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A PRELIMINARY STUDY OF THE INFLUENCE OF SIMULATER GKFENHOUSE
EFFECT ON A KOBRESIA HUMJILIS MEADOW

ZHOU Hua-Kur Z80U Xing-Min and ZHAC Xin-Quan
(Northwest Plateau [nsticute of Biology, the Chinese Academy of Sciences, Xining 810001)

Abstract The International Tundra Experiment (ITEX) method was used to examine the influence of simulating
greenhouse effect on vegetation. The response of community phenology, community structure and the above-ground
biomass to increased temperature was analyzed in a Kobresia humilis meadow, with the following results: air tempera-
ture, soil surface temperature and the soil temperature in house increased by 1. 47 ‘C,1. 54 'C and 1. 00 'C respective-
ly over the control plots. Phenological patterns of each plant population commenced earlier and was relatively delayed
in the treatment. Additionally, the growing season of plants in the treated community was prolonged and height, cov-
erage and importance value of dominant plant populations also increased. Some changes in the community structure
were observed. The above-ground biomass of grass. sedge and forb species increased by 12. 3%, 1. 18% and

—21.13% . respectively, with a total increase of 3. 53% over the control plots.

Key words Kobresia humnilis meadow, Greenhouse effect, Phenology , Community structure , Above-ground biomass
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Table 1 The variation of temperature monthly in growing season (C)

W E B F
#i3R Soil temperature S8 Air temperature Soil  surface
temperature
T E EyHE
5 cm 10cm 15cm 20 cm  Average 5cm 10ecm 20 cm  Average 0 cm
value value
4H April %1 & Control 428 2.85 1.97 1.35 2.61 11.01 10.81 11.18 11.00  10.04
= Green house 5,13  3.80 2.27 1.66  3.22 12.24 12.75 12.93 12.64  13.75
%% Difference 0.85 0.95 0.30 0.31 0.6l .23 1.94 1.75  1.64 3.71
In temperature
5H May %} B Control 8.28  7.44  6.84  6.37  7.23 10.40 10.18 10.30 10.29  11.65
8% Green house 8.99 7.92 6.8  6.24 7.50 12.34 12.25 12.17 12.25  13.51
B % Difference 0.71 0.48  0.00 —0.13 0.27  1.94 2.07 1.87  1.96 1.86
in temperature
6 June %t Control 11.41  10.46  9.95  9.47 10.32 13.62 13.40 12.45 13.49  13.41
% Green house  12.36 11.02  9.98  9.45 10.70 1599 15.55 14 83 1516  15.43
%% Difference 0.95 0.56 0.03 —2.02 0.28  i.47 2,15 1.38 1.67 2. 02
mn temperature
7H July %t Contre! 13.13  12.34  12.66 11.79 12.48  20.41 19.94 19.59 19.98  21.93
% Green hovs:  14.2¢  13.74 12.97 12.36 13.33 23.16 21.01 20.84 21.67  22.20
%2 Difference 1.13 1.40 0.21 0.57 0.8  2.75 1.07 1.25 1.69 0.27
1In temperature
88 August %t Control 12.35 11.19 11.93 11.90 12.04 17.30 16.98 16.54 16.94  17.89
% Green house  14.88 14.64 13.96 13.33 14.20 18.44 18.04 17.87 18.12  18.62
%2 Difference 2.53  2.65 1.93 1.43 218 114 1.06 1.33 1.18 0.93
in temperature
95 September %4 Control 9.84 9.70 9.78  9.91  9.81 12.58 12.50 12.73 12.60  12.59
% Green house  12.64 11.59 11.09 10.76 11.52 13.21 13.12 13.48 13.27  13.17
B2 Difference 2.80 1.89 1.21 0.8 1.71  0.63 0.62 0.75  0.67 0.58
mn temperature
= 9.88 9.13 8.8 847  9.08 14.22 13.97 13.97 14.05  14.58
FEHME RS B Control
Average value + +2.55 +3.55 +£3.94 +4.02 +3.68 +3.89 +3.78 £3.50 £3.72  +4.42
standard division 11.38 10.45 9.52 897 10.08 15.75 15.45 15.35 15.52  16.12
{8 % Green house
+3.68 +4.02 +4.34 4+4.35 +4.09 44,31 43.48 +3.35 +3.71 +3.70
% Difference .50 1.50 0.66 0.50  1.00  1.53  1.48  1.38  1.47 1.54

