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Study of grain yield and several morphological traits
diversity in some durum wheat genotypes

Badania nad plonem ziarna i znicowaniem wybranych cech morfologicznych
genotypdéw pszenicy twardej

Summary. Durum wheat has been subjected to intense cultivatue to its economic importance
and it occupies second place after bread wheatimymegions. The experiment was organized in
a randomized complete block design with four reglams using thirteen newly improved durum
wheat genotypes and one check cultivar as Dehdasteral traits including plant height, pedunc-
le length, spike length, growth vigority, agronomsitore, days to heading, days to physiological
maturity, thousand kernel weight, test weight arelrgyield were measured. Significant differen-
ces were observed for all the traits among durumatvgenotypes indicating considerable amount
of variation. The estimates of the coefficient afiation were high for spike length and growth
vigority. The number of days to heading ranged frod6.5 (G1 and G3) to 111.8 (G10) while
G13 had the longest (146.0) and G2 (142.5) and (®42.3) had the shortest days to physiologi-
cal maturity. The test weight ranged from 378.5Gh0 to 397.0 in G8, but the check cultivar
indicated the highest thousand kernel weight (43.Q\ccording to grain yield, G3 had the maxi-
mum vyield (6720 kg 14 and G7 had the minimum vyield (5047 kg*haThe high yielding geno-
types had high values for growth vigority, spikedéh, peduncle length, agronomic score and
thousand kernel weight. The information on the agmphological traits of the studied durum
wheat genotypes will be helpful to plant breedersénstructing their breeding materials and
implementing selection strategies.
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INTRODUCTION

Durum wheat Triticum durum Desf.) production is restricted to marginal lardis
though this is of great economic importance. friswn on only 8 to 10% of all the whe-
at cultivated area [USDA 2009] and is better adaptesemiarid environments than is
bread wheat and is a crop adapted to marginal l&dat breeders were led to improve
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high yielding cultivars that could compete with thread wheat cultivars and thus, higher
durum wheat production has also become a necdssitlze higher demand by accelera-
ted population increase. Durum wheat has an additibenefit over bread wheat as it
possess a high degree of field resistance to nesasks, as one of the most problems of
major bread wheat growing areas. Also, high quaditpne of the main goals of durum
wheat breeding programs which is vary widely inpm@se to environmental and geno-
typic factors [Motzcet al. 2004]. However, identification of the new improvgehotypes

is essential and plant breeders try to choose gpestesponsive to diverse environmen-
tal conditions for better grain yield [Pecetti ahahicchiarico 1998].

In Iran, durum wheat occupies second place afemdwheat and has long been cul-
tivated under rainfed conditions. Also, Iran imgocbnsiderable amount of durum wheat
due to low quantity and quality of its own produadarum wheat [Karimizadekt al.
2012]. Although, most of old local cultivars growrere tall, prone to lodging and low
yield potential, but recent advances in the dewelent of new high yielding cultivars
with improved grain quality could response to theréased demand for durum wheat
market. Durum wheat has shown narrower adaptatidrnyeeld fluctuations over varying
environments [Vermat al. 1998] compared with bread wheat and thus, devetopof
high yielding and the most stable durum wheat aifti is very important. This can be
achieved by employing suitable breeding procedtoesccumulate favorable genes for
yield performance and yield stability in a singlengtype, thereby increasing the scope
of selection of a greater number of high yieldisable genotypes. This seems possible
only via intensive breeding programs for betteddyiperformance, quality, and yield
stability. The yield performance of local cultivagsrelatively low compared with the
highest global yield and so Iran has had some itappdurum wheat breeding program
in recent years, supported by the Internationalt@efor Agricultural Research in Dry
Areas (ICARDA) [Karimizadehet al. 2012]. Increasing the yield potential as well as
quality characteristic are important objectiveslofum wheat breeding programs in Iran.

