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55% ~61%
( Elymus nutans) .
( Kobresia humili)

tentill abifurca)

( Poa pratensi)
( Po-
( Saussurea pulchra) .
( Ajania tenuifolia)

(20017 5 2 ). (2017 7

o ( high-through- 12 ). (2017 12 7 )
out sequencing HTS) 10 (1 mxI1 m)
0 60 °C (24 h)
1.1.2
(108.06+2.86) kg 10 3
o ( Qinghai and Ti-
betan plateau yak) ( 5 )
1 10
1.1 3
1.1.1 75 mL
4 pH
3 265 m( N35°31" 50 mL ( NH;-N)
E100°557) . ( VFA) 20 mL 2 mL
1 7 DNA
146.56 g/m2 °
1
Table 1 Species and proportion of forage grass in different phenological periods
Mai . Above- High quality Proportion of high
Phenological aor SI,)G,E(/IE.S ground forage Other forage quality forage
. communities n . 2 .
periods land biomass/ grass/  grass/( g/m?”) grass in above—
rasslanc
gras (g/m?) (g/m?) ground
biomass/%
(Gramineac) 49.76 30.31 19.45 61
Regreen stage ( Cyperaceae)
( Elymus nutans)
( Poa pratensi) .
( Kobresia humili)
Grassy stage ( Potentill abifurca) . 146.56 80.94 65.62 35
( Saussurea pulchra)
( Ajania tenuifolia)
100.90 60.53 40.37 60

Withering stage

o

The high quality forage grass refers to the grasses which are classified as Gramineae and Cyperaceae while the other forage

grass refers to the grasses which are not classified as Gramineae and Cyperaceae.
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1.2
1.2.1
(
e (DM)
(CP) .
(EE) 7. ( ADF)
( NDF) S
1.2.2
pH pHSJ-3F
Broderick  ’ o
1.2.3
Agilent 7890A GC
System( Agilent Hewlett Packard )
( FID)
75~190 C
30 mL/min 400 mL/min
300 Co
1.2.4 DNA MiSeq
DNA
(CTAB) / (SDS) DNA
1% DNA
I ng/pL 16S rDNA
V4 515F(5° -

GTGCCAGCMGCCGCGGTAA-3")  806R(5" -
GGACTACCAGGGTATCTAAT-3") PCR

194 °C 3 min; 94 C 40 s 56 C
60s 72 C 30s 30 72 C
10 min. PCR 2%
400 ~450 bp
( Qiagen Gel Extraction
Kit Qiagen ) PCR
Qubit® 2.0 Fluorometer ( Thermo Scientific)  Agi-
lent Bioanalyzer 2100 System
Mlu-
mina Miseq 2500 o
1.3
Flash 1.2.7 reads
Qiime 1.7.0 tags Uchime algo-
rithm barcode
barcode 97%
Qiime 1.7.0

( operational taxonomic unit OTU)

OTU
RDP classifier 2.2
OTU Qiime 1.7.0 R soft-
ware 2.15.3 Chaol+ Shannon.
Simpson.ACE ( coverage)
ouT Unweight Uni-
frac ( UPGMA)
R
Unifrac
Excel 2007
SPSS 22.0
Duncan P<0.05
2
2.1
2
( P<0.05)
(P<
0.05)
2 ( P>0.05)
( P<0.05) .
2.2
3
(P<0.05);
(P<0.05);
( P<0.05)
( P<0.05);
(P>0.05);
( P<0.05) ;
( P<0.05) ;
(P<0.05);
( P<0.05) ;

( P>0.05) ; /
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( P<0.05) ; ( P<0.05)
3 pH ( P>0.05) .

2

Table 2 Common nutrient contents of forage grass in different phenological periods %

Phenological periods

P
Items SEM P—alue
Regreen stage Grassy stage Withering stage
DM 93.23 93.45 93.27 0.34 0.665
CP 5.48" 12.20° 4.59°¢ 0.14 <0.010
EE 1.07" 1.50° 1.44° 0.00 <0.010
ADF 35.53¢ 30.23" 33.97° 1.51 <0.010
NDF 52.41 57.83 59.00 8.37 0.065
( P>0.05) ( P<0.05) o o

In the same row values with the same or no letter superscripts mean no significant difference ( P>0.05) while with differ—

ent small letter superscripts mean significant difference ( P<0.05) . The same as below.

