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Interrelationship of yield and its morphological
components in annual ryegrass’

M. M. EI-SOUL K. M-ZARROUGH' AND K. SGAIER'

ABSTRACT

The potential for genetic improvement of annual ryegrass ( Lolium rigidum L.) yield
through selection based on morphological factors such as leaf elongation rate has been
suggested. Field experiments were conducted to study the relationship between forage
yield and the morphological characters of the plants. The influence of using such char-
acters in improving forage yield was also determined using one cycle of recurrent res-
tricted phenotypic selection. Among plants a positive correlation (r = 0.64) existed
between vyield/tiller and leaf elongation rate, and negative correlation (r =
— 0.53) existed between yield/tiller and rate of tillering. Path coefficient analysis
showed that both yield/tiller and leaf elongation rate had large positive direct effects
on total yield/plant. The direct effect of yield/tiller on yield/plant was about 2.1 times
as great as the direct effect of number of tillers/plant. Using leaf elongation rate as
selection criterion, and the recurrent restricted phenotypic selection procedures re-
sulted in increasing forage yield of this grass 39% over that of the original population
in the selection direction for high leaf elongation rate. The data suggest that leaf
elongation rate can be an efficient selection criterion in improving forage productivity
of this crop.

INTRODUCTION

In lieu of breeding for yield per se to increase productivity of forage grasses, phy-
siologists are identifying and studying morphological and physiological characters
associated with the expression of herbage yield in order to assess their feasibility as
selection criteria in forage breeding programs. A suitable selection criterion would be
one that can be implemented at an earlier stage of plant development, yet would be
maintained when plants are grown under sward conditions. In addition, the character
(s) selected would need to remain stable under the variable environmental conditions
under which forage crops grow (6).

* Part M.S. Thesis by the first author.
! Former graduate student, Associate Professor, Dept. of Crop Science, University of Al-Fateh, Faculty
of Agriculture.
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Several years ago the concept of critical leaf area index (LAI) was described by
Brougham (2) to define the LAI that is necessary to achieve 95% light interception at
noon. Cooper (4) has summarized the sequence of leaf area accumulation and crop
growth in herbage grasses. After gremination or defoliation, crop growth rate (CGR)
is limited by the small amount of leaf area available to intercept the incoming light
energy. As the crop grows, assimilation per unit area of leaf is reduced because of
shading, but crop growth rate increases. As a point when the leaf area index is suffi-
ciently large to intercept all the light energy (optimum LAI), the maximum growth
rate is attained. In some species this growth rate is maintained with further increases
in LAI, but in others, a decline occurs which is probably associated with the increased
respiratory load at the base of canopy. This leads to the conclusion that the limiting
factor for forage material production by forage crops was LAI. Critical LAI depends
on the size and orientation of leaves (12). Canopies of erect-leafed cultivars of peren-
nial ryegrass (Lolium perenne L.) had larger optimum LAI and higher CGR than did
prostrate-leafed cultivarts (12).

Three major concepts have emerged over the years of research that are considered
with forage growth in the broadest sense and are related to solar energy interception
and its utilization by forage plants (8). These include: 1) rapid development of leaf
canopy in order to achieve 95% interception of available radiation with the radiation
well distributed in the canopy, 2) a photosynthetic system that efficiently utilises that
radiation, 3) a management system based on growth habit of the plant that would
allow a rapid growth as well as maintain an adequate stored energy reserve.

Morphological characters associated with yield have been used as selection criteria
in forage grass breeding programs to increase herbage productivity (9, 10). Such char-
acters were usually those influencing canopy structure and thus, light interception.
Therefore, selection pressure on morphological characteristics associated with high
productivity usually resulted in selection of genotypes with larger leaf area (10, 17,
19). The importance of increasing radiation interception and herbage yield by charac-
ters that would increase LAI has been documented (17).