Grain yield in wheat is the results of a numbecamplex processes affecting each
other and occurring on different growing stagesm&agjield components affect grain
yield through effects at different growing stagesmne studies indicated that plant height,
the number of grains per spike, thousand grain hteaapd test weight were important
components of grain yield in durum wheat [Kumar atghshal 1998, Denciet al.
2000, Garcia del Moradt al. 2003]. In addition, Dogan [2009]) reported thattw# three
grain yield components (number of spike per unidjrgnumber, thousand grain weight)
generally are the most important determinants afngyield. Kumaret al. [2003] repor-
ted high genetic advance for plant height, numbesptkelets per spike, thousand grain
weight and number of days to heading in wheat aarkit et al. [2001] found the high
positively association between grain yield withukand grain weight and the number of
spikes per unit in bread wheat. Karimizadstal. [2012] according to the heritability
estimates for durum wheat morphological characéad regarding large genotype by
environment interactions indicated that grain yjie&st weight and number of grain per
spike are not good selection indicators while tlamdsgrain weight, peduncle length and
spike length are inherited suitable selection detan durum wheat. The objective of this
study was to evaluate grain yield and some agrondraits of durum wheat in newly
improved cultivars.
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MATERIALS AND METHODS

Thirteen newly improved durum wheat genotypes amel aheck cultivar (Dehdasht)
were grown under supplemental irrigation in reinfeddition (Tab. 1). These improved
genotypes were from ICARDA's durum wheat breedimggpam. The one year trial
(2012 growing season) was performed in a randomizadplete block design lay out
with four replications on 26 November 2012. Eadidfiplot consists on six rows (1.2 m
long and 20 cm row spacing) and swing was donedny hin the experimental field of
Rainfed Research Station. The field trial was madagccording to local practice was
fertilized with nitrogen at the rate of 50 kgharea and phosphorus at the rate of 120 kg
ha' ammonium phosphate. Supplemental irrigation wasethout in two times (pollina-
tion and grain filling periods) with 30 millimeteat each time by sprinkler irrigation
method. No important disease identified during gloweason, and weed control was
done by chemical method via Topic and Granstaribields.

Table 1. The pedigree of 14 durum wheat genotypes
Tabela 1. Rodowdd badanych 14 genotypdéw pszeniaylaya

Code
Kod

Gl Dehdasht

G2 LILE/3/SORA/2*PLATA 12//SOMAT_3CDSS02Y00114S-0Y-OVMY-0Y

G3 BCRIS/BICUM//LLARETA INIA/3/DUKEM_12/ 2* RASCON_210MSS99B01189T

-0TOPY-0OM-0Y-81Y-OM-0Y-1M-0Y

ZHONG ZUO/2*GREEN_3//SORA/2*PLATA _12/ 10 /PLATA 016/ MQUE/4/USDA 573

G4 /IQFN/AA _7 [3/ALBA-D/5/AVO/HUI /7/ PLATA_13 /8/THKN E E_11/9/CHEN/ ALTAR

84/3/HUI/ POC// BUB/RU FO /4/ FNFOOTCDSS 02Y00213%-0M-30Y-0Y

PLATA_6/GREEN_17//SNITAN/4/YAZI_1/AKAKI_4//[SOMAT_33/

Pedigree/Rodowdd

G5 AUK/GUIL//GREENCDSS02Y00369S-0Y-OM-16Y-0Y

G6 TOPDY_18/FOCHA _1//ALTAR 84/3/AJAIA_12/F3 LOCAL(SEETHIO .135
.85)//PLATA_13/4/SOMAT_3/ GREEN _22 CDSS02Y00394%-0M-13Y-0Y

