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Chemical content and rumen degradability of desert steppe pasture
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Summary

Desert, desert-steppe (Gobi) zone is the largest province by area (165,000 square
kilometres) of Mongolia. The Gobi contains some 560 plant species, in 80 different
vegetation associations (Swift, 1991). There are number of results of nutritive value of
desert-steppe’s pasture grass. Mongolia’s dry climate means that pasture grasses have less
moisture, and are richer in protein, carbohydrate, vitamin and minerals. Such an ecosystem
is more typical of the Gobi zone than Khangai mountain zone (Tserendulam, 1980).
However, have not been investigated seasonal changes of CP, NDF, ADF, Hemicellulose,
and in vitro and in sacco degradability all together of desert-steppe’s pasture grasses
throughout the year. The objectives of this study were to determine the chemical content
and the rumen degradability (in sacco & in vitro) of desert-steppe’s 3 common pastures.

Our investigation demonstrated that, chemical content and in vitro gas production
of desert-steppe’s pasture grass were variable across a year depending on stage of the
maturity of the plants. As example, CP content of pasture grass ranged 4.28-15.13%,
NDF 55.05-71.96%, ADF 33.96-48.45%, hemicellulose 17.11-29.79%. Cumulative gas
production after 70 h in vitro fermentation was accounted 143.10 ml/g to 266.19 ml/g.
DMD was ranged 54.73- 77.71%, OMD was ranged 50.18- 77.97%. The potential (a+b)
of in sacco degradation of pasture grass ranged from 58.7-76.8%. The rate constant (c) of
degradation of dry matter was very changeable (0.0269-0.0934 %/h) throughout the year.

Key Words: Chemical content, rumen degradability, in vitro gas production, in vitro
digestibility, Mongolian rangelands.

Materials and Methods

Three common pastures from desert-steppe were choosen. Pasture grass samples
were obtained within 20-25 of February, April, May, June, July, August and September.
Sampling data were relative to phenology which reported by Altanzul (1995). Sampling
for plant biomass consisted of hand clipping, all species were clipped at 2 cm height from
ground level, dried in a shadow place. From shrubs for sampling just clipped recent
annual growth. All experimental sites were fenced. The samples were milled through a 1
mm sieve. For in sacco experiment samples were milled through a 2 mm sieve. Chemical
content and in-vitro rumen degradability were determined on up to 16, for in sacco
degradability was determined for 20 representative samples. Samples were analysed for
dry matter (DM), organic matter (OM), crude protein (CP), acid detergent fibre (ADF),
neutral detergent fibre (NDF) determined by AOAC (1984) methods. Hemicellulose was
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calculated by difference (i.,e., %NDF- % ADF). In vitro gas production and digestibility
were determined by Theodorou and et al. (1991) developed methods. Cumulative gas
production data were corrected to 1g DM by ml. In-vitro dry matter (DMD), organic
matter (OMD) digestibility was calculated assuming that all of the residual dry matter
after 70 hours (h) fermentation was unfermented substrate. All chemical contents were
reported as percentages (%) which were presented on a dry-matter basis. The rumen ( in
sacco) degradation characteristics determined by Nylon Bag Technique (Orskov et al.
1987). The information provided by the degradation of say DM is used to derive potential
extent (asymptote) and rate of degradation of the sample using the following mathematical
model:

p=a+b(l-e™).

Where: p= the degradation after time “t”, a= the intercept of the degradation curve
at time zero, b= the portion of the grass which will in time be degraded, c= the rate
constant of degradation of “b”, t= the time of degradation, (a+b) = the potential extent
(asymptote) of degradation. Nylon bag washing loss (WL) of the pasture sample is also
listed.

Study Area

Representative pastures of this zone were choosen in the territory of Bulgan sum,
Omnogov aimag. The mean rainfall is about 114 mm, about 73.9% and occurs from June
to August. The mean yearly temperature is 5.1° C and the frost-free period is about 150 -
170 days. The major soil types are desert brown rarely saline. The sample collecting sites
belong to the desert-steppe region type of vegetation (Yunatov, 1950). The typical
specific of the pasture desert-steppe is conservation in winter-spring time in standing died
is from 25 to 40% of the maximum summer fresh yield. It indicated that, in the cold
season forage yield of desert-steppe declined more in comparison to the rest of the zones
of Mongolia. Over most of the desert-steppe’s area, both shrubs and grasses are found in
direct association or in adjacent communities, so a suitable diet is available for the
livestock.

