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Abstract

Saline-alkali land, as a globally distributed problematic soil with high salinity and alkalinity,
severely restricts the improvement of soil fertility and normal crop growth. It has become a
critical issue limiting sustainable agricultural development. For a long time, the reclamation of
saline-alkali land has relied on methods such as subsurface drainage for salt removal, rotary
tillage, and the application of ameliorants. Although these approaches have improved soil
structure to some extent, they face challenges including high technical requirements, unstable
effectiveness, and issues like soil compaction. Therefore, exploring green, efficient, and
sustainable new amelioration materials is of great significance. This study focuses on the
physical and chemical environmental improvement needs of saline-alkali land, designing and
preparing three novel polymer composite materials, and investigating their performance in
improving saline-alkali land. The main research contents are as follows:

(1) Using acrylic acid (AA) and acrylamide (AM) as copolymer monomers and sodium
carboxymethyl cellulose (CMC) as a polymeric initiator, CMC-g-P(AA-co-AM) copolymer
material was prepared via free radical polymerization technology. Cotton stalk biochar (BC)
was introduced to prepare the CMC-g-P(AA-co-AM)/BC composite material. Results showed
that this material exhibited excellent water absorption and retention properties under optimized
ratio conditions (Qeq = 1024 g/g), maintaining over 95% moisture content after 14 hours at
room temperature. Indoor soil column experiments demonstrated that, at an application rate of
6 g/kg, the material effectively enhanced soil aggregate stability and maximum water-holding
capacity. Soil surface pH decreased from 9.9 to 7.8, electrical conductivity dropped from 5.3
mS/cm to 1.9 mS/cm, total water-soluble salts reduced by 61%, cation exchange capacity
increased by 62.8%, alkalization degree decreased by 83.5%, and organic matter content rose
by 56.6%. Co-incubation experiments with microorganisms indicated no significant inhibitory
effects on Bacillus subtilis or other microbes. Application of CMC-g-P(AA-co-AM)/BC
composite material optimized soil water retention capacity and properties, thereby improving
soil quality.

(2) Using acrylic acid (AA) and 2-acrylamido-2-methylpropanesulfonic acid (AMPS) as
copolymer monomers and carboxymethyl cellulose (CMC) as a polymeric initiator, CMC-g-
P(AA-co-AMPS) (IPNAM) was synthesized via free radical polymerization. Sodium alginate-
humic acid gel spheres (SA@HA) were prepared through dripping methods, and CMC-g-

P(AA-co-AMPS) was loaded onto the surface of sodium alginate-humic acid slow-release gel



spheres using spraying techniques to construct pH-responsive microspheres
(IPNAM@SA@HA). Experimental results revealed typical pH-responsive characteristics
under pH 4-11 conditions. Soil column experiments showed that soil surface pH decreased
from 9.9 to 8.0, electrical conductivity dropped from 5.3 mS/cm to 2.8 mS/cm, total water-
soluble salts reduced by 53.6%, cation exchange capacity increased by 80.3%, alkalization
degree decreased by 88%, and organic matter content rose by 59.2%. Application of
IPNAM@SA@HA optimized soil structure and properties, effectively improving soil water
retention and fertilizer-holding capacity.

(3) Based on agricultural practices in Xinjiang's saline-alkali regions, liquid soil ameliorants suitable for
integrated water and fertilizer management were developed using acrylic acid (AA) and maleic acid (MA) as
raw materials. Under the optimal ratio of AA:MA = 1:2, with 12 wt% citric acid addition and 4 wt% surfactant
addition, the ameliorant achieved both reduced soil pH and EC while maintaining excellent penetration
performance. Soil column permeability experiments demonstrated that a 10-fold dilution of the ameliorant
yielded optimal improvement effects, reducing soil pH from 9.8 to 6.5, electrical conductivity from 5.8
mS/cm to 3.8 mS/cm, increasing maximum water-holding capacity by 6.9 g/kg, enhancing cation exchange
capacity by over 10%, and decreasing alkalization degree by more than 20%. Field simulation trials showed
that applying 20 kg/mu of the ameliorant significantly reduced soil salinity, demonstrating good practical
applicability and promotion value. Furthermore, scaling up production to 100 kg confirmed compliance with
national standards for all physicochemical indicators, validating the feasibility of industrialization.

Key words: saline-alkali soil improvement; polyacrylic acid; graft copolymerization; polymer modifier;

one-dimensional soil column infiltration
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Figure 1-1 The processes behind the formation of different types of saline soils. EC = Electrical
Conductivity, SAR = Sodium Adsorption Ratio, ESP = Exchangeable Sodium Percentage!!3]
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# 1-1 FreE LR B RRFE R 73 48R (1% 0~30em h50 5 & g/kg)
Table 1-1 Classification Indicators of Soil Salinization Degree in Xinjiang (Based on Salt Content in 0-30
cm Depth, g/kg)

oAl L . \
B ) btk BEHEL  PEEHBE =R it
B (Jovm
Wi ig th-E AL
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Y|
KAWL
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=%
pH <8.5 8.5~9.0 9.0~9.5 9.5~10 >10
R EmAE EW, A% — %, A% =%, B EEEH], P
K SHIET] Ui B YR ’
£ 1-2 FrsEmA 3B Z AR bR (%)
Table 1-2 Grading Indicators for Alkalized Soils in Xinjiang (%)
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% 1-3 FrsE L B SRR T FE AR (3% 0~30cm)
Table 1-3 Classification Indicators for Soil Salinization Types in Xinjiang (Based on 0 - 30 cm)
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Figure 1-2 Distribution Map of Soil Salinization in Chinal?*!
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Figure 1-3 The Effects of Saline-Sodic Stress on Plant Growth[*®]
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Figure 1-5 Typical agronomic practices to improve the quality of saline-alkali soils!®”]
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