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A Quantitative Study on the Plant Population Phenology in
Kobresia humilisM eadow

ZHOU Hua-kun, ZHOU Li, ZHAO Xin-quan, L J W ei,

L 1'Ying-nian, YAN Zuo-liang, ZHAO Xu-xia
(Northwest Plateau Institute of Biology, The Chinese A cademy of Science , X ining, 810001 China)

Abstract: The phenological characteristics of main plant populations in K obresia humilis meadow w ere
measured and studied in thispaper. The 19 plant populations in K obresia hum ilism eadow w ere divided into
different phenological groupsw ith clustering analysis and principal component ordination By the method
of oorrelative coefficient ordination, the main ecological factors that influenced different phenological
periodsw ere listed as bellow: tenperature, precipitation and sunshine hours, regectively. A |l of this study
proved that phenological index was a good quantitative standard to show phenological pattern of alpine
K obresia hum ilis m eadow.

Key words Kobresia humilis meadow; Phenological index; Clustering analysis Principal component
ordination; Correlative coefficient
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Table 1 The exlogical factorsof different phenological periodsof K. humilismeadow

Ecological factor V egetative  Preflowering Florescence Seed set  V egetative period W ithering Grow ing

period bud period Period after fruit period period period
>
; 8 accumulated air 532 51+ 252 53+ 309 17+ 159 06+ 532 85+ 117 30+ 1297 92+
N 362 82 135 24 155 68 111 21 280 94 85 77 49 18
tenperature
=25
> 5  accumulated air 488 12+ 234 22+ 301 67+ 155 61+ 491 18+ 83 68+ 1196 69+
N 255 22 119 44 161 12 114 85 289 70 84 63 34 99
tenperature
>
; 8 aceumulated around 879 46+ 367 25+ 471 64+ 241 96 838 14+ 207 77+ 205Q 72+
- 9 407 78 158 81 221 47 153 48 421 98 139 11 90 44
surface temperature
>
; g accumulated ground 872 19+ 366 26+ 47Q 39+ 241 0+ 807 98+ 191 69+ 2031 28+
- 9 407. 18 159 70 222 15 154 28 437 58 140 01 84 77
surface temperature
(mm) 211 28+ 98 62+ 114 25+ 63 75+ 185 83+ 36 64+ 476 93+
Precipitation (mm) 98 20 49 67 64 68 38 19 102 03 21 74 20 69
(h) 510 44x 188 49+ 220 93+ 109 61+ 425 08+ 163 36+ 1057 52+
Sunshine hours(h) 205 36 100 81 99 32 6Q 76 196 35 120 11 70 10
()@ sam) 6 43 8 62+ 8 57+ 9 03 6 71 4 57+ 6 69
Air temperature( ) 145 151 176 1 60 158 153 Q 57
( )(om) 12 72+ 14 26+ 14 32+ 14 50 12 93 Q59+ 13 33t
Ground surface tenperature( ) (Om) Q91 2 04 193 2 37 177 2 43 Q 59
( )(0 20an) 7 73t 10 59+ 10 81+ 11 34+ 10 88+ 9 81+ 9 42+
Soil temperature( ) (0 20am) 179 1 63 1 60 131 Q 60 Q 00 Q 58
(%) (0 20am) 31 02+ 30 66+ 30 86+ 31 27+ 30 55+ 28 98+ 30 85t
Soil water content(%) (0 20am) Q 58 Q 81 Q 81 167 Q 82 Q71 Q 16
19 +

Note The data of Table 1 are calculated by the average valuest standard deviation of different phonological periods of 19 plant
populations in K. humilismeadow
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Table 2 Theplant phenological characteristics of different phenological periods in K. hum ilis meadow

Phenological stage V egetative Preflowering Florescence Seed set  V egetative period W ithering Grow ing
9 ad period bud period period period after fruit period period period
Phenological 56 82+ 7. 52+ 14 20+ 6 61+ 39 59+ 12 67+ 137 06
. giea 28 97 4 96 757 5 46 18 05 7 07 17 80
index (P1)
. 7Q 95+ 27 53+ 34 00+ 17 11+ 64 63+ 23 84+ 164 16+
Phenological .
S L asting days(LD) 30 02 11 78 15 02 9 53 30 19 10 90 10 22
characteristics
Phenological Q 77+ Q 27+ Q 42+ Q 39+ Q 60+ Q 50+ Q 78+
enologica Q 10 Q12 Q13 Q 16 Q 09 Q14 Q19
average rate(PAR)
2 19 +

