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Table 1. The effect of various additives on the chemical composition (percent) of Gundelia tournefortii

silage
Days Trﬁi‘st{ne DM Ash cp oM ADF NDF pH ,\'I\'H'B
Fresh forage 19.27 18.11 18.85  81.89 25.00 50 6.78 0.28
1 19.84°  17.00° 18.14* 83.00°  20.00° 53° 538" 1.78™
2 21.84°  1516° 14.70° 84.83°  14.00° 39° 475 1.37°
3 3 20.39°  18.33*  16.34° 81.67° 21.00° 52 492 1.71°
4 28.19*  10.88° 14.94° 89.11°  14.00° 49® 508 2.29°
5 2417° 1433 13.30% 85.67°  23.00° 53? 5.62°  2.17%
SEM 0.723 0.138  0.281 0.138  0.633 089 0148 0.135
P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003
1 19.77%  16.88% 17.96* 83.11° 22° 57° 5.31°  1.80®
2 2254  1455° 1517° 85.44° 19° 38¢ 453 165
7 3 21.97°  17.33*  16.06° 82.66 20° 56 490° 253
4 30.10* 1050 15.11° 89.50° 15° 49° 469  3.40°
5 24.64°  1355° 13.13° 86.44° 20° 53 5.41*° 2.28™
SEM 0.672 0.155  0.420 0.155  0.447 051  0.073 0.161
P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001
1 19.04°  19.78  17.13* 80.22¢ 25° 53% 538 3.68"
2 21.90°  16.22° 14.41° 83.77° 20° 40° 4.18°  1.05¢
21 3 20.10°  18.66° 15.87° 81.33° 27° 56 460"  2.95™
4 26.93° 11.00°  14.76° 89.00° 17° 46° 466°  451°
5 23.41°  1566° 13.13° 84.33° 26° 51° 5.20°  2.55°
SEM 0.506 0.254  0.180 0.253  0.683 1.09  0.147 0.337
P-value <0001 <0001 <.0001 <.0001 <.0001 <.0001 0.0012 0.030
1 19.29°  18.33° 16.92* 81.66° 32° 56° 535° 473
2 22.40°  16.00° 1593° 84.00° 20° 36° 415"  1.89°
45 3 20.15°  19.66° 16.22® 80.33° 33° 52° 451%  4.38°
4 25.37%  13.00° 14.88° 87.00° 18° 37° 490" 359°
5 23.27°  17.00° 13.13% 83.00° 26° 49° 513" 394

SEM 0.477 0.086 0.262 0.086 1.391 1.21 0.143 0.232

P- value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0010 0.0010
+ S s (0 g 351 o gl RS (£ (T dsl o380+ RS s (F Do o530 LS s (¥ (a5 Qs il (O z s iolesl slajlas
Jsloeols B ADF (2 sy s 5 s Jploals S NDF  JTasle OM s 55, CP sl AST (Kot asle DMLl o s Joad 5380
oS5be Jlas Glssl SEM ( SUsal 3l N =-NH3 (Ol s lows Slhain s S WSC (gl oty 5455

(P<e/00) Lls ls gm0t S uSG b bl Blod 5l alin 6 Gy boslisl (O gie o s

Treatments were: 1) control (without any additives), 2) control + molasses (5% of DM), 3) control + organic acid (1% of DM), 4)
control + barley meal (10% of DM) and 5) control + barley silage (20% of DM).

2- Dry Matter, 3- Crude Protein, 4- Organic Matter, 5- Neutral Detergent Fiber, 6- Acid Detergent Fiber, 7- Water Soluble
Carbohydrate.

Means within a column that do not have a common superscript are significantly different (P<0.05).
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Figure 1. The effect of various additives on aerobic stability of ensiled forages on day 45 after ensiling
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e s+ RS
Treatments were: 1) control (without any additives), 2) control + molasses (5% of DM), 3) control + organic acid
(1% of DM), 4) control + barley meal (10% of DM) and 5) control + barley silage (20% of DM).
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Means within a column that do not have a common superscript are significantly different (P<0.05).
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Figure 2. The effect of various additives on gas production of ensiled forages on days 3, 7, 21 and 45 after
ensiling.
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Table 4. The effect of various additives on gas production parameters of Gundelia tournefortii silage

Days Treatment? @+by ct SCFA?* ME?® OoMD*®
Fresh forage 213.5+3.60 0.040+0.001 0.593 13.38 38.92

1 192.42+4.95 0.038+0.002 0.505° 14.06° 35.39°

2 247.66+4.53  0.061+0.003 0.790° 11.12° 46.78°

3 3 223.73+2.70  0.0+039.001 0.613" 11.95° 39.70°
4 296.28+4.20  0.0+041.001 0.809? 11.27° 47 .55

