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Abstract

An investigation was carried out using 13 alfalfa accessions during 2009 to 2010 and was located on the experimental field of East
Azarbaijan Agriculture and Natural Resources Research Center (AZARAN), Iran. The objective of this research was to evaluate positive
effect and reliability of yield and quality traits as selection criteria in alfalfa breeding. Significant differences were observed for most of
the yield and quality components. Variability coefhicients were high for yield components, while quality traits showed relatively low
variation. Plant height (PH), number of stems (NS), number of nodes (NN) and leaf size (LS) was positively correlated with plant yield.
Crude protein (CP) content was correlated directly with acid detergent fiber (ADF) and natural detergent fiber (NDF) while correlation
with crude fiber (CF) was inverse. The direct effect of the number of stems on yield had the highest value (0.698, P<0.01). Direct effect
of number of nodes on yield was positive (0.508, P<0.01). Only the plant height had a lower direct than the indirect effect on yield. The
direct effects of independent traits on CP were significant (P<0.05), except for trait leaf dry weight (LDW). The direct effect of ADF had
the highest value (2.440, P<0.01), which was positive and significant. LDW trait had a negative direct effect on the CP (-0.248, P<0.05),
while the indirect effect on the NDF trait on CP was neither high nor justifiable. ADF, CE, NDF and LDW traits had the highest indirect

effects on CP trait via correlation with 77 vitre dry matter digestibilicy (IVDMD).
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Introduction

The main objectives of the most alfalfa breeding pro-
grams are yield increase and quality improvement. Since it
is not possible to achieve genetic progress over the limits
determined by existing genes in a population, the choice of
germplasm included in a breeding program is a top prior-
ity for every breeder (Popovic ez al., 2006). As an essential
part of each breeding program, the germplasm is primarily
based on selection from the existing cultivars and ecotypes
(Prosperi et al., 1999). Results obtained by many research-
es proved the value of local populations as a starting source
in alfalfa breeding programs aimed at creating cultivars of
a broad genetic base (Popovic ez al., 2006; Prosperi ¢t al.,
1999; Tavoletti ez al., 1999).

Increasing variability of selection material could be
achieved by introducing distinct alfalfa varieties, as new
source of diversity. Agro-morphological traits have been
used to classify and study of genetic diversity in alfalfa
germplasm collections as well as other crops (Radovic ez
al., 2006). Yield and quality are quantitative traits whose
expression is influenced by genetic, biological, environ-
mental factors as well as their interactions (Popovic ez
al., 2006). Alfalfa yield is the result of yield components
effect:number of plants per area, number of stems per
plant, weight and height of individual stem (Fick ez 4,
1988), while alfalfa quality is a complex trait determined
by morphological, chemical and physiological compo-
sition (Kirilov, 2001). Morphological composition in-

cludes leaf-to-stem ratio, number and length of internodes
(Kirilov, 2001; Rotili ez 4/., 2001).

Selection for improved forage quality has been success-
ful for increasing protein concentration and iz vitro dry
matter digestibility (IVDMD), and decreasing NDF and
acid detergent lignin (ADL) concentration of alfalfa herb-
age (Coors et al., 1986; Hill, 1981; Hill and Barnes, 1977;
Shenk and Elliott, 1971). However, because these selec-
tion studies were done on whole herbage, the observed
shifts in forage quality may have resulted from inadvertent
selection for altered leaf-to-stem ratio. Quality of alfalfa
leaf and stem material are sufficiently different that any
shifts in relative proportions of leaf and stem results in sig-
nificant changes in herbage quality (Sheaffer ez al., 2000).
In the case of selection for reduced ADL concentration in
alfalfa herbage (Hill, 1981), it was shown that the result-
ing divergence in herbage ADL concentration was due pri-
marily to a higher leaf proportion in the low lignin alfalfa
line, although the ADL concentration of stem material did
show some response (Kephart ez 4/, 1989, 1990). While a
higher leaf-to-stem ratio of the low lignin lines did result
in reduced NDF concentration, the increase in IVDMD
was minimal and only correlated with NDF concentration
(Kephart ez al., 1990).