in temperature

n=18 n=18 n=18
TRE T-test t=4.576 t=5.382 t=2.722 t=2.766 t=4.302 t=3.776 ¢t=5.124 t=4.217 t=4.633 ¢t=2.534
$<<0.01 p<<0.01 p<<0.05 p<<0.05 p<0.01 p<<0.01 p<<0.01 p<0.01 p<<0.01 p<<0.05

n=18 n=18 n=18 n=18 n=18 n=18 n=18

HZE =% — XM The difference in temperature is the one that the temperature of green house minus that of control plots
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Table 2 The variation of the beginning time and the ending

time of phenological phase in Kobresia humilis meadow

Lk 3 A M

Phenological phase The beginning time The ending time

BRR 40.37 —2.42°"
Vegetative phase

iAo _ . 3 .
Preflowering bud phase 0.84 0.16
i _ . N
Florescence phase 1.47 +1.26
BB y B
Fruit-bearing phase +2.84 0.42
REBRNP

Vegetative phase +0.37 —5.74% "
after fruit bearing

HRy “ o
Withering phase +0.89 3.00
E5H +0.37* —4.58" "

Growing phase

EREENEEE SN RN T FE, UL XK.
BEBIABMMNEME,“+"HRBHERN —"KAERTR,
“x»"RREFBE(p<0.05),“* » "FRFFR I F (p<<0.01)

The data discussed above is the statistical average value of 19 plant pop-

ulations in Korbresia humilis meadow, unit : day, and all is green

house plots compared with control ones. “+” means to be earlier, and

“—7” means to be delayed. “ * ” means to be significant difference (p

<0.05), and “ * * ” means to be the most significant difference (p<<
0.01)

KMRE SBELEH =& — R (ERD . AHR3
B LAE S B R Rk LA AT (p<<0. 05,7
=16), FEERXREHFH I, T & E (Carex sp. ).
WX 46 #§ ¥ (Ptilagrostis dichotoma) . 5 F 2 B ¥
(Potentilla nivea) ¥ ) B ER B/, X 53FHHEY
MAESKREEXR, BEMNSAERERAEEY, Y
HibymESEmEHEm, afILE#ET R, Hig
AEERTAMNMNEKRSRE, MAXARFE R
A Y, X AR Y 5 B A, Atk i 43 BESZ B0
WO HBEEAMBLS R REEEAEMINER
B BBR(Poa sp. ). ¥ EF (Festuca rubra) . H F
¥ 5 (Oxytropis kansuensis) . 7 Wk O 48 (Guelden-
staedtia diversifolia) % W) 35 B Y94 B3 in , i HoAth £k
A o B 5 B U B2

Y EBEEMEG SRS R R BEKF R
HESBRER(ERE,19860) , RAMTAX:

IV = (RC + RF + RH + RD) X 100/4 (1)
He v AEEME, RC HMHEX % E, RF X3
B, RH FAHM BB, RD AN EE .

SDRA=(HEH+HE L +HHE L+ FEL)/

¥ I} 24%:
4X100% 2
SDRAFMUHEERNLZEIREL.

