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Abstract
To investigate the effects of simulated warming on soil electrical conductivity
and provide a theoretical basis for dynamic research on soil salinization trends
in alpine grasslands under climate change scenarios, this study conducted ex-
periments at the Sanjiangyuan Grassland Ecosystem Monitoring and Research
Station located in the hinterland of the Qinghai-Tibet Plateau. From Septem-
ber 2015 to September 2017, soil temperature, water content, and electrical
conductivity at 0-15 cm and 15-30 cm depths were synchronously measured in-
side and outside OTC warming chambers, and their variation characteristics
were analyzed. The results showed that: (1) The simulated warming effect of
OTC was significant; compared with the control without OTC, soil temperature
increased by 2.41 °C and 1.27 °C at 0-15 cm and 15-30 cm depths, respectively;
warming caused soil water content to increase by 27.65% and 32.17% at 0-15
cm and 15-30 cm depths, respectively; for soil electrical conductivity at 0-15
cm, the observed values were 45.67 �S・m-1 and 45.75 �S・m-1 for the warming
treatment and control, respectively, while at 15-30 cm, electrical conductivity
under warming was 158.09% higher than the control. (2) Correlation analysis
indicated that during the soil freezing period, soil temperature contributed more
to soil electrical conductivity than soil moisture; compared with the control, the
correlation between soil water content and electrical conductivity increased un-
der simulated warming conditions; during the soil thawing period, compared
with the control, the correlation between soil temperature and electrical con-
ductivity increased for both 0-15 cm and 15-30 cm soil layers under simulated
warming conditions; the correlation between soil water content and electrical
conductivity varied with soil depth, increasing in the 0-15 cm layer but showing
little change in the 15-30 cm layer. The contribution rate of soil temperature
to soil electrical conductivity was higher than that of soil water content.
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Full Text
Abstract
In order to study the effect of simulated warming on soil conductivity and de-
velop a theoretical basis for the dynamic study of soil salinization trends in
alpine grassland affected by climate change, we conducted experiments at the
Sanjiangyuan grassland ecosystem monitoring and research station located in
the hinterland of the Qinghai-Tibet Plateau. From September 2015 to Septem-
ber 2017, we used Open Top Chambers (OTCs) to simulate warming and si-
multaneously measured soil temperature, water content, and conductivity at
0–15 cm and 15–30 cm depths, analyzing changes under both indoor and out-
door conditions. The results showed obvious simulated temperature increases in
OTCs. Compared with the control without OTC, soil temperature at 0–15 cm
and 15–30 cm increased by 2.41°C and 1.27°C, respectively. These temperature
increases resulted in soil water content increasing by 27.65% and 32.17% at 0–
15 cm and 15–30 cm, respectively. For soil conductivity at 0–15 cm and 15–30
cm, the observed values under temperature increase treatment and control were
45.67 �S・m−1 and 45.75 �S・m−1, respectively, with the increase in conductivity
being 158.09% higher than the control. Correlation analysis showed that soil
temperature contributed more to soil conductivity than soil moisture during soil
freezing periods. Compared with the control experiment, soil water content and
conductivity under simulated warming conditions showed rate increases. During
the soil ablation period, the correlation between soil temperature and conductiv-
ity for the 0–15 cm and 15–30 cm soil layers increased under simulated warming,
and the correlative relationship between soil water content and conductivity also
increased. The nature of the soil varies with depth: the correlation between soil
water content and conductivity increases in the 0–15 cm soil layer, while the
correlation in the 15–30 cm soil layer is not significant. The contribution of soil
temperature to soil conductivity is higher than the contribution of soil water
content.

Keywords: simulated warming; conductivity; soil water; soil temperature; San-
jiangyuan region

1. Introduction
Climate change has significantly impacted alpine grassland ecosystems on the
Qinghai-Tibet Plateau. Understanding the effects of warming on soil properties
is crucial for predicting future ecosystem dynamics and salinization trends. This
study employs Open Top Chamber (OTC) technology to simulate warming con-
ditions and investigates the responses of soil temperature, water content, and
electrical conductivity in the Sanjiangyuan region.
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2. Methods
2.1 Experimental Design

Open Top Chambers (OTCs) were used to simulate warming effects on alpine
grassland soils. The experiment was conducted at the Sanjiangyuan grassland
ecosystem monitoring station from September 2015 to September 2017. Mea-
surements were taken for both indoor and outdoor OTC setups at soil depths
of 0–15 cm and 15–30 cm.

2.2 Data Collection

Soil temperature, water content, and electrical conductivity were measured si-
multaneously using automated sensors. The measurement protocol included: -
Continuous monitoring throughout the experimental period - Separate measure-
ments for indoor and outdoor OTC conditions - Data collection at two distinct
soil layers (0–15 cm and 15–30 cm) - Specific focus on freezing and ablation
periods

The experimental monthly mean temperature and rainfall data are shown in
[Figure 1: see original paper]. The DPS15.10 statistical software was used for
data analysis. Measurement periods spanned 236 days and 260 days for different
phases of the experiment.