Features of grasses which determine canopy structure are variable genetically and
are highly heritable in ryegrass (13) and tall fescue (Festuca arundinacea Schreb.) (9).
Rhodes (13) has shown that genetic variation exists for leaf length in ryegrass popula-
tions. Moreover, Rhodes (11) suggested that the mechanism of canopy development
would need to be a function of the management system for which it was intended. For
example, Rhodes (13) reported that a selected population of long-leafed genotypes of
ryegrass was more productive under infrequent cutting than was either a selected
population of short-leafed genotypes or their base population. However, under fre-
quent cutting the short leafed population was more productive. Moreover, Zarrough
and Nelson (17) showed that a genotype of tall fescue selected for high yield/ tiller was
superior in yield to low yield/ tiller genotype when cut every 42 days. However, the
low yield/ tiller genotype was superior when cut every 14 to 28 day cutting frequencies.

Horst et al. (6) considered several morphological and physiological characters and
showed that leaf elongation during early stages of regrowth was closely associated
with forage yield which could be used as selection criterion for yield improvement of
tall fescue. Moreover, Nelson and Sleper (9) reported that four cycles of recurrent res-
tricted phenotypic selection for high (H) and low (L) rates of leaf area expansion
(LAE) gave populations with rates of LAE of 181 and 74 mm? day ' for the H and L
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directions, respectively. Moreover, Nelson and Sleper (9) showed that yield of the
vegetative regrowth of tall fescue after two generations of selection in the (H) direc-
tion was 39% more than the broad-based population. However, leaf area expansion
was negatively correlated with tiller density (17).

It is evident that all of these studies emphasized that plant morphology is an impor-
tant determinant of productivity in forage grasses through its effect on canopy shape
and light interception. Leaf area expansion is critical as it not only is the harvestable
product, but also contributes to an ever increasing LAI which increases the light in-
terception surface on the canopy until the critical LAI is reached.

In order to obtain high production of forage grasses it is essential that desirable
characters which influence productivity be understood. Ultimately, the desirable attri-
butes should be combined together to obtain high yielding cultivars. Recognizing the
significance of Rhodes (13) and Zarrough et al. (17, 18) works, an effective selection
criterion may be one associated with canopy development, as it would be associated
with both radiation interception and dry matter distribution. Therefore, the objective
of this experiment was to study several morphological characters of the annual ryeg-
rass (Lolium rigidum L.) native to Libya and their relationship to forage yield.

MATERIALS AND METHODS

The original population consisted of 100 seeds of annual ryegrass (Lolium rigidum
L.) taken randomly from a collection made by Dr. K. Sgaier in 1979. This collection
consisted of ecotypes collected in Zawia, Tajoura, Gharabulli and the Faculty of Agri-
culture farm. On October 28, 1982, seeds were planted singly in the field in 20-plant
rows at a distance of 25 cm within the row and 50 cm between rows at the Faculty of
Agriculture Farm, Tripoli. The experimental area received an application of N (as
ammonum sulphate) at the rate of 100 kg/ha post to planting. Weed population was
controlled by hand cultivation and hand weeding escapes. Supplemental irrigation was
given as needed throughout the experimental period to keep active growth.

Forage dry matter yield (DMY) was evaluated by cutting plants to a height of
approximately 10 cm above the soil surface on April 4, 1983. The cut herbage was
dried in a forced air oven at 70°C for 48 hours to determine DMY . Tillers that had ex-
tended to or above the cutting height were counted and yield/ tiller was calculated.
Leaf elongation rate (LER) was measured before cutting plants. On February 28,
1983, one tiller/ plant was marked with a colored wire. To determine LER, the length
of the emerging leaf blade above the youngest fully collared leaf was measured on five
alternative days from March first through 13 March, 1983. One leaf was sampled per
plant. Leaf length was measured from the tip of the blade to the collar of the next low-
er leaf which was fully developed. The regression coefficient of leaf length vs. time
was used to estimate LER (mm/day). (16).

Subsequent evaluation of the correlated response in dry matter production was car-
ried out. Moreover, a path coefficient analysis (15) was computed to characterize
mechanisms involved in yield and to suggest suitable selection criteria for improving
forage yield of this crop.

