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Abstract

Objective: Problems such as declining soil quality and salt accumulation in drip-irrigated cotton fields in
Xinjiang are affecting cotton yields and the sustainable development of farmland. Biochar and humic
acid show significant potential for improving soil physicochemical properties and enhancing crop yield
and quality; however, their application rates, application methods and long-term effects in drip-irrigated
cotton fields remain unclear. This study employs a meta-analysis combined with field trials to
systematically evaluate the comprehensive effects of biochar and humic acid on soil quality and cotton
growth in drip-irrigated cotton fields, with the aim of clarifying their regulatory effects and determining
appropriate application regimes.

Methods: This study employed a meta-analysis to synthesise published Chinese and English literature
from 2019 to 2024, quantitatively elucidating the effects of biochar and humic acid on soil
physicochemical and biological properties as well as crop yields, based on three factors: type of
amendment, application rate and duration of application. Building on this, field trials were conducted in
drip-irrigated cotton fields from 2024 to 2025. A full factorial design was employed, with three biochar
application rates (0 (S), 20 (S1) and 40 t/hm? (S2)) and three humic acid application rates (0 (F), 75 (F1)
and 150 kg/hm? (F2)), resulting in a total of nine treatments. with each treatment replicated three times.
The study analysed the effects of different application rates and combinations of biochar and humic acid,
as well as their individual applications, on soil triphasic fractions, mechanostable aggregates, nutrients,
enzyme activity, and cotton yield and quality. Furthermore, based on a combination of principal
component analysis and entropy-weighted TOPSIS methods, a comprehensive evaluation was conducted
of indicators including the Soil Quality Index (SQI), cotton yield and quality, irrigation water use
efficiency, and nitrogen fertiliser productivity.

Results: (1) The results of the meta-analysis indicate that the application of biochar and humic acid can
significantly increase crop yields. The most significant yield increases were observed when application
rates exceeded 40 t/hm? and the duration of application exceeded four years, with yield increases of
20.43% and 18.4% respectively. The application rates of biochar and humic acid had the greatest impact
on soil physicochemical properties and nutrient status. Application rates of 0-20 t/ hm? significantly
increased available phosphorus, alkali-hydrolysable nitrogen content, urease and catalase activity, with
increases of 28.29%, 10.01%, 12.37% and 2.69% respectively; application rates of 2040 t/hm? increased
soil pH (3.77%) and nitrate nitrogen content (47.85%); whereas application rates exceeding 40 t/hm?

significantly reduced bulk density (8.66%), whilst increasing porosity (15.75%), total nitrogen content



(20.31%) and organic matter content (40.51%).

(2) Results from the 2024-2025 two-year field trials indicate that the application of biochar and
humic acid significantly increased the soil moisture content during the flowering and bell stage
(15.05%~9.09%) and reduced electrical conductivity (2.54%~24.03%). The application of biochar
significantly increased MWD (3.17%~7.67%); the application of humic acid significantly reduced PAD
(17.98%~42.61%); under combined application treatments, it increased the content of mechanically
stable aggregates >0.25 mm (3.40%~5.89%), increased GMD (1.21%~14.12%), reduced D
(1.73%~8.00%), significantly increased GSSI (2.58%~3.43%), and improved SQI (18.19%~53.88%).

(3) The application of biochar and humic acid significantly increased the total nitrogen content in
the soil during the flowering and boughlet stage (3.84%~10.21%) and the organic carbon content during
the budding stage (2.07%~17.44%). Biochar and humic acid significantly increased acid phosphatase
activity during the budding stage (5.14%~31.57%) and nitrogenase activity during the boll-opening stage
(2.09%~19.54%) and sucrase activity during the flowering and boll-forming stage (11.09%~22.02%);
however, under combined application conditions, soil enzyme activity decreased as the application rate
increased.

(4) The application of biochar and humic acid significantly increased the number of effective bolls

per plant (3.14%~18.75%) and the weight of 100 bolls (2.95%~35.22%); it also increased the average
length of the upper half of the boll (0.99%~9.78%) and the Macron value (2.46%~19.67%). Based on the
entropy-weighted TOPSIS comprehensive evaluation, an application rate of 40 t/hm? of biochar
combined with 75 kg/hm? of humic acid represents the optimal combination for improving soil quality
and increasing cotton yield and quality in drip-irrigated cotton fields in Xinjiang.
Conclusion: The application of biochar and humic acid improves soil structure in drip-irrigated cotton
fields, enhances water and nutrient retention capacity, and boosts enzyme activity, thereby effectively
improving soil quality and promoting cotton yield increases. This study has identified the optimal
application strategies for biochar and humic acid, providing a theoretical basis for their agricultural
application in Northern Xinjiang and practical guidance for agricultural soil improvement.

Key words: Biochar; Humic Acid; Soil Quality Index; Yield; Quality
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