3. Results
3.1 Soil Temperature Response

The OTCs demonstrated significant warming effects. Figure 2 shows the com-
parison of soil temperature between indoor and outdoor OTC simulations. Com-
pared with the control (CK), the simulated temperature increase (T) resulted
in soil temperature increases of 2.41°C at 0–15 cm and 1.27°C at 15–30 cm.

3.2 Soil Water Content Dynamics

Soil water content showed dynamic changes in response to warming. Figure
3 illustrates the dynamic changes of soil water content at 0–15 cm and 15–
30 cm in simulated temperature increase (T) and control (CK) experiments.
The warming treatment increased soil water content by 27.65% at 0–15 cm and
32.17% at 15–30 cm compared to the control. Figure 4 compares indoor and
outdoor soil moisture content in OTC simulated warming.

3.3 Soil Electrical Conductivity

Soil electrical conductivity exhibited significant increases under warming condi-
tions. Figure 5 shows the dynamic changes of soil electrical conductivity at 0–
15 cm and 15–30 cm in simulated temperature increase (T) and control (CK)
experiments. The conductivity values under warming and control treatments
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were 45.67 �S・m−1 and 45.75 �S・m−1, respectively, representing a 158.09% in-
crease over the control. Figure 6 compares indoor and outdoor soil conductivity
in OTC simulated warming.

3.4 Correlation Analysis

Correlation analysis revealed significant relationships between soil temperature,
water content, and conductivity. During the freezing period, soil temperature
contributed more to conductivity than soil water content. Table 2 shows the
correlation coefficients between soil temperature, water content, and conductiv-
ity during the freezing period (bias). At 0–15 cm, the correlation coefficient (r)
between soil temperature and conductivity was 0.9289 (P < 0.01), while at 15–
30 cm it was 0.6865 (P < 0.01).

During the ablation period, the correlation between soil temperature and con-
ductivity increased under simulated warming. Table 3 presents the correlation
analysis during the ablation period (bias). For the 0–15 cm layer, the corre-
lation coefficient between soil temperature and conductivity was 0.8209 (P <
0.01), and between water content and conductivity was 0.9685 (P < 0.01). For
the 15–30 cm layer, the correlation between temperature and conductivity was
0.9162 (P < 0.01), and between water content and conductivity was 0.9146 (P
< 0.01).

The correlation between soil water content and conductivity increased in the 0–
15 cm layer under warming, while the correlation in the 15–30 cm layer was not
significant. The contribution of soil temperature to soil conductivity remained
higher than that of soil water content across all conditions.

4. Discussion
4.1 OTC Warming Effects

The OTC warming simulation effectively increased soil temperature, which in
turn influenced soil water dynamics and conductivity. This finding is consistent
with previous research on alpine meadow ecosystems [18]. The temperature in-
creases observed in this study are comparable to those reported in other warming
experiments on the Qinghai-Tibet Plateau.

4.2 Soil Water and Conductivity Responses

The increase in soil water content under warming conditions can be attributed
to enhanced snowmelt and altered freeze-thaw cycles. The significant increase
in soil conductivity (158.09% higher than control) suggests potential risks of
soil salinization under climate warming scenarios. Previous studies have shown
that soil microbial respiration and ecosystem processes are highly sensitive to
temperature changes in alpine regions [21-22].

The differential responses between 0–15 cm and 15–30 cm soil layers indicate
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that surface soils are more sensitive to warming effects. The stronger correlation
between water content and conductivity in the surface layer (0–15 cm) suggests
that moisture plays a more direct role in solute transport near the surface, while
temperature effects dominate at deeper layers.

4.3 Implications for Soil Salinization

The enhanced soil conductivity under warming provides a theoretical basis for
studying soil salinization trends in alpine grasslands. The combination of in-
creased temperature and altered water regimes may accelerate salt accumulation
in surface soils, particularly during freeze-thaw cycles. This has important im-
plications for ecosystem management and risk assessment in the Sanjiangyuan
region [23-24].

5. Conclusion
The OTC warming simulation successfully increased soil temperature by 2.41°C
at 0–15 cm and 1.27°C at 15–30 cm, leading to significant increases in both
soil water content (27.65% and 32.17%, respectively) and electrical conductiv-
ity (158.09% higher than control). Correlation analysis demonstrated that soil
temperature contributed more to conductivity changes than soil water content,
particularly during freezing periods. The study provides a theoretical founda-
tion for understanding soil salinization dynamics under climate change in alpine
grassland ecosystems. The differential responses across soil depths highlight the
need for layered monitoring approaches in future studies.
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Note: Figure translations are in progress. See original paper for figures.
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