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Abstract

Object: Global warming has exacerbated the frequency of temperature fluctuations and extreme low-
temperature events, posing a serious challenge to the safe overwintering of wine grapes. The northern
foothills of the Tianshan Mountains, as the core production area of Xinjiang's high-quality wine grapes, are
characterized by climatic factors, topographical effects and the characteristics of the main varieties, which
together lead to the frequent occurrence of low-temperature freezing in winter. The traditional buried soil
overwintering has been gradually replaced by non-buried soil overwintering due to high labor cost and
difficult mechanization, but the risk of frost damage still exists. This study aims to analyze the impact of
temperature fluctuations on the growth and development of wine grapes by constructing a standardized
index, analyze the microenvironmental temperature and humidity characteristics of overwintering under
different cover materials, explore the synergistic effect of cover materials and thermal insulation space, and
optimize the parameters of thermal insulation space, so as to ultimately realize the safe overwintering of
wine grapes in Tien Shan North Foothill Appellation, and to provide scientific basis for the high quality
development of the wine industry in cold regions.

Methods: Construct the standardized temperature adaptation index (STAI) to quantify the intensity of
simple temperature fluctuation; analyze the relationship between temperature fluctuation and physiological
damage by combining with the low-temperature fluctuation stress experiment on Cabernet Sauvignon
branches; analyze the trend of temperature fluctuation changes in the four winegrape producing areas in
Xinjiang over the past 20 years, and combine with the yield data to assess the impact of temperature
fluctuation on winegrape yield. Seven overwintering treatments were designed, and temperature and
humidity sensors were deployed to monitor the data at the branches and in the 20 cm and 40 cm soil layers
below the ground, to analyze the characteristics of temperature and humidity changes in the
microenvironment, and to screen the optimal mulching scheme. Twelve treatments were designed using
two cover materials combined with six height gradients (5~30 cm) to explore the synergistic effect of
thermal insulation materials and spatial parameters; a neural network model was constructed to predict the
optimal thermal insulation spatial parameters of different materials.

Results: Under the same low-temperature conditions, increased temperature fluctuations led to a 62 %
decrease in the budding rate of Cabernet Sauvignon branches, a 6 % increase in the relative conductivity, an
increase in the content of PRO, MDA and soluble protein, and a rise and then a fall in the enzyme activities
of SOD, POD and CAT, indicating that low temperature fluctuations aggravated the low-temperature stress.
Temperature fluctuations in the four major wine grape production areas in Xinjiang corresponded to the

peaks and troughs of the yield fitting curves, and there was a negative correlation between the two, with



increased temperature fluctuations in the production areas leading to lower yields. Sandwich colored cloth
treatment has the best heat preservation effect, and the comprehensive index of overwintering is 356%
higher than that of colored cloth treatment, which is most suitable for Cabernet Sauvignon's safe
overwintering; double-layer colored cloth treatment also has better overwintering safety than that of
colored cloth treatment, and the comprehensive index of overwintering is 130% higher than that of colored
cloth treatment; the comprehensive index of overwintering of heat-insulating sandwich colorful strips is 16%
higher than that of colorful strips, but the temperature of the branch in the overwintering process is in the
danger zone of low temperature, which makes its overwintering safety inferior to that of colored cloth
treatment. However, the temperature of the branches appeared in the danger zone of low temperature
during the overwintering process, which caused its overwintering safety to be inferior to that of the colorful
strips treatment. The best heat preservation performance was achieved at a height of 5 cm under the
colorful striped cloth cover, and at a height of 25 cm under the heat preservation quilt cover; using the
neural network deep learning approach to construct a model on the height of heat preservation materials
and facilities, it was predicted that the best heat preservation performance was achieved when the height of
the colorful striped cloth cover was 6 cm, and that the best heat preservation performance was achieved
when the height of the heat preservation quilt cover was 22 cm.

Conclusion: In this study, an STAI index was constructed to represent simple temperature fluctuations,
and it was found that simple temperature fluctuations had a negative impact on the growth and
development of wine grapes. The micro-environmental temperature and humidity characteristics of
different cover materials during the overwintering process were analyzed, resulting in the screening of the
most suitable cover treatments for the northern foothills of the Tianshan Mountains: thermal insulation quilt
and double-layer colorful strips. It was demonstrated that the thermal insulation space significantly
impacted the overwintering thermal insulation of unburied soil. Through predictive modeling, it was
determined that colorful strips achieved optimal performance at a cover height of 6 cm, while the best
thermal insulation performance for thermal insulation quilts was predicted at a cover height of 22 cm. A
technical system of "climate analysis-material screening-parameter optimization" was constructed,
providing theoretical support and technical solutions for alpine production areas to cope with climate
change and realize green and sustainable development.

Key words: climate change; temperature fluctuations; low temperature stress; no-burial overwintering;

wine grape
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