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A Simulative Study on Effects of Climate Warming on Nutrient Contents and
In Vitro Digestibility of Herbage Grown in Qinghai-Xizang Plateau

XU Shi-Xiao, ZHAO Xin-Quan™ , SUN Ping, ZHAO Tong-Biao, ZHAO Wei, XUE Bai
( Northwest Plateau Institute of Biology , The Chinese Academy of Sciences, Xining 810001, China)

Abstract: The increasing trend of air temperature along with the climate warming has been accepted gradual-
ly by scientists and by the general public. Qinghai-Xizang Plateau, a unique geographic unit due to high-alti-
tude climate, is one of the most susceptible regions to climate warming. Its ecosystem is very fragile and sensi-
tive to climate change. In order to get a better understanding of the impacts of climate warming on the nutrient
contents of herbage grown in Qinghai-Xizang Plateau, a simulative study was implemented at Daban Moutain by
using temperature differences resulted from sites selected at different altitudes and nutrient contents and in vitro
digestibility were determined for assessing the quality of the grown herbage. There were significant downtrends
in crude protein (CP), ether extract (EE) and nitrogen free extract (NFE) contents of herbage along with the
increase of temperature. It had a positive correlation between temperature and content of acid detergent fibre
(ADF), acid detergent lignin (ADL) in herbage. In vitro digestibility of herbage decreased along with the in-
crease of temperature. The results of this study indicated that climate warming significantly influence nutrient
contents and in vitro digestibility of herbage grown in Qinghai-Xizang Plateau. It is suggested that the future
climate warming especially the gradual rise of the night temperature could cause negative effect on herbage
quality grown in Qinghai-Xizang Plateau by decreasing CP, EE, and NFE contents and increasing some indi-
gestible ingredients such as crude fibre (CF), neutral detergent fibre (NDF), ADF, and ADL. This, conse-

quently, decreases the ruminant assimilation ability.
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The global surface temperature has increased by about
0.5 °C since 1975, and a common view is that the current
global warming rate will continue or ever accelerate (James
et al, 2000). Global air temperature is predicted to increase
1-4.5 °C over the 2lst century, with the greatest increase
expected in the Arctic (Houghton et al, 1996; Watson,
1999; Zhang and Sun, 1999) . Temperature is one of the im-
portant factors influencing growth and development of organ-
isms. It is sure that the climate warming affects physiological
and ecological features and subsequently causes evident ef-
fects on levels of species, population and ecosystem, even
whole biosphere (Sun, 1996). Effects of climate warming on
herbage species, productivity and quality, and their impacts
on livestock production are the research focus of Global
Change and Terrestrial Ecosystem (GCTE), one of key pro-
jects of Intemational Geosphere-Biosphere Program ( IGBP)
(Chen and Sun, 19%4).

The ecosystem of higher altitude and latitude regions is
the most sensitive to climate changes (Houghton et al,
1996). With the peculiar topography, Qinghai-Xizang
Plateau has a unique climate system and is sensitive to its
changes with the air temperature increase at the rate of 0.16
°C every ten years (Gong and Wang, 1999; Liu and Hou,
1998). Night temperatures at Qinghai-Xizang Plateau have
generally increased more than in daytime (Tang et al , 1998;
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Tang and Li, 1999; Lai et al, 2000). Alpine meadow is the
dominated vegetation in the Plateau. Most studies on the ef-
fects of gradual temperature increase on Qinghai-Xizang
Plateau alpine meadow focus on the productivity of grassland
and whether ecosystems are carbon sinks or sources (Thorne-
ly and Cammell, 1997). When predicting the nutritional
quality of herbage, digestibility of the herbage is one of the
utmost important parameters ( Boisen and Eggum, 1991).
Nutrient content is an important factor in assessing herbage
digestibility. Effects of climate warming on nutrient contents
and in vitro digestibility of herbage grown in Qinghai-Xizang
Plateau have not been investigated .

In the present study, nutrient contents and in vitro
digestibility of herbage in Qinghai-Xizang Plateau alpine
meadow grown at different altitudes were determined and a
simulative study on the effect of climate warming on
herbage quality was performed. The results on climate
warming on herbage nutrient contents and its in vitro di-
gestibility could be useful to predict possible response of
Qinghai-Xizang Plateau herbage quality as well as an indi-

cator for future climate warming.

