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Assessment of relationships among traits and evaluation of forage yield
potential in the genetic resources of forage grasses of the National
Plant Gene Bank of Iran
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Table 1. Genetic resources of annual and perennial forage grasses investigated in this
study and their accession number in the National Plant Gene Bank of Iran
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Annuals Origin Perennials Origin
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Accession No. Species N Species
Ol go= Ol ko= LT
Bromus Ol
10TN00012 Bromus tectorum Ilam,Dehloran, 10TN00040 catharticus Germany
Mousian
S Olgio!
10TN00013 Bromus tectorum == 11TNO0011  Dactylis glomerata oo
Ilam Esfahan
e . ol il
10TN00026 Bromus TR TN00008 Phecalaris Soled
Danthoniae Kordestan-Sanandaj tubersoa Esfahan-Lenjan
. ST o) lain]
10TN00036 Bromus ° 12TN00009  Phalaris tubersoa S oletel
madritensis Germany Esfahan-Lenjan
. =olJT . Olgao!
10TN00039 Bromus diandrus 12TNO0012  Phalaris tubersoa
Germany Esfahan
) ) Ol Olgins!
10TN00049 Bromus secalinus 13TN00016  Festuca pratensis )
Esfahan-Lenjan
plr om0l > olT
12TN00013 Phalaris tubersoa Khorassan-Torbat 13TN00020  Festuca pratensis
Germany
Jaam
L s . ot !
14TN00038 Lolium rigidum sl dmleN00017 Lolium SOl
Charmahal Bakhtiyari multiflorum Esfahan-Lenjan
o ek Ol 5 Slginol
14TN00052  Lolium rigidum S et Sl 14TNO0019  Lolium persicum Jee
North Khorassan Esfahan
s = e Ol LT
14TN00054  Lolium rigidum Sl ol 14TNO0061  Lolium X hybridun °
North Khorassan Germany
O sl Ol
Bel— | ; 2
14TNO0072  Lolium rigidum S ey 14TN00076 Lolium Esfahan-
Ardabil-Khalkhal multiflorum
Chadegan
Fok )
14TN00089 Lolium persicum Lorestan-Pol e
Dokhtar
Fmok )
14TN00091 Lolium rigidum Lorestan-Pol e
Dokhtar
j olisle
14TN00098 Lolium S
temulentum Kermanshah
o0
Jolgeh Hordeum vulgaris o
Iran
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KC126013 Lolium o
temulentum Iran
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Table 2. Descriptors and method of their measurement during the evaluation of forage grasses

(Sliw ) o 5
Descriptors

Sl
Traits

1 ool 4 G sl 3l
1- Erect to 9- prostrate
-l -0 b oS s
1- Very low to 9- very high
1= ol -8 G pslis
1-Tolerant to 9- sucesptible
SPAD-502Plus (Konica Minolta™, L s ;s S ai 55 PSRG9 SENERNEW
Mean of 30 flag leaf at flowering per accession by SPAD-502Plus (Konica Minolta™ , Jpan)

LI-Cor ™, Inc. Lincoln, Nebraska, :o&zus Jou g sl 55 S50 505 5 o E ¥ oo 5,8 o510
USA
Mean of 30 flag leaf at flowering per accession by LI-CorTM; Inc. Lincoln Nebraska, USA
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To determine specific leaf area, the computed leaf area was divided by its dry weight. (the

materials were dried in an electric oven at 65 °C for 24 h)

A dales ey 4y 0359 ol 5 55 ol
The days were calculated from 21th March onwards
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It was measured by GreenSeeker device according to Pettorelli (2013)'s method. It was the

mean obtained from three time measurements at the height of 30 cm above the canopy at
flowering

Gwoouﬂubﬂ\ﬂa... ou\W%%hOHmﬁu%uqurﬂxv. 2SS s (s Gl a5 by L g sl
Cele FA ¢l u_gWunrz a3 Ve
It was calculated based on the cut of the forage from two middle lines of each four-row plot
at 50% flowering, which was followed by weighing and then drying of 300 grams of forage
sample in an oven at 65 to 70 °C for 48 h
Aol
Centimeter
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Stem hight was measuraed 14 days after each cut, the measured data was devided by 14
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Table 4. Mean comparison of the genetic resources of annual forage grasses based on Duncan's analysis for dry forage yield,

plant height at flowering, and days to flowering in each year
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Result of grouping simple analysis in each year
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}@JJ?UJ'}) Slds Slee

