
123122

Probe-Environmental Science and Technology (2025) Volume 7 Issue 2 ISSN: 2661-3948

OOrriiggiinnaall  RReesseeaarrcchh  AArrttiiccllee  

Effects of Cattle Dung Decomposition on Soil Carbon, Nitrogen, and Enzyme 
Activities in Pasture during Cold Season in Karst Mountain Areas of 
Guizhou, China
Xuedong Yang 1,†, Qing Dou 1,2,†[*Corresponding Author], Bin Luo 1, Xianyi Liang 1, Li Li 3[*Corresponding Author]

1 Guizhou Province Grassland Technology Experiment and Extension Station, Guiyang 550025, China; 
xdyang08@163.com (X.Y.); 19316688414@163.com (B.L.); 
2 Corn Research Institute, Sichuan Agricultural University, Chengdu 625014, China; dqkyzh@163.com (Q.D.);
3 Guizhou Vocational College of Agriculture, Guiyang 551400, Guizhou, China;  lilihnmping@163.com (L.L.).
†These authors contributed equally to this work.

Abstract: This study investigated beef cattle dung decomposition characteristics and their effects on soil carbon, 
nitrogen, and enzyme activities in typical pasture of karst mountain areas in Guizhou, during the winter-spring 
season. The results demonstrated that the degradation rate of dung was faster during 0-30 days than during 30-
100 days. Compared with initial values, both dry matter and fresh weight of dung decreased significantly (p < 
0.05) at experimental termination, while soil organic carbon and total nitrogen increased significantly (p < 0.05). 
Soil nitrate-N content showed an initial decrease followed by an increase. Soil urease and invertase activities 
exhibited positive correlations with soil organic carbon, total nitrogen, ammonium-N, and nitrate-N (p < 0.05). 
In conclusion, beef cattle dung increased soil carbon and nitrogen content while regulating urease and invertase 
activities in the short term, though these effects varied considerably across experimental sites.
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Introduction
Livestock dung provides abundant nutrients to soil through natural decomposition, serving as the prima-

ry source of soil carbon and nitrogen in grazing grasslands [1,2]. Carbon and nitrogen in dung can be returned  
to grassland soil through pathways such as organic matter decomposition and leaching of inherent mineral 
nutrients [3,4]. In temperate grasslands, 10%–16% of carbon from dung infiltrates the soil within 60 days [5], be-
coming available for plant uptake to promote growth and development [6,7]. Simultaneously, dung indirectly reg-
ulates elemental cycling processes in soil by altering physicochemical properties such as soil moisture content 
and pH [8].

The decomposition of livestock dung and soil nutrient cycling rely on soil enzyme activity [9]. Dung stimu-
lates microbial growth and enhances enzymatic activities in soil [10]. Current research on dung decomposition 
patterns and their impacts on grasslands primarily focuses on northern China’s steppes and alpine meadow re-
gions [4,9,10], with relatively fewer studies examining artificial grasslands in southern karst mountainous areas.

This study simulates beef cattle dung deposition and decomposition in Guizhou Province to analyze decom-
position patterns across different regions. We investigate dung decomposition effects on soil carbon, nitrogen, 
and enzyme activities in grasslands. The findings will provide scientific references for pasture management 
practices in Guizhou.



123

Probe-Environmental Science and Technology (2025) Volume 7 Issue 2 ISSN: 2661-3948

Materials and Methods
Study site

This study conducted experiments in grasslands at Dushan (107°30′ E, 25°10′ N, altitude 980 m) and Da-
fang (105°52′08″ E, 27°22′37″ N, altitude 1810 m). The annual average temperatures in Dushan and Dafang 
were 15°C and 11.8°C, with annual rainfall of 1400 mm and 1150 mm, frost-free period of 290 days and 257 
days, and both of yellow soil. The pasture in Dushan was an annual pasture with 93% coverage, dominated by 
Lolium multiflorum L. in winter. The pasture in Dafang was a perennial pasture established for 10 years, with 
67% coverage, dominated by Dactylis glomerata L., associated with Trifolium repens L., Lolium perenne L., 
Poa pratensis L. and other weeds.

Experimental design

Sample plots with the same pasture composition, terrain conditions and soil were selected in Dafang and 
Dushan in December 2021. Fencing was constructed and grazing was prohibited for 6 months. Two weeks be-
fore the start of the experiment, remove all vegetation from the sample plots, with the mowing stubble height 
approximately 5 cm. 30 dung pats were uniformly distributed across the sample plots. Each dung pat contained 
a subsurface nylon mesh (4 mm aperture) for residue collection. Standardized pats (20 cm diameter, 1.2 kg 
fresh weight) were spaced 5 m apart.

Sampling and analyses

Samples were collected at 0, 7, 15, 30, 60, and 100 days post dung pat deployment.Dung pats (n=5/time-
point) and underlying soils (0-5 cm depth) were collected under cryopreservation. All biochemical analyses 
followed standardized protocols: SOC via dichromate oxidation-external heating method [12], TN by Kjeldahl 
digestion , nitrate-N by alkaline hydrolysis diffusion method, ammonium-N by colorimetric determination af-
ter KCl extraction [13], with soil urease and invertase activities quantified using colorimetric determination as-
says[14].

Statistical analysis

Initial data curation was executed in Microsoft Excel 2016. Differences between means (ANOVA) were 
analyzed followed by the least significant difference (LSD) test using IBM SPSS Statistics 17.0. Graphical rep-
resentations were implemented in OriginPro 2024b (OriginLab Corporation, Northampton, MA).

