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Extended Abstract

Background: Alfalfa is one of the key fodder plants due to its species diversity and high stress-
tolerance range. In addition to producing significant palatable fodder, this plant stabilizes air
nitrogen through symbiosis with rhizobium and causes soil fertility in addition to meeting its
own needs. For fodder production in the hot and dry region of Sistan as the hub of animal
husbandry in the province, it is inevitable to investigate and introduce high-yielding alfalfa
cultivars. Therefore, the present research aimed to evaluate tropical alfalfa cultivars and identify
high-yielding and more compatible cultivars in terms of yield production and selection of stands
with suitable potential for selection.

Methods: The phenological, morphological, and functional traits of 10 tropical alfalfa
genotypes (Zabol local purified alfalfa, Zabol local mass, Baghdadi, two Afghani masses,
Nikshahri, Omid, and lines 473, 472, and 471) were investigated in the Zahak Agricultural and
Natural Resources Research Station, located 20 km from Zabol city. An experiment was
conducted in a statistical design of randomized complete blocks with three replications during
2017-2018. The bed preparation, including plowing, disk, and leveling, was operated exactly the
same for the replications. The distance between the plots in each block was 75 cm, and the
distance between the blocks in each replication was 1 m. After preparing the bed on November
15, 2016, furrows were created at a distance of 30 cm (four lines of 6 m) in the plots, and seeds
with 95-100% germination capacity were planted at a rate of 15 kg per hectare. Seeds were
sown in a row manually by opening grooves to a depth of 1 cm using the method of HiramkKari.
During the experiment, the operation consisted of irrigation every 15 days in winter, spring, and
summer (once a week) according to the needs. Weeds were mechanically weeded in the early
stages of growth. In each year, eight plants were harvested at the 20% flowering stage. Days to
greening, days to flowering, plant height, leaf-to-stem percentage, stem diameter, stem number,
dry matter percentage, and wet and dry fodder yields were the traits measured during the
experiment. At the end of the experiment, data on the fodder yield and morphological and
phenological traits of alfalfa cultivars were analyzed using MSTAT-C software. The correlation
was calculated using SPSS 16 software. Analysis into principal components and the biplot were
done using the Past software. The means of traits were compared with Duncan's test at the
probability level of 5%.

Results: The fodder yields were significant among the genotypes at the 1% probability level.
The highest average fodder yield (107.589 tons per hectare) was obtained in the Omid cultivar,
with greater fodder yield than the other cultivars due to the number of stems, plant height, and
stem diameter. Baghdadi alfalfa and Zabul purified alfalfa cultivars ranked next in terms of
producing more fodder yield with averages of 103.513 and 102.463 tons per hectare,
respectively. The lowest fodder yield was observed in the native mass of Zabul alfalfa with an
average of 86.511 tons per hectare. The purified local alfalfa of Zabul showed an increase in
yield by 18.43% compared to the native mass. The cultivars were significantly different in dry
fodder yield at the probability level of 1%. The highest average dry fodder yield (28.323 tons
per hectare) was obtained in the Omid variety. Baghdadi alfalfa and purified Zabul alfalfa
ranked next with average yields of 26.419 and 27.322 tons per hectare, respectively. The
increased dry fodder yield in alfalfa is considered an advantage because farmers store excess
alfalfa in the form of dry fodder for their livestock in winter. The relationship between the
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examined traits showed that most of the traits were significantly correlated with each other.
Fodder yield had a positive and significant correlation with the number of stems per plant and
plant height, but there was a non-significant correlation with the number of days to flowering,
leaf-to-stem ratio, and stem diameter. The dry fodder yield had a positive and significant
correlation with the wet fodder yield, leaf-to-stem ratio, the number of stems, and plant height,
and it showed a negative correlation with the number of days to flowering. Statistically
significant differences were observed between the genotypes in terms of all studied traits. Based
on the clustering, the genotypes were divided into two groups, and the first group, including
Omid, Baghdadi, and the purified local alfalfa of Zabol, was superior to the others. In the
mmean comparisons by Duncan's test, the Omid variety ranked first with the average wet and
dry fodder yields of 107.589 and 28.323 tons per hectare, respectively. The Baghdadi variety
and the local purified line of Zabol ranked second and third, with average yields of 103.513,
102.463, 26.419, and 27.322 tons per hectare, respectively. These genotypes were in good
conditions in terms of other traits (plant height, the number of stems, and the leaf per stem
percentage).