After the evaluation of the base population, the 10 plants with the highest leaf
elongation rate (HLER) and the 10 plants with lowest leaf elongation rate (LLER),
(selection pressure 10%), were selected, labelled and transplanted in pots on April 4,
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1983. Each population was isolated from the other in a greenhouse for cross pollina-
tion. Seeds from intercrossed heads from each plant were threshed and kept separate
to give seeds to first cycle of selection.

In Fall of 1983, these selections were evaluated in 10 plants rows. 100 plants for
both the high leaf-elongation rate and low leaf elongation rate (five seedlings from
each maternal plant) were planted on 13 Oct., 1983, in such a way that a single plant
from each maternal parent was included in one replication (3). The five seedlings from
each maternal selection permitted five replications. Forage dry matter, tiller number
and leaf elongation rate were evaluated as described for the base population. On 25
March, 1983, selection of plants to furnish plants to intermate for the next cycle of
selection was carried out using leaf elongation rate as a selection criterion also. One
plant in each 10 plant row of each population was appropriately labelled. These plants
were transplanted in 30 cm diameter plastic pots. The plants from each selection were
intermated in isolation as in 1983, to give seed for the second cycle of selection (3).

RESULTS

Means and coefficients of variation obtained in the first year of the initial space
planting of the original population for four agronomic traits are presented in Table 1.
Forage vield within the original population ranged from 2.5 to 24.4 gm/ plant with a
mean of 19.2 gm/ plant and C.V. of 43.7% (Table 1). Moreover the original popula-
tion showed large variability in number of tillers/ plant, yield/ tiller and leaf elongation
rate (Table 1).

Table 1 — Variation for leaf elongation rate, number of tillers/ plant, yield/ tiller and forage yield/ plant
among plants of the original population.

Character Range Mean C.V. (%)
Leaf elongation rate 89-21.2 15.3 50.9
(mm/day)

Tillers/ plant (No.) =31 21 41.8
Yield/ tiller (mg) 357.1 — 3485.7 1257.6 56.3
Forage yield/ plant (gm) 25-244 19.2 43.7

The frequency distribution of individual leaf elongation rate in the original popula-
tion is shown in Fig. 1. The distribution shows significant (p < 0.05) skewness due to
an excess of low leaf elongation rate individuals. The assymmetry of the distribution
may be due to different causes, the most obvious one being directional dominance of
high leaf elongation rate.

The correlation between number of tillers/ plant and forage yield/ plant was nega-
tive and significant (r = — 0.76, p < 0.01) (Table 2). However, positive and significant
correlation were observed for yield/ tiller and leaf elongation rate with forage yield/
plant. The determination coefficients show that 88% of the between plant variability
for forage yield is associated with leaf elongation rate. Moreover, leaf elongation rate
was associated positively with yield/ tiller and in negative manner with number of
tillers/ plant.
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Fig. 1. Frequency distribution of individual plant values for leaf elongation rate (LER) determined on the
original population (A) and after one cycle of recurrent restricted phenotypic selection for (B) and low (C)
LER. Arrow indicates the mean.




60 M.M. EI-SOUL. K.M. ZARROUGH and K. SGAIER

The correlation coefficients between various characters, as well as with forage yield
itself (Table 2), are generally in conformity with those obtained by other workers in
perennial ryegrass (5) and in tall fescue under sward condition when tiller production
reached its equilibrium and had stablized (17). However, Sleper et al. (14), and Zar-
rough er al. (17) reported that a close relation existed between number of tillers and
forage yield before equilibrium tiller production was reached, where a greater differ-
ence in genetic expression for tillering could be expected than under sward condition.

Table 2 — Within original population intercharacter correlations based on individual plant data.

(1) 2 (3) (4)
Character
(1) Forage yield/ plant (g) =
(2) Tillers/ plant (No.) - 0.76" =
(3) Yield/ tiller (mg) 0.94+ —0.53* -
(4) Leaf elongation rate 0.79+ —0.48" 0.64* —
(mm/day)

** indicates significance at the 0.01 probability level.

Tiller / Plant (1)

r 12
Forage Yield  Plant (3)

Yield / Tiller (2)

Fig. 2. Path diagram showing direct and indirect effects of components on forage yield/ plant. Unidirection-
al arrows represent coefficients (direct effects) and bidirectional arrow represents correlation coefficient.
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The concept of yield component has not been considered to a great degree in forage
grasses. However, forage yield is a direct function of number of tillers/ plant and yield/
tiller (14). A technique to identify the direct and indirect effects of each on forage
yield/ plant is path coefficient analysis (15). Further, path coefficient analysis permits
an examination of the relative importance of the yield components as genetic determi-
nants of forage yield.