When breeding alfalfa with higher forage quality, oth-
er plant characteristics inadvertently can be altered. Cor-
relations between forage quality, and morphological and
agronomic traits have been reported (Hill, 1981; John-
son et al. 1994; Kephart ez al., 1989; Shenk and Elliot,
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1971; Sumberg ez al., 1983). Positive correlations were
reported for IVDMD with leaf/stem ratio and number of
vascular bundles (Shenk and Elliot, 1971). Negative cor-
relations were reported for lignin with leaf/stem ratio and
stem height (Kephart ez 4/., 1989, 1990). Johnson ez 4l.
(1994) found positive correlations for CP with leaf/stem
ratio and lodging, and negative correlations for CP and
regrowth height. Moderate or no associations have been
reported for yield with NDF, ADE, lignin, IVDMD, and
CP (Coors et al., 1986; Gil et al. 1967; Hill and Barnes,
1977; Hill, 1981; Kephart e al., 1989; Shenk and Elliot,
1971; Sumberg ez al., 1983).

Selection of promising genotypes in a breeding pro-
gram is based on various criteria, most importantly final
crop yield and its quality. Relationships between yield and
yield contributing traits also play an important role (Diz
et al., 1994; Guler et al., 2001; Mohammadi ez al., 2003;
Rabiei ez al., 2004). Selection may also be based on other
plant and/or crop features, such as, early maturity (Ahmad
et al., 1991), industrial crop yield (e.g. oil yield, Baye and
Becker, 2005), crop resistance (e.g. Bridge, 2000; Singh ez
al., 2004) and yield quality features (e.g. Gravois, 1998).
Whatever criteria are used, there is always a final trait (e.g.
yield) or several final traits (e.g. seed yield and quality) to
which the most attention is paid. To detect traits having
an influence on a final trait, path analysis is commonly
applied (Kozak and Kang, 2006; Popovic ez al., 2006;
Shipley, 2002). The path coefhicient analysis provides in-
formation on internal relation among the investigated
characteristics, as well as their effect on certain trait. The
path coeflicient is a standardized partial regression coef-
ficient that measures the direct influence of one trait upon
another and permits the separation of a correlation coefh-
cient into components of direct and indirect effects (Board
et al., 1997). The traits influencing yield and quality may
directly or indirectly affect each other and for the purpose
of breeding programs, they should be subject to separate
analysis. The objective of this research was to evaluate the
reliability of most frequently used selection criteria in al-
falfa breeding by using variability analysis, phenotypic cor-
relation and path analysis.

Materials and methods

Thirteen alfalfa ecotypes (‘Leghlan] ‘Sivan, ‘Sattelou,
‘Gara-Baba) ‘Baftan] ‘Tlan-Jough, ‘Khaje, ‘Dizaj-Safarali,
‘Khosrovanagh’, ‘Alhord;, ‘Gara-Yonjeh’) and ‘Ranger’ and
‘Moapa’ control cultivars used as experimental materials.
The seeds of ecotypes were planted in individual pots con-
taining a mixture of sandy-loam soil, peat and sand with
2:1:1 ratio on March 2009. From each ecotype, 96 plants
were transplanted into the field at the Tikmadash (75 km
cast of Tabriz) in the East Azarbaijan Agriculture and Nat-
ural Research Center in the spring of 2009. In each plot,
24 plants were transplanted in 4-row plot (6 plants in each
row) 0.6 m apart and 2.4 m long.
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The trial was established in a randomized complete
block design with four replications. The field trial was
conducted under irrigated condition for two years where
first year was considered for uniformity. All data were re-
corded from the two central rows on plant height (PH,
cm), number of shoots (NS), plant fresh weight (PFW,
g/plant) plant dry weight (PDW, g/plant), leaf size (LS,
cmXcm), number of nodes (NN), leaf dry weight (LDW,
g/ plant), leaf fresh and dry weight to stem fresh and dry
weight, (LFW/SFW) and (LDW/SDW) ratios in the
second year. PEW was obtained by hand cutting of plants
at approximately 5 cm above the ground and weighting by
electronic balance. To determine PDW, fresh samples of
randomly chosen plants were taken from each plot and
placed in paper bags. The samples were then weighted
and dried at 105°C for 24 h to assess average dry mat-
ter content (DMC). PDW were calculated by DMC x
PFW/100 formula. Total yearly mean PFW and PDW for
cach plant were determined from each cut and NS of in-
dividual plants was recorded directly following cuts. Prior
to the cuts, PH was measured from the ground to the top
of the inflorescence. The mean of PH, NS, (LFW/SFW)
and (LDW/SDW), and the sum of PFW and PDW for
cach year were used for analysis. Data for i vitro dry mat-
ter digestibility (IVDMD%), crude protein (CP%), acid
detergent fiber (ADF%), neutral detergent fiber (NDF%)
and crude fiber (CF%) were predicted using near-infrared
reflectance spectroscopy (NIRS) model 8620.