Conclusion: Considerable variation was observed between genotypes in terms of the studied
traits. The highest seed yield was observed in the genotypes of Omid, Baghdadi and the purified
local alfalfa of Zabol. In favorable conditions, a significant area of land in Sistan and
Baluchistan province and similar regions can be dedicated to alfalfa cultivation, including
Omid, Baghdadi, and the purified local genotype of Zabol.
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Table 3. Comparison of average of cultivar and year effect on the studied traits of the tropical alfalfa

cultivars
Lo gk
DMY (tha?) (tF E;ﬁ) DMP(%) LSR (;f;%) NDF NOS 'Ec';;; NDE  Treatment Treatment s
i levels
24.682a 96.036a 25.81a 74473 3.7a 2553  30.66a  59.200a  5.633a FJ."
Irst Year Jl
24.825a 96.095a 25.73a 74.61a 3.25a 25.40a 30.36a 59.700a 5.6a Segz; nd
28323 1075802 26.32bcd  78.25¢d  3.75a 2717a 39508 7150a &ab 1
26.419bc 1035130  2552bcde  81.38b  3.26bc 25cde  3550b  66.17b 6ab 2
27.322ab 1024630 26.66b 86.25a  3.4lab 24ef 3117b  6367b  5.167bc 3
24.869d 9803c  25.30cdef 65139  298hc  26.17abc  31.83cd 64 6.333a 4
25.331cd 955480  2650bc  80.26bc  3.35abc  24.33def  32.33c  59.67c 4.5¢ 5 Variety s
24.295de 953980  25.17def  77.77de  2.95¢ 245def 2983  58.33c  5.833ab 6 g
23.4068 92.814e  25.38cdef  73.31f  3.08bc 27ab 27e 5350de  6.167a 7
21.928f 90.462f 24.44ef  2464f  311bc  2567bcd  26e 5i17e  5.167bc 8
21.409f 88.324g 24.33f 5250h  3.16bc 57.5a 2317f  5517d  6.167a 9
24.205de 86.511h 2813 75.49df  3.03bc 2333f  24.83f 5133  4.833c 10
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Within each column, means fallowed by the same letter are not significantly different (p<0.05)
1. Omid variety, 2. Baghdadi, 3. Zabol local purified alfalfa, 4. 473, 5. Nikshahry, 6. Afghani2, 7. 472, 8. Afghanil, 9. 471, 10. Zabol local mass
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Sis ddgle 3 Slos DMY 5 ddgle 3 Slos

NDE: Number of days to emergence, PLH: Plant height, NOS: Number of stems, NDF: Number of days to flowering, SD: stem diameter, LSR: Leaf to
stem ratio, DMP: Dry matter percentage, FFY: Fresh forage yield, DMY: Dry matter yield
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Table 4. Comparison of the average effect of the year in the cultivar on the studied traits of the studied tropical alfalfa