3

Table 3  Effects of forage grass in different phenological periods on ruminal environmental parameters of freerange yak

Phenological periods

P
Ttems SEM P~alue
Regreen stage Grassy stage Withering stage
pH 7.55° 7.41° 7.51° 0.03 0.017
NH;-N/(mg/L) 53.11" 112.83" 54.60" 9.35 <0.010
Acetic acid/( mmol/L) 28.25° 29.03" 16.73" 3.22 <0.010
Propionic acid/( mmol/L) 6.35" 5.77" 3.11" 0.74 <0.010
Isobutyric acid/( mmol/L) 0.52" 0.76" 0.31°¢ 0.08 <0.010
Butyric acid/( mmol/L) 3.12° 3.70* 1.61" 0.46 <0.010
Valeric acid/( mmol/L) 0.36 0.31 0.05 0.17 0.165
TVFA/( mmol/L) 38.77° 39.55° 21.80" 4.36 <0.010
Acetate percentage/% 72.87" 73.26" 77.19* 0.01 <0.010
Propionate percentage /% 16.74* 14.54" 14.14" 0.00 <0.010
Isobutyric acid percentage/% 1.33" 1.96° 1.50" 0.00 0.012
Butyric acid percentage /% 8.10" 9.45* 6.99" 0.01 0.011
Valerric acid percentage/% 0.99 0.77 0.18 0.00 0.243
/ Acetic acid/propionic acid 4.40" 5.09° 5.49° 0.25 <0.010
2.3 ( P<0.05) ;
Chaol.ACE > >
2.3.1
( P<0.05) ; Shannon  Simpson
Chaol.ACE Shan— ( P>0.05)
non  Simpson o 4 Shannon ;

2 98%
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4

Table 4 Rumen microbial richness and diversity indexes

Phenological periods

P
Items SEM Pvalue
Regreen stage Grassy stage Withering stage
Chaol Chaol index 6 406.05° 5956.88" 6 028.85" 109.85 0.016
ACE ACE index 6 225.89° 5 847.07" 5 864.57" 103.60 0.025
Observed species 4 633.6" 4281.9" 4 426.3" 91.76 0.038
Shannon Shannon index 9.90 9.66 9.96 0.14 0.298
Simpson Simpson index 0.99 1.00 1.00 0.00 0.384
Coverage/% 98 99 98 0.00 0.886
2.3.2
3 2 2 o
(UPGMA)
1 o o

B HEFRREE Prevotella 1

W EF EFIRCIFIE B Rikenellaceae RCY_gut_group
BT RERR A AIRTEE Christensenellaceae_R-7_group
W E KK ERIUCG-003 Prevotellaceae_UCG-003

B 5 % K BFIUCG-001 Prevotellaceae_UCG-001

B TEINE B2 Butyrivibrio_2
FEMHRIUCG-010 Ruminococeaceae_UCG-010

B Pt B FHUCG-005 Ruminococcaceae UCG-005

B JEE EHUCG-014 Ruminococcaceac UCG-014

g FRERINKIA2 4B
R > NK4A214_group

B HAth Other
F43 Unclassified

0 0.05 0.10 0.15 0.20 0.0 0.2 0.4 0.6 0.8 1.0
SR UniFrac BB Weighted UniFrac distances HMIXtFFE Relative abundance
reg—Y - .reg-Y 2.reg-Y 3.reg-Y 4.reg-Y S5.reg-Y 6.reg-Y -7.reg-Y 8.reg-Y-9  reg-Y-10 ;Y-
gY2.2Y3.gY4.gYS5.2Y6.gYT.g¥Y8.g¥YH gXYH0 ywgY -1 wgY 2. wgY 3. wg-Y4,
wgYS.wgY6.wgYT . wgY8.wgYI) wg-Y-10 o

regY-1 regY2 regY3 regY4 reg Y5 regY-6 reg-Y-T reg-Y-8 reg-Y-9 and reg-Y-10 were rumen fluid sam—
ples of regreen stage; g-Y-1 g-Y2 gY3 gY4 g¥Y5 g Y6 g Y7 gY8 g-Y9 and g-Y-10 were rumen fluid samples
of grassy stage; wg-Y-1 wgY2 wgY3 wgY¥Y4 wgY5 wgY6 wgYT7 wgY8 wg-Y9 and wg-Y-10 were rumen
fluid samples of withering stage.
1