1 Materials and Methods

1.1 Study area
The study was conducted at Daban Mountain (37°
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29’ - 37°45’ N, 101°12’' - 101°23’' E) located in the
northwest of Qinghai-Xizang Plateau. The altitude of the
mountain ramped from 3 100 m to 4 000 m. The land-
scape is characterized by large mountain ranges with steep
valleys and gorges interspersed with comparatively level
and wide intermountain grassland basins. The climate at
Daban Mountain is dominated by the southeast monsoon
and high pressures from Siberia. It has a continental mon-
soon type climate, with long and severe winters and short
and cool summers. The average air temperature is — 1.7
°C with an extreme maximum of 27.6 °C and minimum of
—-37.1 C. During winter months, the average air tem-
perature can drop down to — 15 C or even — 20 C in
highland areas. The average precipitation ranges from 426
to 860 mm, 80% of which falls in the short summer
growing season from May to September. The annual aver-
age sunlight is 2 462.7 h with 60.1% total available sun-
shine during the growing season (Li, 1998).

1.2 Experimental design and statistical analysis

Four sites at different altitudes of Daban Mountain
with various temperatures were selected every 200 m from
3200 10 3 800 m along northem slope of Daban Moun-
tain. These sites have a similar soil type, vegetation and
topography .

Five species of Qinghai-Xizang Plateau herbage,
i.e., Festuca ovina, Poa annua , Koeleria cristata, Ko-
bresia humilis (stem and leaf) and Carex alrofusca (stem
and leaf) were selected to determine the soluble contents
such as crude protein (CP), ether extract (EE), nitrogen
free extract (NFE) and ash. For structured carbohy-
drates, some studies regarded crude fibre (CF) as a dom-
inant factor that impact herbage digestibility (Liu et al,
2001) . However, components of herbage CF is complex
and unstable, it is difficult to estimate its effect on
herbage digestibility. There are some firm chemical bonds
between lignin and plant amylose or cell wall protein, tie
up into inlaid structure through chemical bonds. There-
fore, digestive enzyme hardly contact lignin. Consequent-
ly, lignin is an important resistant factor to chemical de-
composition ( Ensminger and Olentine, 1985; McDonald
et al, 1992). According to ruminant digestion feature,
as for the herbage nutrient components, the dominant fac-
tor determining herbage digestibility is herbage lignin con-
tent (Tan et al, 1994) . The lignin content can be attest-
ed by the acid detergent fibre (ADF) and acid detergent
lignin (ADL) contents that could completely indicate the
lignin content. Thus, ADF and ADL contents could pre-
dict herbage digestibility more accurately ( McDonald
et al, 1992).

From data of herbage nutrient contents and in witro
digestibility, correlations between above-ground and be-
low-ground temperatures versus CP, EE, NFE, ADF,
ADL, and in vitro digestibility were analysed, respective-
ly. Then, climate warming impacts on herbage quality
grown in Qinghai-Xizang Plateau were estimated.

1.3 Methods
1.3.1 Temperatures Outdoor 4-channel external log-
ger (HOBO H8) and temperature sensors made in USA,

was used to monitor the temperatures at 5 cm (T;) and 10
cm (T,) above-ground, soil temperatures at 5 cm (T3)
and 10 cm (T;) below-ground at every site. It recorded
simultaneous temperatures every 2.5 min by data-log at
four levels (T;, T,, T3, T;) of four sites at 3 200 m,
3400 m, 3 600 m, and 3 800 m during 14 d (8 - 22,
August 2000). The mean temperatures of above-ground
(Ty-,) and below-ground (Ty_,) were derived accord-
ingly.

1.3.2 Nutrient contents K Jeldakl method was em-
ployed to measure nitrogen and indirectly the herbage CP
content (Zhang et al, 1996). EE was determined by
Soxtec System HT; samples to be analysed were weighed
into thimbles and inserted into the extraction unit. After
the solvent addition to the extraction cups, the soluble
matter was extracted into the solvent in a two-stage pro-
cess followed by a solvent recovery cycle. Finally, the ex-
traction cups were dried and weighed. Ash was the
residue after burning the samples for 3 h in a muffle at
525 C. The leftover amount after subtracting the moisture
contents, ash, crude protein, ether extract, and crude fi-
bre is the NFE of the herbage ( Ensminger and Olentine,
1985) .