=

In each column, different characters show significant differences among samples
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Dry forage yield UJm forage yield Plant height at (" Gas)Js! Days to 50% w..
(g/m?), first year (g/m°), second year flowering, first Plant height at Days to 50% flowering, second \q
year (cm) flowering, second flowerig, first year N
year (cm) year . .,. A»u
10TN00012 423.7 4ex 141.6 " 72.5 50.8 36" 38.5% : i
10TN00013 230.8° 155.3 bede 62.5" 43.0" 3555 33" Do
10TN00026 431.2°% 188.6" 71.3% 48.7%4 39.5 % 41 nmL 4
10TN00036 657.0%° 125.0 cdef 68.8° 35.09 4] e 35¢f
10TN00039 846.9 * 28237 93.8% 44,8 38.5bed 345°¢
10TN00049 54525 196.6° 80.0 2bedef 39,0 46° 34
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14TN00054 526.6 %% 107.7 % 88.8 abed 58.3 % 339 49 D
14TN00072 727.5%® 151.2bcde 86.3 *bede 487 %d 43 50.5° " n\w
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Table 5. Mean comparison of the genera of genetic resources of annual forage grasses for
some agronomic traits over two years based on Duncan's analysis
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Genus comparisons Dry forage yield (g/m?) U\mv\m to 50 % (e 5l)
owering Plant height at
flowering (cm)
Bromus 24 348.4° 37.7° 59.2°
Hoedeum 4 503.2° 40° 82.5°
Lolium 32 286.0° 435° 742 %
Phalaris 4 270.0° 38° 70 *
AEL g 4303 55 L I3 ine sl ains OLES wlizali oy > O gt o )3
In each column, different characters show significant differences among samples .
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Figure 1. Distribution of genotypes (with number assignment) and species of annaual forage
grasses in biplots derived from the first two factors in factor analysis
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Figure 2. Distribution of genotypes (with number assignment) and species of annual forage
grasses in cluster analysis based on Ward's method
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Table 6. Mean comparison of some agronomic traits for the species of genetic resources

of annual forage grasses over two years

$5 IS S ke s Shas c»aw%»mtm&g_ Loy3 00 b 5y laas
Species Replications AQ\.\,&\. ?Wv (o W) rw?;W
Dry forage yield Plant height at Days to 50 %
(g/m’) flowering (cm) flowering
Bromus Danthoniae 2 297.5° 69.3%° 36.5°
Bromus diandrus 2 526.8° 60.0° 40.3°
Bromus madritensis 2 337.8° 51.9° 38.0°
Bromus secalinus 2 349.1° 59.5%° 40.0°
Bromus tectorum 4 226.0° 57.2% 35.8°
Hordeum vulgaris 2 503.2% 82.5° 40.0°
Lolium persicum 2 306.4° 76.2°° 42.8°
Lolium rigidum 10 292.8° 70.5%° 43.4°
Lolium temulentum 4 259.7° 82.4° 44.1°2
Phalaris tuberosa 2 270.2° 70.0%° 38.0°

Lol s Loy 0 or..,su_Lrhv._ﬂrszuur.\%.“_uCHG\.CXFL\.&%?CU&u_»%ﬁugo&buorﬁfﬁ?cﬁuxvo%z\puuwm

In each column, different characters show significant differences among samples
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Table 7. Correlation coefficients between the traits in annual forage grasses

o525 ek arls b s Shes O b gy sl 52 il plisf atls 4 Clas L) Oljee
&£, gty &, DryeSas A s aulE S s Growth
Special &£, Leaf forage Days to Plant S Lodging rate
Sl leaf SPAD area yield 50% height at Index sensitivity
Traits area index flowering flowering NDVI
Ly Sosle -0.34 0.368 0.118 -.363% 0.145 -0.14 -0.242 -.688%* -0.087
Growth habit
Loy Ol e -0.14 -0.22 .383* 0.391* -0.07 558%* -0.559** 0.297
Growth rate
28 4 Sl 0.194 -0.26 -0.33 0.361* -0.23 0.228 0.181
Lodging sensitivity
GL.W Dby Larls 0.27 -0.04 -.374% 0.254 0.146 -0.446*
NDVI index
Bl gl -0.05 -0.13 0.422% 0.487%* 0.022
Plant height at
flowering
Al s b 0452% 005  0.116 0.233
days to 50% flowering
5ot b gle 5 Shas 0.232 -0.34 0.345
Dry forage yield
PN& mw.r.x -0.06 0.022
Leaf area
Ly e 014
SPAD index
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Table 8. Results for factor analysis of the genetic resources of annual forage grasses based on the mean of

