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Table 1. The origin of sainfoin populations used
in this research

=3 °
Row Code Qf Origin
population
1 9263 = .
Karaj
2 9147 = ,
Karaj
3 2399 = .
Karaj
4 3001 = ,
Karaj
ol 5 Jowe ler
5 8799 Charmahal
Bakhtiari
6 12542 -
7 15364 = _
Karaj
"
8 Oshnavieh AUM‘
Oshnavieh
9 15353 = ,
Karaj
o
10 8199 o
Tehran
Olaw
11 3800
Semnan
Olokes
12 19402
Hamadan
Y& &
13 1601 e
Gorgan
14 Poly cross E’S.
Karaj
15 334 = .
Karaj
16 4083 fo
Semirom
Olokes
17 2759
Hamadan
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Table 2. Susceptibility evaluation of sainfoin populations to powdery mildew disease
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Pl 0
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. 250
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oo 50 -26

Semi- tolerant
(e
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Table 3. Mean comparison of fresh and dry forage yield (kg ha!) for 17 populations of sainfoin
over the three years of experiment in Zanjan province

OeSa/p SAS) 5 dble s Shos

OSa/p S AS) &as s5ke 5 Shoe

Populations Fresh forage yield (kg ha™!) Dry forage yield (kg ha)
Vb Ydu rdl. Sl Yl \n vl oSl
Yearl Year2 Year3 Mean Yearl Year2 Year3 Mean

Oshnavieh 50002 15024  4253%  8(092°b-d 11808  5203%  [127¢¢ 2503°-d

Poly cross 62867 14455  4730b  8490°° 11533 43029 1360°¢ 2272¢-
334 55382  8519¢°  4170% 60769 12562 2448% 10984 1601 °f
1601 6298% 15235 6186ab 92402 15758 59372< 1630 3048
2399 6231%  10155%¢ 4057 6814 1569% 39714 10804 2207¢-
2759 2245¢  6136° 3715% 4032°F 552¢ 2092¢ 1018 1221°F
3001 46174 10282¢¢  1545¢ 5481 ¢ 11433 3382¢¢ 3079 1611¢f
3800 3997 13360 8569 8642 b¢ 1023%  4653¢< 2567  2748b¢
4083 41832 77949 5530 58369 974¢  2850°¢e 1542% 1789¢-d
8199 3821t 124564 5855 7377 1015%  5028°% 1647 25630
8799 50932 122154 3798bc  7035¢d 12712 41969  1086% 2184¢-
9147 56432  10897°¢  4844% 7128« 14292 411491 1440b4 2328
9263 5666%® 19040° 89382 112152 15072 7030*  2640*  3726*
12542 55758 88534 3535bc 50884 1409  3294°¢2  925¢d  1876¢°
15353 3943bc 123974 6024 7455 1040%  39644-f 1710 2238¢-
15364 74678 15516%  2841%  8608°° 1816  6674%® 679 3057%®
19402 3487¢  12567%d 4225 6759« 653¢ 3240 11514  1681¢

(o=7.y Oi;\:) Ll gyl sme ol o AS i ;')f-éﬁ:): Sl S glayles Osw 2

Means in each column followed by the same letter are not significantly different (p=0.01)
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Table 4. Mean comparison of disease severity index percentage for 17 populations of sainfoin over
the three years of experiment in Zanjan province

o Vb YJl YL oS
Yearl Year2 Year3
Populations Vo Yo Vo Yo Vo Y o Mean
Cutting 1 Cutting 2 Cutting 1 Cutting 2 Cutting 1 Cutting 2

