlled
to study different regrowths throughout the experimental veriod, the
varying light and temperature influences in CGR in the field were
avoided. 1In all temperature regimes the maximum regrowth vield per
tiller was obtained either for the lst or the 2nd weekly cuts (Table 4).
Even though there was no significant difference in soluble carbohvdrates
in the stubble among the first three weekly cuts and the last two weeklv
cuts in orchardgrass earlier cuts produced heaviest tillers in low and
medium temperature regimes. In the high temperature regime, orchard-
grass deviated from the above trend. The weight per tiller for orchard-
grass in the high temperature regime after the first four, 6th, and 8th
weekly cuts were not significantly different among each other. For tall
fescue the 1lst, 2nd, 4th, and 6th weekly cuts produced tillers of
similar weight which weighed more than those from the other weeklwv cuts.
Bromegrass in all temperature regimes produced higher tiller weights
after the first three weekly cuts than later cuts.

From these data it is clear that in all temperature regimes the
earlier cuts produced heavier tillers than the latter cuts. In the

last cut there was a tendency for tiller weight to increase concurrent



52

with an increase in carbohydrate contents in stubble, except in tall
fescue. This shows that there may be a relation between the tiller
weight and reserve carbohydrates in the stubble. 1In orchardgrass and
bromegrass the carbohydrate contents in the stubble for the last two
weekly cuts were similar to those for the first two weekly cuts;
however, the tillers for the last weekly cut weighed much less than those
after the first few cuts for regrowths in the low and medium temperature
regimes. On the other hand, there were significant differences in
stubble LAI values among the weekly cuts. The stubble LATI values were
highest after the lst cut and declined for the successive weeklv cuts.
After the 5th week there was practically no stubble LAI in anv of the
three grasses. Hence the differences in weights per tiller for the
various regrowths may be partially attributed to the differences in
stubble LAI after the different weekly cuttings. It is reasonable to
assume that for the earlier cuts high reserve carbohvdrates and high
stubble LAI values caused the high weight per tiller. This was followed
by low carbohydrate contents and absence of leaf area in the stubble
which caused reductions in tiller weights. Finallv for the last weeklv
cut carbohydrates in the stubble tended to increase the weight per
tiller in regrowths, but they were smaller than for the earlier cuts.
This trend occurred in the field except that the growths after the
first two cuts were somewhat reduced because of low temperature.

In the high temperature regime, the weight per tiller for the last
weekly cut was similar to the first cut in orchardgrass; hut the weight
per tiller for the last weekly cut was lowest in tall fescue. Orchard-

grass had similar carbohydrate contents in the 1lst and last weeklv cuts,



but tall fescue had the lowest carbohydrate contents for the last weeklv
cut. These data indicate that at high temperatures, the stubble LAI
may not be as important as reserve carbohydrates to produce heavy
tillers in regrowth. This may occur for cool season grasses because of
reduced photosynthetic efficiency of leaves under high temperatures.

Even though the reserve carbohydrates seem to influence the weight
per tiller, it is not consistent. Alberda (1966) postulated that when
contents in the stubble were low (below 10%) the plants have utilized
carbohydrate to a minimum level (6%) for new growth; also this minimum
value was necessary for the normal functions of cells. Under such
circumstances, it may be possible that some of the structural materials
are broken down and translocated to the remaining tillers to be used
for new leaf formation. 1In this experiment the reserve carbohvdrates
were comparatively low throughout the experimental veriod. There was
a drastic reduction in percent tiller regrowth in high tempnerature
regime when compared to cooler temperature regimes which were more
suitable for regrowth. In periods of low carbohvdrate reserves in the
stubble, tiller death in regrowth occurred, especiallv in high temvera-
ture. It is possible that organic reserves other than carbohvdrates and
even structural materials may be utilized for the development and main-
tenance of growing tillers under stress conditions (Alberda, 1966).
Hence only a weak relationship may exist between weight per tiller in
regrowth and soluble carbohydrates in stubble, especiallv under adverse
growing conditions.