Methods of determining ADF and ADL are based on

subsequent steps of chemical treatments to solubilize
“nonfibre” components and final determination of the
residue obtained. ADF is defined as the residue after
treatment with an acid detergent solution (cetyl trimethy-
lammonium bromide in sulphuric acid solution) . ADL is
defined as the residue after initial treatment by the ADF
method followed by the removal of the cellulose fraction
through extraction using 72% H,S0, (McDonald et al,
1992).
1.3.3 In vitro digestibility The procedure of in vitro
digestibility determination is based on the modifications
method developed by Weisbjerg and Hveplund (Genizi et
al, 1990). About 0.5 g of milled sample (1 mm) was
weighed into a tube. Ten mL Qinghai-Xizang sheep rumen
liquid and 50 mL buffer solution were added to the sample
in the tube. The mixture was incubated at 39 °C for 48 h
with shaking once every 2 h. At the end, the tube was
centrifuged and the supemnatant decanted. The residue
was incubated again with 60 mL pepsin-hydrochloric acid
solution (to digest protein) for another 48 h at 39 <C.
This followed by centrifuging, filtering, drying the
residues and ashing. Blanks are included to correct for
the indigestible dry matter from the rumen liquid.

2 Results

2.1 Temperatures at different altitudes

Above- and below-ground temperatures at four differ-
ent altitudes represented an evident downtrend with the
increase of altitude (Fig. 1). Altitude increasing from
3200 m to 3 800 m, T,, T, T; and T, decreased by 1.9
C, 1.47 C, 1.22 C, and 1.25 °C, respectively. *
Above-ground (T,,) and below-ground (T;_4) mean
temperatures of four sites were 9.19 T and 8.25 C,
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Fig.1. Temperature of different altitudes of Daban Mountain.
Table 1 Correlation coefficients between altitudes and temperatures
Altitude T, T, T; Ty T, Ts_4
Altitude 1.000 0
T, -0.982 1 1.000 0
T, -0.9973 0.9922 1.0000
Ty -0.9%4 4 0.982 5 0.9925 1.0000
Ty -0.9956 0.988 9 0.99 1 0.996 5 1.000 0
T -0.990 4 0.998 5 0.9972 0.988 3 0.994 3 1.0000
T5_4 -0.9905 0.9859 0.996 1 0.999 1 0.999 1 0.992 3 1.000 0

85C and7.69 C, 7.84 C and 7.33 C, and 7.50
°C and 7.01 C, respectively.

The correlation analysis of altitudes versus tempera-
tures indicated (Table 1) that negative correlation coeffi-
cients between altitudes and temperatures were significant
(P<0.01).

2.2 ADF and ADL contents

There were positive correlations between T _,, Ty _4
and ADF, ADL contents in the herbage (Table 2). T, _,
and ADF contents in P. annua, K. cristata and F.
ovina , in leaves of C. alrofusca and K. humilis , and in
the stem of K. humilis were all significant (P <0.05),
while it was not significant for the stem of C. alrofusca
(P>0.05). The correlations of T5_, and ADF contents
in P. annua, F. ovina, K. cristata, in leaves of C.
alrofusca and K. humilis, in stems of K. humilis and
C. alrofusca were all significant ( P <0.05) . The corre-
lations of Ty _,, T3_4 versus ADL contents in F. ovina,
P. annua, leaf of C. alrofusca, stem of K. humilis,
leaf of K. humilis, K. cristata were all significant ( P
<0.05), while it was not significant for stem of C. al-
rofusca (P >0.05).

2.3 CP and EE contents

There are negative correlations between Ty _,, T3_4
and CP, EE contents of the herbage (Table 3). Correla-
tions of T;_, and CP contents of F. ovina, stem of C.
alrofusca , leaf of C. alrofusca and leaf of K. humilis
were all significant (P < 0.05), but were not significant
for P. annua, K. cristata, and stem of K. humilis.
Correlations of T; _,, Ts_4 versus EE contents in P. an-
nua, K. cristata, stem of C. alrofusca, leaf of C. al-
rofusca , stem of K. humilis and leaf of K. humilis, and
F. ovina were all significant (P <0.05).

