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ABSTRACT

In this paper we calculate Sainfoin quality parameters of nineteen populations by means of NIRs method. Based on
the obtained results, different populations have significant effects on forage quality. We found a negative and
significant correlation between water soluble carbohydrates, total ash, crude fiber and Neutral Detergent Fiber.
This implies that digestibility can improve Sainfoin forage quality. Principal component analysis is a cluster
analysis complementary and hence for all populations principal component analysis were done. The first and the
second main components justify 71.310 % of the total variance. The first component has a high positive correlation
with the traits NDF, CF and ASH and high negative correlation with the trait WSC. The second component has a
high positive correlation with DDM and so with CP. Therefore, the selection based on these two components will
have a positive impact in improvement of the traits. The populations based on the cluster analysis method are
divided into two main groups. The scattering plot obtained from principal analysis of components verifies the results
of the cluster analysis and partially could distinguish the populations. The calculations show with different
combinations of the traits, it is possible to improve the quality of Sainfoin.
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INTRODUCTION

In order to calculate the grazing capacity of atyp@s in addition to product estimation, the quatif forage in a
variety of factors can be considered as the mopbitant one. Recent studies on animal nutritionehghown that
forage legumes such as tannins and flavonoids mitderate levels of secondary compounds are verylude

addition to increasing the efficiency of nitrogesetin the gastrointestinal tract, they can redheerisk of bloating
and parasitic diseases; therefore, we might coeviammers to grow forage crops such as sainfoih miéntioned
properties. Sainfoin is a perennial forage legunhéckv can be grouped with other products such adfalfwhite
clover, red clover and so on [3].

Legumes in a symbiotic association with bacter@capable of converting atmospheric nitrogen gasnitrogen
compounds of biological inorganic (ammonium) whéitrectly can be used to produce proteins for pladsntify
the quality and nutritional value of plants duetheir importance in animal nutrition can be an dffe help to
describe the animal's diet. These species arepatayable and important in rangelands of Iran.desifactors such

295
Scholars Research Library



M. Mohammadi Sarab Badiehet al Annals of Biological Research, 2013, 4 (5):295-300

as crude protein, total ash, and crude fiber anzhsaffect the nutritional value of plants.

Developments in NIRs method has made it possiblestimate components of a wide range of important
agricultural products including forage. The aimtlis study is the calculation of Sainfoin qualitgrameters of
nineteen populations by means of NIRs method becaligs speed and reliable outcomes. One of thi¢édtions of
this method is need for calibration for differergesies of different areas. This can be achievedusing
comprehensive techniques for example laboratorg.tdhe results show that this method is fastcieffit and
effective for estimating character traits and diesdiof the vast range of species.

MATERIALS AND METHODS

In this study, populations of nineteen Sainfoinal@d in the gene bank of the Research InstitutEooésts and
Rangelands of Iran were selected and investigat&amples were taken from populations of sainfoirthat
vegetative growth stage. The studied Germplasmudted O.sativa. The complete collection of germplasih their
origins are presented in Table 1.

Five samples from each plant populations have peapared and were dried in the open air for twoksead then
were passed through a 1mm sieve. Samples werezadalising NIRs method. Seven quality traits (DiddestDry
Matter (DDM), Crude Protein (CP), Water Soluble lizdydrates (WSC), Acid Detergent Fiber (ADF), Tdiah
(ASH), crude fiber (CF) and Neutral Detergent FilfNDF)) were estimated using near infrared spectpg
(NIR), An Inframatic 8620, 20 fixed-filter NIR instrument Rerten Instruments AB, Sweden), Details of the
methodology and calibrations of NIR are given bfiadd6].

Table 1 Source and code of Sainfoin populations died

No Genbank Code Source

1 3026 North Khorasan

2 9262 Karaj

3 1601 Golestan (Gorgan)

4 232 Qazvin

5 3800 Semnan (Garmsar)

6 1586 Golestan (Gorgan)

7 182 Karaj

8 3981 Karaj

9 300z North Khorasa

10 17703 Qom

11 2985 Eastern Azerbaijan (Tabriz)

12 281 Hamedan (village HameKa

13 3013 North Khorasan

14 3001 North Khorasan

15 32¢ Kara]

16 2979 Eastern Azerbaijan (village Zenouz)
17 15353 Karaj

18 1762 West Azerbaijan (Urmii

19 6014 Eastern Azerbaijan (village Sivan)

RESULTS AND DISCUSSION

In order to clarify the traits several statistiealalysis was performed. The main objective of thpedmental
projects is finding the differences between thatireents. We examined plants collected in diffeygants of the
country.The dried and powdered samples in the &boy for qualitative traits such as DMD, WSC, @BF, CF,
NDF and ASH by NIR method were investigated. Thatisical analysis was done using SPSS 16 softwidre.
data were analyzed using a completely randomizemjdésee Table 2).
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Table 2. Analysis of variance in quality of forage