In this experiment the presence of active growing points in the

stubble had strong influences on regrowth of the three grasses after
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defoliation in the early periods. Graber (1931), Teel (1956), and
Reynolds and Smith (1962) observed that the removal of the eloncated
apex shoot meristem in spring retarded the rate of recovery of certain
grasses. In this experiment bromegrass after the 4th weekly cut demon-
strated this very clearly as the growing points of most tillers above
the cutting height were removed. Hence during thi§ period the regrowth
was entirelv from new tillers developed from the axillarv meristem
below the soil. These tillers were small and less vigorous when com-
pared to the tillers developed from the apical meristem; also it took
more time and probably more energyv for development. The sudden decline
in tiller weight in bromegrass after the 4th weeklv cut in all temper-
ature regimes was mainly due to the high percentage of new tillers in
the regrowth (Table 4). The production of large numbers of new tillers
from the axillary meristems when the apical meristems were cut helned
the bromegrass to maintain a high percentage of tiller regrowth as
compared to the original number of tillers in all weeklv cuts. A
decline in the percent tiller regrowth occurred in orchardgrass and
tall fescue when the growing points of the inducted tillers were cut.
In orchardgrass new tiller production was better than in tall fescue at
this stage. For later cuts orchardgrass produced more tillers than tall
fescue; hence the percent regrowth of tillers in relation to the
original number also improved for orchardgrass. The percent tiller
regrowth in orchardgrass and bromegrass increased with increases in
stubble carbohydrates, especially for regrowths when cut near maturityv.
The high temperature regime significantly reduced the rercent tiller

regrowth compared to the other two temperature regimes. This shows that
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high temperature is detrimental for developing a good tiller population
of cool season grasses after defoliation.

This experiment shows that not only the carbohvdrate reserves and
LATI in the stubble influence the tiller weight in regrowth but the
change in morphology of the accumulating canopv in spring influences
the weight per tiller and number of tillers in regrowth. Temperature
also had a high influence on regrowth. The weight per tiller for
orchardgrass was 53% higher in the medium temperature and 467 lower in
high temperature regime when compared to the low temverature regime.

For tall fescue tiller weights were 23% hicher in medium temperature and
407 lower in high temperature than in the low temperature regime.
Bromegrass tiller weights showed a 32% increase in medium temperature
regime and 107 decrease in the high temperature regime as compared to
the low temperature regime.

The regrowth potential of a sod depends on the weight per tiller
and the number of tillers in a unit area. The weight ner tiller along
with the percent of tiller regrowth were taken as a measure for evalua-
ting the potentiality of regrowth in this experiment, because the number
of tillers varied highly among samples (plugs) from the field. However,
the relative dry matter vield per pot for the different weekly cuts
were calculated for the medium temperature (Table 6) and compared with
the regrowth in the field. This comvarison showed that all three
grasses after the second weeklv cut gave a better regrowth after which
there was a decrease in medium temperature regime 1in the controlled
environment. Under field conditicns the relative CGR increased until

3rd or 4th weekly cut and then decreased. Tn the medium temperature
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regime and in the field there was a tendency for the relative vield

to increase for the last weekly cut. The increasing trends for vields
until the 3rd or 4th weekly cut in the field can be attributed to the
improving temperature situation in the field from 3rd week onward. In
bromegrass after the 5th and 6th weekly cuts, there was no harvestable
growth in the field. The new tillers produced from the basal axillary
meristems did not reach the cutting height at the time of harvesting
these regrowths. In the growth chambers the new tillers were harvested
at the soil level. Except for the first three weeks, when the low
temperatures in the field restricted growth, the trends in relative
regrowths for the weeklv cuts in the field and in the medium temperature
regime in the growth chamber were similar.

The regrowth in the dark (a biological method for measuring the
organic reserves in grasses) for the lst and second weekly cuts gave the
highest weight per tiller and the 6th weeklv cut had the lowest tiller
weight for all grasses. The weight per tiller after the last weekly
cut (8th) was higher than for the 6th cut. The carbohvdrate reserves
for the last cut were also significantlv higher than for the 6th
weekly cut.

