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Table 1- Analysis of variance of 148 varieties of barley for 14 traits related to the quantity and quality of forage in normal conditions

Mean Squares s, o 55k 5T amys e e
DM WM H TIL Se/F L/St ASH ADL NDF CF ADF WSC CP DMD DF Source of variance
1.66**  1.05ns 22.38ns 0.14* 5.43* 0.0001lns 2.96** 93.73** 257.72** 0.0lns 40.60** 80.04** 10.68** 19.66ns 1 Repjl‘ijcgastion
0.10ns  1.86ns 22.55**  0.05ns 1.61* 0.0009ns 0.04ns  4.35ns 10.20ns  1.20ns  5.75ns 4.86* 0.80ns 4.85ns 20 (LS9 J’L .
Block (Replication)
1.03** 10.92** 100.12** 0.28** 28.64** 0.0121** 0.46** 27.41** 4526** 6.87** 23.15** 13.99** 5.09** 252** 147 Cuﬁi)\/ar
0.11 1.52 9.27 0.03 0.83 0.0007 0.07 6.50 9.70 1.36 5.36 2.86 0.89 5.63 127 &Eir‘ofua}
1032 1099 359 631 623 1056 403  9.25 570 272 855 820 1081 4.8 - (“ﬁ(’:\j‘@ifﬁf*
Aoy 0 ) Jlea| C}la.ﬂ 3,3 Gme S S gk

@ &5, s LISt ¢ 2S5 a3 ASH ¢unl o 53 &I ADL ¢ s oy 53 U NDF sl b CF tont oy 38 SUIADF 0T s Jslows 8 lalydn WSC s 55 CP et o3l s <5 DMD
e i 055 DM tsle 5055 WM 665 15,1 H 65 53 aomy sl TIL ¢ yle 4 15 oo SefF sl

DMD, dry matter digestibility, CP, crude protein, WSC, water soluble carbonates, ADF, acid detergent fiber, CF, raw fiber, NDF, neutral detergent fiber, ADL, acid detergent lignin,
ASH, percentage of ash; L / St, leaf to stem ratio, Se / F, seed to forage ratio, TIL, tiller number per plant, H, plant height, WM, fresh weight of forage, DM, dry weight of forage.

SRl Al gloe Ll 5 53 sle CohS 5 CeS 4 by Cho VF sl o35 VFA il 4 <Y s

Table 2- Analysis of variance of 14 traits of 148 varieties of barley for forage quality and quantity in terms of foliar manganese
Mabu"g@ﬁ‘ﬁ 35T ar o =5l
ean squares .

DM WM H TIC SelF /St ASH _ ADL NDF CF ADF WSC CP DMD DF Source of variance
0.65%* 222ns  297.02**  0.17*  73.45%% 0.0334** 2.00** 45.97** 460.85** 0.66ns 215.70%** 63.61** 46.57** 12519%** 1 Repjl‘éﬁon
0.13ns  2.74*  52.55%*  005ns  1.14ns 0.0009ns -0.04ns 5.62ns  12.15ns 1.32ns  11.41%*  7.08%*  1.92*  10.13** 20 Blocﬁ'ﬁe’pf::tion)
0.92%*% 13.32%% 112.84** 0.25** 2566%* 0.0053** 0.44** 26.03** 47.74** 831** 1855%* 14.01** 4.30**  18.63** 147 Culvt?v .

009 165 13.46 0.03 073 00008 008 517 8.98 1.82 3.89 258 1.02 3.74 127 WE;r‘Of”"

) (e 53) Dl i oy 2
521 3.09 6.54 8.88 9.71 3.60 CV (%)

Aoy 0 ) Jlasl C}la..» 313 g o Sy g

9.57 11.37 4.45 6.57 8.17 10.55 4.33 8.33
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Table 3- Analysis of variance of 14 traits of 148 varieties of barley for forage quality and quantity in terms of foliar manganese

Sla e e s S
Mean Squares eslsT
DM WM H TIL Se/F L/St ASH ADL NDF CF ADF WSC CP DMD ’

0.74* (g3ns 828.39* 030 2448.69* 01300 9.25° geyns 113142 9021 1338.23° B869.65 40437 1252.08 1 Conditions (=es) 12