HFR3IFH . BE . B (Koeleria cristata) . FERYE
BRE (Elymus nutans) . BRIETL (Gentiana straminea) |
2 W X E % (Saussurea superba) Z16 YW EE
EFERE U E LT B, HoA A U b 5, 33 2 A8 {0 3 B
BEMEET —EREM, TMRESXBEAZEZRAR
BE(}>0.05,n=16) BRI B R, B EEE G
BHEMARKERKREAAFWE, ERUREN
F,H25~50cm, TREUBEBHEYMARELE,
B5~20 cm, BB FEHE LT BB EEE
YRR, BB B ERIEARE
P,
2.4 X EEYBKE S

mEi A, MR DR RFEEEL 00 CUE,
fEHRBRENOHRE FEMERERA RS, A
T 3 M B 2 R R B YR A0 B AR (GR4.RS).

HMRIFL, HEBNT, SEFEEEYE
Bk, — 4%k BB (Scirpus distigmaticus) Fi& & EH
KEYBFRER, ZRABF (p>0.05,2=8);
REPRT EBBEBEHE RS, KB BEHRLE
F, ZRREEEF (p<<0.05,2=8); #HEFHRE
(Oxytropis sp.), R X O, LB (Trigonella
ruthenica) A Y BEF T LI, R EAYR K
Z R, BB XHE (Leontopodium nanum) |, 2 A E
(Lancea tibetica) . # % ¥ (Morina chinensis) . & B
15 BB 1L (Anemone obtusiloba) HE Y BT ER
ARBFE(P>0.05,n=8)5 HIb B HEMEYRE
£ R KB EKFE(p<0.05,n=8) BHEHEH
FEMBED LAYBOXMBEREGRORET
oM HEXEH FEYBROMBHETE

BEAXMT . BEEEGHEYNAERPHEK
(R HYBENEBYTIHER, XAPTESR
EHEARBERMNEYDR, Kb, REm FAYRIE
Y 12.30%, BEMMT 1. 18%, RERLS T
21.13%, BEMIN T 3. 53% (K5 , F LK EHEHIH R
# 5 Zhang #l Welker (1996) iR 45 £ — KR
REBBFEAMREEANERM(AXESE,
1987), B AR RO T, HBERE N K HEAE
(Briske & Bulter, 1989) 1 ¥ IR 4 Bg B =X A9 st &8
(Welker & Briske,1992) #E K T Xf + T & gy K 18
NE, K EAYBENMBRE MPERNERERR
BEEOREMR, YREHEY SEREE LR, JE R
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Table 3 Population’s quantitative characters of Kobresia humilis meadow

wn WE | ®EDensity | B mEE | FOOAEOD

Py Height(cm) | Coverage(%) | (unit-625cm™2) Frequency |Importance value dom:xr:tr:§ rate
Species name B OBz | 4R Bz | R O BE | ¥E BE | NER BE=E oyt HE
Control Green {Control Green |Control Green |Control Green |{Control Green [ Control — Green