Bunch grasses-forbs dominant pasture: The study site was situated in the
foothills of the Gurvan-saikhan Mountains on a 18 percent north-east facing slope at an
elevation of 1700 m. One square meter of the experimental field counted 9 plant species.
Degree of the plant coverage was about 35% in July-August. This pasture was dominated
by Stipa gobica (Roshev) and Allium polyrrhizum (Rge), also S. glareosa (P. Smirn),
Agropyron cristatum ((Z.) Gaerth.), Artemisia frigida (Willd), Ajania achilloides ((Turcz.)
Poljak) contributed to build up this pasture grass.

Allium polyrrhizum-Stipa gobica dominant pasture:  The elevation of
experimental site was 1450 m above the sea level on the wide valley. One square meter of
the experimental field counted 7 plant species. Degree of the plant coverage was about
30% in July-August. The key species are Allium pollyrhizum (Rge) and Stipa gobica
(Roshev). It also included Ajania achilleodes ((Turcz) Poljark), Caragana leucophloea
(Poljark).

Haloxylon ammodendron-Salsola passerina -Reamura soongaricum dominant
pasture: This type of pasture mostly located at 1100 m above the sea level. The
predominate vegetative cover was Salsola passerina (Bge) and followed by Reamurea
soongarica ((Pall,) Maxim), Haloxylon ammodendron (B(C.A.M.) Bge). Canopy cover of
the plants was about 10% in July-August. One square meter of the experimental field
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counted 3 plant species. Xerophilous and saline shrubs are the predominating plants and
semishrubs are the major forage plants. The pasture used mostly by camels.

Results and Discussion

Chemical content and in vitro gas production of pasture grass were variable
depending upon the species, maturity of the plant and conditions of growth (Table 1). As
plants age they tend to become more mature and generally decline in nutritive value.
Mean CP of desert-steppe's pasture ranged from 4.28 to 15.29% depending on species
composition and seasons. Generally, the high values of CP content for pasture grass were
found in early summer to mid summer, the lowest values were found in winter and spring.

Table 1. Chemical content and nutritive value of desert steppe pasture.

Date oM CP NDF ADF Hem Gas DMD| OMD

(Year, month)

Bunch grasses-forbs dominant pasture

94. 4 88.73 4.28 7196 4845 2351 261.18 69.81 72.95

94.5. 91.49 1529 67.01 39.19 27.82 26392 7117 7445
94. 6. 92.89 13.04 69.69 39.90 29.79  266.19 68.19 68.00
94.7. 89.99 1496 59.86 37.67 2220 26164 7145 71.94
94. 8. 92.96 1166 6391 36.15 27.76 259.78 69.83 70.56
94. 9. 91.71 9.21 66.18 38.88 27.30 244.63 65.63 66.24
Allium polyrrhizum-Stipa gobica dominant pasture
94. 4. 92.25 584 66.83 4272 2411 23951 6791 68.26
94. 5. 91.52 13.47 58.61 3873 19.88  258.90 7235 72.87
94. 6. 93.31 1461 60.97 3396 27.01  280.03 77.71 77.97
94.7. 89.51 1513 56.83 3542 2141 23356 7321 7262
94. 8. 89.53 1351 55.05 3794 1711 24826 70.75 71.14
94. 9. 90.65 924 5794 3879 19.14 239.72 67.75 67.48
H. ammodendron- S. passerina (Bge) -R. soongaricum dominant pasture
94. 4. 75.01 1129 6153 36.71 2482 16190 628 56.67
94. 5. 75.76 1332 6277 3434 2842 160.39 62.66 57.34
94. 6. 76.08 1291 6259 3736 2524 14310 5473 50.18
94. 8. 70.44 13.64 5942 36.33 23.09 14911 58.1 56.46
Note: Hem-hemicellulose (%), Gas - in vitro gas production over 70 hours incubation
(ml/g dry sample).