(Environment)
1.15* 163rs  159.74*= 0.15*  39.44*  0.0042** 2.48 69.85** 359.29** (34ns 128.15* 71.82*  28.63** = 72.42 2 (Replication) ,i &
0.12ns 2.30¢ 37.55 0.05* 1.38Ms 0.005"™s  Q06™s  4.94ns 11.17"s 1.26"s 8.58 5.97* 1.36" 7.49* 40 Block (s X)‘Jg:) sk
(Replicationx Environment)
1.40** 16.58* 159.19** 0.32**  36.45*  0.0090** 0.58* 35.96** 60.22** 10.04** 23.67**  16.78**  5.39** 23.55* 147 o
Cultivar
0.56* 7.53*+ 5581+ 0.21=  17.45*= 0.0083** 0.31** 17.22* 31.54** 507  17.64v=  10.65~  4.03" 16.47~ 147 (Ll ) o)
Cultivar (Conditions)
Lgi.g_b)'TdUa:'-
0.10 1.59 11.36 0.03 0.78 0.0004  0.08 5.83 9.34 1.59 4.62 2.72 0.96 4.69 254 £
rror
996 11.18 4.03 6.44 7.05 8.08 4.18 8.81 5.45 291 7.52 8.52 10.22 3.92 - C\’;"(:y')"é
0

Ao 530 ) Jlad C}la..ﬂ)sjlssbu P
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Table 4- Simple Phenotypic Correlation 14 Characteristics related to the quality and quantity of forage in 148 barley cultivars under normal conditions

WM H TIL SelF L/st ASH ADL NDF CF ADF WSC CP DMD
-0.225** CP
-0.507** 0.697** WSC
-0.790** 0.381** -0.960** ADF
0.277** -0.287** 0.167** -0.140* CF
0.465** 0.648** -0.790** 0.530** -0.518** NDF
0.707** 0.351** 0.080ns -0.301** 0.340** 0.213** ADL
0.021ns  0.008ns -0.525** -0.012n.s .~ -0.030ns 0.089ns 0.061ns ASH
-0.026ns  -0.211** -0.016ns -0.154** 0.204** -0.144* 0.111ns -0.271** L/st
-0.261**  0.007ns  0.025ns  -0.079ns 0.025ns -0.139* 0.237** -0.250** 0.117* Se/F
-0.184**  -0.089ns  0.096ns  -0.035ns  0.120* 0.063ns -0.131* 0.024ns 0.054ns 0.191** TIL
-0.162**  -0.479**  0.103ns  0.033ns  0.015ns  0.223** -0.029ns 0.298** -0.370** 0.146* -0.293** H
0.584**  0.247**  -0.727** 0.370**  0.138* -0.10lns  0.007ns -0.127* 0.120* -0.176** 0.236** -0.115* WM
0.778** 0.559**  0.223**  -0.646** 0.112ns  -0.046ns  -0.139*  -0.115% 0.016ns -0.012ns -0.021ns 0.037ns 0.029ns DM

Ao 30 ) Ju}\cjjd.n)b)\b&%j@i‘k}*{s
¢ S Ao ys ASH ¢l o 43 58I ADL ¢ s o 4 U NDF tpls b CF ¢guitolsy 55 U ADF ¢0T s Jglows o 87 glasl e WSC s 55 (CP 4680 03ls a6 DMD
gle oSas 055 DM le 5055 WM 65 gl )l H 665 53 oy 31w TIL b le 4 wls o SBIF tail 4 &5y i [L/SE

DMD, dry matter digestibility, CP, crude protein, WSC, water soluble carbonates, ADF, acid detergent fiber, CF, raw fiber, NDF, neutral detergent fiber, ADL, acid
detergent lignin, ASH, percentage of ash; L / St, leaf to stem ratio, Se /'F, seed to forage ratio, TIL, tiller number per plant, H, plant height, WM, fresh weight of forage,
DM, dry weight of forage.
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Table 5- Simple phenotypic correlations of 14 traits related to quality and quantity of forage in 148 barley in terms of manganese soluble conditions