cultivars
(/ha) DMY (/ha) FFY DMP SR SD NDF NOS  (cm)PLH NDG PN
(mm) Treatment levels
28.351a 107.494a 26.36a 7759a  3.50a 27a 38.33a 71a 6a 1
26.435a 103.498a  25.53a 8l.46a 3.26a 25a 36a 65.33a 5.66a 2
27.407a 102.254a  26.80a 86.61a  3.40a 24a 35a 63.33a 5.33a 3
24.756a 98.017a 25.25a 64.6la 2.93a 26.33a 32a 64a 6.33a 4
25.184a 95.548a 26.35a 80.70a  3.50a 24a 33.34a 59.66a 4.66a 5
24.136a 95.317a 25.32a 78.34a 2.93a 24.66a 29.66a 58a 6.39% 6 Jol Jw
23.196a 929752  25.28a 73.28a 3.13a 27.33%a 27a 53a 6.33a 7 First year
21.580a 90.492a 24.49a 74.42a  3.03a 26a 33.25a 51.33a 5a 8
21.373a 88.324a 24.19a 51.48a 3a 28a 23.33a 56.35a 6.33a 9
24.408a 86.440a 28.56a 75.33a 3a 23a 26.66a 50a 4.33a 10
28.295a 107.684a 26.27a 78.15a 4a  27.33a 40.66a 72a 6a 1
26.404a 103.529a 25.50a 81.30a  3.26a 25a 35a 67a 6.33a 2
27.238a 102.673a  26.52a 86.69a 3.43a 24a 35.33a 64a 5a 3
25.037a 98.042a  25.53a 65.64a 3.03a 26a 31.66a 64a 6.33a 4
25.479 95.549a  26.65a 79.80a 3.20a 24.66a 31.33a 59.65a 4.33a 5
24.455a 95.479a 25.03a 77.19a 2.96a 24.33a 30a 58.66a 5.7a 6
23.617a 92.653a 25.47a 73.14a 3.03a  26.66a 27a 54a 6a 7
22.276a 904332  24.3% 74472  3.20a 25.33a 26.66a 51a 5.37a 8 P> Jlo
21.445a 88.324a  24.28a 53.67a 3.33a 27a 23a 54a 6a 9 Second year
24.003a 86.582a  27.71a 75.14a 3.06a  27.66a 23a 52.66a 5.34a 10
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Within each column, means followed by the same letter are not significantly different (p<0.05)
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1. Omid variety, 2. Baghdadi, 3. Zabol local purified alfalfa, 4. 473, 5. Nikshahry, 6. Afghani2, 7. 472, 8. Afghanil, 9. 471, 10. Zabol local mass
FRY (S o3le diop> :DMP cdls 4y 5y Conns (LSR caBlus yhad :SD ¢ 2 M5 1 g, sluws :NDF el olasi :NOS a5y iyl :PLH ¢y s g, Sl :NDE
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NDE: Number of days to emergence, PLH: Plant height, NOS: Number of stems, NDF: Number of days to flowering, SD: stem diameter, LSR: Leaf to
stem ratio, DMP: Dry matter percentage, FFY: Fresh forage yield, DMY: Dry matter yield

H o9 035 9 laenY 3 (235 U g, S (Sl
oSl b 5 o a1 Al 5 speiSs X SLa
sble ;5 el Cunda 5o, VF 9 YENY NF/O SY/YY
Coe Ko gy (Sl Codpie Jdoa Sis
P ol Gpan Al o )95 L d9d e Cguone
olyandy 3blie ol o 1) A o luly Slgi e 5 00l olS
5 bl ol > oliysliS oS LLYs 5 LS sl anils
o3y pl (wydg; e S o odlitnl og (sloodgs
S el (235 ploj 457 203 (b opedizee A8l oo
il e cilisee 3ble gl domigy pB)) Ol el (sn
Cooal plin 395 (23S (hL o8 (e Lulid 53
a9 wl .(Esfandiari et al, 2017) )b ),
25U ehls a8l s o 5l aS sy i oS e il
sl 5 B o 55 Bl 5 (¥ Jpiz) 395 Joins
Jein! maw 0 b bxe ol gl il isuael
g Bl > dBlo jlad e (Y Joi2) 29 dopp Sy
SRAESS 9 Jlj (Jowe 0ad [ald dogy el slagyY
N SL8lFYY FYY (oolas slacpY g plyl i dlas e
oS S 18 gam adye 0 ) e 0355 5 YV
oo YIAD (Slo b ¥ il o395 &y bgyyo dbls s
395 ogine Bl & S s p Jlo ST Jou2) o9
sy g plyl > Wle 4 Sy s (Y Jois)
Jein! mdaw > gy xe @oley gl calises jisuiel
Pl 4 Sy Caws YL LY Jods) il dop S
g b odalie doyd AF/ED lieds bl ond alls Y
SSils L oty (s 2S5 5 o2laky i 5l g
A Sy Coumd (pyieS A HL8 Lo yd A/YE o AV/YA
Loy OV Sl b FYY isudiel (slappY p> bl
oS 285 dom Gl I peban (F Jgaz) A8 ssalie
Sglite (Jacee balyd b sla g )55l 5 5 b,