2.4 Ash and NFE contents

Correlations of Ty _, and ash contents in F. ovina,

P. annua, K. cristata, stem of C. alrofusca, leaf of
C. alrofusca, stem of K. humilis, and leaf of K. hu-
milis were not significant (P > 0.05). Correlations be-
tween T;_4 and ash contents in F. ovina, P. annua,
K. cristata, leaf of C. alrofusca, leaf of K. humilis
were not significant except for stem of C. alrofusca and
stem of K. humilis where they were significant ( P <
0.05), i.e. there were no regular variations of herbage
ash contents along with temperature increased. There were
negative correlations between T,_,, T3_4 and NFE con-
tents in the herbage (Table 4). Correlations between
T,_5, T5_4 and NFE contents of K. cristata , stem of C.
alrofusca, leaf of C. alrofusca, stem of K. huwmilis,
and leaf of K. humilis were all significant (P <0.05),
while were not significant for F. ovina and P. annua
(P>0.05).
2.5 Invitro digestibility

For in vitro digestibility of herbage grown at different
altitudes, the correlations with both above-ground and be-
low-ground temperatures were negative (Fig.2). Assess-
ments of the statistical significances suggest that correla-
tions between T _, and T5_4 versus in vitro digestibility of
F. ovina, P. annua and K. cristata, leaf of C. alro-
fusca , stem of C. alrofusca, stem of K. hwmilis, and
leaf of K. humilis were all significant (P <0.05).
3 Discussion
3.1 Effect of temperature on herbage nutrient con-
tents

Herbage grown in alpine climate environment engen-
der a series of adaptive characteristics in physiology and
metabolism during the long evolvement process ( Grab-
herr, 1994; Zhang and Ma, 1982). It is evident in some

species such as wheat, clover and potato, undergo
metabolic changes in protein, carbohydrate, nucleic acid,
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Table 2 Temperature and ADF, ADL contents in herbage grown at different altitudes
Species Altitude T(C) ADF (%) ADL (%) Correlation analysis
(m) T, T4 (+ SD) (£ 8D) Ty_,and ADF  Ty_sand ADF T, and ADL T;_, and ADL
Festuca 380 7.50 7.01 35.77:+1.27 8.62:0.96  r=0.8649 r=0.8575 r=0.9610 r=0.9355
otina 3600 7.8  7.33  39.69:1.41  10.17£1.25 P<0.05 P<0.05 P <0.01 P<0.01
3400 8.56 7.69 41.67+1.63 12.80£1.48
3200 9.19  8.25 41.74:1.45 13.25:1.90
Poa 380 7.50 7.0 32.53+1.58 7.60+1.28  r=0.9639 r=0.958 1 r=0.9919 r=0.969 4
annua 3600 7.84  7.33  35.12£1.23  8.20+1.28 P <0.01 P<0.0l P <0.01 P<0.01
3400 8.5 7.69 37.28+1.22 10.88:1.59
3200 9.19 8.25 38.49:1.24 12.18:0.87
Koeleria 3800 7.50 7.01 43.65:1.87 14.72£0.96  r=0.9549 r=0.914 9 r=0.906 5 r=0.873 5
aistata 3600 7.84 7.33  44.39:1.65 16.57+1.39 P<0.01 P <0.05 P <0.05 P<0.05
3400 8.56 7.69 47.98:1.33  19.26+1.30
3200 9.19 825 48.30:2.36 18.96+1.39
Stemof 380 7.50 7.01 42.05:+1.96 8.53+1.00 r=0.7494 r=0.8147 r=0.7101 r=0.687 3
Carex 3600 7.8  7.33  42.90:0.96 11.87:1.61 P>0.05 P<0.05 P>0.05 P>0.05
olrofisca s 400 8.56  7.60  41.96£1.07  13.64%0.53
3200 9.19 8.25 45.85+1.77 12.31:1.18
Leaf of 380 7.50 7.0 29.28+1.66  6.38+1.03 r=0.868 4 r=0.8607 r=0.9266 r=0.9370
C. 3600 7.8  7.33  33.22+2.01  7.58+0.90 P <0.05 P <0.05 P <0.01 P <0.01
orofsca 540 856  7.69  35.26:1.44  8.0120.91
3200 9.19 825 35.35+1.46  8.53:0.99
Stemof 380 7.50 7.01 35.70£1.97 9.57+1.06  r=0.8865 r=0.8847 r=0.917 r=0.9749
Kobresia 3600 7.84  7.33 39.26+1.79  10.65:0.95 P<0.05 P <0.05 P<0.01 F<0.01
humitis 3400 8.56 7.69 40.88:1.19 12.79+0.61
3200 9.19 825 41.36+1.53 13.85:0.99
Leaf of 380 7.50 7.0 29.00+1.49  5.58+1.18  r=0.9155 r=0.869 4 r=0.9953 r=0.9873
K. 3 600 7.84 7.33 30.94 +1.49 6.32+1.53 P<0.05 P<0.05 P<0.01 P <0.01
humilis 3400 8.56 7.69 37.08+1.89 7.41+1.06
3200 9.19 825 36.43:+1.8] 8.20:1.42