WM H TIL Se/F L/St ASH ADL NDF CF ADF WSC CP DMD
-0.270** CP
-0.570**  0.724** WSC
-0.848**  0.503**  -0.935** ADF
0.187**  -0.294**  (0.355** 0.041ns CF
0.526**  0.691**  -0.796**  0.638**  -0.480** NDF
0.778**  0.563**  0.084ns 0.361**  0.442** 0.150 ADL
0.099ns 0.025ns  -0.541** = 0.074ns  -0.056n.s -0.048ns -0.064ns ASH
-0.052ns  -0.231**  0.044ns  -0.284**  0.196** -0.131* 0.174**  -0.254** L/St
-0.213**  0.066ns 0.019ns -0.136*  -0.094ns  -0.238**  0.205** -0.187** 0.179** SelF
-0.222*%*  -0.149** 0.134* 0.060ns 0.095ns 0.108ns  0.082ns  -0.159**  (0.151** 0.008ns TIL
0.143*  -0.159**  -0.137* 0.264**  0.099ns  0.229**  -0.091ns  0.249**  -0.347** 0.061ns -0.251** H
0.740**  0.423** -0.438**  0.078ns 0.283**  -0.060ns  0.107ns  -0.188**  0.239**  -0.257** 0.115* -0.239** WM
0.885**  0.636**  0.449**  -0.448** -0.043ns  0.219** -0.026ns =~ 0.008ns  -0.094ns 0.043ns  -0.095ns  0.002ns  -0.014ns DM

Ao ys 0 ) Jlea! C}Ja.w):)\:s'.m T
a5 ASH ttnl oy 43 &I ADL ¢ s o 55 U NDF ¢l o CF (sl oty 52 U ADF (T a dgoee oy S sl WSC ¢l o5 CP (St o3l 2r bl DMD
e oSist 055 DM o gle 5 055 WM ¢ gl H 55 ay oltas TIL ¢ gle 4 41> o SelF tilo 4 68y o L/SE ¢ 2S5

DMD, dry matter digestibility, CP, crude protein, WSC, water soluble carbonates, ADF, acid detergent fiber, CF, raw fiber, NDF, neutral detergent fiber, ADL, acid detergent lignin,
ASH, percentage of ash; L / St, leaf to stem ratio, Se / F, seed to forage ratio, TIL, tiller number per plant, H, plant height, WM, fresh weight of forage, DM, dry weight of forage.
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Table 6- Characteristic vectors, characteristic roots, the ratio of variance explained by each factor, total sum of variance
explained in factor analysis, 14 attributes related to quality and quantity of forage, 148 barley cultivars under normal

conditions
Jels oL
Olawe
., e f 0 2 Traits
Fifth Fourth Third Second Frist
0.1388 0.0730 0.1184 -0.0350 0.9503 DMD
0.2239 0.1335 0.5400 0.1769 -0.4133 CP
0.0010 0.0293 -0.4355 -0.1520 0.8032 WSC
-0.0550 -0.0897 0.0658 0.0472 -0.9668 ADF
0.1328 -0.8053 0.3787 -0.0546 -0.1775 CF
-0.0841 -0.1164 0.7601 -0.0088 -0.5966 NDF
-0.0590 -0.0691 0.9338 -0.0553 0.1168 ADL
0.0934 0.8990 0.1378 -0.0050 -0.0125 ASH
-0.0015 0.1294 -0.3519 0.2679 -0.3743 L/St
-0.1428 -0.0041 -0.0352 -0.8326 0.1214 SelF
0.9190 0.0001 0.0041 0.1547 0.1081 TIL
-0.4184 0.0331 0.1201 0.7340 -0.2214 H
0.1566 0.1531 -0.0465 0.9085 -0.1138 WM
0.0826 -0.1133 -0.0857 0.8935 0.1031 DM
1.07 1.43 1.80 2.92 4.08 e
Characteristic roots
oLl v 5Lyl S
7.64 10.23 12.88 20.90 29.15 S e
The justified variance ratio
ks a5 lols JS e
80.81 73.17 62.94 50.05 29.15 Total sum of variance

explained
tpls b CF ¢l od 52 GUINADF ¢OT 5 Jglows o S ol WSC tl 5 CP Lo iu a2 b5 DMD
le 4 wls s SEIF taile & 5, c LISt 2S5 asys ASH ¢unl o 45 &I ADL ¢ s o 43 U NDF
e oSist 055 DM s ge 5055 WM 6w 53 amety slaws TIL
DMD, dry matter digestibility, CP, crude protein, WSC, water soluble carbonates, ADF, acid detergent
fiber, CF, raw fiber, NDF, neutral detergent fiber, ADL, acid detergent lignin, ASH, percentage of ash; L