Oshnavieh 51.67° 11.67¢ 0.00° 0.00f 50.002¢  63.33® 29.45¢
Poly cross 85.00%  60.00 >4 12.50¢< 22.50c-e 55.002°  90.00? 54.17%
334 100.00* 66.67 b 42.47 e 63.33 ¢ 56.672° 43332 62.082
1601 95.002 81.67 @ 63.102 80.00 ® 70.002¢  66.67* 76.072
2399 90.00? 75.002¢ 56.772 96.67 2 93.333 73332 80.852
2759 73.332® 66.67 > 35.77% 53.33 b 46.67*-¢  26.67° 50.41°
3001 5.00¢ 2.50°¢ 10.00 de 10.00 53.332¢ 53332 22.36¢
3800 96.672 91.67? 68.102 80.00 73.332°¢  66.67° 79412
4083 90.00? 65.00 b© 47.47 - 86.67° 56.672° 53332 66.52°
8199 100.00° 88.33 45273 70.002° 36.67%  40.00? 63.38?
8799 65.00 55.00 17.53¢<  30.00°- 96.67 2 76.67° 56.81°
9147 98.332 78.33 ¢ 30.20 b 83.33 36.67%  46.67° 62.262
9263 95.002 88.33 31.73b  33.33¢ 83.332<  70.00* 66.96*
12542 68.33%® 66.67 > 48.17® 80.00 2 56.672° 53332 62.20°
15353 11.67°¢ 11.00 © 5.27 de 16.67 ¢-f 73.332¢ 53332 28.55¢
15364 65.00% 51.67 4 30.80%  70.00 2~ 28.33¢ 34.00? 46.64°
19402 86.67 % 40.00 ¢ 42.23%  70.00% 63.332° 63332 60.932

(=1 5S313) L5510 (s sime (T oMl S e o o &5 53 Jilitom oS o la sl O g2 2 53

Means in each column followed by the same letter are not significantly different (p=0.01)
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Table 5. Mean comparison of crude fiber and NDF percentage for 17 populations of sainfoin over

the two years of experiment in Zanjan province

b Conax Pl Slgn oy g 53 Jaloeals
Populations CF S
(NDF)
- L[ 5Sla Vle L HSka
Yearl Year3 Mean Yearl Year3 Mean
Oshnavieh 22.77% 31.07*° 26.?2“ 43.60% 38.83% 41.22%¢
Poly cross 21.60° 30.27%¢ 25.d93C 43.33% 33.80% 38.57%¢
334 23.87%* 32.07%° 27.97° 45.37% 34.57% 39.97%¢
1601 23.70%¢ 30.132¢ 26.d92b' 45.70% 37.33% 41.52%
2399 23.77%¢ 30.80*° 27.38“ 43.00% 33.87% 38.43%¢
2759 25.302 28.07° 26.d68b' 42.93% 34.47% 38.70*°
3001 21.47¢ 30.20*¢ 25.834 40.40° 35.50% 37.95%¢
3800 21.97° 29.77%¢ 25.87¢ 42.20% 37.60% 39.90*°
4083 22.90% 32.23%¢ 27.57° 43.40% 30.40° 36.90
8199 24.30% 30.60*° 27.45% 46.00* 33.43% 39.72%¢
8799 22.47b¢ 33.10% 27.78° 40.83% 32.13% 36.48¢
9147 23.70%¢ 32.93® 28.32% 44.87% 37.67% 41.27%°
9263 23.17%¢ 32.43%° 27.80° 41.83% 36.77% 39.30*°
12542 23.53%¢ 33.97° 28.b75a 44.50% 32.90% 38.70*°
15353 23.70%¢ 28.57b 26.dl3C 44.83% 36.27% 40.55%¢
15364 24.43% 33.30° 28.b87a 46.20° 38.97 42.582
19402 25.40° 34.23a 29.82° 41.97%® 34.23% 38.10*°

(=1 5S13) L5 (6513 sme (e T Codast] S e o o &5 53 Joltom oS ol slas O 2 o 53

Means in each column followed by the same letter are not significantly different (p=0.01)
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Table 6. Mean comparison of ash percentage for 17 populations of sainfoin over the two years of
experiment in Zanjan province