Figure 2 shows the direct and indirect effects of the yield components on forage
yield/ plant. When forage yield/ plant was partitioned into direct and indirect effects
contributed from number of tillers/ plant component, the direct effect (p 13) was nega-
tive relationship between number of tiller and yield/ tiller (Table 3). The direct effect
of yield/ tiller on forage yield/ plant was large and positive (Table 3).Thus, these data
suggested that under the conditions of this experiment forage production was influ-
enced about 2.1 times more by variations in yield/ tiller than by variations in number
of tillers/ plant (Table 3).

Table 3 — Path coefficient analysis of the direct and indirect influences of number of tillers/ plant and yield/
tiller on forage yield/ plant in the original polulation of annual ryegrass.

Type of effect Coefficient
Effect of number of tillers/ plant on forage

yield/ plant

Total correlation, ry -0.76"*
Direct effect, P, - 0.36
Indirect effect, ry» Pss =0.40
Effect of yield/ tiller on forage vield/ plant

Total correlation, ra5 0.94~
Direct effect, P»; 0.75
Indirect effect, ry> P3 0.19

** indicates significance at 0.01 probability level.

Differences between the high and low leaf elongation rate populations derived, re-
spectively, by intercrossing among the high and low leaf elongation rate selections
were significant for all characters (Table 4). Population selected for high leaf elonga-
tion rate outyieled population selected for low leaf elongation rate, and had the lowest
number of tillers/plant (Table 4). Moreover, the high leaf elongation rate population
had about 43% faster leaf elongation rate as compared to the low leaf elongation rate
population (Table 4, Fig. 1). The coefficient of variation in Table 4 shows that the
high leaf elongation rate was less variable than the low leaf elongation rate population
in most measured traits. The high coefficients of variation observed for number of
tillers/ plant, and yield/ tiller was probably due to environmental or genetic variation
or both. However, the contribution of each component in this variation was not
known. Correlation coefficients between the measured characters as well as with yield
itself obtained from the first cycle of selection data (Table 5) are comparable to the
data obtained from the original population.

Means expressed as percentage of original population are shown in Table 6. The
data presented in this table suggest that selection for high leaf elongation rate was
effective in improving forage productivity of annual ryegrass. These data indicated
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that one cycle of recurrent restricted phenotypic selection for high leaf elongation rate
increased forage productivity by 39% over the original population (Table 5).

Table 4 — Range, mean and C.V. of leaf elongation rate and some other morphological characters. Within
high and low leaf elongation rate (LER) population.

Character Population Range Mean C.V.(%)
Leaf elongation rate High LER 13.0 —25.9 18.7 16.4
(mm/ day)

Low LER 6.5—18.8 13.1 26.0
Tillers/ plant (NO.) High LER 11.0 —38 18 325

Low LER 10 —47 23 429
Yield/ tiller (mg) High LER 686.8 — 3654.6 1569.3 43.7

Low LER 208.0 —1473.7 751.6 64.5
Forage yield/ plant High LER 12.7 —48.9 26.6 39.8
(gm) Low LER 35—33.0 14.5 37.6

Table 5 — Correlation coefficients for forage yield/ plant and morphological characteristics within the first

cycle of selection. i
Character (1) (2) (3) (4)
(1) Forage yield/ plant (g) —
(2) Tillers/ plant (No.) —0.60"" —
(3) Yield/ tiller (mg) 0.83 —0.51" — .
(4) Leaf elongation rate (mm/ day) 0.56™ —0.47 0.61" —_

** indicates significance at the 0.01 probability level.

Table 6 — Means expressed in percentage of original population (Co) for character determined on first cy-
cle of selection of high and low leaf elongation rate (LER) population.