n=4, Pou=0.8114, Pyg =0.9172.

ADF, acid detergent fibre; ADL, acid detergent Lignin.

and ether extract and participate in physiological processes
of resistance against freezing temperatures and then in-
crease their adaptive capability for protection under chilly
envionment (Han et al, 1997). When plants were
grown at high altitudes, the increase in protein, ether ex-
tract, and some carbohydrates, will cause higher concen-
tration in their cell protoplasm. This consequently de-
crease its freezing point, and enhance its adaptive resis-
tance capability to cold climate (Zhang and Ma, 1982).

Difference in daytime and nighttime temperatures is
obvious in Qinghai-Xizang Plateau. During the growing
season the nighttime temperatures ( < 10 °C) are evident-
ly lower than those of daytime ( > 20 °C). There are
strong illumination in the daytime, herbage can assimilate
a lot of dry matter. Temperature decreases to a lower level
during nighttime, so the herbage respires feebly and the
dissimilation decreases. Thereby, nutrient accumulation
in plants through photosynthesis during daytime exceeds
disassimilation during nighttime. In eastern agricultural
land of China, disassimilation of wheat plants at night due
to respiration accounts for 20% - 30% of photosynthetic
products, while wheat plants in Qinghai-Xizang Plateau
account for only about 10% (Zhang and Ma, 1982).

Different species have different sensitivities to low temper-

atures during nighttime, but all plants share a common di-
rection, i.e. there is a positive correlation between tem-
perature and herbage respiration with low nighttime tem-
perature restraining herbage respiration (Zhang et al,
1987; Levitt, 1980). Herbage respiration mostly con-
sumes some soluble nonstructured carbohydrates and its
consumption decreases at low nighttime temperature.
Thus, it is propitious to soluble matter accumulation. The
increase of soluble matter enhances saturation pressure of
plant cell leading to the increase of resistance of cell pro-
toplasm against freezing (Zhang and Ma, 1982). Conse-
quently, this enforces plant resistance against chilly cli-
mate.

