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1.4 REGRESSION OF FORAGE YIELDS AGAINST A GROWTH
INDEX AS A TOOL FOR INTERPRETATION OF MULTIPLE
HARVEST DATA OF ALFALFA GENOTYPES

MOFEEDA, A. SEIAM and EL-NAHRAWY SHEREEN, M. A.

Forage Crops Research Department, Field Crops Res. Instit,, ARC, Giza.
' Abstract

evaluated for green and dry forage yields under calcareous
soil in the farm of Nubaria Research Station during 2010
and 2011seasons. Yield was recorded for nine month separate per
year, i.e.; winter (December, and February cuttings); spring (April,
and May cuttings); Summer (June, July, and August cuttings) and
Autumn season (September and November cuttings). Regressing
yield against a growth index associated with harvest date was
utilized to describe forage performance of a genotype in an easy
and concise format. The growth index was calculated as the mean
of all entries at a harvest date minus the grand mean. The
obtained regression coefficient (b) described an entry vyield
response over several harvest dates and is indicative of entry -
performance over variable growth conditions. ‘
Keywords: Forage vield, Alfalfa, Growth index, Regression.

T welve genotypes of alfalfa, Medicago sativa L., were

INTRODUCTION

Forage performance can be presented in a concise and easily interpreted
format by regressing yield against a growth index associated with harvest dates. The
practical value of such a technique will increase as the number of cultivars evaluated
in a test increases. Although we have demonstrated this technique on yield data, it
should be as useful for interpreting other forage parameters, such as quality
measures, for multiple harvest tests comparing large numbers of cultivars (Pedersen
et al, 1991). Forages used for grazing are best evaluated by means of grazing trials
(Nelson, 1988).Grazin§ trials are costly in terms of fabor, land, and money, however,
so only a few cultivars are usually evaluated at any one time (Pedersen and Sleper,
1988). Most forage evaluation is therefore done in small plots with multiple harvests
throughout the growing season. Data from multiple harvests are often summarized by
presenting yearly totals for each cultivar in addition to the mean for each harvest date
{Pedersen et a/, 1982). Such data summarization can be effective when evaluating a
small number of cultivars. When comparing many cultivars with many harvest dates,
however, such data summarization becomes burdensome to use and difficult to
interpret.

Multi-environment trials play an important role in selecting the best cultivars

and in assessing a cultivar's stability across environments before its commercial
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release (Vargas et a/,, 1999). Also, multi-environment trials are important for testing
general and specific cultivar adaptation. A cuitivar grown in different environments
may show significant fluctuation in yield performance relative to other cultivars. These
changes are influenced by different environmental conditions and referred to as
genetic x environment (GxE) interaction (Carlos and Krazanowski, 2003). Presence of
"GXE rules out simple interpretative models that have only additive main effects of
genotypes and environments (Crossa, 1990 and Kang Magari, 1996).0n the other
hand, specific adaptation of genotypes in certain environments is fundamental issue to
be studied in plant breeding because one genotype may perform well under specific
environmental conditions and show poor performance under other conditions.

The more widely used method for detecting stable genotypes is the
regression approach (Finfay and Wilkinson, 1963). According to the definition of
Eberhart and Russell (1966), a stable preferred genotype would have, approximately,
values of b=1, 52d=0 and a high mean performance.

Our objective was to demonstrate how regressing yield against a growth
index associated with harvest dates can be utilized to describe performance of forage
genotypes over several harvests in a concise and easily interpreted formuat. This
might help in selecting the high forage genotype(s) under the calcareous soil

condition of Nubaria region.
MATERIALS AND METHODS

A field trial was conducted in Nubaria Agricultural Research Station (North
West of Nile Delta, Egypt). Twelve alfalfa "Medicago sativa, L" genotypes were studied
(Table 1). Soil physical and chemical properties are summarized in Table 2, whereas,
meteorological data of Nubaria site is shown in Fig.1. A randomized complete block
designs with four replicates was used. Plot size was 3.0 x 4.0 m with rows 20 .cm
apart. The seeding rate was 48 kgha™'. Seeds were inoculated with RAizobium melolitii
prior to seeding. Starter dose of nitrogen {48 kg ha') was applied directly after the
full establishment. A base dose of super phosphate (15.5%P,0s) at the rate of 360
Kgha™ was applied before sowing. 120 kghaof potassium sulphate (46%K,0) was
applied at three equal doses, yearly. Sowing date was June 9, 2006. Harvesting
date was at 10% blooming or when crown shoot length was 4-5 cm. Nine harvests
were obtained each growth year. These harvest dates had covered four growth
seasons as follows; winter (December and Febfuary cuttings); spring (April and May
cuttings); Summer (June, July and August cuttings) and Autumn season (September

and November cuttings).
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Data were recorded for green forage yield (tha®). Representative samples was
taken at each cut for determining dry matter percentage (65 °C) till weight constancy
(A.0.A.C, 1980). Only, the results at the fourth (2010) and the fifth (2011) years of
alfalfa growth were used in this study.