Character Mean in % of Co.
Population
Higher LER Low LER
Leaf elongation rate 122.2 85.6
Tiller/ plant 85.7 109.5
Yield/ tiller 124.8 59.7
Forage vield/ plant 138.5 75.5
DISCUSSION

This experiment was conducted under low plant competition to allow plants to ex-
press their maximum genetic potential. Under sward conditions plant competition
might mask the genetic potential for yield and its components.

The positive correlation between leaf elongation rate and yield/ tiller suggests that if
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selection pressure was placed on leaf elongation rate, yield/ tiller would eventually be
altered in a productive manner. However, the negative correlation between leaf
elongation rate and number of tillers/ plant suggests that improvement of both yield
components simultaneously would be difficult. Moreover, the data obtained from this
experiment indicated that the plants differed in the pattern by which they developed
tillers and their leaf elongation rates, but provided no information on the internal
mechanisms for the control of either tillering or leaf elongation rate. However, from
the review by Langer (7) the following possible explanation is offered to account for
the difference in tiller production. Tiller buds are formed in the axils of most leaves
suggesting that difference in rate of leaf initiation may alter rate of tiller formation.
Genetic differences have been reported in the rate of leaf appearance in tall fescue
(16) and in perennial ryegrass (5). Begg and Wright. (1) concluded that initiation and
development of leaves constitued the first priority for assimilates. Therefore, differ-
ences in tillering rate may be associated with the failure of tiller buds to develop as a
consequence of preferential translocation of photosynthates to leaf primordia. Thus,
it appears as one select for rapid leaf elongation rate, there may be an increased de-
mand from that sink and therefore, fewer tillers were produced. Zarrough er al. (18)
reported that selection for high leaf elongation rate was accompanied by a decrease in
both rate of leaf appearance and site usage. Thus the high tillering rate in a population
of tall fescue characterized by having low leaf elongation rate and high tiller number
was brought about by a combination of higher rate of leaf appearance and utilization
of tillering site.

Difference in the rate of leaf elongation between the high and low leaf elongation
rate selections might be associated with differences in the rate of cell division, elonga-
tion or both. Nelson er al. (8) reported that a genotype with a faster rate of leaf
elongation produced more cells per day in the leaf meristem and the cells expanded to
a greater length when compared to a genotype characterized by low leaf elongation
rate.

Path coeficient analyses have shown that yield/tiller was about 2.1 times more im-
portant in determining forage yield than tiller number. Zarrough er al. (18) reported
that genetic differences altered the equilibrium tiller density and the time required to
achieve this equilibrium in tall fescue. Moreover, genotype of tall fescue that achieved
higher yield, largely via increased number of tillers did not have a forage yield advan-
tage after equilibrium tiller production was achieved. Once equilibrium tiller density
was reached, forage yield was closely related to yield/ tiller (17). Under those condi-
tions, the highest yielding genotype of tall fescue was the one characterized by low til-
ler number and high yield/ tiller. Thus, it might be concluded that in this experiment
tiller production was stabilized and became limited. In this case the plant exploited in-
creased genetic potential for expression of yield/ tiller which consequently increased
yield potential.

Sleper et al. (14) studied the components associated with yield/ tiller and reported
that leaf elongation rate was the most important character associated with variability
in yield/ tiller in tall fescue. It is evident from the results of this experiment that diver-
gent selection for high and low leaf elongation rate was effective in producing two
differentiated populations. Populations selected for high leaf elongation rate had ab-
out 84% more yield compared to the population selected for leaf elongation rate.

The results of this experiment suggest that leaf elongation rate might be a good in-
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dicator for forage yield and an effective selection criterion in a breeding program for
yield improvement. Measurement of this character at an early stage of growth is re-
latively easy, accurate and would allow the screening of a large population. Moreover,
it would serve as an indicator of canopy development and photosynthate distribution.
Although this trait possesses some of the characters of an ideal selection criterion, in-
formation on the additive genetic variances and its heritabilities is lacking. Evaluation
of material under sward conditions for better understanding of the correlated re-
sponse in yield, and stability of leaf elongation rate as a selection tool for forage vield
improvement is required.
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