Haloxylon ammodendron- Salsola passerina (Bge) - Reamura soongaricum'’s
pasture contained more of the CP during the late fall and early spring than other pastures,
because the living twigs of dormant browse plants make this range type more adequate for
animal maintenance than other cold-weather ranges where the aerial plant parts are dead.
On the other hand, the growing season of shrubs and semishrubs begins as early as the late
of March. From the stand-point protein nutrition of the livestock, this pasture can be used
in winter time or early spring when CP contents of other grass, grasslike plants or forbs
are low. The chemical content of a particular type of pasture depends on the growth of the
dominant and subdominant plant species as, for example, maximum CP content of Allium
pollirrhizum-Stipa gobica dominant pasture was obtained at the end of July and this
corresponds to the fresh growth of Allium pollirrhizum. NDF contents of the pastures
varied from 55.05 to 71.96%, ADF varied from 33.96 to 48.45%.
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Hemicellulose mostly occurs in lignified walls of forages and is insolible (Van
Soest, 1983). Hemicellulose of desert-steppe’s pasture grass ranged from 17.11 to
29.79% throughout the season. Lowest percentages of hemicellulose were obtained at the
end of July for bunch grass-forbs dominated pasture, at the end of August for Allium
polyrrhizum-Stipa gobica dominant and Haloxylon ammodendron- Salsola passerina
(Bge) -Reamura soongaricum dominant pasture.  These compoundes effectively
influenced to in vitro digestibility and rumen degradability of pasture grasses.

Table 2. Rumen degradation characteristics (%) of desert steppe pasture.

Incubation time Parameters
Date wL (.
(year, 6 12 24 48 72 96 a b c atb
month)
Bunch grasses-forbs dominant pasture
94. 4. 9.25 20.51 27.06 47.14 61.04 66 67.44 43 647 0.0426 69.0
94. 6. 17.67 24.47 30.29 42.79 54.59 59.72 66.22 16.6 524 0.0269 69.0
94.7. 2499 32.48 39.75 526 62.15 68.65 73 240 504 0.0319 74.4
94. 8. 2373 28.66 38.02 50.11 59.7 65.18 67.78 18.4 49.6 0.0406 68.0
94.9. 18.65 27.03 34.67 42.48 52.44 57.88 61.29 21.0 423 0.0292 63.4
95. 2. 13.74 23.6 28.17 42.66 58.7 62.46 69.35 13.3 59.3  0.027 726
Allium polyrrhizum-Stipa gobica dominant pasture
94. 4. 9.45 2168 30.12 42.82 604 63.72 686 10.3 60.2 0.0337 706
94. 5. 16.86 31.86 4277 58.19 68.76 69.57 73.48 152 57.1  0.0565 724
94. 6. 19.49 3192 4192 6122 7176 7466 77.15 135 633 0.0543 7638
94.7. 29.42 427 5189 67.03 70.11 7173 72.93 234 489 00802 723
94. 8. 2899 39.8 4969 6145 6841 69.17 70.64 244 458 0.0680 702
94.9. 2324 3423 4163 5441 6219 637 67.46 225 439 0.0506 66.4
95. 2. 1411 2481 3214 49.12 6349 6571 67.77 95 593 0.0451 688
95. 4. 2839 2991 3393 5225 564 6325 65.55 182 472 0.0425 654
H. ammodendron- S. passerina (Bge) -R. soongaricum dominant pasture

94.4. 322 393 4964 551 62.78 6457 67.72 316 350 0.049  66.6
94.5. 30.83 4022 48.09 6023 67.7 69.77 70.18 27.1 433 0.0580  70.4
94.6. 2857 3842 4681 57.18 60.29 63.39 65.78 266 376 00643 642
94.8. 315 422 5035 61.44 67.66 69.66 71.72 30.3 407 0.0577 709
95.2. 16.91 36.45 4334 515 55 57.75 59.87 280 30.7 0.0560 587
95.4. 302 37.05 49.57 55.98 58.84 60.57 64.76 199 417 0.0934 615

Note: a,b, WL:%:; c: /h

In-vitro DMD of the 3 pastures ranged from 54.73 to 77.71% and OMD ranged
from 50.18 to 77.96%. OMD of bunch grass-forbs, Allium polyrrhizum-Stipa gobica
dominant pasture were higher than DMD, but for Haloxylon ammodendron- Salsola
passerina (Bge) -Reamura soongaricum pasture it seemed to be lower than DMD.