house house house house house house

1. Kobresia humilis 10.9 11.7 6.69 869 |25.13 38.63| 1.00 1. 00 5.10 6.42 53. 68 61. 65
2. Scirpus distigmaticus 11.5 14.3 3.68 3.86 |66.63 68.63| 1.00 1.00 | 6.87 7.01 60. 21 61. 30
3. Carex sp. 28.5 31.7 1.20  0.74 4.00 2.00| 0.88 0.75 2.99 2.50 44.10 38.55
4. Koeleria cristata 30.1 31.0 | 0.03 0. 04 0.13 0.13| 0.13 0.13 1. 63 1. 45 22.76 20. 47
5. Ptilagrostis concinna 27.7 35.6 | 0.01 0.11 0.25 0.69| 0.13 0.13 1.52 1. 84 21.21 26. 47
6. Elymus mutans 38.5 45.0 | 7.44 5.33 | 45.13 29.00 | 1.00 1.00 | 7.89 6. 28 79.18 70.04
7. Festuca ovina 22.2 28.0 | 6.85 6.55 | 44.5 47.50| 0.88 0.88 | 6.75 6. 91 64, 04 65. 50
8. Poa sp. 28.5 35.1 7.80 8.60 |43.38 50.50| 1.00 1. 00 7. 40 8.10 72.92 77.91
9. Stipa aliena 27.3 32.0 (11.9 11.48 | 83.25 86.00 | 1. 00 1.00 [19.34 13356 92.73 92.78
10. Festuca rubra 35.0 42.5 | 3.58 3.95 |10.5 1. 50 0 1,05 1.00 | 4.51 4.71 58. 40 60. 56
11. Pridagrostis dichotoma 25.0 33.8 | 0.2 [S 0.75 0.311 0.13 5,13 1.47 1. 60 20. 00 22.23
12. Gentiana straminea 14.7 1.5 : $8.23  3.¢€8 3.12 3.257 1.00 0.88 | 4.66 2.99 54,28 41,11
13. Saussurea superba ' LT 4,% .04 4.18 5.25 4,38 | 1.00 1.00 | 3.39 2.75 42, 32 37.88
14. Leontopodium nanum 1.6 1.6 | 0.44 0.41 2.13  2.00| 0.63 0.63 1. 06 1. 00 18. 23 17.99
15. Ranunculus pulchellus 9.5 11.2 | 0.16 0.14 0.75 0.63| 0.50 0.50 | 1.14 1.10 19.23 19.20
16. Thalictrum alpinum 4.4 5.7 2.64 2.15 | 11.75 8.50 | 0.75 0.75 2.54 2.20 30. 68 29.07
17. Lancea tibetica 2.2 2.5 | 2.03 1.88 4.38 4.001 0.88 0.88 | 1.96 1. 86 28. 88 28.52
18. Oxytropis kansuensis 13.4 17.5 1.51 3.59 1.75 2.88 | 0.63 1. 00 1.91 3.04 28.02 43. 38
19. Oxytropis ochrantha 12.5 17.7 1.94 1.91 3. 88 3.38| 0.88 0.75 2.40 2.32 35.23 33.73
20. Gentiana farreri 9.5 11.5 | 0.89 1. 05 2.50 2.50| 0.50 0.50 | 1.45 1. 49 21.29 21.90
21. Gentiana aristata 7.8 7.5 1 0.3 0. 30 1.13 0.88 | 0.25 0.25 | 0.82 0.73 12. 28 11.33
22. Gueldenstaedtia diversifolia 6.4 8.5 | 4.8 6.78 6.88 10.63 | 0.88 1.00 | 3.08 4. 04 38.18 47. 58
23. Morina chinensis 10.1 12.3 | 1.00  0.98 1.00 1.38) 0.13 0.13 | 0.98 1. 02 12. 08 12. 49
24. Anemone obtusiloba 5.7 6.5 0.2 0. 60 0.25 0.63 | 0.25 0.38 | 0.64 0. 90 10. 45 14. 48
25. Taraxacum sp. 12.1 12.5 | 1.16 1.55 2.13 2.75| 0.88 0.88 | 2.06 2.11 32.81 33.00
26. Potentilla bifurca 7.8 6.8 | 0.09 0. 40 0.13 0.88| 0.13 0.63 | 0.56 1.15 8. 41 20.53
27. Potentilla anserina 8.5 8.8 | 0.41 0.61 0.38 0.38]| 0.25 0.25 0. 84 0. 84 12.74 12.58
28. Potentilla nivea 7.1 7.5 2.04 1.61 2. 88 2.00| 0.88 0.88 { 2.11 1. 87 31. 64 30.13
29. Pedicularis kansuensis 8.0 8.7 0. 06 0.03 0.25 0.13 | 0.13 0.13 | 0.57 0.52 8.53 8.05
30. Gerantum pylzowianum 2.3 2.4 | 0.18 0.08 0.75 0.50| 0.50 0.38 | 0.79 0.57 14. 60 11.02
31. Trigonella ruthenica 8.5 10.0 | 5.99 5.69 | 21.75 18.50 | 1.00 1.00 | 4.58 4.27 49. 64 48. 32
32. Aster sp. 7.2 .8 | 0.11 0.19 0.13 0.25§ 0.13 0.13 | 0.54 0. 62 8. 08 9.05
33. Swertia tetraptera 7.0 7.5 | 0.14 0.05 0.38 0.13| 0.25 0.13 | 0.69 0. 48 11. 20 7.44
34. Galium aparine 3.6 3.7 | 0.13 0. 50 1.00 2.25| 0.50 0.63 | 0.85 1.13 15. 40 19. 42
35. Thalictrum alpinum L. var. elatum| 13.0 16.2 | 0.15 0.13 0.50 0.38| 0.13 0.13 | 0.85 0. 88 12.03 12.51
SE#9{8  Average value 13,48 15.72) 2.38 2.33 |10.63 10.74| 0.57 0.59 2.63 2. 65 31.08 31.77
iR Statistic test £<<0.05,n=16|p>>0. 05,n=16|p>0. 05,n=16p>0.05,n=16| p>0.05,n=16 | $>0.05,2=16

