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[bookmark: _Hlk124887007][bookmark: _Hlk124897663]Abstract: Conventional organic soil amendments and drip irrigation are insufficient in mitigating soil salinization. The development of a more potent soil amendment with higher water retention capability is critical. We evaluated theCarboxymethyl cellulose (CMC) has excellent water retention and adsorption properties and is suitable for soil water retention and amendment, but its effects of on water and salt distribution, soil nutrients, and maize yield are not clearly investigated. We set up five treatments with flood irrigation (CK), drip irrigation (W), and drip irrigation with different amounts of carboxymethyl cellulose (CMC) application (WC1,combined with 100 kg CMC ha-1; WC2, (WC1), drip irrigation combined with 200 kg CMC ha-1; WC3, (WC2), and drip irrigation combined with 300 kg CMC ha-1) on water-salt transport, soil fertility, and maize growth. (WC3). The results showed that under the condition of drip irrigation combined with CMC application, the soil moisture content in the 0-40 cm layer increased by 3.73% to 16.46%, while the salt content decreased by 4.08% to 16.61%, resulting in a desalination rate offrom 10.32% to 12.93%. The salt was gradually washed down and formed a desalination area with the drip emitter as the center, and the salt distribution characteristics shifted from a surface accumulation type to bottom deposition type. The drip irrigation and CMC application also increased the content of available nutrients,; reduced surface evaporation, underground water loss, and maize evapotranspiration,; and improved water-use efficiency, thus increasing above-groundthe aboveground biomass and grain yield. In summary, CMC had a significant effect on water retention, desalination, and yield increase. It can serve as a novel soil amendment for saline-alkalisalt-affected soil.
[bookmark: _Hlk126010920]Keywords: Drip irrigation; carboxymethyl cellulose; water and salt transport; available nutrients; maize