This demonstrated that OMD decreased only by 11.03-13.43% the year around
compared to the summer maximum. After 70 hours incubation in vitro gas production of
bunch grass-forbs dominant pasture was ranged from 244.63-266.19 ml/g. Maximum gas
volume was noted at the end of June. In Allium polyrrhizum -Stipa gobica dominated
pasture, highest in vitro gas production (280.03 ml/g) was obtained at the end of June. In
vitro gas production of Haloxylon ammodendron- Salsola passerina (Bge) -Reamura
soongaricum dominant pasture was lowest among the three pasture grasses analyzed.
Thus, the shrubs and semishrubs species of desert-steppe’s pasture are sufficiently high in
protein to satisfy the animals’ nutritional requirements, but they are low in energy values
in comparison to grass and forbs in winter-spring time.
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There are two possible main reasons for this. Firstly, it is clear that the proportions
of leaves are lower in total yield of semishrubs and shrubs, leading to high lignin contents.
The presence of anti-nutritive factors could account for the low gas production. Shrubs
and semishrubs mostly contain high tanins and other aromatic oils in sage may resulting in
limitation of number of the rumen floro-fauna.

Table 2 represents rumen degradability potential of desert-steppe pasture. In
summer time, maximum level of “a” value were registered (water soluble fraction) and it
in winter time generally declined up to sixfold. Maximum level of “b” value were
obtained in standing died. In summer, in particular grass, forbs dominant pasture’s “b”
value mainly declined. But year round changes of “b” value was greater compared to “a”
value. However, minimum “b” value of shrub, semishrub dominant pasture were obtained
in winter. Year round changes of “b” value of bunch grasses-forbs dominant pasture
decreased by 27.08- 34.63% compared to early spring maximum value.

Maximum level of “c” value of shrub dominant pasture were obtained in early
spring, but grass or forbs dominant pasture were obtained in July or August. Maximum
level of “a+b” value were obtained in the end of June (in Allium polyrrhizum-Stipa gobica
dominant pasture), July (Bunch grasses-forbs dominant pasture), August (H.
ammodendron- S. passerina (Bge) -R. soongaricum dominant pasture). Year round
changes of “a+b” were decreased by 14.79- 17.21% compared to summer maximum level.
Data in table 2 also indicate that, the potential degradability and effective degradability of
desert-steppe’s pasture grass were lower than high mountains pasture (Daalkhaijav,
Lkhagvajav, 1997).

According to the procedure all samples of for in sacco experiment were ground
through a 2 mm screen using a laboratory hammer mill, but depending on anatomical
properties of shrubs and succulent plants, H. ammodendron- S. passerina (Bge) -R.
soongaricum dominant pastures sample seemed to contain more finely ground particles
than we expected ( less than 45 microns ( u)). It was the cause to overestimation of the “a”
value in this pasture. This suggests that, the in sacco method is not so meaningfully to
determine rumen degradability of this pasture or should be to mill it by larger screen size
than samples like straw and hay.

Conclusions

Chemical content of Desert-steppe’s pasture grass varies widely according to
species composition and growth rate. CP content of investigated pasture’s grasses were
ranged from 4.28 to 15.13%, NDF 55.05-71.96%, ADF 33.96-48.45%, hemicellulose
17.11-29.79%.

Cumulative gas production after 70 h in vitro fermentation were accounted from
143.10 to 266.19 ml/g. DMD were ranged from 54.73 to 77.71%, OMD were ranged
50.18- 77.97%. The potential (a+b) of in sacco degradation of pasture grass varied from
58.7 to 76.8%.

The potential (a+b) of in sacco degradation of pasture grass ranged from 58.7 to
76.8%. The rate constant (c) of degradation of dry matter was very changeable (0.0269-
0.0934 %/h) during the year. These results would indicate that, the potential degradability
and effective degradability of desert-steppe’s pasture grass were lower than high
mountains pasture grass.

The shrubs and semishrubs species of desert-steppe pasture are sufficiently high in
protein to satisfy the animals’s nutritional requirements, but they are low in energy values
in comparison to grass and forbs in winter-spring time.
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Loenoeprxer X33PUNH BYCUNH 3APUM B3JTY33PUNH YPIAMIIbIH
HAUPIIATA, N'Y333H A3X 3AAPANDbII CYOANCAH AYH

O.0aanxanxas
L.AnTtaH3yn

Llenepxer xa3puinH 6YCUH 3 X3B LUMHXWUIAH B3NY39pUIAH ypraMiblH XUMUIAH
Hanprara LWWHrAL, Ty339HMK 3agpanblH Xeanen 3ynr cyanas.  TypunarbiH
Tanbavir ©MHeroBb anMrminH byrnraH cymbIH HyTartT COHroH aBcaH 60nHo. YyHA:

YeTaH-anar eBCT 63n433p: Am meTp 6anusspt 9 3ynn ypraman
TaapangaHa. YpramnbiH HUAT Oypxal 7 ayraap capbiH cyyn, 8 ayraap capblH
9x93p 35% xypH3. Ypramanwwung Stipa gobica (Roshev) 6onoH Allium polyrrhizum
(Rge) 3oHxumx, S. glareosa (P. Smirn), Agropyron cristatum ((Z.) Gaerth.), Artemisia
frigida (Willd), Ajania achilloides ((Turcz.) Poljak) narangana.