G7 RASCON_33/TISOMA_2/3/CANELO_8//SORA/2*PLATA_12/4/SOAT_4/

INTER_8CDSS02Y00802T-0TOPB-0Y-OM-19Y-0Y
RISSA/GAN//POHO_1/3/PLATA_3//CREX/ALLA/4/STOT// ALAR

G8 84/ALD/S/ARMENT//SRN_3 /NIGRIS_4/3/ CANELO_9.1CDS3901145T-0TOPB-0Y-0M-
10Y-0Y

SORA/2*PLATA_12//SOMAT_3/3/STORLOM/4/BICHENA/AKAKI_
7CDSS02Y01279T-0TOPB-0Y-0M-28Y-0Y

G10 SOOTY_9/RASCON_37//STORLOMCGSS02Y00006S-2F1-12Y3HBOB-2Y-0B
CHEN_1/TEZ/3/GUIL//CIT71/CII/4/ISORA/PLATA_12/5/STOMALTAR

G1l1 84/ALD/9/USDA595/3/D67.3/ RABI//CRA/4/ ALO/5/ HUIPARV_1/6/ ARDEN
TE/7/HUI/IYAV79/8/POD_9CDSS02B 00022S-0Y-0M-41Y-4Mrg-0B
ADAMAR_15//ALBIA_1/ALTAR 84/3/SNITAN /4/SOMAT _4/INTER _8CDSS02B00296S-
0Y-OM-17Y-2M-04Y-0B

1A.1D 5+10-6/2*WB881//1A.1D 5+10-6/3*MOJO/3/SOOTY/RASCON_37/9/USDA595
G13 /3/D67.3/RABI//CRA/4/ALO/5/ HUI'YAV_1/6/ARD ENTE/MUI/YAV79/8/POD_9CDSS
02B00650S-0Y-0M-3Y-2M-04Y-0B

1A.1D 5+10-6/2*WB881//1A.1D 5+10-6/3*MOJO /3/SOOTY/RASCON_37/9/

G14 USDA595/3/ D67.3/RABI//CRA/4/ALO/5/ HUI/YAV_1/6/ AR
DENTE/7/HUI/'YAV79/8/POD_9 CDSS02B00650S-0Y-0M-7Y-304Y-0B

G9

G12
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Traits which measured on 10 random plants for gaghwere plant height (PH),
peduncle length (PL) and spike length (SL) while thaits were recorded in each plot
were growth vigority (VGA) and agronomic score (A®)ays to heading (DHE) was
recorded as the day until 50% of the plants inpllo¢ had at least one open flower. Days
to maturity (DMA) was recorded when 50% of the pdaim the plot had yellow leaves.
Also, thousand kernel weight (TKW), test weight tactoliter (TW) and grain yield
(GY) which is harvested from center plot area as’4four 5 m rows) were measured
after physiological maturity. Analysis of varian@&NOVA) was performed for all of the
measured traits using MSTAT-C version 2.1 [Freeal. 1991] statistical package. Least
significant difference procedure (LSD) for traithieh were significant by F-test and
Duncan multiple range test for traits which were significant by F-test were used to
differentiate mean differences among durum wheabtypes.

RESULTS AND DISCUSSION

Analysis of variance indicated highly significarifferences (P < 0.01) for days to
heading, days to physiological maturity, thousaerdnkl weight, test weight and grain
yield traits in 14 durum wheat genotypes (Tab Ao, significant differences (P < 0.05)
were observed for plant height, peduncle length agrdnomic score while there were
not any significant differences for growth vigorénd spike length traits (Tab. 2).

These findings could be a result of large variattimnong durum wheat genotypes
and reflect their genetic differences and such idenable range of phenotypic variations
provided a good opportunity for future improvemprigrams. The coefficient of varia-
tion (CV) was high for spike length (32.6%) andwgtio vigority (22.0%) while it was
low for days to heading, days to physiological m&tuagronomic score and hectoliter.
The CV values of the other remained traits (plaight, peduncle length, thousand ker-
nel weight and grain yield) were relatively moderétab. 2). The development of mor-
phological traits is a highly coordinated procesd so for effective breeding program, it
is necessary to considering all of the importaaitgrwhich influencing on target trait.
The Tukey's test of additivity [Tukey 1949] was dise test of non-additivity and results
showed that the non-additivity was significant days to heading, plant height, peduncle
length, kernel weight and test weight traits andhsere was crossover interactions be-
tween genotypes and replication in these traitd (P& In contrast, spike length, growth
vigority, agronomic score, days to physiologicaltungy and grain yield did not show
crossover interaction and had only additive intéoac(Tab. 2).