1. Introduction
[bookmark: _Hlk126011108][bookmark: _Hlk131516559]Soil salinization is a global environmental issue, resulting in a vast expanse of land becoming infertile due to salt accumulation, which has become an increasingly severe problem worldwide [1]. The total land area with varying degrees of salinization is estimated to be approximately 9.5×109108 hm2 globally, which accountsaccounting for approximately 10about 22% of the global arableagricultural land [2]area.. This area continues to grow at a rate of 1-2.5×106 hm2 per year [3]. Based on projections, it is anticipated that by 2050, around 40%-%–50% of the world's arable land will be adversely impacted by salinization [4]. In China, there are approximately 53.67×107 hectares of saline-alkali landsalt-affected soil, mainly distributed in the Northeast, North China, Northwest, and coastal areas [5]. Northern Ningxia, located in the semi-arid region of northwestern China, boasts flat terrain, has good soil quality, and benefits from irrigation from the Yellow River, making it a vital agricultural area and a base for commodity grain production in China. For centuries, people have relied on diverting water from the Yellow River, which has allowed for agricultural prosperity and cultural development in the Yellow River basin of ancient China despite an average annual precipitation of only 200 millimeters. However, due to scarce precipitation and high the evaporation rates, of up to 2000m from the surface of the area and the long-term and continuous irrigation fromby the Yellow River has led to an increase in, the groundwater level, rises and salt accumulationthe salts in the groundwater has gathered onmove up and gather at the surface due to transpiration, resulting in a particularly severe case of secondary soil salinization in the region [6]. Due to the high salt-alkali content, hardening and low productivity of salinized soil, extensive saline-alkali land. Extensive salt-affected soil has been abandoned, further shrinking arable land resources, reducing crop yields, and severely hindering local sustainable agricultural development [7].
Soil salinization is the result of the joint action of water and salt, which is closely related to factors such as irrigation, tillage patterns, climatic conditions, and soil types. The essence of soil improvement measures in saline-alkali landsalt-affected soil is to regulate soil water and salt transport, accelerate the downward leaching of soil salts, and hinder the upward migration of salts due to transpiration towards the surface [8,9]. Traditional hydraulic engineering improvement measures often use flood irrigation to wash away salt, which not only wastes precious water resources but also increases the risk of environmental pollution [10]. In contrast, water and fertilizer integrationintegrated drip irrigation (fertigation) technology achieves a high -frequency and precise irrigation, and allows water and fertilizer to evenly seep into the soil. This technique reduces soil solution infiltration and surface runoff while maintaining a high soil moisture content, promoting root growth and development of plants, and increasing water-use efficiency and crop yields [11]. Furthermore, water and fertilizer integration drip irrigation createfertigation creates a desalination zone with adequate water and low salt concentration near the dripper, providing a suitable microenvironment for the normal growth of crops in saline-alkali landsalt-affected soil [12]. It. Therefore, drip irrigation has become one of the most effective methods for developing low-yield farmlandagricultural land affected by salinization, and is widely promoted and used both domesticallynationally and internationally. [8]. Previous research has shown that the comprehensive effects of water and fertilizer interaction in water and fertilizer integrationfertigation can increase water-use efficiency by 22%-%–27% and crop yields by 10%-%–15% while reducing water consumption by 40%-%–50% [13]. However, a single-drip irrigation mode is no longer effective in suppressing the increasingly serious soil salinization. In large-scale intensive agricultural production, drip irrigation often needs to be combined with soil amendments for comprehensive management of saline-alkali landsalt-affected soil, in order to achieve the desired water-saving and salt-suppression effects.
Several studies have indicated that the application of organic soil amendments in saline-alkalisalt-affected soil can effectively enhance agricultural productivity [14,15]. Among the most commonly used organic soil amendments for saline-alkalisalt-affected soil, humic acid and biochar can both effectively improve soil structure, promote the formation of soil aggregates, increase soil organic carbon content, improve soil organic matter, reduce soil salinity, and stimulate crop growth [16]. However, with global warming and the increasing occurrence of extreme weather events in arid and semi-arid regions, the surface evaporation rate has further increased, and the process of soil salinization has accelerated. Conventional soil amendments are no longer sufficient to address the increasingly severe soil salinization process, and there is an urgent need to develop water-retaining agents with stronger capabilities to cope with this challenge. 