SOV df mean square factors were measured

DDM CP WSC ADF ASH CF NDF
Population 18 30.16 6.91™ 11.28* 27.25" 1.94* 20.33* 74.42*
Error 77 18.0¢ 4.2¢ 2.2¢ 16.1¢ 0.4¢ 6.6¢ 18.1¢
Mean - 71.57 27.55 22.31 22.20 4.03 19.74 34.15
Min - 59.86 22.12 17.26 10.42 2.24 12.76 20.63
Max - 83.5¢ 32.81 27.0C 31.6¢ 5.8¢ 25.52 45.97
Cv - 5.93 7.51 6.73 18.12 17.19 13.10 12.46

ns, ** and * mean respectively non significant and significant at 1% and 5%

Statistical analysis showed that among populattbese was significant difference in terms of WSE, 8DF and
ASH traits.Based on the obtained results, diffefgopulations have significant effects on foragelityuaFor the
most of the considered traits, considerable vamatn germplasm collection was observed. This ditgrwas
expected due to wide range of geographical origims the status of grow of germplasm. Data were emetpby
Duncan test (see Table 3).

Table 3. Comparison of forage quality traits accoréhg to Duncan's multiple range test

Pop DDM CP WSC ADF ASH CF NDF

1 7359 bc 27.14 abc fgh23.80 als.o1 bcde3.91 abcdefl8.90 a25.91

2 67.85ab 27.16 abc cdefg22.58 bc26.18 bcde4.02 cdef20.89 cde36.92
3 70.49 abc 27.26 abc bcdef21.98 abc22.21 de4.51 ab16.81 bcd32.50
4 74.33c 27.21 abc bcde21.63 a20.02 cded4.34  def21.67 de38.14
5 69.87 abc 28.44bc abcd21.18 abc24.62 cde4.20 bcdef20.30 de37.48
6 70.85abc 27.81 abc cdefg22.57 abc22.16 abc3.48 bcdefl9.89 bcd33.45
7 66.03 a 27.16 abc defgh22.21 ¢27.00 abcd3.58 cdef20.50 bcd32.07
8 74.08 « 27.35ab cdefg22.3 ab20.5. cde4.3l def21.9° cde34.2
9 7293 bc 28.02 abc ab20.05 abc23.08 f5.39 ef22.44 e40.06
10 7143 abc 2544 a h24.74 abc22.01 ab3.09 bcdef19.72  bcd32.06
11 73.77b  29.13 al9.2¢ a20.3t cde4.2i  f22.57 de37.6!

12 69.09 abc 26.57 abc abc20.89 abc23.90 bcde4.00 cdef20.69 de37.54
13 70.68abc 25.61ab bcdef21.68 abc22.24 cde4.07 bcdefl9.52 cde35.51
14 71.28ab 28.09 ab cdefg22.3 abc23.5 ef4.7: abcd18.3 cde35.0
15 74.01c 28.08 abc efgh23.46 al9.84 cde4.08 als5.65 bc31.30
16  72.03bc 29.17c gh24.35 ab21.17 a2.85 abcd18.49 ab28.01
17  73.05b 29.12« cdefg22.5 ab21.1: abcd3.7. abcl7.6 bcd33.8!
18 72.46bc 28.66¢c bcdef22.07 ab20.85 abcd3.64 abcdel8.87 bcd33.50
19 72.92bc  26.20 abc efgh23.33 ab21.03 cde4.26 bcdefl9.32 bcd32.85
no significant difference with the same letters are not together

In fact, this variation in traits represents areiesting source for the future of the traditionalvgng programs and
undoubtedly reflects the influence of climate, lscabe, and the incorporation of farming on the phgre.

Correlation between the sainfoin forage quality cheacteristics:The correlation coefficient between digestibility
and aAcid Detergent Fiber equals -0.921. Marteng@§l Hacker [4] reported a negative correlationffament
between ADF and digestibility. The decreasing 8fFAmeans the increasing of digestibility [9]. As wen see in
Table 3, the population 7 with the lowest digetitp{66.03) has the greatest ADF (27.00). The ltssaf Schroeder
[9] verify these results. The populations 4 ancha@e high DDM and low ADF. In fact, all done caktibns for the
existing energy in forage are obtained from ADF. [5]

Table 4. Correlation between forage quality traitsn sainfoin

DDM CP WSC ADF ASH CF NDF
DDM 1
CpP 0.263 1
WsC -0.059  -0.267 1
ADF  -0.921* -0.15] -0.11¢ 1
ASH 0.209 0.019 -0.663** 0.046 1
CF -0.052  -0.091 -0.545* 0.223 0.264 1

NDF -0.09¢ 0.021 -0.814* 0.36] 0.603* 0.610* 1
** and * mean respectively significant at 1% and 5%
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The correlation between these traits supportsthig@ery that digestibility can improve sainfoin fgeaquality. The
correlation coefficient between crude protein asd s positive. Nitrogen is one of the minerals,th@ is normal
and expected. There is a negative and significarekation between water soluble carbohydrates) th, crude
fiber and Neutral Detergent Fiber. It is seen &e&land positive association between Neutral Datérgder and
total ash and crude fiber traits in many studies.