Mean values of measured traits for durum wheattgpas and their comparisons using
LSD procedure are presented in Table 3. Accordingréwth vigority, genotype G1 (check
cultivar Dehdasht) had the highest score for vigdoilowing to all other remained genotypes
except G9, G11 and G12. Therefore it seems thdgvieof growth vigority in most of newly
improved genotypes is similar to check cultivare Ttumber of days to heading ranged from
106.5 (G1 and G3) to 111.8 (G10) and the magnitdidavriation in this trait is limited and
most of durum wheat genotypes were late in flowgeimitiation in comparison to check cul-
tivar (Tab. 3). Genotype G13 with mean value 14®&0 the longest days to physiological
maturity while genotypes G2 (142.5) and G11 (14B&) the shortest days to physiological
maturity. The check cultivar, G9 and G10 were genbpith the G13 and were late maturity
genotypes, but most of the improved genotypes gamig maturity genotypes (Tab. 3).
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Table 2. Analysis of variance for 10 measureddriaitl4 durum wheat genotypes
Tabela 2. Analiza wariancji 10 cech jakmwych badanych 14 genotypéw pszenicy twardej

Sources of variation df VGA | DHE | DMA PH sL

Zrodto zmiennéci
Replication/Powtérzenia 3 0.589| 6.214" | 1.547° | 37.45 | 4.976°
Genotype/Genotyp 13 0.968| 13.264 | 4.161° | 37.98 | 5.066°
Error/Blad 39 0.743 1.560 1.029 17.91 4.63D
Non-additivity/ s . s . s
Nieaddytywnec 1 1.24%° | 1.187" | 2.982° | 9.47° | 54.271
Residual 38 0730 | 1570| 0977 1817 3.324
Efekt resztkowy
Coefficient of variation 22.0 12 1.0 49 326
Wspétczynnik zmienniei
Sources of variation df PL AS W | TKw %
Zrédto zmiennéci
Replication/Powtérzenia 3 91.16| 0.589° | 18.49° | 13.79 |219378°
Genotype/Genotyp 13 29712 1.831 |114.91 | 3058 |1L614%7
Error/Blad 39 16.51 0.820 21.32 6.71] 337387
Non-additivity “ s « « s
Nieaddytywnec 1 2.37 2.190° | 15.68" | 4.45" |758381
Residual 38 16.88 | 0.784| 21.46| 677 326257
Efekt resztkowy
Coefficient of variation 10.9 0.2 12 6.7 9.7
Wspotczynnik zmiennii

df — degrees of freedom; significant on 0.01 levélsignificant on 0.05 level ant — non-significant. Traits
are: plant height (PH), peduncle length (PL), spémth (SL), growth vigority (VGA), agronomic seofAS),
days to heading (DHE), days to physiological m&yuibMA), thousand kernel weight (TKW), test weigbrt
hectoliter (TW), grain yield (GY).

df — liczba stopni swobody; réznica istotna przy poziomie istotém 0,01;" réznica istotna przy poziomie
istotnaici 0,05, — r@&nica nieistotna. Badane cechy: wysékooslin (PH), diugdéé doklosia (PL), diuge
klosa (SL), wigor wzrostu (VGA), ogélna ocena agnanczna (AS), liczba dni do kloszenia (DHE), licatrai
do osagniccia dojrzaldci fizjologicznej (DMA), masa tygca ziaren (TKW), masa hektolitra ziarna (TW),
plon ziarna (GY)

The late maturity is apparently in contradictiothveidaptation to an environment prone to
drought stress. According to Blum [2011], altholgihdraces were late-flowering, but they
considered as adapted to their environment bethegavere planted late, when enough mo-
isture had accumulated in the soil. Therefore,guiite maturity genotypes in such environ-
ments conditions is preferred.