5 259.84+4.68  0.033+0.001 0.642° 10.23¢ 40.84°

SEM - - 0.020 0.154 0.825

P- value - - <.0001 <.0001 <.0001

1 235.41+4.05 0.033+0.001 0.575° 14.01° 38.21°

2 224.62+4.61  0.0£040.002 0.621% 11.29° 40.02%

7 3 222.97+3.51 0.036+0.001 0.585" 11.97° 38.58"
4 270.43+4.18  0.034+0.001 0.6612 11.28° 41.62°

5 265.96+3.42 0'028;3:0'000 0.578° 10.09° 38.26°

SEM - - 0.013 0.285 0.550

P- value - - 0.0097 <.0001 0.0054
1 239.3245.06  0.027+0.001 0.524% 13.27° 36.16%

2 231.51+5.78  0.031+0.001 0.550° 10.81° 37.15°

21 3 235.40+4.59  0.027+0.001 0.510° 11.62° 35.55¢
4 250.95+4.98  0.03620.001 0.658° 11.08° 41.47°

5 258.47+5.75  0.030+0.001 0.613" 10.11° 39.69"

SEM - - 0.011 0.106 0.463

P- value - - <.0001 <.0001 <.0001

1 227.38+9.64  0.023+0.002 0.444° 13.39° 32.96°

2 241.59+5.35  0.040+0.002 0.649° 11.74° 41.12°

45 3 209.75+4.49  0.034+0.001 0.541° 11.84° 36.83"
4 215.62+4.70  0.041+0.002 0.604? 11.11° 39.34°

5 219.12+3.43  0.035+0.001 0.552" 10.07° 37.23°

SEM - - 0.016 0.144 0.657

P- value - - <.0001 <.0001 <.0001

(0 5= :ju_'«:))é\-ﬁ—)f.ﬁj‘j\:_w (¢ ‘Vj,\:ﬂal sl K8 Pl (F oDl ol + K8 Pl (Y (G253 05) dals (1 zslajles =)

J=B (650 ME (U sa i) s oS o sl SSCFA SIS a5 53 € SIS ad g il 1@+ D) o Lo a5+ K5 3ok

(Kot o3le 2o 3) S osle pzn =lis OMD oSS 53 Jp5 Ke) o e

(P70 0) Wil s pms el oSG b ool Bl 5l wlie b g boslael st o 50, Sks e ol il :SEM

Treatments were: 1) control (without any additives), 2) control + molasses (5% of DM), 3) control + organic acid (1% of DM),
4) control + barley meal (10% of DM) and 5) control + barley silage (20% of DM).

2- Gas production potential (ml/g DM). 3- Gas production rate (ml/h). 4- Organic Matter Digestibility (%DM). 5- Metabolizable
Energy (Mj/Kg DM). 6- Short Chain Fatty Acids (mmol).

Means within a column that do not have a common superscript are significantly different (P<0.05).
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Table 3. The effect of various additives on digestibility of dry matter, organic matter, and fermentation
Parameters in vitro of Ggundelia tournefortii silage.

7 - 5

Days Treatments® I(\O/AJDDONIID)Z |V|§)3M pH (l\rgid’;l) ?;Sl%gd (nf)gF/ mi I\(/ImC gp)e EMCP

(%DM) DM) )

Fresh forage 62 64 6.79 3.77 177.03 480 14382  0.539

1 60° 63° 6.85®  3.95° 127.57° 6.88%  178.06®  0.67°

2 76° 78° 6.88°  3.62° 148.18° 5.84°  206.44°  0.62%

3 3 60° 63° 6.91°  241° 158.68° 5.48°  154.56®  0.59°
4 74 76° 6.67°  4.52° 160.64° 578"  209.82° 0.61%®

5 61 62° 6.74*  4.10° 199.11° 4.42°  134.86°  0.50°

SEM 0.040 0.037 0043  0.284 10.07 0.329 1681  0.022

P- value 0.0339  0.0339 0.0163 0.0038  0.0055  0.0069 0.0415 0.0034

1 61° 63° 6.83%  2.83° 113.30¢ 757%  185.95®  0.70°

2 76° 76° 6.73° 352  148.66™  5.81°  203.84° 0.62

7 3 67> 68" 6.78°  3.89° 139.71° 6.03° 179.93®  0.63°
4 70% 70% 6.66°  4.97° 164.76° 5.44°  188.70®  0.59°

5 64 63° 6.73°  574*°  157.96® 546 165.01° 0.59°

SEM 0.022 0.020 0.026  0.273 3.829 0.181 8484  0.010

P- value 0.0076  0.0043 0.0092 0.0001  <.0001 <0001 0.0379 <.0001

1 54° 56° 6.77% 677  170.02® 498  12582® (.55

2 70° 712 6.71%  7.49° 160.18° 533  175.68°  0.58°

21 3 52° 54° 6.817  7.39%  182.32® 468  116.60° 052°
4 70° 70° 6.61°  6.70°  189.32®  471*°  167.96° 0.53°