Results
Characteristics of dung weight and nutrients changes

Dung weight progressively decreased over time. Significant mass loss occurred primarily within the initial 
decomposition phase (0-30 days), evidenced by 37.84% and 35.54% dry matter degradation at Dafang and Du-
shan respectively. Cumulative reduction at termination reached 44.93% (Dafang) and 49.27% (Dushan).

Organic carbon (OC), total nitrogen (TN), and ammonium-N content in dung decreased significantly over 
the decomposition period, while nitrate-N exhibited an initial decline followed by an increase. Nutrient change 
rates differed between two study areas. By the experimental endpoint compared to Day 0, OC declined by 
31.12% (Dafang) and 49.27% (Dushan), TN declined 41.08% (Dafang) and 31.27% (Dushan), Ammonium-N 
declined 99.99% at both sites. Nitrate-N reached minimum concentrations at 0.89 g/kg on Day 30 (Dafang) and 
0.82 g/kg on Day 15 (Dushan), subsequently rebound to >1.6 g/kg at both sites by Day 100.
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Figure 1. The changes of weight and nutrients compared to the initial values in cattle dung

Note: Different lowercase letters indicate significant differences (P <0.05).

Characteristics of soil nutrients and enzyme activity changes

The contents of soil organic carbon (SOC), total nitrogen (TN), and ammonium-N at the Dafang initially 
increased before declining over time, but a significant increased of Dushan. Soil nitrate-N content of both sites 
significantly decreased at the experimental endpoint.

Urease and invertase activities of Dafang exhibited a progressive decline throughout the experimental peri-
od. Both enzymes of Dushan demonstrated minor fluctuations in , showing no consistent increasing or decreas-
ing trend.
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Figure 2. The changes of soil nutrients and enzyme activities 

Note: Different lowercase letters indicate significant differences (P <0.05).

Relationships between dung nutrients and soil properties

Dung organic carbon (DOC) showed significant positive correlations (P < 0.05) with soil organic carbon 
(SOC), total nitrogen (TN), ammonium-N, nitrate-N, urease (URE) and invertase (INV). Dung total nitrogen 
(DTN) showed significant positive correlations (P < 0.05) with soil ammonium-N, URE and INV. Dung am-
monium-N (DAN) showed significant negative correlations (P < 0.05) with SOC, TN and soil ammonium-N. 
Dung nitrate-N (DNN) showed significant negative correlations (P < 0.05) with SOC,STN, ammonium-N and 
URE.
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Figure 3. Correlation of fecal nutrients, soil nutrients and soil enzyme activities in dung decomposition of cattle

Note: “*” indicate significant differences (P <0.05).

Discussion 
Effects of cattle dung decomposition on grassland soil nutrients in Karst mountain areas

Soil organic carbon (SOC) and total nitrogen (TN) contents significantly increase as dung decomposes, 
aligning with findings from most studies [15,16]. It this study, SOC and TN in Dafang were notably higher during 
the initial phase than in later stages, while SOC and TN accumulation primarily occurred toward the end of the 
trial in Dushan. This divergence may relate to differences in temperature, humidity, and dung beetle populations 
between the two sites. Temperature and humidity directly regulate microbial activity, thereby influencing soil 
nutrient transformation [17]. During the study, dung plots in Dushan exhibited rapid surface moisture loss, prone 
to crust formation, coupled with fewer dung beetles. These factors likely hindered dung incorporation into the 
soil. Cattle dung elevates soil ammonium-N and nitrate-N contents [18]. Organic nitrogen compounds in dung 
were converted to ammonium-N via microbial decomposition, which was further transformed into nitrate-N by 
nitrifying bacteria [19]. In Dushan soil, ammonium-N and nitrate-N displayed inverse trends, suggesting poten-
tially insufficient activity of nitrifying bacteria in this area.

Effects of cattle dung decomposition on grassland soil enzyme activities in Karst mountain areas

Soil enzyme activities were influenced by multiple factors including temperature, moisture, and nutri-
ent availability [20]. Dafang Soil urease and invertase activities in Dafang progressively declined during dung 
decomposition, but consistently low with minimal fluctuations in Dushan. This disparity likely stems from 
reduced soil nutrients input in Dushan. Organic matter inputs typically stimulate soil enzyme activity by en-
hancing microbial processes. Soil urease activity directly correlates with soil nitrogen levels [21], and governs 
nitrogen cycling efficiency and transformation dynamics [22]. Invertase critically regulates organic carbon de-
composition and nutrient release [23]. The scarcity of soil fauna in Dushan might reduced dung-derived nutrient 
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input , thereby impaired enzyme activities and nutrient cycling efficiency. This limitation undermines grassland 
grazing system sustainability in the region.

Conclusion
Through simulated cattle grazing processes, this study investigated dung decomposition characteristics and 

their impacts on grassland soil nutrients and enzyme activities in Karst mountainous areas. Cattle dung substan-
tially increased soil carbon and nitrogen content while modulating urease and invertase activities. Decomposi-
tion rates exhibited significant site-specific variations, with Dafang showed faster decomposition than Dushan. 
Slow dung decomposition constrained soil nutrient accrual and limited influence on enzymatic activity. There-
fore, to optimize nutrient cycling in Karst mountain grazing systems, some measures should be recommended 
to accelerate dung decomposition and enhance dung-derived nutrient flux into soils, exemplified by soil fauna 
augmentation and mechanical dung fragmentation.
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