[bookmark: _Hlk131518081][bookmark: _Hlk131371964]Carboxymethyl cellulose (CMC) is a cellulose ether derivative with carboxymethyl groups that can be obtained from natural cellulose by alkalization and etherification. It is odorless, tasteless, non-toxic, easily soluble in water, and has good light and heat stability . In particular,and its aqueous solution has variousseveral beneficial properties, including thickening, film-forming, suspending, adheringsuspension, adhesion, and water-retainingretention properties [17], making it particularly suitable as a water retention and soil conditioner for salt-affected soils. When applied to soil, CMC can change soil infiltration characteristics and infiltration model parameters by forming a gel-like structure, improve soil water infiltration performance [18], increase soil water holding capacity and salt leaching efficiency, and thus improve plant water utilization [19]. CMC can also act as a binder, which helps to aggregate soil particles, reduces soil compaction, increases soil pore space, improves soil non-capillary porosity, and improves water infiltration into the soil [20]. In addition, the negatively charged carboxymethyl group on the main chain of CMC can interact with the cations of the soil solution through electrostatic attraction, thus inhibiting soil salt stress [21], making it particularly suitable as a water-retaining and soil-improving agent in saline-alkali soil.. However, research on the impact of CMC as a soil amendment on soil water and salt transport, nutrient distribution, and crop growth is currently lacking. Therefore, itthere is an urgent need to investigate the impact of CMC application on soil and crops, particularly in conjunction with integrated water and fertilizer drip irrigationfertigation for improving the soil quality of saline-alkali land.salt-affected soil. Such research will provide a theoretical basis for the selection and development of soil-improvement agents in comprehensive water-saving and salt control models for saline-alkali landsalt-affected soil in the future.
To fully understand the saline-alkali land reclamationintegrated effect of CMC combined with water and fertilizer integration drip irrigationon salt-affected soil, it is necessary to have a good understanding of salt transport patterns and crop water consumption, especially the strong spatiotemporal variabilityspatial and temporal variation of soil water contentmoisture and salinity. Therefore, in order  and crop water use efficiency, and to improve the theory of water and salt transport regulation theory of CMC combined with water and fertilizer integration drip irrigation and achieve the sustainable development and utilization of saline-alkali lands in the Yellow River irrigation area, this study conducted field experiments in Ningxia. fertigation. Therefore, the main focus of this study is on: (1) soil water and salt transport, (2) soil nutrientvertical and horizontal distribution, of soil moisture and salinity, (2) availability of soil nitrogen (N), phosphorus (P), and potassium (K), and (3) the plant response to different application rates of CMC combined with water and fertilizer integration drip irrigation.fertigation. We anticipate that the results of this study will provide a theoretical basis and technical support forimpact of the sustainable development and utilization of saline-alkali lands in the Yellow River irrigation area.research deliverable could benefit all salt-affected soils in arid and semi-arid regions worldwide. In addition, they will help to choose suitable soil amendments for saline-alkali landssalt-affected soil, protect water resources, suppress salt deposition, and improve land productivity in saline-alkali landsalt-affected soil. 
2. Materials and Methods
2.1. Study site description
[bookmark: _Hlk113376406][bookmark: _Hlk126011188]The experimental site was located in Jiaoji Village, Pingluo County, Shizuishan City, Ningxia Hui Autonomous Region (36°15′N, 106°15′E, 1100 m above sea level). The experimental area is characterized by ), with a temperate continental semi-arid climate, with an annual average temperature. An overview of 8.7℃, an effective accumulated temperature of 3100-3300℃, a diurnal temperature range of 10-15℃, an annual average sunshine duration of 2800-3000 hours, a sunshine rate of 68%, an average annual precipitation of 190-210 mm, an average annual evaporation of 1900-2000 mm, a frost-free period of 165-170 days, and a soil type of saline alluvial soil with a medium texture. the specific field trial areas is as follows. 
Table 1. Overview of the field trial area.
	Temperature and rainfall conditions in the field trial area

