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ABSTRACT

Lentil cultivars sujfer from several constraints that lLmit and fluctuate
production in Egypt. Three field trials vere conducted in this study at the Agricultural
Experiment and Research Station, Feculty of Agriculture, Giza, during 2006/2007,
2007/2008 and 2008/2009 seasons. .Each trial was conducted in a spilt-spilt plot design
in a randomized complete biock arranm;'ement with three replications. Main plots were
assigned to two sowing dates ( I" of November and 15" of November) while sub-plots
were devoted 1o three planting seed rate.’ (300, 450 and 600 seed m ~°) and sub ~sub plots
to five lentil cultivars (Sinai 1, Giza 51, Giza 9, Giza 4 and Giza 370). Thus, this
investigation included 18 emvironmenii (2 sowing dates X 3 planting seed rates X 3
seasons). The objective was to elucidite the stability of studied lentil cultivars under
variable environmental conditions usiig four stability parameters (CV%, Wi, bi and
Sd). The analysis of G x E interaction across 18 environmenis showed significance for
all traits, indicating that fested cultiv.ws ranked differently in various environments,
except number of pods. Studled iraits were classified info 3 categories, vii
environmentally sensitive truits of (CV > 15.0%,) environmentally tolerant traits (CV<
5.0%) and moderately affected traits ;7 CV around 10.0%) . Ecovalence (W) seemed to
be the most proper stability purameter for erentiating lentll genotypes rather than
Eberhat and Russell’s two purameters | and 8°d. This may be due (o data transformation
which narrowed the variability amoig environments. This varigtion is an important
Jactor for validating the regression anaysis in stability studies. o
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INTRODUCTION

-.Lentil {(Lens culinaris vedik) is one of the most important food
legume crops allover the world : nd ranked second in Egypt after faba bean
due to its seed protein richness and for being used in preparing several
popular dishes. However, lentil acreages have been declined drastically
during the last two decades from 5885 to 801 ha, which reduced production
from 12000 to 1480 tons of sceds. The current production fall short of
demand (66364 tones) with self insufficiency of about 98.3%.This may be
attributed to several constraints that limit lentil production, which mainly
referred to the sensitivity of culivars to various biotic and abiotic stresses.
These factors include weeds, fuigal pathogens and other pests; in addition
to drought and salinity (Saxena ef al 1993, Hamdi et al 2004 and Sarker ef
al 2005).



To overcome or at Jeast alleviat:: the effects of these factors, several
efforts were conducted in Egypt to dzvelop proper lentil cultivars. The
cultivars recommended were seleced and tested across. variable
environments (Hassan et al 1988, Hamdi and Rabeia 1991, Khattab 1992,
Abd El-Gawad ef al 1997, Selim 2000 and Hamdi er a/ 2002). Several local
and exotic lentil accessions were evaluated under variable locations
extended from Nubaria and Northen Sinai in the North to Abu-Simbie in
Upper Egypt (Hamdi ef a/ 2003). The ot tcomes of these investigations were
several cultivars, i.e. Giza 9, Sinai 1 Precoz} and Giza 370 that were
recommended due to resistance to root rots and wilt, rainfed cultivation and
muiti-locations stability (Hamdi ef al 1995 ).

Different stability parameters wre adopted to determine the most
promising lentil genotypes (Abo-Elwafa 1999, Abo-Elwafa and Ismail
1999, Hamdi ef al 2002 and Mehdi er al .2006).

Sowing date is considered one of the major factors influencing yield
and yield components in lentil as revievred by Surker et a/ (2009). Sowing
dates of lentil on the beginning and /or 1niddle November were proper than
planting during December according to 1izatt (1994 ) and Allam (2002).The
suitable glanting seed rates were 300 plents m™ for cultivar Sinail and 400
plants m™ for other cultivars as recommended by zzat et af (2005).

However, the harvested area and production of lentil are still
declininGz This revealed the existence of wide gap between experimental
results and farmers outcomes. This may :ttributes to the climate changes or
seasonal variations, which may affect inversely the performance of lentil
cultivars and the reliability of recommen led cultural practices in the recent
years. On the other hands, such conditions may disturb the regular
assumptions followed in variety trials or statistical analyses techniques.

Therefore, the present investigat on was planned to elucidate the
validity of various stability parameters to Jifferentiate among lentil cultivars
for performance and yielding ability under wvariable environmental
conditions. _ '

MATERIALS ANI' METHODS

Experimental procedures

Three field trials were conducted ¢t the Agricultural Experiment and
Researche Station, Faculty of Agricultur:, Cairo University, Giza, Egypt,
during 2006/2007 , 2007/2008 and 2008/2 Y09 seascns.