Results for this investigation indicated that durwheat genotype G6 produced sig-
nificantly higher plant height (91.8 cm) comparedhwother genotypes (Tab. 3). The
lowest plant height belonged to genotype G3 (82} 65 (82.3 cm) and G8 (82.3 cm).
The check cultivar (G1) and relatively most of darwheat genotypes were grouped
with the tallest genotype and so there are no d#farences between old and improved
cultivars. Plant height is considered useful tfaitobtaining high gain yield [Motzet
al. 2004] while based on Mit al. (2000), plant height had important attribute ie th
protein yield. Based on flag spike length (Tab.g&notype G8 had the longest spike length
(7.5 cm), while G12 had the shortest spike length ¢m). It is interesting that almost all of
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the genotypes had long spike length and new brgediorts could not improve this trait. The
peduncle length ranged from 31.5 to 42.3 mm, ambtgpe G6 had the maximum length
while genotype G7 had the minimum length (Tab.M®st of durum wheat genotypes had
long peduncle length and were favorable to thelcheltivar G1. According to Boernet al.
[2002], peduncle length is very important traitdisease escape mechanism and so could be
used for genetic improvement of head diseaseansgst Therefore, some of studied genotypes
with long peduncle length maybe used for obtaitigmost resistant genotypes to leaf rust
and Fusarium head blight in future breeding program

Table 3. Mean values for 10 measured traits indrdimh wheat genotypes which examined by
LSD or Duncan multiple range tests
Tabela 3Srednie wartéci badanych cech 14 genotyp6w pszenicy twardejweste przy gyciu
najmniejszej istotnej ednicy lub testu wielokrotnego Duncana

Cod /Kod VGA DHE DMA PH SL
Gl 4.8 AY | 1065 D |144.8) ABC | 87.8| ABCD| 7.3 A
G2 4.0 ABCD| 108.5| BC | 1425 E 90.8| AB 6.5 AB
G3 3.5 BCD | 106.5 D |143.5| CDE | 82.3 D 6.8 A
G4 4.0 ABCD| 106.8] CD | 143.5| CDE | 86.5| ABCD| 5.8 AB
G5 4.3 ABC | 107.§ CD | 144.3| BCD | 82.3 D 6.3 AB
G6 3.8 ABCD| 108.5| BC | 144.5] BC 91.8 A 6.8 A
G7 4.0 ABCD| 110.5| A |144.3| BCD | 84.0 CD 6.3 AB
G8 45 AB | 108.5 BC | 143.0f DE 83.3 D 7.5 A
G9 3.5 BCD| 111.3 A [145.0/ AB 85.0| BCD | 8.5 A
G10 4.0 ABCD| 111.8] A [144.8| ABC | 845 CD 7.3 A
Gl1 3.3 CD | 110.3 AB |1423| E 90.0| ABC| 6.3 AB
G12 3.0 D 111.0 A [1445| BC 87.5| ABCD| 3.5 B
G13 4.0 ABCD| 110.5] A [146.0f A 87.8 | ABCD| 7.3 A
G14 4.3 ABC | 108.3 CD | 144.0f BCD | 88.0 | ABCD| 6.8 A
Code/ Kod PL AS TW TKW SY
Gl 36.3 BCD| 4.0 ABQ 386.3] CD 44.0 A 6397, ABC
G2 38.5 ABC| 3.0 BC| 389.0BCD | 36.0| CDE| 5150 DE
G3 40.8 AB 4.8 A | 390.3 BCD | 34.0 DE | 6720 A
G4 35.8 BCD| 438 A | 3940 AB 38.5 BC | 6708 AB
G5 36.8 | ABCD| 3.3 BC | 395.5 AB 38.0 BC | 5257 DE
G6 42.3 A 4.8 A | 384.3 DE 39.5 BC | 6391 ABC
G7 315 D 2.8 C| 3955 AB 40.0 B 5047 E
G8 34.3 CD 40| ABQ397.0f A 39.0 BC | 6289 ABC
G9 39.3 ABC| 3.3 BC| 394.5 AB 37.5| BCD | 5886 BCD
G10 35.8 BCD| 3.3 BC| 3785 E 33.5 E 5837 CDE
Gl1 38.3 ABC| 4.0 ABQ 392.3| ABC | 38.0 BC | 5791 CDE
G12 38.3 ABC| 43| AB| 384.83 DE 41.0| AB | 5848 CDE
G13 38.3 ABC| 43| AB| 387.0 CD 41.0| AB | 6280 ABC
G14 38.5 ABC| 35| ABQ 390.5|ABCD | 385 BC | 5897 ABCD