As for the regrowth in growth chambers onlv a weak relationship
existed between the reserve carhohydrates and the weight ner tiller in
the regrowth in dafk. This may be due to the change in morphology of
the stubble of the grasses in the late spring onward when the growing
points were removed bv cutting and a major portion of the regrowth came
from new tillers. The low percent of carbohyvdrates might have

encouraged the utilization of organic reserves other than soluble



carbohydrates by the grasses thus causing a poor relationship between
weight per tiller and the carbohvdrate contents. The new tillers
developed from the axillary meristems for the later cuts and might
have utilized more energy for development than the tillers produced
from the apex meristem in the earlier cuts. In tall fescue which had
few new tillers after all cuts there were minor changes in weight per
tiller, except for the 6th weekly cut.

In grazing and cutting management of forages, the high vield in
early spring and a quick vigorous regrowth after defoliation is verwy
important for farmers. Under the conditions of this experiment the best
regrowth in the field was obtained by harvesting prior tc jointing in
all three grasses. By utilizing the forages before jointing or orior
to the third week of cutting in the experiment during spring a cuick
recovery occurred. At this stage the vield of orchardgrass was 1950
kg/ha, for tall fescue 1655 kg/ha, and for bromegrass 2104 kg/ha of
utilizable dry matter. During spring more area of pasture is needed
for grazing in earlv weeks than later because cf lou CCR in the earlv
period of spring. Hence the early growth may be grazed and later along
with grazing the surplus can be removed for silage so that a hetter
regrowth can be expected after the utilization.

Tall fescue can be utilized over an extended periocd hecause an
adequate regrowth occurred after the 4th weeklv cut. This extended
period would help the farmer to organize grazing or removal for silage
over a long time. The result from the growth chamber studv shows that
the LAIL is very important in regrowth of the grasses in low temperature

periods and hence in the early spring a more freguent crazing can be
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made to maintain a better LAI in the stubble by keeping the canopy
short. With a high LAT in stubble in early spring quick regrowth will
occur. If the grasses are harvested between 5th and 8th weeks of growth
in spring, only a poor regrowth can be expected. The removal of the
initial growth in late vegetative period (3rd or 4th week) assures good
quality forage for the cattle in addition to a better regrowth.

During such periods of growth the digestibilityv of the forage has been
found to be high compared to the later cuts (Blaser et al., 1969).

The regrowth in the growth chambers suggests that the stubble LAI
and reserve carbohydrates are important for regrowth when the temperature
conditions are favorable for growth. The reserve carbohydrates are
more important than LAT for regrowth at situations of high temperature.
Hence during high temperature period, harvesting of forages with low
carbohydrate reserves even with high LAI values in the stubble mav be
more harmful to regrowth than harvesting forages with high carbohydrate
reserves with little LAT in stubble. However, in the field the LAI per

se may reduce temperatures by shading, thereby helping the regrowth.



SUMMARY

An experiment was conducted in the field and in controlled environ-

ments with three cool season grasses (Dactvlis glomerata L., Festuca

arundinacea Schreb., and Bromus inermis L.). Growth of the developing

canopies in the spring was analyzed by collecting data on dry matter
production, LAI (total and above and below the cutting height in the
canopies), the percent of incident light penetrating to the soil surface,
and the non-structural carbohydrate content in the stubble by samnling
the accumulating sward at weekly intervals during 4/19 to 6/8. After
each weekly sampling sod plugs were placed in growth chambers at three
different temperature regimes in light and in darkness at one temperature
regime to investigate regrowth potentials. Such data were compared with
the regrowth in the field.

There was no difference among the grasses in the growth rate of
the accumulating canopies when averaging all weeklv samplings. The
total LAI values among the grasses differed significantlyv when averaging
all weekly samplings. There was good correlation between CGR and LAL in
orchardgrass and tall fescue for the first few weeklv cuts until the LAT
was above the critical value. The non-structural carbohvdrates in the

stubble generally showed an inverse relation with the CGR.