	Annual average temperature
	8.7℃

	Effective accumulated temperature
	3100-3300℃

	Diurnal temperature range
	10-15℃

	Annual average sunshine duration
	2800-3000h

	Sunshine rate
	68%

	Average annual precipitation
	190-210mm

	Average annual evaporation
	1900-2000mm

	Frost-free period
	165-170d



Table 2 presents the physical and chemical properties of the initial soil. The soil textures are medium-textured saline alluvial soils with basic sand and loamy sand within 0-70 cm and loamy within 70-100 cm. Prior to the experiment, the average depth of groundwater was 1.38 meters, with a pH of 8.25 and an electrical conductivity (EC) of 15.22 dS m-1.
[bookmark: _Hlk126011267]Table 12. Physical and chemical properties of the initial soil.
	Soil layer
	Soil mechanical composition (%)
	Bulk density
	Organic matter
	pH
	EC 1
	ESP 2

	(cm)
	< 0.002 mm
	0.002–0.05 mm
	0.05–2 mm
	(g cm-3)
	(g kg-1)
	
	(dS m-1)
	(%)

	0–10
	1.15
	84.50
	14.35
	1.36
	15.79
	8.72
	2.80
	23.46

	10–20
	1.20
	87.82
	10.98
	1.46
	14.31
	8.77
	2.59
	22.29

	20–30
	1.19
	85.05
	13.76
	1.46
	12.51
	8.68
	2.32
	21.16

	30–40
	1.54
	80.61
	17.85
	1.55
	12.02
	8.65
	2.65
	22.65

	40–50
	1.36
	81.22
	17.43
	1.54
	10.15
	8.60
	2.53
	21.68

	50–60
	1.17
	81.83
	17.01
	1.53
	9.36
	8.38
	2.41
	20.91

	60–70
	1.33
	75.60
	23.07
	1.55
	7.19
	8.58
	2.33
	20.52

	70–80
	1.49
	69.38
	29.13
	1.56
	5.78
	8.23
	2.22
	19.90

	80–90
	1.95
	65.24
	32.97
	1.55
	5.21
	8.54
	2.22
	19.91

	90–100
	2.08
	61.11
	36.81
	1.55
	5.18
	8.14
	2.10
	19.24


[bookmark: _Hlk126011326]1 ECeEC: electrical conductivity, 2 SARe: sodium adsorption rate2 ESP: Exchange sodium percentage.
2.2. Experimental design
[bookmark: _Hlk126011349][bookmark: _Hlk134880330]The experiment was initiated on April 10th, 2022, and lasted for a period of 130 days, during which the maize variety tested was Da Jing Jiou 26. The wide-narrow row planting pattern (Figure 1B) was employed, with a row width of 60 cm and inter-row spacing of 40 cm, and a plant spacing of 22 cm. Under a drip irrigation system, the main components of the head system were composed of electromagnetic valves, pressure gauges, flow meters, filter screens, and fertilizer tanks, with each treatment field having an independent drip irrigation field control system to control water application rates within each plot. Drip irrigation belts were laid within the narrow rows, with a spacing of 20 cm between each emitter and a flow rate of 1.28 L/h. Five treatments were established: (1) CK (traditional flood irrigation with an irrigation quota of 900 mm); (2) W (water and fertilizer integrated drip irrigationfertigation with an irrigation quota of 450 mm); (3) WC1 (water and fertilizer integrated drip irrigationfertigation with an irrigation quota of 450 mm and a CMC application rate of 100 kg ha−1); (4) WC2 (water and fertilizer integrated drip irrigationfertigation with an irrigation quota of 540450 mm and a CMC application rate of 200 kg ha−1); (5) WC3 (water and fertilizer integrated drip irrigationfertigation with an irrigation quota of 540450 mm and a CMC application rate of 300 kg ha−1). Each treatment was replicated three times, resulting in a total of 1215 plots, which were randomly arranged within each block, with a plot area of 20×20 m2. and 38 rows of maize per plot, for a total trial area of 6000 m2. 
[image: ][image: ]
Figure 1. Planting pattern and soil sampling positions in the field experiment. (A), Cross-section view of plot; (B), Top view of the plot details.
[bookmark: _Hlk134998729]2.3. Fertilization management and Irrigation scheduling
[bookmark: _Hlk134973893][bookmark: _Hlk134998192]The trial fertilization management and irrigation scheduling were consistent with the local conventional irrigation and fertilization schedule. Prior to planting, 1500 kg of matured cow manure was applied per hectare to all plots as a basal fertilizer. For The traditional flooding treatment (CK), the fertilization was carried out by applying) used urea, ammonium phosphate, and ternary compound fertilizer with a ratiofertilizers. The amounts of N : P2O5 : K2O =, P, and K were 400 :kg N ha-1, 200 :kg P2O5 ha-1, and 225 kg K2O ha-1, respectively, of which 65% of the N was used as basal fertilizer and 35% as top dressing at a rate of kg ha-1. The fertilizer was immediately incorporated into the soil by rotary tillage to a depth of 20-25 cm after application. During the maize growing season, the remaining urea was applied twice according to the nutrient requirements of maize. TheWe used water-soluble fertilizer integrated(N-P2O5-K2O=24-12-14) for maize as fertilizer for the drip irrigation treatments (W, WC1, WC2, and WC3) used a specializedaccording to the traditional local fertilization practices, and applied it by dissolving it in irrigation water-soluble fertilizer for maize (24-12-14). during irrigation. Ten rounds of irrigation were carried out during the maize growth period, with seven rounds of fertilization applied by drip irrigation, and the total amount of fertilizer was consistent with that of the flood irrigation treatment. Additionally, WC1, WC2, and WC3 were applied with by surface spreading 100 kg CMC ha-1, 200 kg CMC ha-1, and 300 kg CMC ha-1 of CMC in the corresponding plots before planting, respectively, and then incorporatedrototilled into the20-25 cm of soil together with the matured cow manure by rotary tillage. Irrigation water was drawn from a canal connected to the Yellow River with EC, pH and SAR of 0.43 dS m-1, 7.98 and 1.87 mmol0.5 L-0.5, respectively. The specific field management practices are shown in Table 23.
Table 23. Irrigation and fertilization during growing seasons of maize.
	[bookmark: _Hlk131109192]Treatment
	Irrigation amount (mm)
	Fertilization rates
	CMC *

	
	Seedling
	Jointing
	Flowering
	Maturation
	Total
	(kg ha−1)
	[bookmark: _Hlk131109270](kg ha−1)

	CK
	260
	250
	190
	200
	900
	N
	P2O5
	K2O
	0

	W
	135
	135
	90
	90
	450
	400
	200
	225
	0

	WC1
	135
	135
	90
	90
	450
	400
	200
	225
	100

	WC2
	135
	135
	90
	90
	450
	400
	200
	225
	200

	WC3
	135
	135
	90
	90
	450
	400
	200
	225
	300


*CMC: Carboxymethyl Cellulose.
[bookmark: page2][bookmark: _Hlk123574737]2.4. Sample collection and analysis
[bookmark: _Hlk126011451]2.4.1. Soil sample collection and analysis
[bookmark: _Hlk126011464]At the end of March, initial soil samples were collected from the test area, and after removing plant and animal residues and stones, the initial soil samples were air dried and then sieved (1 mm), and soil pH was measured by a pH meter (soil: distilled water = 1:5).
Exchangeable sodium percentage (ESP) was calculated as [22]:

where Na+ is the concentration of exchangeable sodium (cmol (Na+) kg-1) and CEC is the cation exchange capacity (cmol kg-1). The CEC was measured by the EDTA ammonium acetate exchange method [23], and the exchangeable Na+ concentration was determined by flame photometry (Mettler Toledo, Shanghai Analytical Instrument Co., Ltd, Shanghai, China). 
During the experiment, Soil samples were collected at three time points during the entire maize growing season on April 15th (A), June 15th (B), and August 31st (C). For each sample, a random drip irrigation emitter was selected in each plot and soil samples were collected using a spiral drill with a diameter of 4.0 cm and a height of 15 cm at horizontal distances of 0, 10, 20, 30, 40, and 50 cm from the drip emitter and at vertical distances of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 cm (Figure 1.A). A total of 60 soil samples were collected at each sampling point. The soil sampling points for the flood irrigation treatment were distributed similarly to those for the drip irrigation treatment, with 60 soil samples collected randomly in each plot. 
After removingthe removal of surface organic impurities and fine roots from the fresh samples, the soil samples were air-dried, sieved through a 1 -mm meshsieve, and three replicates were mixed into a composite sample. Soil moisture content was determined using anthe oven-drying method. Saturated soil paste extracts were then made by standard methods [24] with a water-to-soil mass ratio of approximately 3:5, and soil electrical conductivity (EC) was measured using a conductivity meter (DDS-12A, REX) .). 
The total soil salinity content was obtained by EC. The salt desalination rate (SDR, %) was used to characterize the desalination process under different treatments, and was calculated as follows:

where S0 is the initial soil salinity content (g kg-1) and S1 is the soil salinity content at the last sampling during the maize-growing season (g kg-1). 
The remaining soil samples were analyzed for their contents of alkali hydrolyzed nitrogen (N), available phosphorus (P), available potassium (K), and organic carbon (C) using four methods: the alkaline hydrolysis diffusion method, the molybdenum antimony colorimetric method, the flame photometric method, and the potassium dichromate volumetric method). The alkali hydrolyzed N was measured by the NaOH hydrolysis method. Determination of available P by molybdenum blue spectrophotometry using UV–Visible spectrophotometer (UV-9100, Beijing Ruili Analytical Instrument Co., Ltd, Beijing, China). Available P was measured by molybdenum blue spectrophotometry. Available K was determined by a flame photometer (Mettler Toledo, Shanghai Analytical Instrument Co., Ltd, Shanghai, China) [25].
[bookmark: _Hlk126011530]2.4.2. Plant sample collection and analysis
[bookmark: _Hlk126011561]At the maturation stage (maize grain moisture content of approximately 20-22%), three maize plants were randomly selected from each plot to measure their height and stem diameter. After measurement, the whole plants (a total of 45) were immediately transported to the laboratory and dried at 70°C to a constant weight.  The aboveground biomass and grain yield were then measured.First, the aboveground parts of the dried single maize plants were weighed, then the grains were separated from the aboveground parts and the weight of the retrieved single maize grains was weighed. Finally, the maize planting density per hectare was calculated based on the row spacing, and the aboveground biomass and grain yield per unit hectare were calculated based on the planting density. 
Water-use efficiency (WUE, kg ha-1 mm-1) during the maize growing season was calculated using the following equation [26]: 

[bookmark: _Hlk121337081]where Y is the grain yield (kg ha-1) and ET is maize evapotranspiration during the growth period (mm).
The soil water balance was calculated as follows[26]: 