While low temperature restrains respiration and is fa-
vorable to soluble carbohydrate accumulation, some struc-
tured carbohydrate contents such as cellulose, hemicellu-
lose and acid detergent lignin decrease. The herbage nu-
tritive value varied with the altitude. Nommally, the
herbage at higher altitudes has higher protein content and
nonstructured carbohydrate. The main reason for this is
the low temperature resulted in decreased lignification of
plant cell walls. Low temperature also causes slower
metabolic activities which increase the pool of metabolites
in the cellular content, and also increase nitrates,
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Table 3 Temperature and CP, EE contents of herbage grown at different altitudes
. Altitude T (C) CP (%) EE (%) Correlation analysis
Species (m) " T,., T, (+5D) (£ 5D) T,,andCP Ty.4andCP T, ,and EE  T_,and EE
Festuca 3800 7.50 7.01 9.96:1.35  3.60£1.40 r=-0.9274 r=-0.914 r=-0.9906 r=-0.9158
ovina 3 600 7.84 7.33 8.97+0.66 3.68 +0.20 P<0.01 P<0.01 P<0.05 P<0.05
3400 8.5 7.69 8.90:1.46  3.41£0.35
3200 9.19 825  7.90£0.73  3.22+0.10
Poa 380 7.50 7.01 10.49£1.32 4.17£0.45 r=-0.7005 r=-0.7282 r=-0.9%63 r=-0.9933
annua 3 600 7.84 7.33 8.35+1.40 4.11+1.42 P>0.05 P>0.05 P<0.01 P<0.01
3400 8.5 7.69 8.48+0.73  3.95:0.55
3200 9.19 8.25 8.27:0.06 3.77£0.25
Koeleia 3800 7.50 7.01 8.87+0.48  4.09+0.05 r=-0.1606 r=-0.13836 r=-0.9479 r=~0.9119
crisiasa 3600 7.84 7.33  7.13+0.58  3.91:1.01 P>0.05 P>0.05 P<0.01 £<0.01
3400 8.56 7.69 6.87£0.67  3.45:0.71
3200 9.19 825  8.3+1.18 3.43£0.09
Stemof 380 7.50 7.01 8.34:0.35 4.17£0.42 r=-0.9393 r=-0.9052 r=-0.9967 r=-0.9819
Carex 3600 7.8 7.33  7.85:0.53  4.12+0.55 P<0.01 P<0.05 P<0.01 P<0.01
arofiscs 34w 8.56  7.69  6.86£0.85  3.9140.41
3200 9.19 8.25 6.85£1.05  3.76+0.45
Leaf of 380 7.50 7.01 11.45:2.35 4.33:0.80 r=-0.8876 r=-0.9234 r=-0.9904 r=-0.9987
C. 3 600 7.84 7.33 9.99:2.72 4.23+0.05 P<0.05 P<0.01 P<0.01 P<0.01
arofiscs 4% 856 7.69  10.01£2.10  4.14£0.90
3200 9.19 825 9.02£2.08  4.00:£0.95
Stemof 380 7.5  7.01  8.21£0.24  4.19£0.50 r=-0.7321 r=-0.747 r=-0.9757 r=-0.9423
Kobresia 3600 7.84 7.33 7.47+0.12  4.16£0.91 P>0.05 P>0.05 P <0.01 P<0.01
humilis 3400 8.56 7.69 6.99:0.98  3.94:0.23
3200 9.19 8.25 7.31£0.70  3.88+0.65
Leaf of 380 7.50 7.01 11.22:3.49 4.24:0.15 r=-0.832 r=-0.881 r=-0.9633 r=-0.9839
K. 3600 7.84 7.33 11.38£2.92  4.19£0.41 P<0.05 £>0.05 P<0.01 P<0.01
humilis 3400 8.5  7.69 9724228  4.14£0.25
3200 9.19 825 9.90:1.61  3.98:0.21

CP, crude protein; EE, ether extract.

proteins, and soluble carbohydrates, but decrease the
structural cell-wall components (Zhao and Zhou, 1999).
Han et al (1997) studied contents of protein, fat and
starch of K. humulis grown at different altitudes in
Qinghai-Xizang Plateau. They found some biochemical
components such as protein, fat, and starch in above-
ground and belowground tissues of the plants tended to in-
crease with increasing altitude. In this study, similar re-
sults were obtained on CP, EE and NFE in other four
species of herbage besides K. humulis (Tables 3, 4). In
addition, some structured carbohydrate contents such as
ADF and ADL, that are dominant factors on herbage di-
gestibility decrease with the increase of altitude (Table 2) .

In this study, sites similar in topography, soil type,
and vegetation condition, but at different altitudes were
selected. Generally, solar ultraviolet radiation (UV), es-
pecially ultraviolet radiation B (UV-B) has some negative
effects on photosynthetic ability through decreasing the
rate of light energy converted into chemical energy and
destroying chloroplast structure, reducing chlorophyl con-
tent of plants. Synchronously, it increases respiration, so
increasing UV-B radiation will decrease the net production
of photosynthesis (Li and Yue, 2000). As for lignin,
Rozema et al (1997) reported that lignin content of

plants increased under strong UV-B radiation. However,
study on solar UV-B radiation at different evelation re-
gions by Shi et al (1999) showed that effects of solar UV-
B radiation were not significant at altitudes between 1 800
m and 2 300 m, and Daban Mountain always vestured by
cloud and mist for its topography characteristics, plants of
the region mostly enclouded by chilliness rather than solar
UV-B radiation. Therefore, the solar UV-B radiation dif-
ference resulted from 200 m altitude difference had no ev-
ident effects on herbage nutrient contents and its di-
gestibility .

