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Abstract: To reveal the characteristics and spatial differentiation mechanisms of soil fertility at different degrada-
tion stages of alpine marsh wetlands, 84 plots were selected in this study, including non-degraded, lightly
degraded, and moderately degraded wetlands in Qilian Mountain National Park, Qinghai. An improved Nem-
erow index and principal component analysis were used to evaluate soil fertility, and the geographical detector
model was employed to quantify the influence of environmental factors on its spatial heterogeneity. The results
showed that soils at all degradation stages were within the fertile level. The comprehensive fertility index was
the highest in non-degraded wetlands (2.03) , slightly decreasing in lightly (1.87) and moderately degraded
wetlands (1.83), with total nitrogen being identified as the main limiting factor. As degradation intensified,
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soil organic matter, cation exchange capacity,

whereas total potassium increased. Except for total potassium,

total nitrogen, and total phosphorus gradually decreased,

all indicators declined with soil depth. Geo-

graphical detection revealed that mean annual precipitation (¢g=0. 741), altitude (¢=0.403), and mean annual

temperature (¢g=0. 402) were the dominant factors influencing the spatial differentiation of soil fertility. Among

the multi-factor interactions, the combinations of mean annual precipitation and temperature (¢=0.897) , and

temperature and NDVT (¢g=0. 870) showed the strongest explanatory power for the spatial pattern of soil fertil-
ity. These findings provide a theoretical basis for degradation diagnosis and ecological restoration of alpine

marsh wetlands.

Key words: Alpine marsh wetland; Soil fertility ; Geographic detector; Spatial heterogeneity ; Qilian Mountain

National Park
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Fig. 1 Location of study area and distribution of sample points
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Table 1 Basic information of the sample plots

R iR KRB R &S Vixiilre:
Degradation degree Dominant plant species Hydrological condition Soil type Distribution area
HKikfk U 5 (Kobresia tibetica) € Jii 5 (Blys- WAERUKS G st Peatsoil . RHEFRK X ] 18 e 2 X3k, K A 22
Not degraded mus sinocompressus) 24 & #.(Carex atro-  Perennial waterlogging or  {A#% £ Marsh soil ~ Low-lying waterlogged areas and river flood-
Susca) FARHEALY) excessive soil moisture plains with extremely poor drainage
R JHL i B (Kobresia tibetica) WA RYECR 0 MERUK S L 402 HAREL RPN G SRR T, HEK Z i B AT
Slightly degraded /> , ¥ 1 ¥ 5 (Kobresia humilis) 6% Seasonal waterlogging or ~ Meadow marsh & BR At the edges of swamps or slightly
Hi(Kobresia capillifolia) %185 5 A ) moist soil conditions soil elevated areas, drainage conditions are
RA improved but still limited
R AL FH IS B (Carex moorcroftii) | 111 TR AT KA A - Meadow T B L 1L 3 M S e SR v K R
Moderately (Kobresia pygmaea) EFEBE B 5 (Elymus — Moist but not persistently — soil J#& + Gley X3 Areas with relatively higher topography or
degraded nutans) % R R B 2 waterlogged soil soil favorable drainage , including river terraces and

piedmont slopes
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Table 2 Grading standards for various soil attributes
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Table 3 Statistical characteristics of soil fertility indicators

At 7 48 4% Fertility index FHIMH Average  fe KA Maximum  Jg/MEH Minimum A5 5 Z B CV Coefficient of variation/ %
HHUFESOM/ (gkg 65.34 95.05 30.26 51.94
FH B T4 etk CEC/(emol kg™ ) 21.34 38.87 10.30 35.98
2R/ TN/(g-kg D 2.29 6.09 1.55 80.36
LW TP/(g-kg™H 2.83 4.79 1.37 79.40
A TK/ (g kg™ D 20.67 32.87 10.01 34.23

x4 TEEEEAEN

Table 4 Comprehensive soil fertility assessment

B R 7 ZBCF) Fertility partitioning coefficient AT (P T 1 45 9%
Degradation degree AP SOM FHE a5t CEC % TN 4 TP 28 TK pH{i Comprehensive fertility Fertility grade
F iR 1k Not degraded 3 3 2.27 2.62 2.18 3 2.03 R Fertile
8R4k Slightly degraded 3 2.85 1.89 2.42 2.28 3 1.87 JE K Fertile
)% 38 fk Moderately degraded 3 2.66 1.82 2.35 2.32 3 1.83 JIEK Fertile
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Fig. 2 Characteristics of soil fertility indicators under different degradation degrees
TE: ND, KR4k SD, i%f“ﬂéﬂa MD, F1 R 1k s /NG F B R AR FE P<<0. 05K M HFEE R E XS . T
Note: ND, not degraded; SD, slightly degraded; MD, moderately degraded. Lowercase letters indicate significant differences at
the P<C0. 05 level. The same as below
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Fig.3 Changes in soil fertility indicators with depth
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