B Comox Y Jle Yl oSl
Populations Yearl Year3 Mean
Oshnavieh 9.47b° 7.60%¢ 8.53%
Poly cross 9.67% 7.63%° 8.65%
334 9.20¢ 7.17%¢ 8.18b¢
1601 9.80b° 7.43%¢ 8.62%
2399 10.07¢ 7.932 9.002
2759 9.07¢ 6.60° 7.83¢
3001 9.932¢ 7.50%¢ 8.72db
3800 9.50b° 7.70% 8.60%
4083 10.00% 7.27%¢ 8.63%
8199 9.97: 7.87* 8.922
8799 9.30% 7.07*¢ 8.18b¢
9147 10.13# 6.97*¢ 8.55q®
9263 9.832¢ 7.20%¢ 8.52ab
12542 10.002° 6.77% 8.382®
15353 9.63b 8.00* 8.82ab
15364 9.40b¢ 7.57%¢ 8.48%
19402 8.17¢ 6.73% 7.454
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Means in each column followed by the same letter are not significantly different (p=0.01)
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Table 7. Correlation between yield, quality traits and disease severity index percentage in 17
populations of sainfoin
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Means in each column followed by the same letter are not significantly different (p=0.01)
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Table 8. Principle component analysis of the quantitative and qualitative traits in sainfoin

populations
Sl ol \ ol g Y ad e ¥ il
Traits PCl1 PC2 PC3
5 00s 0.34 -0.24 0.15
Fresh weigh
St 03 0.38 -0.25 0.11
Dry weigh
as Skt -0.41 -0.22 0.19
DMD
T s J sl slais -0.31 0.23 0.17
Water soluble content
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Acid detergent fiber
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Crude protein
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Variance
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The bold values have higher eigen vectors in relevant components
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Table 9. Mean comparison of the quantitative and qualitative traits of three clusters of sainfoin

populations
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Means in each column followed by the same letter are not significantly different (p=0.01)
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Fig 1. Dendrogram of cluster analysis of the quantitative and qualitative traits in in sainfoin populations

"



¥ 4dl s

Cluster

PC2

plc
]

* 3001

15353 *  Qshnevia

0263

1601

4 3 2 1

PC1 \aslgo

el ez )5 53 4S5 oS Slie Lol gl 4l e 4 20 ﬂjfjAb.Y J§J
Fig 2. Dendrogram of PCA analysis of the quantitative and qualitative traits in sainfoin populations

4 pslas s lalomesr Ol e o) YO
ALl o gume (ela S b

S 8 21 Ol Kores 4525 il
)b@m)i%ﬁ@v@%gwu
g”‘:b)b@”ﬁ&"‘&@(\éﬁég}
Vi o g 055 Ao 53 Olin 035 Y 1
oA &:Jb' SR :rd‘”@%b RET)
JJK@M%GJAK%‘}‘(&H
OS5 ool olesT 2t (Y i)
o sl sy olis (Javadi et al., Y1)
45 i s Sl | 55 o
MJ#GM%GMJQ(.&S\J?)JJJ{
e gl b SADF o js by Cote ST
D ls gae

2l s Gl 4 ST o (Snen

ry

oy

Gl Gl Dl el Ol

Saslie 5 3 S NOYOY 5 YY) Comes
S ol (Flaas) s sl
Sepahvand et al.,) Ol,es 5 & ggem
O 5 (6ol Ol J Lol js (Y V£
WO Ll s 5> (Naseri ef al., YY)
dse 1 gl s S e
YOU ¢ o T (lew Gdd Lasla &Sl
@l LS (B yae pslie Ulgea 35 Aoy
(Y OLSen 5 o5l e Lo g okl ks
POl Gl L se . Alizadeh er al)
Clalimas a5 5l Ol LT andlas G.il:} Sy
5 TOEY QOO ) sl (S L
3 S ol i e ls Jilus L AVAR



A QL VW aly =+ ¥ o)l =YY 000« (£155 B0 9317 S gy 4 pid»

5w FAY JAVA gl me s 5 (6 5
YA 5 VEIFA ) plt b doys o S 6l
AL lyls 1 5 Ls e NDF ws s 5 (
s b gle CaS