oY ¢ o) 4Bl slaws  Jlo 51 aS ol oLt ol

slacwig gn (Vo) 295 Jbidne ady il
Gold do 2S5 Jlain! o jo adle olawi Yl I asdg
S pSle dulio gols (¥ Jgiz) cudls 3929 ()l xe
Y0 pSle b a8l slaws oy g a8 ol ol dlwgd
oY g olis 18, (Y Joda) b sdalie sl 08, ;0 dae
1 338 YOI 5 ¥OID 5 Sika by bl e oad Lalls
S VYNV 3:Sibo b abl 3lass oy y2a8 8,5 )5 o 4,
aasMe 5 o 0355 9 FYY (Y 13 (i gy due YF/AY
Col oSeo o] lulyd 3 Jgase sloazigy pB)l 2,8
9 0,5 Lulys ,> (Karimi, 1990) uis’ slgi (6 pudus 48l
b 2leys 5 balyd o5 09 WV (glasl b oljon St
Blo Wy (e (g yidin NS (o0 JrooS w5gy Bl
2 38des Glie GRIE s Slg oo el @5 08
s 2990 9 15y 93 ;50 laallan )3 39 wgS ()l
GBI Jole o yinte 45 85 48,5 ot 5 )5 )3
Cuol a8l ol iolidl oL claeSTy j adsle W g
owli8l s el 4o ((Nekouianfar et al., 2017)
¥bes T3l Lol Jelss a8l s Lalidl 5 il slass
(Maghsoudi, 2006) si laie axie slapdy Sy
Jueisl s > (S b 33, 3005 oo 55 oy
oty (F Jsiz) 5251 Joine ST (sl doys Sy
9 YWV sl (Y g del 68y )3 (23S U o) ol
dasMo o, YV 5 YV/B+ « YWY (Silo b e sy FYY
38es 393 J5 &1 53 ol a2 pn do5igr )3 (1 o)
Cuoyd il ol Jdd Yleas] 5,8 saled ades (g yud
Soigdgm 2es GRIEl g (slag) Wby slp olS iiw
slopY (Hazeghjafari et al, 2011) .ib .
5oy S ke b ocws g Vo Skdl FYY il
OpieS (1 Jsds) 48,5 )5 pgd 03y ;3 YE/VV 4 YOISV



WY

sl Sl Jusar sl o8y (¥ Jgis) el cowday e
Byl Ay 4 Cond gyt dBle b g Gy eli)) bl
AT 30 g s (gide 5 ddgle 5 Sles I il
0bj olaw sl Jdods e of) & Cawl oad )5S
gy g 8Lm)‘9g.§))élauu4>lw ‘C.law J.>|9).)<L§l.w
S 3Shas 3| allae 390 i3 (slad) & Comd
aig o8, J(Asilan and Hajiloei, 2010) >4 15,55 5
adgle > Sloe s Hlas 51 b5 o alld g 5 (gdlis
2 o5 VYIEY 5 VYDV sl Sile b cas S jaw
Ol S (¥ Jgia) w85 )13 am 4o 3 LS
ol b Jlj aoigy (cog 0395 50 Juw ddgle 3)Slee
Ol o)y VAIEY e 009 A Cumd ol doee
aes Vb o ,Slee 4 oliwd ojlsen b s 3 Sles
9 28des 2 e Sufdgnjdsdige Clio ululy bl
snles cul o3 o] S5 JymS osms slulis o
) Seslsssishyze Szl alS oS cul o] ) (S 350
sy dbgle 3,Slac g 0392 )3)95 2 (SIS E95 Jl 14z
S99 (el pls Amd e LS (Sglise JUB) cuigif g baee 4
b bapd) hiajS wose lapd) 3Sles (e > SIS
Pourfarhad et al., ) o5l oo i el 1) Collas 5 Slas
S e (a9 et oS 05 3155 (2009
Sledgle kS 53 o8] )3k 5 disle )55 Jpety
William, ) wib o cjly> dny5 5 (S5,L PH «SB cél
9 4591:- .))gJ.o& » k:«u:)].))..i dL&suLo) ).ul; P (2002
S Cosl odd (B g iz slagd) (nSgn Ol