Jols=
Factors
b elsly
Parameters 1 2 3 4
JS e ol 3.2 2.5 2.4 1.7
Total eigenvalue
by Ay 26.7 20.7 20.4 14.4
Percentage of variance
obols (e Ao s
Cumulative percentage of 26.7 47.4 67.8 822
variance
Eigenvectors
i 4 he 3 Sles 0.98 0.13 -0.08 0.07
Dry forage yield
Fgle s Sles 0.92 0.27 0.10 0.23
Fresh forage yield
P2 Sl gl 0.39 0.44 0.59 0.25
Plant height at flowering
A Ay el 0.35 0.13 -0.88 0.00
NDVI index
A0 5, 0lus 0.34 -0.01 0.03 0.77
Days to 50% flowering
& gl 0.25 -0.52 0.50 0.29
Leaf area
Ao Ol 0.17 0.16 0.85 -0.02
Growth rate
& oy o 0.08 0.20 0.02 0.90
Specific leaf area
RIIEY as 0.03 0.94 0.09 0.17
Lodging sensitivity
o Ja S el
SPAD index -0.03 -0.54 -0.58 0.00
Ly el -0.30 -0.79 -0.08 -0.11
Growth habit

two years data
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Table 10: Mean comparison of the genetic resources of Perennial forage grasses based on Duncan's analysis
for dry forage yield, Plant height at flowering and days to flowering

45 S5 sl 4 gle > Slas G 5oy shias 5 8l plis
Species Replication (. 8) eSCest o aulS Grestil) oulS
S g ot Dry foage Aoy Plant height at
Accession number y1<“,12(f1>!< Days to flowering (cm)
(g/m”) 50%
flowring
10TN00040 Bromus 4 373.0 ¢ 4234 86.9
catharticus
11TN00011 Dactylis 4 390.2 < 50.8 < 88.0 %
glomerata
12TN00008 Phalaris 4 594.0° 51.5 e 67.4¢
tubersoa
12TN00009 Phalaris 4 527.4 b 66.3° 80.6
tubersoa
12TN00012 Phalaris 4 803.1° 59.9% 75.3%
tubersoa
13TN00016 Festuca 4 530.1% 44.5< 97.3°
pratensis
13TN00020 Festuca 4 327.1¢ 54.8 @cd 7529
pratensis
14TN00017 Lolium 4 340.6 ¢ 59.5% 90.6%
multiflorum
14TN00019 Lolium 4 410.5 < 53,8 2bed 87.9 e
perszcum
14TN00061 Lolium X 4 332.6 ¢ 57.83be 67.3¢
hybridun
14TN00076 Lolium 4 338.4¢ 50.5 bed 79.4 ¢4
multiflorum

Jﬁl{@ﬁ}aﬁ))&ﬁ)l:@xﬁ@}u]o-\lﬁébwA{Li.inlig_}}fb}:.ﬂjh)éiﬁ‘r

In each column, different characters show significant differences among samples

oy g 4o QLS ol Lla § )5 oslizal
b bl CiS Sppe w by puies Sl
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Christie & McElroy, 1995; Watson &)
S ge S5 s ses (Dallwitz, 1992
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Table 11. Mean comparison of the genera of genetic resources of perennial forage grasses
for some agronomic traits based on Duncan's analysis

G ey sldws

A s sl gl g Koz s gle s Slae
i Slglie sl (2 5 e (o2 05)
Genus No of Compressions g([;t:; r}llzlgg?ct 1?1; 15)613;: ;(; Dry f(ogl;?i;)weld
flowering

Bromus 4 86.9° 42.3° 373.0°
Dactylis 4 87.9° 50.8% 390.2°
Festuca 8 86.2° 49.6% 422.5°
Lolium 16 81.4° 554° 354.9°
Phalaris 12 74.4° 59.2° 636.3°

ML;SA AJ.}-Q.;}:;;:!)'}L;.&A Soal edkias OLiS AJLC..;»L: g}_’j’ R LR
In each column, different characters show significant differences among samples

Sz 514l sl o5, S5t S5 e sl 65 53 515 Dl 5 S0k sl VYt

Table 12. Mean comparison of some agronomic traits for the species of genetic resources of perennial forage

grasses
Solaglie slaas ez dgles S Al 55 bl plis| SolE L0 bg,ynlue
Numbgr of (g 5 2 rJf) (o SL) Days to §0%
S5 comparisons Dry forage yield Plant height at flowering
Species (g/m2) flowering (cm)
Bromus
catharticus 4 373.0° 86.9° 42.3°
Dactylis
glumerata 4 390.2a% 88.0° 50.8 %
Festuca pratensis 8 4225 86.3° 49.6%
Lolium
multiflorum 8 339.5° 85.0° 55.0 %
Lolium persicum 4 4105 87.9° 53.8%
Lolium X
hybridun 4 332.6° 67.3° 57.8°
Phalaris tuberosa 12 636.3 ° 74.4° 59.2°