In each experiment, three factors, i.e. two sowing dates, three
planting seed rates and five lentil cultivars were studied. The sowing dates
were at the beginning of Novembe: (early) and 15" November
(recommended). The planting seed rates vrere 300, 450 and 600 seed m - 2
(low, medium and high seed rate, respectively). The five studied lentil
cultivars were Sinai 1, (Gz) 51, (Gz) 9, (Gz) 4 and (Gz) 370. The seed were
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- obtained from'Food Légurie Crops § ection, Field Crops Résedréh Institute, .
. ARC, Giza. 7 o
‘Each trial was conducted as s spiltspilt pldt-design in 2 riridemized.
* complete block (RCB) arrangemen with three ‘Yeplications. The Sowing -
' dates-occupied thie thain plots, plantilg seed-rates wete abfipned 15'5ab plots:
- and lentil cultivars - were in ‘the sub “sub plots ''The expkifimental plot:
comprised of four ridges, each was 4 n long and 60 ci apart; with aplot size.
. 0f 9.6 m*. The given seed numbers cf each ridge dccording to planting seed
. rates were drilled at both sides of the ridge.
.- Data collection .
* During the growth period of the plants, number of survived plants /plot-
~ affer one month from sowing was detected. The survived plants % was -
estimated as the number of survived plants relative to the ‘number of:
emerged seedlings (after one week from sowing). The dead plants were:
referred to the infection of vascula“ wilt and root rot diseases, as kindly
diagnosed by Legume Diseases Section, ARC, Giza.

At maturity, a sample conprised of 10 guarded plants were.
harvested individually from the cent al two ridges of each plot to record the -
*.-individual plant traits. These charact :rs were number of pods/plant (Pods) ,
and weight of 1000 seed (S.I).The rest of plants/plot were counted and
their dry weight and seed yield were recorded, as DWT and SY per plot,
respectively.

Statistical analyses

Sequential statistical analyses were conducted on the obtained data.
Separate R.C.B.D analyses were pe formed using data of each seed rate in
each sowing date during the 3 seasins syummed 18 environments to detect
the error mean squares of envirotments. Such variances were used for-
testing homogeneity followed Bart ett’s procedure as outlined by Gomez:
and Gomez (1984) as prerequisite to the ‘combined analysis across
environments. In case of heterogencity, proper transformation of the actual
data was tested prior statistical analyses to fit the data to normal distribution.
Gomez and Gomez (1984) suggested three common transformations of
abnormal data and for non-unif>rm applications of treatments. The
logarithmic transformation is the niost appropriate approach for data that
exhibited multiplicative efiects (the standard deviation is proportional to the
mean). On the contrary, square — roc t transformation is appropriate in case of
small counting or these possessed proportional trends between variance and
mean. The third type of transforma ion is arc sin or angular transformation
that normally used for data express:d as a decimal fraction or percentages.
According to the homogeneity test, the proper data as actual or transformed
of each 18 environments were reinalyzed on separate RCB design and
combined analysis across environme nts.



.

In case of significant G X E interaction, further stability analyses
were performed. - Three measurenients of stability in perfonnance were
utilized. Parameters of Eberhart and Russell (1966) b; and S°d i.e. regression
coefficients and mean squares of deviation from regression, respectively, W;:
ecovalence (Wricke1962) and the ccefficient of vanablhty (CV %) (Francis
and Kannenberg 1978) were calculat ad.

RESULTS AND DISCUSSION

Climatic description

The averages of maximum and 'ninimum air temperature degrees {C°)
and relative humidity (RH %) at the ¢xperimenta! location during 2006/2007 ,
2007/2008 and 2008/2009 seasons in 2 weeks intervals from the beginning of
Nov. to April of the next year are presc nted in Figs.1 and 2, respectively.
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Fig. 2. Average relative humidity (RH % daring the three seasons of experimentation.
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During the first two momhs (1¥ of Nov. to 31 Dec., the
temperatures were lower in the first s:ason than the second one by abous 2- 4
C°. However, the second season possessed lower temperature than the 3™
season during the same period. The third season recorded similar higher
temperatures than both first and second season by about 2-4 C° until the
Med. February. The relativz-humidiies were generally, lower in the third
season than both first ones. Third szason exhibited warmer and dryer air
than first two seasons. Regarding th: max-min differences of temperature,
slight differences were recorded amc ng seasons, which varied from growth
period to another.