Statistical analysis:

Yield was regressed against a growth index calculated as the mean of all
entries at a harvest date minus the grand mean .The resulting regression coefficient
(b) is a descriptive of genotype yield response over several harvests. A coefficient (b)
equal to one indicates that a genotype responds similarly with respect to the growth
index over all harvests. Genotypes with b greater than one respond relatively well to
favorable growth conditions but respond rather poorly when growth conditions are
less than favorable. Conversely, genotypes with b less than one perform relatively well
under unfavorable growth conditions but perform relatively poorly under favorable
growth conditions. The hypothesis of b=1 was tested for each cultivar using a
standard t-test (Steel and Torrie, 1980). Comparison of the regressions of all cultivars
was made by testing the null hypothesis bl=b2=----- ba using analysis of CO\;‘ariance
procedures (Zar, 1974). The standard error of the estimate (S,.s) is indicative of the
accuracy of the regression. SAS program was used as a computer statistical program
for the statistical analysis of the data (SAS Institute, 2002).

Table 1. The original of the studied alfalfa genotypes.

Genotypes designation Pedigree
G1-G.2-G3 Land races farm Dahkhla oasis (El kasr in New valley)
G.4-G. 5 Land races farm Dahkhla oasis(Palat in New valiey)
G.6-G. 7 Land races farm Dahkhla oasis(Moot in New valley)

G. 8 Land races farm Kaharga oasis (Ef farafra inNew valley)
G.9 , ' Land races farm Kaharga oasis

G. 10 " | Land races farm Siwa oasis (Marsa Matroh)

G. 11 Land races farm Elbharei oasis(Elgiza)

G. 12 : French population
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Table 2. Main characteristics of soil in Nubaria Agricultural Research Station.

Soil depth, cm
Characteristic
0-30 30-60
Texture . Sandy loam Sandy loam
pH 8.23 8.26
Soil paste extract:
EC, dS/m 1.89 2.17
Cations, meq/L
ca™ 6.55 5.37
Mg** 1.92 1.69
K. v 1.72 2.34
Na* 8.71 12.30
Anions, meq/L
o+ - -
HCOy 5.57 6.50 .
CcL 9.72 11.62 k
SO 3.61 3.49
Total CaCO;,% 21.29 23.14
0.M.% 0.52 0.37
C.E.C.,meg/100 11.02 11.88
Total N% 0.023 0.025
Available P, mg/Kg 16.03 10.53
Exchangeable K mg/Kg ’ 112.6 88.3
# Air temperature > Soil temperature

4 4 94 49 —+4 4 4 494 <4 O O O O O O O O
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Fig. 1. Meteorologica! data of Nubaria region in 2010 and 2011 seasons.
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RESULTS AND DISCUSSION

Data in Table (3) show the mean squares for green and dry forage yields of
alfalfa genotypes as affected by variable environments (harvesting dates). Significant
.(p =0.01) differences among the studied harvesting dates had been detected in both
green and dry forage yields. Also, the studied genotypes, showed significant (p
<0.01) differences in both green and dry forage yields. In the meantime, the
interaction between environments (harvesting dates) and genotypes was significant (p
<0.01) in both green and dry forage yields. This might indicate variable response of

genotypes in terms of magnitude or direction to each environment (harvesting dates).

Table 3. Mean squares of green and dry forage yields of twelve alfalfa genotypes as
affected by harvesting dates across two years (environments).

M.S.
S.0V d.f. ~
Green forage vield (tha) { Dry forage vield (tha™)
Environments (Env.) 17 435,18%* 40.148**
Rep/ Env. 54 7.28 0.471
Genotypes (G) 11 54.47%* 3.427**
Env.*G. 187 3.86** 0.329**
Error 594 1.599 0.109

**Gignificant at p<0.01

As for green forage yield (Table 4) alfalfa genotypes expressed variable green
forage yield in various harvest dates. Meanwhile G.3, G.7, G.10 and G.11 relatively
produced higher green forage yield during the period of unfavorable conditions
(Autumn and Winter). On the other hand, alfalfa genotypes G.5, G.6, G.7, G.8 and
G.12 gave relatively |ower green yield during the period of favorable conditions
(Spring and Summer).