Note The dataof table 2 are calculated by the average valuest standard deviation of 19 plant populations in K. humilismeadow
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Fig 1 TheRED clustering figure of phenological index of main plant populations in K. hum ilism eadow
1 (K. humilis) 2 B (Scirpus distigmaticus) 3 (Carex p.) 4 (K. pygmaea) 5 (Festuca ovina)
6 (Elymus nutans) 7. (Poasg ) 8 (Gentiana straminea) 9 (Saussurea superba) 1Q
(Potentillal nivea) 11 (L eontgpodium nanum) 12 (Ranunculus pulchellus) 13 (T halictrum
alpinum) 14 (L ancea tibetica) 15 (Oxytropis kansuensis) 16 (Gentiana farreri) 17 (Taraxacum
) 18 (Potentilla anserina) 19 (Pedicularis kansuensis)
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Table 3 The burdening value of phenological indexes to first 3 principal components

Phenological stage Theog;sptopnr;:fipal The zosggnperni?cipal Thegrso?'l;i::;ipal
V egetative grow th period Q 907 - Q320 - Q012
Preflow ering bud period Q 377 Q 193 Q 898
Florescence period Q 625 Q 672 - Q103
Seed set period - Q398 Q 687 Q 120
V egetative period after fruit period - Q910 Q 142 Q 172
W ithering period Q 237 - 0 843 Q 254
(A) Special value 2 397 1 793 Q 926
(%) Information percentage 399 29 9 15 4
(%) A ccumulated information percentage 39 9 69 8 85 3
B

—

Fig 2 Three dmensional ordination figure of phenological index of main plant populations in K. hum ilism eadow
1 (K. humilis) 2 #  (scirpus distigmaticus) 3 (Carex pp. ) 4 (K. pygmaea) 5 (Festuca
ovina) 6 (Elymus nutans) 7. (Poa gp. ) 8 (Gentiana straminea) 9 (Saussurea superba) 1Q

(Potentillal nivea) 11 (L eontopodium nanum) 12 (Ranunculus pulchellus) 13 (T halictrum
alpinum) 14 (L ancea tibetica) 15 (Oxytropis kansuensis) 16 (Gentiana farreri) 17 (Taraxacum

$.) 18 (Potentilla anserina) 19 (Pedicularis kansuensis)
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Table 4 The average phenological indexesof six phenological groups in the primary three principal components
I II I
Principal component
V egetative grow th V egetative period after W ithering Preflow ering
Phenological stages period fruit period period bud period
A
A group (1 2 4) 19 00 71 67 17 17 9 05
B
B group (11) 23 10 56 65 4 45 13 55
C
C group (12 14) 32 85 43 50 7 30 2 63
D
D group(3 10 13 15 17 18 19) %6 15 38 20 87 392
E
E group (5 6 7) 82 08 26 13 22 23 972
F
F group (8 9 16) 98 78 17. 70 7. 02 12 85
233 1) , RED=Q025 )
, 19 2342 B 11 -
- 1A 1 1 1
F A (9]
2343 C 14 -
234 ,
2344 D 13 -
2341 A -
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Table 5 Phenological indexes of different phenological stages and correlation
coefficients and ordination of main ecological factors
. V egetative Preflowering Florescence Seed set V egetative period W ithering  Grow ing
Ecological factor period bud period period after fruit period period period
=20
> 0 accunulated air Q 9610 Q 4380 Q 5741 Q 90043 Q 9571 Q 9575 Q 5989!
tenperature
25
=5 accumulated air Q 9780° Q 2940 Q 5314 Q 8884 Q 9364 Q 9247 Q 5814°
temperature
=20
>0 accumulated ground Q 9822t Q 44617 Q 62107 Q 9131t Q 96213 Q 9679 Q 5483
surface tenperature
=25
=5 accunulated ground Q 98167 Q 4401° Q 6085° Q 91282 Q 9104 Q 9598° Q 59007
surface temperature
(mm) 2
L Q 9771 Q 3064 Q 5237 Q 8604 Q 9629 Q 9256 Q 5441
Precipitation (mm)
(h) Q 9654 Q 5948 Q 7362 Q 8898 Q 9704t Q 9645 Q 5367

Sunshine hours(h)

123

Note The snall* 1 2 3" is the ordination of the correlative coefficient in each column

242 , 3
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