The obtained results were illustrated per plant (g, cm,
cmXcm, %) in average cutting. Analysis of variance was
calculated using PROC GLM (SAS Institute, 1998) to
detect significant (P<0.05) differences between ecotypes.
Ecotypes means were separated using Duncan’s multiple
range test (P<0.01). Simple correlation and stepwise mul-
tiple regression analysis’ were carried out using SAS sta-
tistical program. In addition, the relative importance of
direct and indirect effects on yield and crude protein (CP)
content was determined by path analysis. In path analysis,
yield and crude protein (CP) content were the dependent
variables and the four and five characteristics were consid-
ered as independent variables respectively.

Results and discussion

Significant differences were observed between alfalfa
ecotypes for plant height (PH), number of nodes (NN),
leaf size (LS), number of stems (NS), leaf fresh and dry
weight to stem fresh and dry weight ratios (LEW/SFW)
and (LDW/SDW), except plant fresh and dry weight
(Tab. 1). Smith and Hamel (2005) believed that alfalfa
forage yield depends upon three factors including plant
number per unit area, stem number per plant and single-
stem yield. But Sengul (2002) considered the plant height,
stem number per plant and single-stem yield as the forage
yield components. These traits are the most frequently
used selection criteria in alfalfa breeding programs (Pop-
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ovic, 2006). Tuckak ez al. (2008) reported that plant
height is an important yield component and it is often
used as a criterion when choosing superior genotypes in
an carly stage of selection. The results of this research are
consistent with the results of other researchers (Julier e#
al., 2000; Popovic, 2006).

In general, coefficient of variation shows the degree of
difference and power of trait variation. The results showed
awide range of values of broad variability among traits un-
der study by testing ecotypes. Plant fresh and dry weight
had the highest variation coefficient (14.41 and 14.01%)
while the average weight per plants in all cuttings varied
from 275.45 t0 452.70 gm (Tab. 2).

Among yield components, leaf size and number of
stems per plant had the highest relative variability (12.89
and 10.9%, respectively) while plant height trait had a
relatively low variability coefficient (7.71%). Statistically
significant differences were observed between ecotypes for
IVDMD, ADF, Ash, CF, NDF and LDW (Tab. 1). Av-
erage protein content per plants ranged from 21.31% to
25.35% (Tab. 2). Quality traits had a relatively low varia-
tion coefficient. IVDMD had the lowest coefficient of
variation (3.76%) while the CP content had 8.31% coef-
ficient of variation. Tavoletti ez 4/. (1999) obtained similar
results in trait variation.

Forage yield and its quality is complex traits whose ex-
pression in influenced by genetic constitution of a plant
as well as environmental factors, as stated by Julier e al.
(2000). Because of the above-mentioned reasons, deter-
mining the genetic potential of the alfalfa ecotypes and
the interrelation among traits, are of high importance.