5 59° 65% 6.71®  5.64° 196.27° 472%  147.03® 0528

SEM 0.027 0.036  0.042  0.201 8.87 0.289 15134  0.026

P- value 0.0014  0.0173 0.0676 0.0005  0.0487  0.0326  0.0080  0.0299

1 49° 46° 6.83%  6.05° 130.99° 5.95%  120.90°  0.62°

2 75° 78° 6.75°  6.68°  147.39"  6.00°  209.00°  0.62°

45 3 50° 51° 6.76® 638 15235 533"  120.29° 0.58%
4 712 73° 6.69°  6.828  163.65®  547®  190.36* 0.59®

5 55P 57° 6.74°  6.16™ 180.26° 478"  128.70° 053°

SEM 0.028 0.033  0.033 0.175 7.806 0.332 14532  0.021
P- value 0.0419  0.0419 0.0213 0.0183  0.0032  0.0121 0.0310  0.0023
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Treatments were: 1) control (without any additives), 2) control + molasses (5% of DM), 3) control + organic acid
(1% of DM), 4) control + barley meal (10% of DM) and 5) control + barley silage (20% of DM).
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2- In Vitro Dry Matter Digestibility, 3- In Vitro Organic Matter Digestibility, 4- Gas Production Efficiency (ml), 5-
Partitioning Factor, 6- Microbial biomass, 7- Efficiency of microbial biomass.
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Means within a column that do not have a common superscript are significantly different (P<0.05).
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Abstract

Background and objectives: Intake of poor quality plants of rangelands and pasture grasses and
agriculture byproducts by ruminants is usually low to maintain animal performance because of their poor
digestibility, and nutrient deficiency. Therefore, it seems essential to explore new feed resources, which
may have potential as an animal feedstuff. Consequently, one possible way to reduce this alimentary
deficit is to use naturally growing forages including, Gundelia tournefortii (G. tournefortii). G.
tournefortii is one of the most important rangeland plants which can be used to feed livestock. G.
tournefortii is known to be a plant with high nutritional value and water content and is therefore likely to
be highly selective for consumption by native herbivores. It is very resistant to cold and dry weather and
tolerates high temperature changes. Therefore, due to their diversity, they are able to propagate in large
ecological areas and can be used in arid and semi-arid regions, often as part of forage and even a
relatively good source of protein for ruminants. The aim of this study was to evaluate the effect of adding
different additives on chemical composition, fermentation characteristics, gas production, and
digestibility parameters of G. tournefortii silage in a completely randomized design.

Materials and methods: Whole forage Gundelia tournefortii were harvested and chopped with a
conventional forage harvester under farm conditions to the length of 3-4 cm. Representative of Gundelia
tournefortii forage samples were packed manually, in triplicate into plastic bags. The filled silos were
stored at ambient temperature and allowed to ensile for 3, 7, 21, and 45 days. The treatments were: 1)
Gundelia tournefortii silage without any additives (control), 2) control + molasses (5% of DM), 3) control
+ organic acid (1% of DM), 4) control + barley meal (10% of DM), and 5) control + barley silage (20%
of DM). After designated ensiling times passed, silos were opened and the ensiled forage was mixed
thoroughly and then was dried at 60°C in the oven for 48 h and then ground to pass through a 2 mm
screen for later analysis.

Results: Results showed that different additives had an effect on the chemical composition of G.
tournefortii silage significantly (p<0.05). Treatment G. tournefortii + barley meal had the highest dry
matter (DM) and organic matter (OM) content compared with others. Fermentation characteristics of
silage were affected by different additives (p<0.05) and G. tournefortii treated with molasses had the
lowest pH. The highest and lowest aerobic stability was observed in organic acid-treated silage (42 h) and
barley-treated silage (31/5), respectively. There were significant differences among treatments on gas
production parameters (P<0.05) and barley meal-treated silage (on day 3) had the highest gas production
potential, organic matter digestibility (OMD), and short chain fatty acid (SCFA). In vitro digestibility of
DM and OM were affected by additives (P<0.05). Treatment control (on day 7) had the highest
partitioning factor and microbial crude protein efficiency.

Conclusions: Overall, these results indicated that in vitro gas production and digestibility of G.
tournefortii silage were improved by the application of molasses and barley silage as an additive, and its
aerobic stability was improved by using acetic acid.

Keywords: Barley Silage, Chemical Composition, In vitro Digestibility, Gas Production, Gundelia
tournefortii silage
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