The regrowth potential of the three grasses in the field after
weekly cuttings was influenced by variations in temperature, non-
structural carbohydrate content, the LAT values in the stubble, and bv
the morphological changes in the accumulating canopies during late
spring. In the growth chambers the 18/13 C (low)and 26/21 C (medium)

temperature regimes showed that the LAI and non--structural carbohvdrates
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the stubble and the morphological change in the accumulating canopies
influenced the weight per tiller and the percent tiller regrowth,
whereas in the 35/29 C (high) temperature regime the LAI in the stubble
had only very little effect on the weight per tiller of the regrowth.
The medium temperature regime produced the most weight per tiller in
all grasses and the high temperature had the least weight per tiller.
The high temperature regime significantly reduced the percent tilier
regrowth as compared to the other two temperature regimes.

The growth in the dark showed only a weak relationship between the
weight per tiller and the non-structural carbohvdrates in the stubble.
This may be due to the comparatively low carbohydrate content in the
stubble and the change in the morphology of the accumulating canopies
during the late spring.

Highest regrowth values in field and in growth chambers occurred
when the grasses were cut prior to jointing. In field the 1st and 2nd
weekly cuts produced low CGR because of the low air temperature during
early spring.

The findings of this experiment can be applied to management
(grazing and cutting) of the three grasses for maximizing the yields.
Frequent grazings can be made in the early period of spring when the
LAT values in the stubble are high and the temperatures are low.
Removal of the initial growth by grazing or cutting for silage prior to
jointing will encourage rapid regrowth as compared with later cutting
after jointing. By such early utilization a higher quality of the forage
will be available than for later utilization. Harvesting cool season

forages at a time of low carbohydrate content, even with high LAI values



in the stubble may be harmful to rapid regrowth when the temperature

environments are high.
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GROWTH ANALYSIS AND REGROWTH POTENTIAL OF THREE COOL SEASON GRASSES

IN SPRING

by

K. P. Padmanabha Kurup

(ABSTRACT)

The analysis of the accumulating canopies of Dactvlis glomerata L.,

Festuca arundinacea Schreb., and Bromus inermis L. along with the

regrowth potential under field conditions and under controlled environ-
ments (in light at three temperature regimes and in the dark at one tem-
perature) for different stages of growth were studied. The analysis of
the accumulating canopies showed that there was no difference among the
grasses in CGR when averaging all weekly samplings. The non-structural
carbohyvdrates in the stubble generally showed an inverse relation with
the CGR. There were differences in total LAT among grasses when
averaging the weekly cuts.

The regrowth in the field after harvesting at different dates was
found to be influenced by variation in temperature, LAI and soluble
carbohydrates in the stubble, and change in the morphology of the
accumulating canopies in late spring. The regrowths in 35/29 C,

26/21 C, and 18/31 C temperature were influenced bv the LAI and carbo-
hydrate content in the stubble, and bv the change in the morphologv of
the grasses in late spring excent in 35/29 C temperature regime the

LAT in the stubble had only very little influence. The high temperature

regime produced the least and the medium temperature regime the highest



weight per tiller. The percent tiller regrowth was adversely affected
by high temperature regime. In dark growth only a weak relationship
existed between the soluble carbohydrates in the stubble and weight
per tiller in regrowth.

Better regrowth was observed when the accumulating canopies were
cut prior to jointing than when cut later in all grasses. This suggests
that utilizing forages prior to jointing will produce a good aftermath
growth and persistence. The response of stubble LAI in cool environ-
ment to produce heavier tillers shows that frequent grazing can be made
in early spring to obtain much needed forage in that period. This will
keep the canopy short with high LATI in the stubble. The response in
high temperature regime shows that stubble LAI had only little effect
in producing heavier tillers in regrowth. Hence harvesting cool season
forages at a time of low carbohvdrate content, even with high LAI
values in the stubble, is harmful to rapid regrowth when the temperature

environments are high.
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