Ll o & sed 93 o I3 Sme S glE o dias OLES wlazel oy o O grw a5 1k

In each column, different characters show significant differences among samples

Vs Shes ghls (S5 lass god ¢ Guioss !
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el 5L ale YL g Joily b (ol
A S, slan Sd (gl g
(S5 s duslie 53 b ols Lus 3
B. diandrus« S 31\ +TN00039 S 545 pos
Lsls QL |y digle A g5 o i g ol pen 4
(F Jpae) w8 515 058 cp 5V s
SLdises &S das o Ol F Jgu> 4 4> g

5 o i Jle 55,8 55 s 3 TN0003910

"

Jafari & Naseri, 2007; Majidi ef) i
odd S5 (al., 2015; Saeidnia et al., 2016
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w8 15 08 K 5 b ol
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Table 13 .Correlation coefficients between the traits in prennial forage grasses

Sliw psphe  gatls Soabe 58Sl W, e > Shee G 5y sl oS plis,l el
Traits &£, Jeis Leaf % le Regrowth % le AU D AU s S
Specific &£, area Ses rate Sis Days to Plant ks
leaf SPAD Yo Vo 50% helght' at
area index = = flowering  flowering NDVI
Dry Dry .
f f index
orage orage
yield yield
(2" (1™ cut)
cut
el -0.183 - 0.326 -.610% 0.037 0.873%* 0.512%* 0.004 0.650%*
SRR
. 0.489*
Growth habit
Dby asle 0.041 -0.157 0.3 -0.363 -0.029 0.630%* 0.139 0.26
S
NDVI index
Sl glis | -0.005 -0.13 625%*%  -0.367 0.387* 0.641%** -0.082 -0.082
6&.,\.1?)5
Plant height at
flowering
100G 5y sl -0.314 0.057 0.254 -0.217 0.086 -0.222
A
Days to 50%
flowering
st s Shes -0.067 - 0.479*  -0.504 -0.026
0.563*
Vo
Dry forage
yield
(1* cut)
e 0.263 0.22 0.737** -
o 0.488*
Growth rate
o Sy Sle -0.052 0.221 -0.318
Y
Dry forage
yield
2™ cut)
&£, o -0.213 0.279
Leaf area
J iS5 Jesla 0.181
&,
SPAD index

ew):bcla,w):‘_g)\:s‘”:smw):g&iclad):‘_g)\:s:;u:sﬁ*
Significant at 1% level, *: Significant at 5%**
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Table 14. . Results for factor analysis of the genetic resources of perennial forage grasses based on the mean
of two years data

Jolse
Factors
b el
Parameters 1 2 3 4
JS e olas 5.8 33 2.7 1.7
Total eigenvalue
bl Ao ys 36.0 20.8 16.9 10.7
Percentage of variance
lols G Ao 36.0 56.8 73.7 84.4
Cumulative percentage ofvariance
Eigenvectors
Vo 5 e 5 Slas 0.99 0.04 -0.08 -0.07
Fresh forage yield (1% cut)
Yo i e > Sl 0.97 -0.02 -0.09 0.00
Dry forage yield (1* cut)
Loy Ol e 0.94 0.13 -0.01 -0.05
Growth rate
P iy etls 0.80 0.23 0.05 -0.45
NDVI index
_ 0.76 -0.43 0.26 0.12
6&.\15).5 4l tb'ﬁ)l
Plant height at flowering
Y o S 4 e 5 Sles -0.09 0.97 -0.16 0.07
Dry forage yield (2™ cut)
Yo 5 dsle Slas 0.17 0.92 -0.29 -0.07
Fresh forage yield (2™ cut)
) 0.01 0.84 0.23 0.16
Ly Ce
Growth rate
_ 0.41 0.42 -0.42 0.36
& posy pdaw
Specific leaf area
_ -0.03 -0.08 0.97 -0.04
\ k;,.:91-Lgtxs.,\.lflb"/. U gy sl
Days to 50% flowering (1* cut)
_ -0.07 -0.02 0.97 -0.02
Y e @.&K‘/.é'daj}) sldas
Days to 50% flowering (2™ cut)
_ 0.53 -0.18 0.55 0.11
o o
Leaf area
o, Ja S Lasls -0.18 -0.11 -0.08 0.80
SPAD index
0.16 0.36 0.09 0.78

