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Abstract: To investigate the relationship between soil water-holding capacity and chemical characteristics, as
well as the influencing factors, this study took the high-altitude cold meadows of Gannan as the research object,
and analyzed the soil water-holding capacity, soil organic carbon (SOC), nitrogen (N), phosphorus (P), soil
organic carbon storage (SOCS), total nitrogen storage ( TNS), total phosphorus storage (TPS), and stoichio-
metric ratios. The results indicated that soil water-holding capacity decreased with increasing degradation sever-
ity, with the most significant changes in the surface layer; SOC, N, P, SOCS, TNS, carbon-phosphorus
ratio (C:P), and nitrogen-phosphorus ratio (N: P) decreased with increasing degradation severity; Soil water-
holding capacity was extremely significantly positively correlated with vegetation cover, biomass, height, capil-
lary porosity, total porosity, SOC, N, P, C: P, N: P, SOCS, and TNS, and extremely significantly nega-
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tively correlated with soil bulk density. Monte Carlo tests indicated that soil bulk density had the highest
explanatory power for water-holding capacity (81.8% ), and vegetation cover, soil porosity, SOC, C:P, TN,
and TP were significant influencing factors. Therefore, in the ecological restoration and management of alpine
meadows, vegetation and soil improvement measures should be optimised in a coordinated manner to simultane-
ously enhance water retention capacity and ecological functions.
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Fig. 1 Tocation of the study area and investigated sites
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Table 1 Basic information of the sample plots

+RE L BRJTRES TN E A E FLER R KRR K
fie Sy, Pesh + 1AL SOC, N, P& .

IRfE R

i SiES

Degradation Longitud Latitud Altitude/m Graze rate/ Dominant species
degree -ongttude ~atude rude (sheep unit-d '+hm ™% ot species
Y4 103°10'00"E 34°57'36"N 3423 0.90 5 (Kobresia myosuroides) FEFE
(ND) 103°10'25"E 34°56'57"N 3469 B (Elymus nutans)
103°11'35"E 34°56'08"N 3489
BRiRfb 103°10'02"E 34°57'30"N 3428 3.28 KW EL (Elymus kamoji S. L. Chen) |
(LD 103°10'29'E 34°56'51"N 3463 SR E W B (Carex alatauensis)
103°11'29'E 34°56'18"N 3487
rh R Ak 103°09'52"E 34°57'33'N 3431 6.12 B (Carex tristachya Thunb) | %
(MD) 103°10'41"E 34°56'52"N 3459 (Sclrpus cernuus) ZEBe =% (Potentilla
103°11’16WE 34056’24“1\1 3496 Chl‘?’l(fnSl’S Ser.)
& iR AL 103°09'47"E 34°57'30"N 3433 10.76 Z W53 (Potentilla chinensis Ser.) %
(SD) 103°10'37"E 34°56'58"N 3465 W4 (Geranium wilfordii Maxim) R\
103°11'17"E 34°56'14"N 3493 LA (Saussurrea spp.)
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Note: The study sample plots were grazed during the cool season (grazing rates were calculated from October through next May of each year)
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Table 2 Vegetation characteristics of different degraded alpine meadows

BLFRE Degradation degree i B Coverage/ % FHEE Average height/cm i E A= B Aboveground biomass/(g+m™ %)

FIBL(ND) 95.0041.94* 13.514+1.46* 542.53+33.14°
BIEIRE(LD) 83.67+£2.78" 7.4740.30° 453.18448.33"
FE Rk (MD) 65.22+2.17¢ 4.6340.36° 316.61+21.05°
EFEIRLSD) 43.224+1.714 2.9340.69° 189.914+10.88¢

T R B I bR . RTINS SRR R [RR AR B 2 (] 25 5 R 3% (P<C0.05), T[]

Note: Data in the table are mean =+ standard deviation. Different lowercase letters indicate significant differences between different degrees of

degradation (P<<0.05), the same as below
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Table 3 Soil bulk weight and soil porosity in different degraded alpine meadows

. +HERE + HEFLBRE Soil porosity/ %
e Rl Set bk ety FEEALRE e BB
Soil depth/cm Degradation degree T Y FRALPR R - RALPR R il
(grem™) Non-capillary porosity Capillary porosity Total porosity
0~10 FIBL(ND) 0.7340.07° 4.8040.60" 57.18+6.53" 61.97+6.51°
BIERAE(LD) 0.870.06" 5.6940.66™ 52.144+5.83" 57.8346.16"
TR B (MD) 0.89-+0.07" 6.4941.60" 49.62+6.06" 56.114+5.92"
IR L (SD) 1.1340.05" 4.80+0.64" 47.40+7.84" 52.20+8.32"
10~20 KB (ND) 0.90-£0.06" 4.4940.32" 48.78+6.51" 53.2846.50"
%R AL (LD) 1.0820.06° 5.53+0.58" 55.42+6.52 60.96+6.88"
TP EEIR fE(MD) 1.2240.07 5.00+1.58% 50.37+5.63" 55.37+6.16"
EEEAE(SD) 1.30-0.09° 4.31+£1.08" 45.88+2.15" 50.1943.21"
20~30 KB (ND) 0.9740.05°¢ 3.8440.19" 47.2844.34° 51.12+4.36°
HREEIRE(LDD 1.1940.05 5.88+0.96" 47.37+4.74" 53.24+4.46"
R AR (MDD 1.244-0.03" 5.12420a" 47.81£3.00" 52.934-4.46"
#iFIBR L (SD) 1.31+0.10° 3.6241.64° 51.89+6.88" 55.51+6.84°
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Fig. 2 Soil water holding capacity of different degraded alpine meadows