Fig.1 Clustering analysis of rumen microbial similarity at genus level

2.3.3 5. >0.1% 15
>0.1% 0.08% ~0.14%
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o 3 ( Bacteroidetes) teobacteria) . ( Cyanobacteria) .
( Firmicutes) ( Fibrobacteres) . ( Planctomycetes) . Sac—
49.60% ~ 52.99% charibacteria. ( Synergistetes) .
27.93% ~ ( Euryarchaeota)
40.42% 2 ; ( Tenericutes)
( P<0.05); ( Verrucomicrobia) ( Spirochaetae) 2
( Elusimicrobia) SR1 2
(P<0.05); ( Pro- ( P>0.05) .
5 >0.1%
Table 5 Relative abundance >0.1% of microbial species at phylum level %
Phenological periods
p
Items SEM P—alue
Regreen stage Grassy stage Withering stage
Bacteroidetes 52.88 49.60 52.99 1.56 0.237
Firmicutes 33.89" 40.42° 27.93¢ 1.18 <0.010
Verrucomicrobia 6.09" 3.33¢ 8.48° 0.80 <0.010
Proteobacteria 151" 2.05° 2.20° 0.14 0.004
Spirochaetae 1.02 1.21° 1.12 0.13 0.590
Lentisphaerae 0.64" 0.16" 2.40° 0.53 0.015
Tenericutes 0.91 0.95 0.93 0.13 0.975
SR1 1.03 0.80 0.94 0.11 0.335
Cyanobacteria 0.66 0.46 0.73 0.15 0.429
Fibrobacteres 0.39* 0.18" 0.48" 0.06 0.007
Planctomycetes 0.19" 0.26" 0.60° 0.06 <0.010
Saccharibacteria 0.31" 0.26" 0.39° 0.03 0.021
Synergistetes 0.12" 0.09" 0.19° 0.03 0.042
Elusimicrobia 0.08" 0.01°¢ 0.25* 0.02 <0.010
Euryarchaeota 0.07 0.07 0.11 0.04 0.732
Unclassified 0.10" 0.08" 0.14° 0.01 0.017
>1% caceae_NK4A214_group)
6. >1% 11 2 ( P<0.05) o
1( Prevotella_1) RC9 >0.01% 7
( Rikenellaceae _RC9 _gut_group) o ( Prevo—
2 2 > tella ruminicola) 3
> o R7 ( Chris— (P>0.05);
tensenellaceae _ R-7 _ group) . 2 ( Bu- ( Butyrivibrio fibrisolvens) . Oscillospira guilliermon—
tyrivibrio_2) . 1( Selenomonas _1) dit 2
(P< ( P<0.05) ; ( Fibrobacter succi—
0.05) ; UCG-003( Prevotellaceae_UCG - nogenes)
003) UCG-001( Prevotellaceae_UCG- (P<0.05); ( Ruminococcus _
001) 2 (P< Sflavefaciens) . ( Ruminococcus_albus)
0.05) UCG-005 ( Ruminococcaceae _ 2
UCG-005) . NK4A214  ( Ruminococ— ( P<
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0.05) ; ( Prevotella brevis) ( P<0.05)
6 >1%
Table 6 Relative abundance >1% of microbial species at genus level %
Phenological periods
P
ltems SEM P-value
Regreen stage Grassy stage Withering stage
1 Prevotella_1 15.89 14.38 17.03 1.16 0.285
. RE9 11.15 10.85 11.51 0.60 0.742
Rikenellaceae_RC9_gut_group
R7 ' )
i .52¢ 91” 0.36 0.010
Christensenellaceae_R-7_group 27 4.52 1.91 <
UCG-003 ; .
.99¢ .86” .94° .1 .01
Prevotellaceae_UCG-003 2.99 1.86 2.94 0.16 <0.010
UCG-001 I I :
.59 .99” 3.11° .2 .037
Prevotellaceae_UCG-001 259 1.99 311 0.29 0.03
2 [
99" .36 .25¢ 0.24 0.010
Butyrivibrio_2 1.99 3.36 1.25 <
UCG-010 L . b
Ruminococcaceae_UCG-010 1.30 1.92 1.84 0.14 0.010
UCG-005 b . .
Ruminococcaceae_UCG-005 1.36 2.62 0.99 0.10 <0.010
UucG-014 .
97" .76* 220 .1 .001
Ruminococcaceae_UCG-014 1.97 1.76 1.22 0.13 0.00
NK4A214 . L
29" .55¢ .02° 0.14 <0.010
Ruminococcaceae_NK4A214_group 1.29 2.55 1.02
1
1.22 2.39° 0.15° 0.31 <0.010
Selenomonas_1
7 >0.01%
Table 7 Relative abundance >0.01% of microbial species at species level %
Phenological periods
P
ITtems SEM P—alue
Regreen stage Grassy stage Withering stage
Prevotella ruminicola 1.08 1.17 1.70 0.58 0.162
Butyrivibrio fibrisolvens 0.38" 0.79* 0.06° 0.05  <0.010
Fibrobacter succinogenes 0.16* 0.06" 0.23* 0.01 <0.010
Treponema bryantii 0.11 0.13 0.12 0.01 0.814
Oscillospira guilliermondii 0.03" 0.23* 0.02" 0.01 0.013
Ruminococcus flavefaciens 0.09 0.06 0.08 0.00 0.361
Prevotella brevis 0.07° 0.01" 0.11* 0.00 <0.010
Ruminococcus albus 0.05 0.02" 0.03" 0.00 0.015
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Effects of Forage Grass in Different Phenological Periods on Ruminal
Environment Parameters and Rumen Microbial Diversity of
Free—Range Yak ( Bos grunniens)