The means marked with the same letter(s) do né&rdsignificantly. Traits are: plant height (PHeduncle
length (PL), spike length (SL), growth vigority (Y agronomic score (AS), days to heading (DHE)sda physio-
logical maturity (DMA), thousand kernel weight (TK\test weight or hectoliter (TW) and grain yie@&Y).

Srednie oznaczone tsamy litera(ami) nie rénia si¢ istotnie. Badane cechy: wysakoroslin (PH), diuggé
doktosia (PL), dlug& kiosa (SL), wigor wzrostu (VGA), ogdlna cena agmmiczna (AS), liczba dni do
kltoszenia (DHE), liczba dni do agihiccia dojrzatdci fizjologicznej (DMA), masa tygca ziaren (TKW),
masa hektolitra ziarna (TW), plon ziarna (GY).
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The agronomic score of genotypes G3, G4 and G64v@ramounts was high while
the agronomic score of G7 with 2.8 values was ldab( 3). This trait for the check
cultivar and most of durum wheat genotypes was higgh so this property is acceptable
for new improved genotypes. The test weight ordiget was ranged from 378.5 in G10
to 397.0 in G8. Some of genotypes and the chedkvaulwere belonged to low hectoli-
ter amounts while some of them had higher valueshéztoliter (Tab. 3). The check
cultivar indicated the highest thousand kernel Wwe{g4.0 g) followed by G12 and G13
while the other genotypes had relatively lower gand kernel weight. Genotype G10
followed by genotypes G2 and G3 had the lowestghnd kernel weight values, 33.5,
36.0 and 34.0 g (Tab. 3). Dogan [2009] found thodskernel weight and test weight
traits were positively correlated with grain yieddd Vermaet al. [1998] reported that
thousand kernel weight had the highest contributiophenotypic stability and selection
based on this trait is essential in breeding foraasing yield stability. Also it is recom-
mended to early generation selection for thousasrthdt weight for yield stability in
durum wheat.

According to grain yield (Tab. 3), genotype G3 hiagl maximum yield performance
(6720 kg hd) while genotype G7 had the minimum yield perforomeu(5047 kg ha).
Also, genotypes G1, G4, G6, G8, G13 and G14 hadigotficant differences with yield
performance of G3. Grain yield is a very complearealeter and is formed by the effect
of numerous characters. The thousand kernel wepdgant height and test weight have
important effects on grain yield and it could bedaded that these characteristics could
be important selection criteria in durum wheat 8ireg studies. The thousand kernel weight
and test weight were associated with grain yieldl this positive association generally consi-
dered as a quality criterion in durum wheat [Dog@9]. According to Garcia del More
al. [2005] grain yield of durum wheat depended orttinee primary yield components (num-
ber of spikes per unit, number of grains per spitke mean grain weight) and based on Miral-
les and Slafer [1999], there are a compensataygteifmong these traits.