Tabatabaei et al., ) Loy Sid 5 5 adgle >Slos
2 Jle plas ob ol ubyly aes mls (2017
Ao 5By (Y Jgde) casly il Sias adgle > Slas
shb sopn K Jlisl paw o Sis ddgle > Sloe
adgle dySlae cpyiin (Y Jodo) g b b M
coi g ol odds alb By o (solda adigs el Cuwddy
OSle (upieS (Y Jgda) i8S )8 i gl
O,80ee sl pwSSle L Y Sl 5 FYY Y o 5 Shes
oA Y el cunsa iSa (> o5 YV/FA 5 YV/AYA
u»)])sl Loy \YIAY PP 0§ A Cumd JJ‘) u.l?(.a AW
gy Sis adgle 3 Sloe ioliel b lis 5Sles
o (gl Jds rends D900 sladhy Coje S
5, S0es duglie jd Cowl odds (y)155 S 0 05D oyl
adgle dySlos i (£30% 5 Lupuluns pB)l cazeigy o6 )|
(Nekouianfar et al., 2017) Loses Mg 1, Sis
1A b Gl yp 3j90 Slao o b5 (o)
5,Sles (B Jsia) Lyl pals (g pre (Swwed Slaw
Cuto (Simed &g gly)] o dig ;0 aBl dlad b 5 ddgle
4 Sy i (25U gy olaw lao b Jg o)l gze g

iy pliny g sowlBiosts dgeoe oy 0g)b Lo jdaste ¢ ouwld des]

(5 esS (Medica sativa L) sloeosiy ¢ (Sojglshysns s 655 (oo

@Sy Sy Jlgie sty g olS A3, 9 039
slagiolejl 3 liie sl aalgs Jlidas 1y asle
(1 5 OBn Oliwe) ddgle CuiS W) 4 Cilisee
JR b cod Bl 4 Sy cuns 6% sebas
S bl g Spp pb) > dole cS cplple x5
dgd o yide Wbl b gyin e 4 Sy oas)
(Duki et al., 2007; Maqueen and Blanger, 1995)
g bedle ()b (Spp 4 (Sw xig dgle CudS
Jolos cnl 1S il g )l ol )y ()1 dlge (390
Miller and Wdein, ) sai 0 ddgle o5 Lials sl
sladels I (S @lo ay Sy s (S5 sbay (1972
5 SniblsS L oo 45 Cusl @591 )3 i oo
A Sy Cans Ha8ym plply 0, bls)l dodgy adele Cids
i s xS S ws dbsle Al iy Bl
bl aedy 4S8 ghpe ) cplple sl gyl ddgle
Shenk ) sg; anlss (6 3YL gy ilsS (el dbgiye
oo sbaoly 5 Sy &S a3 35S (and Elliott, 1971
L slacwy) obwl Bl 4 Sy cews Gl
asdlls jo (Zamanian, 2005) cwl 35,5 (sbaaxS
oles dsp g Of St g 55 S WS GBS S
4 Sy Cawd p She Jelge Sl cudly Copte g cutlyy
ol 0 e e |y ddgle cudS Wilgl o oS A a8l
5 o B Bl 4 Sy cuns VLGS
(Tabatabaei et al., 2017) 1 ssalin (5 piS
ol Sid odle dopd Cuio a5 3l doey slacaie;
Ldg b pxe Golds b wsypn K ! Jaw
wdy bl e o3 0 olS Sid oole Moy i
d).e(..fw 9 J.gl)' oo ol alls Y Y | SEIRPRVOY
5 YEISE XOIOY YEIXY FANY larySibe b ool ay
FYY 5 PV isodeel slacpY ad dlas e ds)yd Y5/0-
G sleody 3 YOIYA 5 YOI slanSibo b s oy
2 St 03le duo)d (1Sle o oS (1 Jgio) w3515
ladlas )3 el Canddy 2o s YE/VY (ko L ¥VY oY
Lo 3 0hagts (F9y0 9 (S Saglis & ad )18
laed) ol Jolse o intee ol (olowd S5 9 (Job
(Engels and Jung, 1998) e Sid oole doyd )
wiig ol )3 lgn glod il &S 03,5 )1 (ivren
DF o dgle p Sus b b Ll cel
5 laedy )3 (gl gxe OM3] (Tabatabaei et al., 2017)
Ol Kis oole doyy ) dsuigy ilive (glaye
ol pyske -(Rezaei et al, 2011) cowl ond
Jold aomig > ddgle 5Sles 0ulS (S (Slsh)9e
doly 50 dzey olaad Bl Siis ) g glay)| cdBlu dlus
Zamanian et al., ) Wb o Sy Sis 59 9 daw
S 5 5 ddgle 3,Shas py Jlo il adllae oyl 43 (2008
Taw ) juw dgle 3Slas ol icss D95 o gne
3 8das cp it (V Jgia) 0392 )l gime 20> S Lo
2o VYA Sl b el o8, 0 ,lSa 3 5 ddgle