Temperature difference resulted from different alti-
tudes is the dominating factor among all kinds of environ-
mental elements. In this study, change in nutrient con-
tents of herbage grown at different altitudes can be de-
duced as the response of herbage nutrient to temperature
differences. Therefore, the difference of herbage CP,
EE, NFE, ADF, and ADL contents were primarily influ-
enced by temperature. Evident trend of climate warming
in Qinghai-Xizang Plateau during the last 40 years, espe-
cially the increase of nighttime temperature would enhance
herbage respiration. This is against the accumulation of
some soluble matters such as protein, ether extract and
nitrogen free extract, and is propitious to accumulation of
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Table 4 Temperature and ash, NFE contents of herbage grown at different altitudes

. Altitude T(C) Ash (%) NFE (%) Correlation analysis
Species () (:SD) )
m T, Ts_s + 8D (+SD T.2and Ash Ty ,and Ash T, ,and NFE T;_, and NFE
Festuca 380 7.50 7.01 4.03:1.19 42.69:1.16 r=0.3112 r=0.4099 r=-07389 r=-0.6763
aving 3600 7.84  7.33  4.16:1.04 41.39:0.19 P>0.05 P>0.05 P>0.05 P >0.05
340 8.5 7.69  3.53:0.82  38.35+1.38
3200 9.19 8.25  4.58:0.80  40.05:0.31
Poa 380 7.50 7.0  4.17£0.67 43.83:1.31 r=-00519 r=-0.126 r=-0.8109 r=—0.7703
annua 3 600 7.84 7.33 3.54+0.34 44.02+0.70 P>0.05 P>0.05 P>0.05 P>0.05
3400 8.56 7.69 4.21:0.24 41.21:1.09
3200 9.19 8.25  3.82:0.65 41.79:0.36
Koeleria 380 7.50 7.01  4.09:0.71 35.75%1.53  r=0.644 8 r=0.6908 r=-0.9562 r=-0.9394
erisiata 3600 7.8  7.33  3.78:0.32  33.75+1.09 £>0.05 £>0.05 P<0.01 P<0.01
3400 8.5  7.69  3.68:0.51  31.48+0.31
3200 9.19  8.25  S5.I12+1.12  30.89+1.36
Stem of 380 7.50 7.0i  4.1620.04 46.12:0.45  r=0.8G72 r=0.8556 r=-0.9736 r=-0.9453
Carex 3600 7.84  7.33  4.27:0.01  46.2440.60 P£>0.05 P<0.05 P <0.01 P<0.01
alrofusca
3400  8.56 7.65  4.18:6.32  44.26+1.25
3200 9.19  8.25  5.56:0.57 43.271.61
Leaf of 380 7.50  7.01  6.30:0.01 46.47:1.8  r=0.2717 r=0.3842 r=0.927 r=-0.9783
C. 3600 7.84 7.33  6.90:0.42  44.44%3.32 P>0.05 P>0.05 P<0.01 P<0.01
ahofsca 34 856 769 5.99:0.19 43.93+3.06
3200 9.19  8.25  7.09:0.32  41.81+£1.87
Stem of 380 7.50 7.01  4.04:0.16 44.49:0.40 ,=-0.7856 r=0.8261 r=-0.9952 r= -0.980 I
Kobresia 3 600 7.84 7.33 3.92+0.06 43.49 £2.70 P>0.05 P<0.05 P <0.01 P <0.01
P
umilis 3400 8.5  7.69 3.94x031  41.39+1.89
3200 9.19 8.25  5.63:0.06 40.20+0.9%
Leaf of 380 7.50 7.0  5.87:0.45 46.25:4.06 r=0.1213 r=0.1819 r=-0.8206 r=-0.8827
K. 3600 7.84 7.33 6.82:0.07 45.19:2.50 P>0.05 P>0.05 P <0.05 P<0.05
humilis 3400 8.56 7.69  6.33:0.12  45.72+2.93
3200 9.19  8.25  6.29:0.42 43.57+1.67
NFE, nitrogen free extract.
>
~ ..p
() =
o :
g 1]
g 6 e
s g
[l 'H
N
4 S
Fo. Pa. Ke. Stem of Kh, Leaf of Kh, Stem of Ca. Leaf of Ca.
T T, N T;, In vitro digestibility
Fig.2. Temperature and in vitro digestibility of herbage grown at different altitudes.
Fo., Pa., Kc., Kh., and Ca. were abbreviations for F. ovina, P. annua, K. cristata, K. humilis, and C. alrofisca. respectively.