MA Li'*? XU Shixiao' > LIU Hongjin' >® XU Tianwei' > HU Linyong' >
ZHAO Na'®> ZHANG Xiaoling' > HAN Xueping' *°
( 1. Northwest Institute of Plateau Biology Chinese Academy of Sciences Xining 810008 China; 2. Key Laboratory of
Adaptation and Evolution of Plateau Biota Chinese Academy of Sciences Xining 810008
China; 3. University of Chinese Academy of Science Betjing 100049  China)

Abstract: This experiment was aimed to study the effects of forage grass in different phenological periods on
ruminal environment parameters and rumen microbial diversity of freerange yak ( Bos grunniens) based on the
measurement of nutritive value of forage grass in different phenological periods. The forage grass samples were
collected during the regreen stage grassy stage and withering stage and the common nutrient contents were
determined. Ten healthy year+ound freerange Qinghai and Tibetan plateau yak (5 males and females) with
the body weight of ( 108.06+2.86) kg and at the age of 3 years were marked and the rumen fluids of them
were collected via oral cavity before freerange with empty stomach in regreen stage grassy stage and wither—
ing stage to measured the ruminal environment parameters and rumen microbial diversity respectively. The re-
sults showed as follows: the crude protein content of forage grass in grassy stage was significantly higher than
that in regreen stage and withering stage ( P<0.05) and the neutral detergent fiber content of forage grass in
withering stage was higher than that in grassy stage and regreen stage ( P>0.05) . The contents of ammonia ni—
trogen acetic acid isobutyric acid butyric acid total volatile acid reached the highest values in the grassy
stage and the content of total volatile fatty acids in withering stage was significantly lower than that in grassy
stage and regreen stage ( P<0.05) . Different phenological periods had effects on rumen microbial diversity.
Rumen microbial richness and diversity were the lowest in grassy stage. The relative abundances of Bacte—
roidetes Firmicutes and Prevotella_1 were all higher in the three phenological periods. The relative abundance
of Firmicutes in grassy stage was significantly higher than that in regreen stage and withering stage ( P<0.05) .
The rumen microbe mainly on cellulose degradation bacteria at species level. The bacteria detected were mainly
cellulose degradation bacteria. Thus the common nutrient contents of forage grass are different in different
phenological periods and the changes of common nutrient contents of forage grass in different phenological pe—
riods are the factors that resulted in the changes in rumen environment parameters and rumen microbial diversity
of yak the contents of ammonia nitrogen and total volatile fatty acids in rumen fluid are the highest in grassy
stage but the content of total volatile fatty acids in rumen fluid has decreased in withering stage therefore it is
necessary for yak to have supplementary feeding in withering stage to maintain their growth cause of the reduc—

ing energy source. Chinese Journal of Animal Nutrition 2019 31(2):681-691

Key words: forage grass; phenological period; nutrient; ruminal environment; rumen microbe
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