WY

5u pligg g (euwlBloste dgazme ) 95U Lo jhazs ¢ ol tosl

5,Soe 3 ySlas by dilo olaw a8 cawl o ()55 0l L
Cusl (gl Gxe 5 Cuto (Siuwod sl S 4 5 adgle
& cuwl oy sl @l (Hamdolla et al., 2013)
Suid g 5 dgle dSlos (m (6)Pne g Cute (Sumor
olia>e (Monirifar et al., 2011) 5> sg59 doce
O GdSxe 5 Cate (Siuwad &S lodly )55 6,505
P (9 Olise 9 Suid g 5 ddgle 3 Slas g Sy )]
wwwwdl)bw .))].).)9>9
S99 ddgle )3 pud dopd b StS g 5 dgle 5 Slos (e

.(Cacan et al., 2018) cusl

VEV Y ojlouds /o 5l b / 2ly; LS 2ol 4ol yings

2 ) bl (o) meyut (Siusod dBluw ylad cdBlu
b gy Sid g 5 adgle 3 Sloe &S Canl il jB)l5S
cusly d)bgs.u PR Siad 23 5
8559 bl (Khodarahmpour et al., 2016)
eyl o 5 adgle dSlae o (g)b dme g Cute (Siuuon
.(Basafa and Taherian, 2016) cusl o o)l g
Sy G o ddgle 3 Slae Glas b Suis adgle 5,Slos
o (SNuad (25U joy ol b g cudly (gl size

@S Slous) 3Ses Glial 5 0 Sles (Golsdy90 s3el5d Clio yn (Nired olps -0 oo
Table 5. Correlation matrix of phenological, morphological characteristic, yield and yield components of Medicago

sativa L
PLH NOS NDF LSR SD FFY DMY DMP
1 DMP
0.52 DMY
1 0.85** 0.02 FFY
1 0.07 0.07 0.18 SD
1 0.17 0.52 0.7* 0.46 LSR
1 -0.55 0.07 0.18 -0.15 -0.56 NDF
1 0.07 0.63* 0.01 0.98** 0.91** 0.16 NOS
1 0.92** 0.24 0.31 -0.15 0.95** 0.82** 0.05 PLH

#% # ng
<

Soyd ofoN g o fod il zolaw 55 jId dre )b dme pE i ga **

", * and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively
DMY: Dry matter yield; FFY: Fresh forage yield; DMP: Dry matter percentage; NOS: Number of stems; LSR: Leaf to stem ratio; SD: stem diameter;
NDF: Number of days to flowering; PLH: Plant height; NDG: Number of days to green
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Table 6. Variance of the main components resultlng from analy3|s into main components for alfaalfa agronomy traits

79 F8 F7 6 ] F2 FI
°)i3 )i)lu
0.000 0.011 0.022 0.059 0.130 0.387 0.698 2.554 5.139 Eigenvalue
osbly dop
0.001 0.124 0.249 0.655 1.441 4.302 7.754 28.377 57.097 Variability (%)
(%25 Aoy
100.000 99.999 99.874 99.626 98.971 97.529 93.228 85.474 57.097 Cumulative %
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Figurel. The dendrogram of cluster analysis of 10 alfalfa genotypes basis on studied traits
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Figure 2. Biplot diagram of two main components for the alfalfa genotypes traits evaluated
(BN, Branch Number; DG, Days to Germination; DF, Days to Flowering; DFY, Dried Forage Yield; DMP, Dry
Matter Percentage; LSR, Leaf to Stem Ratio; PH, Plant Height; SD, Stem Diameter; WFY, Wet Forage Yield)
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