Tab. 3 illustrated the evaluation of direction and cor-
relation among traits tested in this research. The results
of correlation analysis showed that plant dry weight had
a positive relation with all other yield components. PDW
was positively correlated with number of stems (0.876**)
and plant height (0.612**) and leaf size (0.339**). Qual-
ity traits differed with respect to correlation with yield
(Tab. 4). The most important quality trait was crude pro-
tein (CP) content and was negatively correlated with CF
(-0.718**) but positively correlated with ADF and LDW.

Direct linear relationships among traits were also es-
tablished (Tab. 3). The relationship between yield and
yield components indicate that selection for number of
stems may increase yield.

The residual effect of path coefficient for yield trait was
0.54 ('Tab. 3). The direct effect of the number of stems on
yield had the highest value (0.698**) and the ratio of the
direct effect of number stems on yield was 79.6%, 7.e. about
80% of the variation in yield comes from the direct effect
of the number of stems. Direct effect of number of nodes
on yield was positive and statistically significant (0.508**),
and its ratio was 64.1%. Only the plant height had a lower
direct than the indirect effect on yield. Plant height had
the highest indirect effect on yield and, in particular, via
the number of stems (0.346).

Johnson ez al. (1994) pointed out that understanding
the relationships between quality and agronomic traits
may assist breeding programs. The same authors found sig-
nificant positive correlation between L/S ratio and crude
protein content (0.25-0.46), plant height and cellulose
content (0.18-0.72) and plant height and green mass yield,
maturity, stem diameter and lodging. They also found a
significant negative correlation between L/S ratio and cel-
lulose content (-0.47 to -0.76).

Evaluating trait variability is a necessary indicator of
reliability of certain traits as a criterion for selection but,
at the same time, it indicates a possibility of achieving sat-
isfactory progress with these criteria. Smith and Hamel
(2005) believe that alfalfa forage yield depends upon three
factors including plant number/unit area, stem number/
plant and single-stem yield. However, Sengul (2002) con-
sidered the plant height, stem number/plant and single-
stem yield as the forage yield components.

Based on the obtained results, it can be noticed that in
two-years of research, the number of stems are the most
reliable and most reliable selection criterion due to rela-
tively good variability, which makes it a successful crite-
rion in selection for alfalfa yield increase. This fact can be
supported by the results obtained by Katepa-Mupondwa
et al. (2002) who increased yields by 38%.

The most significant indicators of alfalfa quality are
CP and CF (Rotili ez al, 2001). The relative variabil-
ity of traits, which affect quality, was low-from 6.28% to
11.70%- considering the fact that alfalfa is an allogamous
autotetraploid.

Direct selection of the traits determining quality, as for
instance, protein content, will not bring about satisfactory
progress, however, the progress can be achieved by indi-
rect improvement of quality trait as pointed out by and
Popovic (2006).

The direct effects of independent traits on CP were
significant, except for trait LDW (Tab. 4). The direct ef-
fect of ADF had the highest value (2.440**), which was
positive and significant. The ratio of the direct effect of
ADF on CP was very considerable (53.87%). LDW trait
had a negative direct effect on the CP (-0.242*) which was
17.1%, while the indirect effect on the NDF trait on CP
was neither high nor justifiable. ADF, CE, NDF and LDW
traits had the highest indirect effects on CP trait via cor-
relation with IVDMD. Residual effect for CP investigated
trait was 0.51.

Johnson ez al. (1994) found positive correlations for
CP with leaf/stem ratio and lodging, and negative correla-
tions for CP and regrowth height. Moderate or no associa-
tions have been reported for yield with NDF, ADF, lignin,
IVDMD, and CP (Coors et al., 1986; Hill, 1981; Kephart
et al., 1989; Sumberg ez al., 1983).