REPREIIRTA /N % SO PIINCIe
b S gl 205 (Golay DA et ld
lomor 4 4 S (el &5 b (65l
& Coner 93 (pl dsle LS pimmen s
& Do ey o2d Sl Olj 23l
2d Skl 1) 0oy sllas e nL
ok OLLE asli 5 g Sl I (S
D3 Shgebph Cope oS AL (o
ol s alze s pl S akis ol wbshe
SOFOF (Fe) e 5 (N L)
Ay als,l 3 psj:w}’\f): Iy & 4 gl
Solow 4 (S pdy Cuaslie a5 ) Comen au
e p g pl 5 kg S eds SLbB
Bgede] Lokl

Olalgiw

by (oo B 055 b plel @
23 b Side Gl Dol 4 4y
S 3 5 el e 5 233 Sl
CiST s bl b 5l olew fad 5 6 85
g 5 Sole 4 pglas Glalomer

7 pbar S0l B 5 Lol e
Golam Soh LastLi oils L 1OYOF 5T+ )
A3 polis Galimez 5o YOI mbaw 5
S 5 ETHL 2SS e sl w8
S s o B 53 il gl
355 plBl s 5

23 sl gl o CiS G e @

YA

2 Sl 3y S sy g Slaw
S Dliv 3 Gyl g ST elE )
5 olde slame mls s sl Ol @l
sl (Alizadeh et al., YY) ol Kes
Loasdl 5 S Comer 53 & 58
Shlanar ez oS Golen Db jaxls
A e Sole ol s ds sy pslis
Slatomr K5 dle CiS 5 5 Shee
blanas ST bl S sl ol
ol sls ad 5 r))}d)‘)fﬁ}) slel
Jols Solo 4 pslie Glalman (D L)
S5 a5 S S s VOYBY 5 4 gl ¥
b bcamear ol ples odias Ol o5 aws S
Lo 3 YO 51 S (golew Dol sl ils
i (el &5 s (6 )las 5 p gl 5 L
O JKe 58 Jgd) Lo g bilumer plo b
Jafari) O, as 5 @ inr b b ans ol
El bl il Sl (e al, Y0V E
el Camer YO gy S i
5558 0 0 > ((Onobrychis vicifolia
5 a8l Gl amanr 4T sl plail Ol
Foslie oley Db e li mals bl S
Al O pees e Lo
S5 domi
CW)>4§>\>QWJ¢BL§:.E>J@L:J
b 4 107PF 5170 s Comax
5 s e r)f}l;/\%/\,‘\\’ﬂ
S 3 oSCas wbsle p 8 LS ¥ OV 5 ¥ FA
Fdseme 55 S blaer ple s o
e oSobe b Camer 53 ol Js s
ol S lyls NDF ws s ol



4

@ 5le 015, 5LaS" sk a2l b I b
5 a3 b Okl g5 Dbl g 1 LIS
g Bra ) S de Galame
Sl Rl
b Jor Do o go 3l Aoy
ol Sl e el bl piST Wle
..njfu.e EIESRtIp e



A QL VW aly =+ ¥ o)l =YY 000« (£155 B0 9317 S gy 4 pid»

References

Alizadeh, M.A. and Jafari, A.A. 2013. Evaluation of sainfoin (Onobrychis
viciaefolia) with response of powdery mildew (Leveillula taurica) in field
condition. Jounal of Research. Genetic and Plant Breeding Of Forest and
Rangeland Plants, 28(1): 48 -58. (In Persian with English Summary).

Alizadeh, M.A., Jafari, A.A., Hesamzadeh Hejazi, M., Sadeghi,SE., Arefipour, M.R.
and Amirkani, M. 2012. The assessment for powdery mildew resistance in
populations of Onobrychis sativa, Publication of Research Institute of Forest
and Rangeland. Final report, p: 1 -158. (In Persian -Abstract in English).

Alizadeh, M.A., Sepahvand, K. and Jafari, A.A. 2013. Study the yield, quality, and
infection index to powdery mildew disease in local populations of sainfoin
in condition of Lorestan province, The Journal of Applied Crop Breeding, 1
(2): 73 -86. (In Persian with English abstratct).

Behdad, E. 1996. Encyclopedia of Plant Pathology of Iran, Second Edition. p:
1509 -1510.