T ARG T B 7R AN [RlR AL i E 2 ] 22 53 W 2 (P<<0.05)

Note: Different lowercase letters represent significant difference between degradation degrees
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Table 4 SOC, N and P contents and their stoichiometric ratios in different degraded alpine meadows
R i&ﬂcﬁ;{ ﬁﬁlﬁﬁ% %_EL B 5 . .
Soil depth/cm Degradation Organic carlbon/ Total mtrolgen/ Total phosp?orus/ C:N C:P N:P
degree (g-kg (g-kg D (g+kg
0~10 KB (ND) 72.1545.62" 4.3140.74° 0.85+0.13" 17.0241.94"  85.69-£11.24"  5.0840.75
AR (LD) 60.2441.47 3.5640.44 0.84-0.10° 17.164+2.11"  72.26+8.87"  4.2540.59"
R AL (MDD 43.59+2.48° 2.79+0.75° 0.7740.10® 16.344-3.18"  57.66=7.14°  3.6340.68™
AR AL (SD) 32.17+£2.70 2.35+0.40° 0.704-0.08" 14.204+3.48"  46.63+6.78"  3.39+0.61°
10~20 KB (ND) 46.07+5.13" 3.050.47" 0.85+0.15" 15.4142.94"  55.50£11.50"  3.6540.64°
2R (LD) 39.11+8.62" 2.95+0.25° 0.7540.13" 13.344£3.17"  53.78£15.18"  4.1040.96"
IR AL (MD) 26.64+1.80° 2.0940.48" 0.714-0.14" 13.284-2.89*  38.28+6.21"°  2.9240.31"
HEIRL(SD) 24.5243.83¢ 1.89+0.24" 0.6840.07" 13.064+2.15*  36.32+£6.56"  2.80+0.37"
20~30 RIBL(ND) 36.7945.43" 2.530.48" 0.774£0.10° 14.8742.90"  48.11+£9.01°  3.2740.41°
2R (LD) 33.22+5.97° 2.37+0.35" 0.714-0.09* 14.264-3.23*  46.71+£8.13"  3.374+0.62"
R fE (MDD 22.36+£3.47" 1.72+0.16" 0.6540.08" 13.1642.63"  34.74+£7.44"  2.67+0.46"
W IRL(SD) 20.0823.20 1.4840.28" 0.63=0.06° 13.7441.63*  32.1245.22"  2.3720.44
x5 AERUSEEGMSOCN.PHEE
Table 5 Soil carbon, nitrogen and phosphorus stocks in different degraded alpine meadows
Eisg 7 TR B LT Degradation degree
Indicator Soil depth/cm HKiB 1k (ND) BREER A (LD hEE IR AL (MD) H R (SD)
A MUK At i 0~10 52.87+8.09" 52.16+4.16" 38.8442.50 36.2843.76"
Organic carbon 10~20 41.354+4.77° 42.60410.77 32.4143.34° 31.6944.91°
Storage/(t+hm ™) 20~30 35.7946.03" 39.60+7.84° 27.8244.57 26.3544.74"
0~30 130.01417.02° 134.36421.57" 99.07+6.29 94.32412.72
g 0~10 3.1540.63" 3.0740.41° 2.474+0.57" 2.6440.42%
Total nitrogen 10~20 2.7540.48" 3.1940.33" 2.5240.53" 2.4340.14"
storage/(t-hm ) 20~30 2.46-+0.48" 2.830.46" 2.13-+0.17" 1.9340.35°
0~30 8.351.17° 9.09+0.88" 7.13+1.11° 7.0040.41°
A 0~10 0.63-0.13° 0.7340.10" 0.6840.07" 0.7840.08"
Total phosphorus 10~20 0.77+0.14" 0.81+0.17° 0.86-0.14° 0.880.10°
storage/(t-hm ) 20~30 0.7540.11° 0.85-0.10° 0.810.11° 0.82+0.10°
0~30 2.1440.37" 2.394-0.35% 2.364-0.26™ 2.494-0.26*
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M R B 3, B A EE K B B
K| H )RR K o 22 ) A 3 I A S Se R H 6
AEKRT0.95, HH S5 5E A &E BE
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FAA KK R (P<0.01),5 TPS | & M & (P<
0.05, 1M 5IEBELBMC NI L LR BE .
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