0 pod Ly Dosle

Growth habit
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Figure 3. Distribution of genotypes (with number assignment) and species of prennial forage
grasses in biplots derived from the first two factors in factor analysis
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Figure 4. Distribution of genotypes (with number assignment) and species of prennial forage

grasses in cluster analysis based on Ward's method
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s sAi (Abbasier al., 2019) o
Oeomen 5 (Abbasi, et al, 2017, 2018)
Kolliker et al.,) logde O, G,
A dsdr 4 am g b Sl ods plnil (1999
AU e Dol Jele &5 550 e adie
Sl 3l pgs Jolo 5 wbsle s Shes I 1,
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2 O USD) ¥ 5 alse 5l ool OB b
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2 A o el s e 53 14
AU s bl Job Cdo |y wle 5 Slae
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S ls olas (VY Jads) 1y wdgde 5 Shee
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o3 kxsls |y M g o xi Phalaris tubersoa
Jsb 6,5 il 3 eslial b S Dlidos
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Introduction:

Forage grasses comprise a large group of annuals and perennials, which belong
to Poaceae family all over the world. In many countries, these crops are used
as grazing, haylage, silage and cultivated in mixed cultures with forage legumes.
However, there is limited utilization of these forages in Iran, given the fact that the
use of these crops has only started in the recent decade in the country. A preliminary
characterization of 280 accessions of forage grasses has been performed. The results
showed that among species, there is a significant variation of crop characteristics
such as high stem height, growth rate and forage production in the cold months
of the year, which will enable use of this variation in agricultural systems along
with forage agricultural species. (Abbasi, 2013; Abbasi et al.,2009). The object of
this study was to evaluate potential of forage yield production and to survey the

relationships among agro-morphological traits and forage yield. Finally, attempts

were made to identify and propose the superior germplasms for utilization based

Email address of the corresponding author: m.abbasi@areeo.ac.ir
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on multivariate analysis procedures.

Materials & Methods:

The research was conducted in two experiments, one for annuals (15 accessions),
and the other for perennials (11 accessions) in a complete randomized block with
two replicates in October 2015 in Mashhad. Annuals were planted in the second
year as well. Agro-morphological traits were evaluated according to standard
descriptors(IPGRI, 1985). Data were analyzed with ANOVA. comparison of mean
was performed using Duncan's test. Correlation coefficients among traits were
calculated using Spearman’s method. Factor analysis and cluster analysis were
conducted.

Results:

Annuals: ANOVA showed significant differences for dry forage yield within
accessions. Accessions 10TN00039, 14TNO00072, and 14TN00091 as well as
Broms diandrus showed the highest dray forage yield based on Duncan analysis.
Whereas, all genus located in the same rank for this trait. The correlation analysis
showed a positive significant relationship between dry forage yield and Plant height
at flowering and growth rate. Factor analysis indicated that 82.2% of community
variance was explained by first four factors. Accessions with high forage production
and low susceptibility to lodging were identified by the biplot of the factor 1 and
the factor 2. Cluster analysis grouped the materials into 4 groups.

Perennials: ANOVA showed significant differences for dry forage yield.
Accession 12TNO00012, species Phalaris tuberosa [1Lolium persicum, and
Festuca pratensis, and genus Phalaris showed the highest dray forage yield
based on Duncan analysis. The correlation analysis showed a positive significant
relationship between dry forage yield and NDVI and leaf area. Factor analysis
indicated that 82.4% of community variance was explained by first four factors.
Accessions with high forage production and re-growth rate were identified by the
biplot of the factor 1 and the factor 2. Cluster analysis grouped the materials into
3 groups.

Discussion:

The superior germplasms (high yielding) were proposed in both groups of
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annuals and perennials. Among the annuals, the Plant height at flowering trait can

be used as an estimator for forage yield; it can also be proposed in the first cut for

the perennials. However, NDVI can be used for this purpose in the both groups.

The resultant biplot confirmed the comparison of means, however it showed other

aspects of the germplasms that could not be determined by comparison of means.

This finding was proposed to select superior accessions for utilization. Ultimately,

the superior germplasms were proposed as following: Among the annuals:

10TNO00039(Bromus diandrus), 14TN00072 (Lolium rigidum), and 14TNO0009 (L.

rigidum); Among the perennials: 12TN00012 (Phalaristuberosa) and 13TN00016

(Festuca pratensis).
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