Test of homogeneity

The significance of 32 of Partlett test conducted to the different
seasonal treatment combinations «f RCBdesign for studied traits are
presented in Table (1). Each seasoa represented by six combinations (2
sowing dates and 3 planting seed 1ates). Thus, bi- seasormal combination
included 12 environments and tri-seasonal one comprised 18 environments.

Table 1. Significance of Bartlett tes: (homogencity test) of the error mean
squares of different bi- and t ri- seasonal alternatives of separate RCB
design analyses for studied ke ntil traits.

1 & 2Seasor 1& 3Season2 & 3 3 Season
(2006-07) { (2005-07) (2007-08) ‘ Type of
Trait & & & (2006-2009) | PO
(2007-08) | (200:1-09) | (2008-09)
ActuallTrans.|Actual Trans.{ActualiTrans. ActuallTrans!

urvived plants % /pfof ** | ns | ** gas | ** ) pg | ** | ng Arcsin

No. pods / plant bl ns ** | ng okl ns | ** { ns Log
Biological yield /plot (2)! ** ns ol ns okl ns | ** | ns Log

Seed yield / plot (g) * ns w ns okl ns | ** | ns Log
Seed index (g) n8 | -— | mns [-— ns |- BS | -—-- —

n.s, ** indicate nonslgmﬁcant {homogeneous ¢rror varianceu) and significant at 1% level of
probability of x , respectively.

The actual data either bi-ieasonal or tri-seasonal combinations
exhibited heterogeneous error variances for all studied traits, except seed
index. The alternative solutions for proper transformations were arc sin for
survived plants % and log for other three traits (No. of pods/plant, biclogical
yield/plot and seed yield/plot).

However, actual data of seel index showed insignificant %2, which
indicate that the actual data of this trait is proper for statistical analysis. The
aforementioned results of the first four traits may be due to the huge
influence of environmenta] effects on lentil field vield attributes. These
effects resulted in death of some plints and the survived ones were greatly
negatively affected by such. conditions. This situation is referred to infection
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negatively affected by such conditions. This sitvation is referred to infection
of vascular “wilt ‘and root rot diseases. The homogeneity of fungus -
infestation distribution in the experimenta! ficlds was not guaranteed, which
resulted in different influences on grcwn lentil plants. In other words, the
effects ranged from complete death to slight reduction in yield attributes.
However, seed index was determined using harvested seed, which may
avoid direct effects of field conditions in spite of random samplinGz Thus,
error mean squares of seed index were homogeneous.

Gomez and Gomez (1984) cla: sified the heterogeneity of variances
into two types: not normally distribute 1 data and nonuniform application of
distribution of the adopted treatments. The survived plants % belonged to

the first type, which may be distributed as poisson ( $2=X) or binomial

distributions (S*= =X (1- X )). The data of these Jistributions describe one or
two possible outcomes (alive or dead). However, nonuniform distribution of
fungus infestation and or undeterminef other factors may result in .a higher
variability among studied plots and :onsequently substant;ally higher or
lower performance among experimental plots.

Stability analyses
The detected proper transfon aations for the studied traits were

="+ adopted prior performing combined analysis across 18 environments except
7 seed index (actual data were used). Th: mean squares of combined analysis

of variance acrossi8 environments cor esponded to the level of s:gmﬁcance
are presented in Table (2). ; :

Table 2. Significance of mean squar s of transformed data (except S.1.)
of combined analysis acros: 18 environments (3 seasons x 2
sowing dates x 3 population iced rates)

Biological

Survived .
s.0ov d.f | plants Pads | yield /plot [ SY/plot S.I
| S | @0 | ® | don)
vironments (E) | 17 [1980.5%* 0.40; ** D.234** [0.684 ** [14.9**
eps(E) 36 p9.1 0.07¢ 0.059 0.096 39

ultivars (G) 4 b33 1.526 #* 0.844++ 0225+ D453 *e
68 b45* .03 D.051**  0.077 *+* Es *

rror 144 45.1 0.02¢ 0.017 0.018 4
** indicated significantce at 1 % probalility levei.
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.Environments were highly significant source of variation for all
studied traits. This indicates that envi:onmental conditions generated from
the seasons, sowing dates and planting seed rates, affected significantly the
lentil-studied traits.

The magnitudes of environmental and genotypic variances varied
from trait to another. Environmental variances for survived plants % and
SY/plot equal 83 and 3 fold as much ¢ s higher of respective genotypic one,
respectively. Thus, environmenial differences seemed to be the most
important factors influencing the level of surviving and consequently the
sced yield and to some extent the biol ygical yield. On the other hand, mean
squares due to cultivars were more thin 3.5 fold for pods and BY/plot and
16.5 fold for S.I as of corresponding environmental variances.