TaaHa-xanraHat 63n433p: Am wmMeTp 63n4s8spT 7 3yun ypraman
BypTraraax, ypramnbiH HAAT Bypxal 7 capblH cyyn, 8 gyraap capbiH 9x33p 30%
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xypHa. Ypramanwwung Allium pollyrhizum (Rge), Stipa gobica (Roshev) 3oHxunx,
Ajania achilleodes ((Turcz) Poljark), Caragana leucophloea (Poljark) narangana.

3ar-60p-,-ynaaHbyaapraHatr 6an4aap: Ypramanwwung Salsola passerina
(Bge), Reamurea soongarica ((Pall,) Maxim) 3oHxumk, Haloxylon ammodendron
(B(C.A.M.) Bge) parangana.

3ynnuiiH BypanasxyyH, 30HXMIOMY ypaMiblH XODKIUIAH XaM33C XaMaapaH
Luenepxer X33pWH ypramibliH XUMWAH HauWprara, LWUMT YaHap WX39X3H
xanban3sHa.  Tyxawnb6an: HuUT npoTtenH 4.28-15.13%, caapmar yycrardyvg
yycaarryi acnar 55.05-71.96%, xyuung yycgarrym acnar  29.37-33.96%,
remuuennionos 12.48-22.58% aryynargaHa.

BanyaspuiiH ypramnbiH in vitro xuiH ByTasmx Hb 143.10-266.19 mn/r,
xyypan 60aucbiH in vitro wuHray Hb 54.73-77.71% 6GanHa. BanyaspuiiH x3B
LWUMHX, YpramiibliH XONKIUAH X3M33C XaMaapaH opraHuk 6oamcbiH wuHray 50.18-
77.97% Ganpar Hb GuaHun cyganraaraap TorroorgoB. banuasp 6ypuiiH opraHuk
604MCbIH LWNMHMALMIAH 3yHbl 4334 Xamxkaar 100% rax y3san eBer, XxaBapT XaMruiiH
nx oywy 11.03-13.43%-nap GyypHa. 3ar-6op, -ynaaHbypapraHat G3N493pUINH
ypramribiH LUWHMAL, Hb anb 4 ynupang 6ycag 63anyasapuiniH ypramnbiHxaac bara
GanHa.

Llenepxer xa3puintH 6an433puninH ypramarn ry33sHz, X9pxaH 3agapy Ganraar
HUIANar yyTHbl (in sacco) apraap cygancaH OyHrasp xyypawn 6oaucbiH 3agparnbiH
Xamx33 58.7-76.8% xypax 6a 3agapnbiH Xypg 30HXUINOMY ypramsibliH XOrKMuiH
X3M33C XxamaapaH Hanasg xanbans3aHa (0.0269-0.0934%/ wuar).  Anadrysa
6anuaap xargpaxan 3agpanbiH Xypa Oyypaar Hb XarfdHbl LWUMMT YaHap mariblH
Taxaang 6ypaH awwurnargaxryi 6anx Har yHAac 60nHo. BanyaspuinH ypramnbiH
rysasHg yycax 4agaBxu Honasg xyeBbcamTran (4.31-31.6%), 3agpax 4dapaBxu
TYYHT3l xapbLyynban TorrMonayy Hb TOrTooranoo.

BanyaapuiiH ypramnblH ry339HUI 3agpanbiH XamrnH 4aag xamxaar 100%
rX Y3334 ©BeN XaBpblHXbIr TYYHTAW Xxapbuyynaxan 14.79-17.21%-vwap Oyypu
GanHa. Llenepxer x3apuiiH 6YCUINH 63NY33PUINH ypramarn MarnblH ry333H4 3agpax,
in vitro Hexuyena fapaxag XU Yyycrax Yagsapaapaa eHaep YynbiH 63n423puiiH
ypramnbiHXag XYpA3rryi Hb NNapnas.