The correlation between quality traits show that in-
direct selection for protein content increase (CP%) via
IVDMD and ADF traits could be successful while, at the

same time, there is a decrease of negative effect of other
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Tab. 1. Analysis of variance for the morphological and qualitative traits of alfalfa ecotypes

Source of Jf Means of squarest
variation PH NS NN LS PFW PDW (LFW/SFW) (LDW/SDW) IVDMD CP ADF CF NDEF LDW
chlication 3 137.14™ 0.36™ 0.97" 0.029 7.10m 2.17m 0.001 0.002 0.33™ 6.16™ 0.57" 751 8.18™ 38.53™
Ecotype 12 156.63* 1.84* 323 0.049™* 11.61™ 11.61™ 0.003* 0.004" 11.24* 7.61" 14.67* 17.48* 25.68 149.8*
Error 36 44 0.53 0.97 0.012 7.66 7.65 0.001 0.002 3.33 3.88 3.11 3.87 752 4591
CV. 7.71 10.90 7.71 12.89 14.41 14.01 8.00 10.46 3.76 8.31 4.19 6.89 5.14 6.71

*,** and ns show significance at 1% and 5% probability levels and non-significance, respectively. tPlant height (PH), Number of shoot (NS), Number of nodes (NN), Leaf size (LS), Plant fresh weight (PFW), Plant dry weighe (PDW), Leaf fresh weight
to stem fresh weight (LFW/SFW), Leaf dry weight to stem dry weight (LDW/SDW), iz vitro dry matter digestibilicy IVDMD), Crude protein (CP), Acid detergent fiber (ADF), Crude fiber (CF), Neutral detergent fiber (NDF) and Leaf dry weight (LDW)

Tab. 2. Mean values of investigated agronomic and qualitative traitst of alfalfa ecotypes

Ecotype PH NS NN LS PFW PDW  (LFW/SFW) (LDW/SDW) IVDMD CP ADF CF NDF LDW
‘Ilan-Jough’ 85.50abced 48.33bc 15.00ab 0.55abc 402.63 112.06 0.47bc 0.38ab 47.27ab 23.63 43.97a 29.62abcd 54.52ab 43.73ab
‘Sivan’ 76.25¢d 38.50cd 12.50¢ 0.97ab 281.67 7422 0.50abc 0.47ab 47.82ab 25.15 43.29ab 25.96d 55.84ab 35.48bc
‘Gara-Yonjeh’ 89.32abc 37.25¢d 13.75bc 0.67abc 306.08 82.13 0.49abc 0.43ab 45.42b 23.01 44.70a 29.70abed  53.32ab 34.43bc
‘Dizaj-Safarali’ 89.60abc  45.75bcd 14.00abc 0.86abc 400.17 109.48 0.46bc 0.41ab 47.38ab 25.35 43.95a 27.35¢d 55.43ab 45.11ab
‘Baftan’ 90.83abc 48.50bc 13.75bc 0.97ab 419.08 115.03 0.47abc 0.39ab 50.67a 22.65 39.55bcd  30.36abc 50.79bc 45.03ab
‘Sattelouw’ 91.05ab 41.00cd 13.75bc 0.67abc 339.06 93.73 0.49abc 0.41ab 48.13ab 2472 4277abc  27.70bcd 54.21ab 39.36bc
‘Gara-Baba’ 87.46abcd 55.00a 13.33bc 0.73abc 47627 114.95 0.49abc 0.43ab 49.34a 24.89 42.06abed  27.90cd 54.31ab 49.95a
‘Khosrovanagh’ 82.75abed  43.25c¢d 12.75¢ 0.88abc 372.02 94.60 0.48abc 0.44ab 49.58a 24.40 41.26abcd 26.23cd 53.64ab 40.92bc
‘Khaje’ 85.00abcd 47.00bc 13.75bc 1.0050a 443.99 118.62 0.45bc 0.41ab 50.53a 21.85 38.83d 26.10cd 47.03c 47.37a
‘Leghlan’ 91.50ab 40.50cd 13.75bc 1.0125a 386.75 102.71 0.44c 0.37b 47.88ab 23.38 42.34abcd  29.14abcd 54.77ab 37.71bc
‘Alhord’ 96.00a 51.25ab 14.25abc 0.74abc 452.70 120.58 0.44c 0.38ab 48.19ab 24.28 4292abc 28.33abed 53.63ab 46.83ab
‘Ranger’ 81.00bcd 40.00cd 13.50bc 0.45¢ 275.40 72.82 0.52ab 0.44ab 50.66a 22.37 39.25cd 32.48a 52.49abc 32.82¢
‘Moapa’ 74.50d 37.00d 16.00a 0.50bc 34492 88.51 0.54a 0.47a 46.82ab 21.31 43.02abc 31.71ab 57.43a 42.26bc
Total Mean 86.938 44.26 13.76 0.80 380.08 101.05 0.47 0.41 48.41 23.74 4220 28.35 53.50 41.76