In general, the high yielding genotypes had higlues for growth vigority, spike
length, peduncle length, agronomic score and thmlkarnel weight while had low high
values for days to heading or were early headimil&ly, spike length and peduncle
length contribution on durum wheat grain yield sh®wn by Mohammadi and Amri
[2011]. Hashjinet al. [2014] reported negative relation between gra@éidyivith days to
heading, length of peduncle and plant height. Alkese genotypes had moderate values
for plant height, days to physiological maturitydatest weight or hectoliter. Among
studied genotypes G1, G13 and G14 were indentifiednost favorable genotypes con-
sidering all of the measured traits. Also, genosyg4, G6 and G9 could be considered
in the next step.

CONCLUSION

Based on the results obtained in this researtfasitshown the existence of consider-
able variation among the cultivars under study Whitay provide good source of plant
material for further breeding program. An over dllis logical to conclude that growth
vigority, spike length, peduncle length, agronoremre and thousand kernel weight
were the major contributors towards grain yieldcsithese characters were high in the
high yielding genotypes. Hence using such traitf aveate opportunity to make better
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selection of suitable genotypes in durum wheat awpment programs and to get high
yielding genotypes. Genotypes G13 and G14 and cheltikar Dehdasht were the most
favorable genotypes and could be recommended forefs. Information from this in-
vestigation would be valuable to durum wheat breeder developing high yielding
cultivars as well as agronomists for practicaligatton of the identified genotypes.
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Streszczenie. Pszenica twarda z uwagi na znaczenie gospodarcatazgoddana intensywnym
pracom hodowlanym i obecnie w wielu regionaghiata zajmuje drugie miejsce po pszenicach
chlebowych pod wzgtlem powierzchni uprawy. W eksperymencie polowymktadzie blokow
losowanych w czterech powtérzeniach przetestowaBondwo wyhodowanych, ulepszonych
genotypdw pszenicy twardej i jegirodmiare uprawry Dehdasht. Zbadano negtijace cechy:
wysokas¢ roslin, diugas¢ doktosia, dtugéc klosa, wigor rélin, ogélng ocerg agronomiczg, licz-

be dni do tworzenia kltosow, liczbdni do osigniecia dojrzatdci fizjologicznej, mas tysigca
ziaren i mas hektolitra oraz plon ziarna. W flesiadczeniu zanotowano istotneznice dla
wszystkich badanych cech genotypéw pszenic twardyskazujce na znacznich zmiennéé.
Wartcsci wspoétczynnika zmienrigi byty szczegdlnie die w przypadku dtugai ktosa i wigoru
wzrostu rglin. Liczba dni do ktoszenia wahatae99d 106,5 (G1 i G3) do 111,8 (G10), podczas
gdy genotyp G13 charakteryzowa¢ siajwicksz (146,0), z& G2 (142,5) i G11 (142.3) najmniej-
sz liczbg dni do osigniecia dojrzatdci fizjologicznej. Masa hektolitra ziaren wynoséd 378,5
do 397,0 w przypadku genotypu G10 i G8, a odmigrawna pszenicy twardej miata nagksz
mas; tysigca ziaren (44,0 g). Siechodzi o plon ziarna, genotyp G3 charakteryzoskainajwiek-

sz3 wydajndcia (6720 kg hat), G7 za plonowat najntej (5047 kg hd). Wysoko plonujce geno-
typy charakteryzowaty sinajwiekszym wigorem, najwksz dtugasciag klosa i doklosia, najwiy

sz3 0g6lng ocery agronomiczg i najwicksz mag tysigca ziaren. Informacje na temat cech relno
-morfologicznych badanych genotypdéw pszenicy twardeg; by¢ pomocne hodowcom étin

w konstruowaniu materiatéw hodowlanych i welaiu strategii ich wyboru.

Key words: pszenica twarddriticum durum Desf., sktadniki plonu