On the other hand, lentil genot /pes varied highly significantly for ali
traits, except survived plants percentage. Therefore, the studied lentil
cultivars had pronounced variations for pods, BY /plot and S.1.

The performance of cultivars varied differently from one
environment to another as proved by significant G x E vadance for all traits
except pods. Therefore, further stabi ity analyses were performed for traits
that recorded significant GXE.

The mean performance and th: estimated stability measurements for
studied traits are presented in Table (2). _

All the investigated lentil cultivars possessed reliable resistance fo
root rot and vascular wilt as recorded more than 77% of survived plants.
The number of pods per plant of Siiai 1 cultivar was significantly lower
(13.6) than other four genotypes (more than 31), Sinai 1 recorded similar
lower values of biological (1224.8 g) and seed (236.2 g) yields than other
cultivars. However, 1000 seed weight (S.L) of Sinai 1 was significantly
higher (32.1 g) than other studied cultivars (about 17.0 g). It is worthy to
mention that Sina 1 matured one mnth earlier than other cultivars. Both
Sina 1 and Gz51 cultivars are considired as macrosperma seed type (Hamdi
1998). From obtained results, this was true only for Sina 1 rather than Gz
51. ‘ _ . .

, Regarding the stability in peiformance of the investigated cultivars,

CV%, Wi, bi and S’d parameters were used as mentioned previously.
According to the CV % estimates, : stable genotype is the one showing a
small coefficient of variability (B:cker and Léon 1988). The studied
characters could be classified intc 3 groups due to the magnitude of
calculated CV.%. The first may be considered as environmentally highly
affected traits, which showed somevvhat higher percentages of coefficients
of variability. This gap included survived plants% and pods (more than
15%). In contrast, biological yield 1ecorded relatively lower CV % (about
5.0%}), thus may described as environmentally tolerant trait. The rest of
traits showed moderately influences of environments as about 10.0% of
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«CV.% (seed yield and seed index). Ir spite of this general view, cultivars " -
showed variable magnitudes of CV% 1hat differed by traits. In this concern,
lower CV.% was exhibited by Sina 1 :'or survived% (15.7%), Gz 51and Gz
9 for pods (11.8 & 11.4%), Gz9 for BY (3.9%), Gz 370 for SY (8.5%) and
Sina 1 and Gz 51 for SJ (7.6 & 7.3%). However, higher CV.% were
recorded by Gz 9 and Gz 370 for swvived% (21.6 & 22.1%), Sina 1 for
pods (16.9%), Sina 1 and Gz 9 for BY (6.9 and 6.1%), Gz 4 and Gz 9 for
SY (12.0 and 12.2%) and Gz 4 for {.1 (11.4%). These cultivars may be
considered as moderately performed for corresponding traits. The tested
genotypes exhibited different stability measured by CV.% for pods though
lacking of G x E significance .Due insignificant G x E interaction for
number of pods, this trait will be excluded from discussion for other
stability parameters.

Regarding the ecovalence (W)} is a parameter of stability proposed
by Wricke(1962),which measures the contribution of each genotype to the G
x E interaction. The significance (eithe - at 5% or 1%) corresponding to Wi
means unstable performance across enironments. In other words, Wricke
considered the stable genotype that pcssess high ecovalence or Wi= (.0.
Accordingly, cultivars Sinil and Gz9 re:orded significant. W; i.e. instability
for all four traits. However, the other three cultivars showed similar
instability in performance {(measured by’ Wi) commonly for BY and SY in
addition to Gz4 for S.I and Gz370 for survived%. This means that all the
recommended lentil varieties were wstable in performance across the
studied environmental conditions for biological and seed yield. Moreover,
three of these cultivars, i.e. Sinai 1, (iz 9 and Gz370 were unstable for
surviving %, though lack of significani:e among genotypes for this trait.
Sinai 1, Gz4 and Gz9 recorded similar instability for S.I. The investigated
cultivars were recommended according to reliable production and stability
as reported by Abo- Elwafa (1999 ).