/ St, leaf to stem ratio, Se / F, seed to forage ratio, TIL, tiller number per plant, H, plant height, WM, fresh
weight of forage, DM, dry weight of forage.
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Table 7- Characteristic vectors, characteristic roots, ratio of variance explained by each factor, total sum of variance
explained in factor analysis of 14 traits related to quality and quantity of forage in 148 barley in terms of manganese soluble

conditions
Jole 0L
Sl
e o r2 ) Traits
Fourth Third Second Frist
-0.1827 0.3564 -0.0207 -0.8397 DMD
-0.3023 0.1953 0.0885 0.6437 CP
-0.0031 -0.1087 -0.1568 -0.9227 WSC
0.0531 -0.1485 0.0724 0.9472 ADF
-0.6658 0.5507 -0.0212 0.2523 CF
-0.1564 0.4777 0.0607 0.8285 NDF
-0.2619 0.7880 0.0192 0.3191 ADL
0.7919 0.0165 0.1752 0.0524 ASH
-0.1865 -0.7120 -0.0491 0.2417 L/St
0.4298 0.3271 -0.5978 -0.1771 SelF
-0.0850 0.1628 0.5964 0.0077 TIL
0.4196 0.1585 0.6555 0.2459 H
0.2267 -0.1169 0.9062 0.1702 WM
0.1146 -0.0151 0.9381 -0.0441 DM
1.3223 20126 2.9420 4.2389 e
Characteristic roots
ol Y 50yl g S
9.45 14.38 21.01 30.99 S s e
The justified variance ratio
ol v Hog|
75.83 66.38 52.01 30.99 e b e

Total sum of variance explained
NDF E(B d CF ¢ (6 sl ol g ;}L_J‘ ADF S%JT BE J}bu u;; solyda WSC Sr\>' Bk CP ¢t o5l r...aJh C_,.:l.:lé DMD

aomty sl ¢ Tl cas gle ) wls o SEIF il 4 68 ) cs LISt ¢ 2S5 a3 ASH ¢t ody 53 83 ADL ¢ s oy 53 Sl
ke ¢Sast 059 DM ¢t ghe 5055 WM ¢w y s

DMD, dry matter digestibility, CP, crude protein, WSC, water soluble carbonates, ADF, acid detergent fiber,
CF, raw fiber, NDF, neutral detergent fiber, ADL, acid detergent lignin, ASH, percentage of ash; L / St, leaf to
stem ratio, Se / F, seed to forage ratio, TIL, tiller number per plant, H, plant height, WM, fresh weight of
forage, DM, dry weight of forage.
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Abstract

This research was carried out at the research farm of Agricultural and Natural Resource Station of
Zabol, in 2014-2015 cropping cycle, under alpha lattice design with two replications under normal and
foliar manganese application conditions foliar manganese at a concentration of 1 kg/ha was sprayed at
three stages, namely planting, stemming and flowering on 148 spring barley cultivars. The results
showed that in different growth stages, foliar manganese increased height, fresh and dry weight of
forage, number of tillers per plant, leaf to stem ratio and reduced seed to forage ratio, compared to
normal treatment. Manganese spray increased crude protein, crude fiber, acid detergent fiber, natural
detergent fiber and acid detergent lignin traits, as well as reduced qualitative characteristics of dry
mater digestibility, water soluble carbohydrate and ash compared with normal treatment. Simple
correlation coefficients between traits showed that there was an inverse relationship between quantity
and forage quality. As a result, the factors that increase the amount of forage would reduce its quality.
Using factor analysis, 14 variables were defined in five factors for normal conditions and four factors
for manganese soluble conditions which justify 80.81% and 83.85% of the variation of the data,
respectively. Results of this study indicated the total digestibility of dry mater digestibility, water
soluble carbohydrate, acid detergent fiber and natural detergent fiber from the oral parameters of
forage, which can influence the forage quality and animal feed of barley.
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