Correll, J.C., Gordon, T.R. and Elliott, V.J. 1987. Host range, specification and
biometrical measurements of Leveillula taurica in California. Plant Disease,
71:284 -251.

Horswal, J.B. and Cowling, E.B. 1978. Patometery: The measurement of plant
disease. (Horswal, J.B., and Cowling, E.B. eds.), Plant disease: an advanced
Treatise. Vol 11. How disease develop in population, New York: Academic
prees.1978. p 36 -119.

Jafari, A.A., Rasoli, A., Tabaei -Aghdaei, S.R., Salehi Shanjani, p. and
Alizadeh,M.A. 2014. Evaluation of herbage yield, agronomic traits and
powdery mildew disease in 35 populations of sainfoin (onobrychis sativa)
across five environments of Iran, Romanian agricultural research, 31:1 -8.

Jafari, A.A., Connolly, V., Frolich, A. and Walsh, E.K. 2003. A note on estimation
of quality in perennial ryegrass by near infrared spectroscopy. Irish journal
of agricultural and food research, 42: 293 -299.

Javadi, H., Jafari, A.A., Ramazani yeganeh, M. and Amirkhni, M. 2017. Genetic
variation for yield, agronomic and quality traits in different accessions of
sainfoin (Onobrychis sativa), Iranian Journal of Range and Desert Research,
23(3): 417 -429.

Maurice, E., Robert, H., and Darral, S.M., 1985. Forages. The Science of Grass
Land Agriculture. 4th Ed. lowa State University Press (Ames), [owa, USA.

Mohajer, S., Jafari, A.A. and Nakhjavan, S.H. 2007. Evaluation of variation in
forage yield and morphological traits in sainfoin (Onobrychis vicifolia Scop)
- using factors analysis, The proceeding of 10th Congress, Iran Agriculture



and Plant Breeding, The Research Institute of plant breeding and preparation
of seedlings and seed, Karaj, Iran.

Naseri, B. and Marefat, A. 2008. Seasonal dynamics and prevalence of alfalfa
fungal pathogens in Zanjan province, Iran. International Journal of Plant
Production, 2: 327 -40.

Naseri, B. and Alizadeh, M.A. 2012. The assessment for powdery mildew resistance
in populations of Onobrychis sativa, Publication of Research Institute of
Forest and Rangeland. Final report, p: 1 -39. (In Persian -Abstract in English).

Sepahvand, K., Moridi, M. and Nazari, S. 2000. Evaluation and identification of
powdery mildew of range land plant in Lorestan province, Research project
Final report , 2000,: 58 -71.

Sepahvand, K., Alizadeh, M.A., Karimifar, M.A. and Yarahmadi, B. 2012:
Publication of Research Institute of Forest and Rangeland. 1 -86. (In Persian
Abstract in English).

Sharifnabi, B. and Banihashemi, Z. 1990. Study of the Leveillula taurica, the
incident of sainfoin powdery mildew in Esfehan province. lranian Journal
of Plant Pathology, 26:7-9.

¢



«Appliied Research im Field Crops» Vol 32, No.02 , 2019

Evaluation of quantitative and qualitative traits and resistance to powdery
mildew pathogen in populations of sainfoin plant (Onobrychis vicifolia)

M. A. alizadeh", M. R. Moeini?, A. Ashraf Jafari’, M. kamel*

1. Corresponding author, Associated Professor, Natural Resources of Gene Bank Group, Research
Institute of Forests and Rangelands, Agricultural Research Education and extension Organization
(AREEO), Tehran, Iran. (Corresponding author)

2. High expert of weed science, Department of Plant Protection, Zanjan agriculture and natural recourse
and education center, Agricultural Research Education and extension Organization (AREEO), Tehran,
Iran.

3. Professor, Rangelands Research Division, Research Institute of Forests and Rangelands, Agricultural
Research Education and extension Organization (AREEO), Tehran, Iran.

4. High Experts of bean breeding, Director of Department, Zanjan agriculture and natural recourse and

education center, Agricultural Research Education and extension Organization (AREEO), Tehran, Iran.

