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Abstract

Aims Phenology is a sensitive, integrated indicator of environmental changes. It is important to research the
responses of phenological characteristics to environmental changes for understanding interactions between plants
and environment, adaptive mechanisms and survival strategies. Our objective is to examine how phenological
characteristics of plants respond to nutrient and water conditions in the eastern Qinghai-Tibet Plateau.

Methods Plant phenological characteristics in alpine Kobresia humilis meadow following nutrient and water
additions from 2009 to 2011 were quantitatively analyzed by the methods of nested analysis of variance,
phonological index and cluster analysis.

Important findings There were no significant differences in either green-up date or senescence date of plants
with nutrient addition, but these dates in several dominant species of grasses, sedges and forbs were postponed
following N and P addition. The treatments of nutrient and winter moisture addition moved up flowering dates of
dominant species (p < 0.01) and green-up dates of forbs (p < 0.05). Effects of nutrient and summer moisture addition
were inconsistent. The senescence dates of Elymus nutans and Scirpus distigmaticus were significantly postponed (p
< 0.05) and forbs were postponed. Phenological characteristics of different species had significant differences with
nutrient addition (p < 0.01): the senescence dates of Potentilla nivea were significantly postponed (p < 0.05), the
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senescence dates of Scirpus distigmaticus were significantly moved up (p < 0.05), but the different phenology
responses of plants to the nutrient addition were based mainly on plant groups, with the green-up dates of grasses
mostly postponed but the green-up dates of sedges moved up. Continuance of vegetative growth and vegetative
period after fruiting were negative correlated. Phenological characteristics of plants were divided into three groups
by cluster analysis. Phenological characteristics of the treatment of nitrogen-phosphorus-potassium mixed
fertilizer, potassium and nitrogen-potassium mixed fertilizer addition varied considerably among plant groups. In
summary, phenological characteristics of species in K. humilis meadow displayed large differences after moisture
addition, but displayed smaller differences after nutrient addition.

Key words green-up date, moisture, nutrient, phenology, phenology index, senescence date
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Table 1  Amount of applied fer(‘g?izer per plot per year (g)
Addition
Nutrient category Nutrient form (9-36 m2.a™)
N CO(NH,); 77143
P Ca(H,P0y),-H,0 1464.39
K K2S0O, 802.40
C CioH220n 5 148.00
ca” CaCO; 538.39
Mg" MgCO; 374.67
Fe" FeSO,7H,0 3043.58
Mn” MnSO, 247.54
zn" ZnS0, 7H,0 158.26
cu”’ CuS045H,0 141,51
B" Na,B40;-10H,0 31.77
Mo” Na;M00,-2H,0 9.08
*: addition of trace fertilizer.
, 2009 7 , 12
: : 4
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Table 2 Green-up ratios of plant with different nutrient additions on May 1st, 2010 (the 121th day of Julian calendar)

Species Nutrient addition
NPK K NP N P PK NK C Control

Kobresia humilis 0.83 0.83 1.00* 0.77 0.75 1.00" 1.00" 0.92 0.75
Elymus nutans 0.58 0.55 0.31° 0.39° 0.67 0.62 0.50" 0.62 0.75
Scirpus distigmaticcus 0.46~ 1.00 0.50" 0.75 0.63" 0.82 0.89 0.67 1.00
Gentiana straminea 0.46" 0.42* 0.17 0.08 0.50" 0.33 0.15 0.25 0.08
Saussurea superba 0.42° 0.58 0.33" 0.73" 0.55 0.83" 0.69" 0.58 0.55

Carex atrofusca 0.60 0.71° 0.75" 0.67 1.00 0.20° 0.70 0.62 0.50
Potentilla nivea 0.67" 0.91 0.54~ 0.92° 1.00* 0.91 0.92° 0.67 0.83

Poa crymophila 0.70 0.67" 0.70 0.70 0.70 0.83 0.42° 0.62 0.83

Stipa aliena 0.08~ 0.36 0.30° 0.33° 0.42 0.46 0.50 0.58 0.88

131 + - C, ;Control, K, N, ;NK,
; NP, » NPK, P 5 PK

Stipa aliena is from the 131th day of Julian calendar. + represent the higher green-up ratios compared with control; — represent the lower green-up
ratios compared with control. C, carbon; Control, no fertilizer; K, potassium; N, nitrogen; NK, nitrogen-potassium mixed fertilizer; NP, nitrogen-
phosphorus mixed fertilizer; NPK, nitrogen-phosphorus-potassium mixed fertilizer; P, phosphorus; PK, phosphorus-potassium mixed fertilizer.
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3 2010 10 22 ( 295 )

Table 3 Senescence ratios of plant species with different nutrient additions on Oct. 22th, 2010 (the 295th day of Julian calendar)

Nutrient addition

Species NPK K NP N P PK NK ¢ Control
Kobresia humilis 0.93" 0.71 0.95" 0.83 0.83 0.82 0.86" 0.78" 0.80
Elymus nutans 0.79 0.96" 0.87 0.88 0.85 0.91 0.89 0.83~ 0.91
Scirpus distigmaticcus 0.89° 0.52 0.72° 0.62 0.93" 0.58 0.57 0.66 0.54
Gentiana straminea 0.75 0.90" 0.94* 0.77 0.88" 0.84 0.87 0.73" 0.84
Saussurea superba 0.92 0.88 0.97" 0.95 0.98" 0.94 0.99" 0.83" 0.89
Carex atrofusca 0.72 0.89 0.82 0.90 0.92* 0.78 0.88 0.85 0.91
Potentilla nivea 0.83 0.77 0.93 0.83 0.81 0.88 0.94 0.74~ 0.96
Gueldenstaedtia diversifolia 0.96 1.00" 0.89 0.97 0.96 0.95 1.00" 0.99° 0.95
Agrostis hugoniana 0.85 0.93 0.86 0.95 0.89 0.95 0.90 0.96" 0.86
Stipa aliena 0.80 0.78 0.73 0.81 0.71 0.85 0.68~ 0.86" 0.85
Poa crymophila 0.63 0.87* 0.78 0.80" 0.61 0.67 0.69 0.88" 0.70
+ - C, ; Control, i Koo 3N, 5 NK ; NP, ;
NPK, P, 5 PK,

+ represent the higher senescence ratios compared with control; — represent the lower senescence ratios compared with control. C, carbon; Control, no
fertilizer; K, potassium; N, nitrogen; NK, nitrogen-potassium mixed fertilizer; NP, nitrogen-phosphorus mixed fertilizer; NPK, nitrogen-phosphorus-

potassium mixed fertilizer; P, phosphorus; PK, phosphorus-potassium mixed fertilizer.

3 cd
Poa c;jymoph% b :]_|
t abc
Stzpa a zena {
HABIR [ Fed
Agrostis hugi(émana Hab
Ot abc
Gueldenstaedtta dlverstfn%
P SR e |
2 Potennl a nivea
g G I —
2 Carex airofusca
3% 7 A 1 ibe
& Saussived super?a —
e i3 abe ]|
Gentiana strammea d
I
Scirpus dzstzgmatzcus
aber{ |
Elymus nutans d
& ¢
Kobresia hu'Zilis | | |
-0.2 -0.1 0.0 0.1 02 0.3
i %t B (50 AR L)
Senescence ratio (compared with CK)
8

(p<0.05)
Fig. 8 Senescence ratios of species in the 2nd year after
nutrient addition. Different lower-case letters indicate
significant difference (p < 0.05).
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