Cluster analysis of forage qualityThe sainfoin populations based on the cluster aimlyethod are divided into

two main groups (see Figure 1). The first groupudes the populations 1,3,6,8,10,13,14,15,16,1@rkB19; the
second group includes the populations 2,4,5,7 ntil12.

Dendrogram using Ward Method

Figure 1. Dendrogram of cluster analysis with the Verd method

Principal Component Analysis (PCA)Principal component analysis reduces data volumefatt, principal
component analysis is a cluster analysis compleangi@ind hence for all populations principal compuranalysis
were done. The first and the second main comperjastify 71.310 % of the total variance. Principamponents
analysis shows that most of the changes occureritst component belong to the traits NDF, WSC, &0 ASH
(See Table 5).

Table 5. Eigen values of first and secondcomponents

Factor  First Component  Second Component

DDM -0.153 0.955

CP 0.057 0.455
WSC -0.89¢ -0.271
ADF1 0.407 -0.864
ASH 0.711 0.334

CF 0.71¢ -0.03¢
NDF 0.934 0.012

The first component has a high positive correlatioth the traits NDF, CF and ASH and high negatieerelation
with the trait WSC, thus, this component is saithéoNDF component. The second component has apligitive
correlation with DDM and so with CP. On the othand its correlation with the trait ADF is negats@the second
component is said to be dry matter digestibilitynpmnent.Due to close correlation between NDF amdtithits
ASH and CF, the first component can be introduced good indicator for forage quality evaluatiomdgse with
the increase of this substance, forage become®tiéisle. On the other hand increasing the secontpoaent i.e.,
digestibility improves the quality of forage in sfin. Therefore, the selection based on thesecovmponents will
have a positive impact in improvement of the trditsorder to group the populations we use scatgepiot which
groups them in coordinate axes based on the firdtthe second components. The populations willdoated
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together in a way that their distance from eaclemit minimum and the distance between groups ignman.

In order to study the relationship between varigbthe biplot graphic display of multivariate d&auseful. As it
shown in the table of values and eigenvectors, 1P4.8f the total variation can be determined by fihgt two
components. Since these components change indepbném each other, we can use them as the akes o
Cartesian coordinate system and then graph thelggams as a function of these variables. We shauddtion that
although drawing such a graph is very useful fauging the populations but it seems that it is a@taccurate as
cluster analysis because it does not use all irdtion about dollops.According to the above resaiftd the way of
naming the considered components, the distincfficaafts of these independent vectors showed tlitht different
combinations of the traits, it is possible to improthe quality of sainfoin. In the biplot (see Higw2) the
populations are divided into the four different gps according to their amount of NDF and DDM; those

populations with low amount of the first componamd high amount of the second component are impiorta
Among them:

The populations 1,15,16.17,18 and 19 have low Nad-ragh DDM
The populations 4,8,9 and 11 have both high NDFRBM

The populations 3,6,7 and 10 have both low NDF B

The populations 2,5,12 and 13 have high NDF andD®M

Therefore, the populations 1, 15,16.17,18 and #9arated in the desired area of the biplot ancetihe highest
forage quality respect to the measured parameters.
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Figure 2. Biplot of populations based onfirstandsesndcomponents

The scattering plot obtained from principal analysf components verifies the results of the cluatalysis and
partially could distinguish the populations.In thtidy, except for DDM, CP and ADF in the foragealgy
parameters, there were statistically significaffitedences between the 19 populations.The germplasm highly
variable in terms of forage quality, this is theuk of the pollination of sainfoin.High variabilifor the selection of
these traits can be useful. With decreasing thegp¢age of CP and increasing the percentage ofthBRjuality of
forage and metabolic energy decreases. Studiegeshthat increase in fiber content in forage @astassociated
with decrease in CP and DDM [2].

Positive and significant correlation between thecestage of crude protein and total ash showsititaease in
crude protein in plants helps for their betteredigpn. The correlation coefficient between soludlgars and ADF
is negative and significant.Gradually, with therigase in fiber composition, structural carbohtelancrease but
non-structural carbohydrates decrease[1, 8].

According to the results of cluster analysis anithgipal components analysis, it was observed thatet is an
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acceptable correlation between geographical diyeesid forage quality. This could be due to facttBome
samples were moved geographically but had a conwonigin. Therefore, categorizing the populationsdzhon

traits is more efficient than their geographicagior. The results indicate the potential of NIR aspid and reliable
method to determine the forage quality in the vasge of plants [10]. This method is suitable determining

grazing capacity and appropriate time for grazingrangelands. Due to the high quality and perforceaaf

sainfoin, the plant can be used in fodder product&ainfoin is a suitable plant for farmers willitgbecome more
environmentally sustainable and want to use enwiemtally friendly products. In summary, the popigias 1,

15,16,17,18 and 19 have the highest forage quadipect to measured parameters. Thus, it can becdpthat
modern growing programs will develop high perforrmawarieties and can be a stable alternative fiag® crops
which cultivated dramatically at present.
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