Received: February 2018 - Accepted: August 2019 - DOI: 10.22092/aj.2019.120789.1257
Extended Abstract

Alizadeh, M. A., Moeini, M. R ., Ashraf Jafari, A., Kamel, M. Evaluation of quantitative and qualitative
traits and resistance to powdery mildew pathogen in populations of sainfoin plant (Onobrychis vicifolia)
Applied Research in Field Crops Vol 32, No. 02, 2019- Page: 4-6: 1-12(in Persian)

Introduction: Powdery mildew is an important disease in the major crop
growing areas of Iran. It is mainly caused by the fungal pathogen Leveillula
taurica in the asexual form of Oidiopsis taurica. This fungi is capable of infecting
over 700 plant species belonging to 59 families including pepper, tomato, alfalfa
and cotton (Correll et al., 1987). The symptoms of this disease consist of the
appearance of necrotic spots with white mucous membrane covering leaves, plant
growth retardation, falling of infected leaves, the formation of wrinkled tiny seeds,
which consequently results in the reduced crop yield (Sharifnabi and Banihashemi,
1990). The disease has been detected in different growing areas of sainfoin in
Zanjan province.

Material and Methods: In this research, the seeds of 17 populations of
Sainfoin were sown using randomize block design with thee replications at the
experimental field of Khirabad station affiliated with agricultural and natural
resources research and education center of Zanjan province from 2014 to 2016.
The quantitative traits evaluated for three cutting schedules over the three years
included: fresh and dry forage weight, medium infection percentage and disease

Email address of the corresponding author: Alizadeh202003@gmail.com
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severity index (DSI) of the populations. The qualitative traits investigated in the
study included: crude protein (CP), dry material digestibility (DMD), water soluble
carbohydrate (WSC), insoluble fiber in acid detergents (ADF), insoluble fiber in
neutral detergents (NDF), ash content (ASH) and crude fiber (CF).

Result and Discussion: The mean comparison for results of the first year of the
experiment showed that fresh weight for the populations of 15364 (7467 kg ha
1, 1601 (6298 kg ha'), polycross (6286 kg ha'), 2399 (6231 kg ha') was higher
than the other populations. In the second year, the populations of 9263, 15364,
Osnavia and Polycross produced fresh weights of 1904, 1516, 15024 and 14455
kg ha' respectively. In the third year, the populations of 9263, 3800, 1601 and
15353 had the highest forage fresh weighs of (8938, 8569, 6186 and 6024 kg ha
1, respectively. The results of the first year showed that forage dry weight of the
populations 15364 (1816 kg ha'), 1601 (1575 kg ha), 2399 (1569 kg ha'), and
9263 (1507 kg ha') were higher than the other populations. In the second year,
the forage dry weights of the populations 9263, 15364, 1601 and Oshnavieh were
7030, 6674, 5937 and 5203 kg ha', respectively which were higher than the other
populations. The populations of 9263, 3800, 8199 and 1601 had the highest forage
dry weight of 2640, 2567.6, 1647.3 and 1630.8 kg ha’', in the third year compared
to the other populations. Two populations of 15364 and 1601 with average fresh
forage yields (9240 and 8608 kg ha') and dry forage yields (3048 and 3057 kg ha
) produced higher yield as compared to the other populations. Three populations
of 3001, 15353 and Oshnavieh were tolerant to powdery mildew disease due to
low disease severity index and had high quality forage due to high dry material
digestibility. These results are in conformity with those of Alizadeh et al., (2012)
who concluded that three populations of 3001, 15353 and Oshnavieh were tolerant
to powdery mildew disease due to low disease severity index. The dendrogram
of cluster analysis and principal component analysis (PCA) identified three
populations of 3001, 15353 and Oshnavieh, as superior than other populations for
their tolerance to powdery mildew disease.

Conclusion: Bases on the results of the study, it was concluded that some
populations such as 3001, 15353 and Oshnavieh, were superior than the other
populations because of their tolerance to powdery mildew disease and medium
forage production. These three populations had high quality forage due to high dry
material digestibility.

Keywords: Sainfoin, powdery mildew, Leveillula taurica, tolerance, yield and

forage quality
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