, T3

unsoluble lignin.
3.2 Temperature and digestibility

The lower digestibility of herbage grown at higher
temperature is due to the combination of two main effects .
High environmental temperatures result in the increase of
lignification in plant cell wall. Higher temperatures also
cause more rapid metabolic activities, which decrease the
pool metabolites in the cellular conents. Photosynthetic
products are thus more rapidly converted to structural

components. This activity decreases nitrate, protein, and
soluble carbohydrate, and increases the structural cell
wall components. In grasses, both leaf and stem qualities
decline with increasing temperatures, and more pro-
nounced in tropical grasses ( Van Soest, 1994). Leaf
quality declines particularly as a result of lignification of
the midrib, which contains the major portion of the lignin
in grass leaves. Since stems also decline in quality at an
equivalent stage, an increase in temperature usually
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causes an overall decline in grass quality ( Van Soest,
1994) . Results of this simulative experiment also showed
a negative correlation (Fig.2) between temperature and
digestibility of herbage grown in Qinghai-Xizang Plateau.

Results of this study indicated that increasing tem-
perature at various altitudes had the trend of decreasing in
protein, ether extract and nitrogen free extract, herbage
digestibility, and increasing in structured carbohydrate
such as acid detergent fibre and lignin. Temperature as an
important factor of all environmental aspects, the future
increasing climate warming will bring negative effect on
herbage quality in Qinghai-Xizang Plateau.
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SEEENEREREHEEFRSERH
1A 5 5 1K 2 52 M 45 $UL B 52
it R#FL* I F BEK R fF B &

(hEREBE IR IREYB SRR, BT 810001)

BWE: 2R[BEER.[NBELAMBEEZSEARAER MERRREX —Mine BB ThE S RE URER T
SER, AEIH T ESBRERSEFREIEEESENEWR, A AH LG 3 200 ~ 3 800 m MR, ARE
AEBEZWEA T, AR ERFERAEE SIS IRER AR M THRE N, AR BRERNTFRBRREER
EREHASEAENEE, $3EF( Festuca ovina) FEBKR( Poa annua) . FE ( Koeleria eristata ) 5 B ( Kobresia
humilis ) FIBAGE R ( Carex alrofusca) 5 FhA K ZEN [ G HROBE HE A 0 IR0 B A M ok 47 48 ( ADF) (K K (ADL)
EA(CP) HAEN (EE) XABRLEY (NFE) KA EFEBFR SEXHZA X B ERBEREGHESIHLEER, 208
1999 F1 2000 47 P G- MU 8 4347, S5 R 2 W - FEE IR E FH R 45 CP.EE 1 NFE M5 2 8 RS2 A MAB R B E
ADF #l ADLH 4 SR SREFEEMXLR  FEERE A FME ADF.ADL B 4+ & B 2 i % BOERSME
RESHELERKMAEBREFERHAXXE EEREABRERIIMNELEERFREE. SRR EN , KBE
X—EERFERME ARSBERARERABENAES I RERIEREEF L EAEL, ]E CP.EE,
NFE & & FIFRIE, *P Bt %4 48 (NDF) (ADL & B 938 0, PO 35 AL BRI, W T AR F I 4 3h 3 X3 02 i 9 4L )

it

H.
R : SR KR B BRI (RSN LR
FEDHES: Q948.1 XRARIRE: A XEHS: 0577-7496(2002) 11-1357-08

R B 38 :2001-08-06 34X H 3 : 2002-04-17
BAWH . BREAERPIR AR B (61998040813) ; E K B AFEH 4 (30070147) ; *h BFHE B AR LYHT TR B H (KZCX1-

09-01, KSCX2-1-07, KZCX1-SW-01-01A5); P M 5 L B EREBESRAEF B BEE,
* BIRMEE.
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