Eberhart and Russell’s (1966) mo iel considered (b) as a parameter of
response and S$°d as a parameter of stabil ity. Giza 4 and Gz370 seemed to be
_ significantly résponsive to favorable cor ditions than other cultivars for SY

and SI, respectively. This is the ottcome cof significant positive b
coefficients (more than unity) for these traits. However, Sinail recorded
significant negative b (less than unity) for survived plants % , which is an
indication of better performance under the enviromment with lower
infestation of wilt diseases.
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Table 3. Mean performance and stability parameters across 18 environmeats
for studied lentil cultivars

traits CVs Sina 1 Giza 51 Gizad Giza%9 | Giza370
Mean" 79.2 79.7 71.5 71.9 78.5
Survaved | CY % 15,7 17.7 19.1 21.6 22.1
plants / w2 | 149.60% 76. 8 47.43 9512+ | 10412
plot (Arc b 0.74 *+ 0.9'6 1.01t 1.137 1.186
sin) $%a | 17.893*+ | 5775** | -1.62ns | 9.26** 9.62%*
mean" 13.6" 34.)° 316" 32.1° 31.5°
pods per | CV % 16.9 118 14.9 11.4 137
plant w;? 0.064 0.015 0.028 | 0.026 0.015
(log) p? 0.781 0.975 1.212 0.888 | 1.144
s*a? 0.007 0406 -0.003 -0.003 -0.006
mean” | 1224.8° | 2324.4* | 2251.9" | 2072.6% | 22284°
o CV % 6.9 39 43 6.1 4.7 .
B":i:f('lm W2 | 0084* | 00:9* | 0033*% | 0.085% | 0.038%*
(log) b? 1.2 0.31 | 1.033 0.997 0.96
S*a* 0.017 0402 0.003 0.015- 0.005
mean” | 2362° 35..9* 365.2° 362.7* 324.1°
Seed CV % 10.5 98 12,0 12.2 85
yield w,? 0.163 %* | 0.0¢04** | 0.046** | 0077 ** | 0.054**
(log) b* 0.658 1.011 1.308 ** 1.212 0.812
s 0.035 0.)07 0.003 0.014 0.008
mean” | - 321" 17.1¢ 1 16519 16.2% | .181°% .
CV % 7.6 7.3 114 10.0 94
ii‘:;‘i w;? 25.8%* t3 6.3%* 5.6 ** 3.6
b 0.1 084 1.4 116 1.5%
s*d* 5.57 4% 0.11 0.79 0.75 -0.04

1)Actual data are presented , but transformed ones were analyzed except 5.1 . Means in the
same row foliowed by the same lefter/s are nct statistically different st 0.05 level of probability.
2)* and ** = significant unstable at 5% and si tnificant at 1%, probabilify level, respectively.
3)* and ** indicate significant at 5% and 1% »f regression coefficient from unity, respectively.
4)** = significant at 1% for deviation of regre ision from zero.




- Judging by the Eberhart and R ussell’s parameter of stability viz.S%d,
all cultivars showed stable in performance for BY and SY. Similar stability
could be observed for seed mdex of a I cultivars except Sina 1 as proved by
insignificant and significant $°d from zero, respectwely On the contrary, all
cultivars except Gz4 recorded highly :ignificant S 2d for survived % , which
was reflected in instability for this cha acter.

The above-mentioned results ptoved that most of studied lentil yield
and yield components under the condi ions of wilt diseases infestations need
transformation to confirm the assuiaptions for statistical analysis. The
ignorance of needed data transformation may reflect in misleading results
and conclusions. Such precise of statistical procedures in lentil trials will
contribute greatly to better performarce of resultant promising genotypes
and consequently lentil production.

According to the investigated stability measurements, variable
conclusions were obtained. Regarding the CV.% as a measure of stability, a
narrow range of CV values were dete :ted. Thus this parameter is not very
suitable for differentiating among gen types, particularly with transformed
data. The limitation of CV% is depenient upon the inverse relation to the
average performance of the trait. Thus different genotypes had variable
mean performance and similar standarc deviation show variable CV.%.

The other three parameters, i.e. W;, b and S2d considered as dynamic
or agronomic concept of stability (Becler and Léon 1988). In this concept,
the stable genotype possesses a chang: or response which is not deviated
from estimated level of each environnient,.and that is not necessary equal
for all genotypes. However, the other concept of stability termed static or
biological one, which describe the statle genotype that shows no deviation
from the expected character level, wlich means that its variance among
environments, is zero (Becker 1981).

From the obtained results the ecovalence seemed to be the most
proper stability parameter for differer tiating lentil genotypes rather than
Eberhat and Russel’s two parameters. This may be due to that the data
+ -transformation narrowed the variability among environments. This variation
is an important factor for validating the regression analysis in stability
studies (Pfahler and Linskens 1979). llowever, ecovalence represents the
proportion of the entry X envirormen! sum of squares attributed to each
genotype. Thus such interaction greatly’ depends on the mode of genotype
performance across different environme its.
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