1LBREE 2K KYE 3. E¥ 4RE SRARF o6 EWHEHEME 7 EF BLEAK 9 RHF 10.KEF 1L AXAW
¥ 12BN 13.E2TRAEYH L.BAHEE 15.RBEE 16 FLUERE 17268 18 HAME 19 ZERI 20. &0 EHRE
21. R EfE  22. BHORO4E 23 BXE 24 8% 25 WAE 26 “HEBRF 27 WAEEK 28 FTAEFBEX 20 HALEE
0. Hg M 31.EEE 32. %% 33.WFE 4. EHE 335 HIERLERE
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Table 4 The above-ground biomass of main plant populations in Kobresia humilis meadow (g/ (0. 25 mX0. 25 m))
—H% e E E &K
D 3 7 I 36) 10) 12)
waED D EEY LU EEDORRRY HRO RERD KRN Ll
%1 f8 Control 1. 64 1. 06 0. 35 3.21 4.25 0. 81 7.75 0.10 2.11 0.52 0. 040
B % Green house 1.77 1.21 0.10 1.79 6.14 0.91 8. 67 0.57 1.98 0.12 0. 028
G K p0.05 p>0.05 p>0.05 p<0.05 p<C0.05 p>0.05 p<0.05 p<C0.05 p<<0.05 p<<0.05 p>>0.05
Statistic test n=8 n=8 n=8§ n=28 n=38 n=2§8 n=8 n=28 n=8 n=8 n=8§
Rl E 2 LEID gD gt Sk BXE® ¥ WHED —RE SHE HE D
pEe I gz 04820 B 328 B 3 28)
%t B Control 0.15 0. 059 0.51 0.52 0. 40 0.13 0.020 0.10 0.023 0. 098 0. 35
i Z Green house 0. 06 0.053 0. 66 0. 015 0. 56 0. 084 0.014 0.072 0. 006 0. 059 0. 40
iR p<0.05 p>0.05 p<0.05 p<0.05 p<C0.05 p>0.05 p>>0.05 p<0.05 p<<0.05 p<<0.05 p>0.05
Statistic test n=38 n=§ n=28 n=8§ n=28 n=38 n=8 n=8§ n=28 n=28 n=8

1).2),3).6).7).8),100,12),13).14).16),17),20).22),23).24).,25).,26),28) .31 5 : AIF]3 See Takl: 3

36) . Sapaspp.  37) Oxytropis

sp.
25 £KERWELEDR
Table 5 The biomass of above-gcound at the er.d ot # £ X W
growing season (g/ (0. 23 mX 0. 25 m)) Black, R. A., J. R. Richard & J. H. Manwaring. 1994. Nutrient up-
R B 8 B take from enriched microsites by three great basin perennials. Ecolo-
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