As for dry forage yield (Table 5), all the studied genotypes produced less than
1.5 tha™ dry forage in December harvest. Meanwhile, the recorded dry forage yield
reached maximum in May, June and July harvests (< 2.5 thal). In the meantime,
genotypes: G,, Gy, Gs, Gy a;\d Gy, maintained higher dry yield productivity in most
harvesting dates. Also, G;o and G;; genotypes produced reasonably high dry yield in
Autumn harvesting dates (August, September and Ndvember).

Regression of alfalfa genotypes green forage yield against a growth index
associated with 18 harvest dates in Nubaria location during 2010 and 2011
years(Table 6) showed that 8 regression coefficients were more than a unity included
the G.1, G.2, G.3, G4, G5 G.7, G9 and G.11. This might indicate that, those
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genotypes respond relatively well with respect to the growth index when the growth
condition was favorable, but respond rather poorly when growth condition was less
favorable. Genotypes G.6, G.8, G.10 and G12, significantly expressed a regression
coefficient less than unity, which might indicate that, these genotypes performed
relatively well under unfavorable growth conditions, but performed relatively poor
under favorable growth conditions.

Regarding the dry forage yield, values of regression coefficient against growth
index associated with 18 harvest dates at Nubaria location during 2010 and 2011
years (Table 7) indicated that five alfalfa genotypes designates G.2, G.3, G.4, G.10
and G.11 significantly expressed a regression coefficient of dry forage yield against
growth index more than unity. This might indicate a relatively well response to
favorable conditions, along with poor response when growth conditions were less than
favorable. Meanwhile, the rest of the studied genotypes (G.1, G.5, G.6, G.7, G.8, G.9
and G.12) showed a significant regression coefficient less than unity, which might
indicate that, these genotypes produce relatively good dry forage yields .iinder
unfavorable growth conditions, but, produce relatively poor dry forage yield under
favorable conditions. The results are confirmed with the results obtained by (Vargas et
al, 1999; Carlos and Krazanowski, 2003; Crossa, 1990 and Kang Magari, 1996.)

The fact that, alfalfa genotypes vary regarding tolerance to low temperature
and potentiality to produce tillers, consequently yield, directed research towards
assessing the stability of forage production through variable growth conditions. It
seemed from the obtainéd results that, sorting of genotypes with respect to
production sustainability might vary depending upon the measured parameter (green
or dry forage field). That is meaning full, when considering either grazing on green
vegetation or storing dry hay.

Mean performance of alfalfa genotypes whether in each separate harvest
date or as a year mean, seemed insufficient to guide the genotype sustainability over
variable growth conditions. The regression coefficient (b) between yield of each
harvest and a growth index, proved to be more efficient in separating genotype

groups regarding sustainability.
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associated with 18 harvest dates, at Nubaria location during 2010 and

2011years. )
Genotype Green forage vyield
Mean, (tha™) b* S, (thal)
G.1 8.733 1.094 0.771
G.2 9.424 1.068 1.733
G.3 10.590 1.070 1.271
G4 8.654 1.087 0.283
G.5 9.315 1.009 0.777
G.6 8.073 0.958 1.171
G.7 10.052 1.029 0.986
G.8 7.787 0.883 0.758
G.9 9.636 1.071 0.462
? G.10 9.373 0.915 0.774
G.11 9.748 1.065 0.716
G.12 8.026 0.750 0.423 -
SE 0.216 0.074

+b is a regression coefficient that describes cultivar yield response to a varying growth index
(the mean of all cultivars at a harvest date minus the grand mean*.
Sy x. is the standard deviation from regression for each cultivar.

Table 7. Regression of alfalfa genotype dry forage yield against a growth index
associated with 18 harvest dates, at Nubaria location during 2010 and 2011

years.
Genotype Dry forage yield
Mean. (tha™) b Syx (tha™)

G.1 2.213 0.999 0.044 ‘
G.2 2.391 1.109 0.121
G.3 2.603 1.054 0.106
G4 2.154 1.246 0.039
G.5 2.249 0884 0.057
G.6 2.063 0.929 0.068
G.7 2.492 0.941 0.091
G.8 1.875 0.923 0.083
G.9 2.341 0.981 0.093
G.10 2.518 1.020 0.052
G.11 2.450 1.149 0.065
G.12 2.077 0.885 0.059
SE 0.064 0.072

+b is a regression coefficient that describes cultivar yield response to a varying growth index

(the mean of all cultivars at a harvest date minus the grand mean).
Sy . is the standard deviation from regression for each cultivar.
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