Means with the same letter(s) in cach column are not significant at 1% level. t Plant height (PH), Number of shoots (NS), Number of nodes (NN), Leafsize (LS), Plant fresh weight (PFW), Plant dry weight (PDW), Leaf fresh weight to stem fresh
weight (LFW/SFW), Leaf dry weight to stem dry weight (LDW/SDW), iz vitro dry matter digestibilicy IVDMD), Crude protein (CP), Acid detergent fiber (ADF), Crude fiber (CF) and Neutral detergent fiber (NDF)
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Tab. 3. Phenotypic path coeflicient of yield and its components

Indirect effect

Variablet Correla.tion Direct effect PH NS NN LS
Coefficients
p¥ % p % p % p % p %
PH 0.612** 0.190™ 27.6 -- -- 0.346 50.4 -0.036 5.3 0.112 16.5
NS 0.876™ 0.698™ 78.8 0.094 10.5 -- 0.019 22 0.075 5.5
NN 0.303™ 0.508™ 64.1 0.013 1.6 0.027 34 - -0.245 30.9
LS 0.339™ 0.451™* 50.6 0.047 5.3 0.117 13.1 -0.276 31.0
Residual effect 0.54
1 Plant height (PH), Number of shoot (NS), Number of nodes (NN), Leaf size (LS). #p, path coefficient
Tab. 4. Phenotypic path coefficient of crude protein (CP) content
) ) e Indirect effect
Varigblet  Correladon  Directeffect TGN ADF CF NDF LDW
Coefhicients
pf % p % p % p % p % p %
IVDMD 0.121 2150  45.36 -- -- 225 4748 0123 258 0.158 3.32 -0.06 1.26
ADF 0.450 2440 5387 -199 4394 -- -0.052  1.09  0.016 0.29 0.036 0.81
CF -0.718 -0.348™ 228 -0.763 50.5 0.370 24.3 -- -0.009 0.47 0.032 1.90
NDF 0.383 -0.028ns 0.9  -1.121 435 1.42 509  -0.123 44 - 0.078 0.30
LDW 0.106 -0.248* 171 0520 358 -0361 249 -0315 217  0.008 0.50
Residual effect 0.51

1 In vitro dry matter digestibility (IVDMD), Acid detergent fiber (ADF), Crude fiber (CF), Neutral detergent fiber (NDF) and Leaf dry weight (LDW).

#p, path coefficient

traits that are in a negative relationship with IVDMD and
ADF.

Direct effect obtained in path- coefficient analysis in-
dicates that alfalfa plant yield mainly depends on number
of stems, which is supported by the results of a similar re-
search conducted by Annicchiarico (2006). The result of
path-coefhicient analysis for protein content (CP) shows
that negative selection should be performed on CF trait,
which has strong negative direct and indirect effect via
IVDMD trait on CP criterion. Popovic (2006) obtained
the same results. For that reason, [IVDMD trait is an im-
portant component in quality improvement.

Lemaire ez al. (1994) concluded that crude protein and
fiber content were not directly affected by plant phenolog-
ical development but protein content was directly related
to the dynamic of the dry matter accumulation.

Path analysis showed relatively high values of residual
effect indicating that there are other traits not recorded in
the research, which may significantly be involved. The val-
ues of residual effect were approximately the same as those
reported by Popovic (2006).

In conclusion, the result of this investigation indicated
that number of stems and acid detergent fiber could be
considered as critical criteria’s for alfalfa yield and quality
improvement respectively.
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