where ET refers to the amount of evapotranspiration (mm), I represents the irrigation amount (mm), P is the precipitation collected using a field rain gauge (mm), ΔS is the variation in soil water storage estimated using spatially weighted averaging (mm), G denotes the contribution of groundwater (mm), R signifies surface runoff (mm), L is the amount of groundwater leakage calculated using a soil seepage monitoring device (mm), and E represents the amount of surface water evaporation monitored using a micro-evaporimeter (mm). Since the experimental area is flat and the depth of the groundwater is greater than the average depth of the maize roots, G and R were neglected in this study.
2.4. Statistical analyses
[bookmark: _Hlk126011618]All data were recorded and categorized in Microsoft Office Excel 2016. Graphs were generated using Origin 2018 (Origin Lab Co., Northampton, MA, USA). An analysis of variance (ANOVA) was performed using IBM SPSS Statistics Version 19.0 (IBM Co., Armonk, NY, USA), and Tukey's honestly significant difference (HSD) test was used to compare differences between treatments (P < 0.05). For the comparison of differences between two sampling times, independent samples T-test was used, where *, **, and *** indicate significant differences between two different sampling times (P < 0.05, P < 0.01, P < 0.001).
3. Results
[bookmark: _Hlk124674622][bookmark: _Hlk126011651]3.1. Soil water transport
[bookmark: _Hlk126011663]Figure 2 shows the migration inof soil moisture over time. The distribution of soil moisture varies significantly with irrigation and CMC application, indicating that the infiltration characteristics of soil moisture are significantly altered by irrigation and amendment application. Compared to the control treatment (CK), it can be observed that in drip irrigation treatments (W, WC1, WC2, and WC3), the wetted area of the soil gradually expands in the horizontal and vertical directions around the drip emitter as the maize grows. Conversely, the soil moisture content distribution under the flood irrigation treatment is extremely uneven, with low moisture content (14.75%-%–15.19%) still present at a depth of 60-70cm during the maize growth period (C). Compared to the drip irrigation treatment without CMC application (W), the application of CMC (WC1, WC2, and WC3) significantly increased the soil moisture content of each soil layer, and with an increase in the CMC application rate, the soil moisture content increased. By the C period, the soil moisture content in the 10-40cm soil layer of the WC1, WC2, and WC3 treatments increased by 3.73%-%–6.19%, 6.54%-%–8.92%, and 11.96%-%–16.46%, respectively, compared to the W treatment, indicating that drip irrigation combined with CMC application has a good effect in maintaining soil moisture in the root zone (0-40cm).
[image: ]
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Figure 2. Spatial distribution of soil moisture.
(A) Sampling time 2022/4/15, (B) Sampling time 2022/6/15, (C) Sampling time 2022/8/31.
3.2. Soil salt transport
[bookmark: _Hlk126011731]The changes ofin soil salinity (EC) with sampling time are shown in Figure 3. Soil water movement controls the migration of soil salinity. Overall, similar to soil water distribution, soil salinity distribution under flood irrigation was uneven. Compared with CK, under drip irrigation (W, WC1, WC2, and WC3), soil salinity gradually leached downwards with the infiltration of soil water and gradually formed a desalination zone centered on the drip emitter with the extension of the maize growth period. By the mid-growth period of maize (B), compared with CK and W treatments, WC1, WC2, and WC3 treatments reduced the soil EC in the 0-20cm soil layer by 1.17%-%–3.12%, 3.62%-%–3.99%, and 2.15%-%–4.72%, respectively. At this stage, soil salinity was mainly concentrated in the 20-50cm soil layer. By the late growth period of maize (C), with continued irrigation, soil salinity further migrated downwards and gradually leached into the deep soil layer. The salinity in the surface soil (0-30cm) further decreased, and the desalination zone continued to expand. Its upper boundary moved from 20-30cm to 40-50cm. In addition, with the increase ofin the CMC application rate, the desalination effect of surface soil (0-40cm) increased. Compared with the WC1 treatment, the soil EC in the 0-40cm soil layer under the WC3 treatment decreased by 1.99%.
[image: ] [image: ]
Figure 3. Spatial distribution of soil salinity.
(A) Sampling time 2022/4/15, (B) Sampling time 2022/6/15, (C) Sampling time 2022/8/31.
3.3. Soil desalination
[bookmark: _Hlk126011815]Based on the one-way ANOVA and multiple comparison analysis (Figure 4), it was found that except for the CK treatment, the soil salt content in the 0-40cm soil layer under all treatments was significantly or extremely significantly reduced during the maize growth period (T-test, P < 0.05, P < 0.01) compared to the start of the experiment (April 15, 2022). Compared to the start of the experiment, the average soil salt content in the 0-40cm soil layer was reduced by 5.67%-%–9.88%, 13.97%-%–17.06%, 11.91%-%–22.76%, and 13.67%-%–24.60% for the W, WC1, WC2, and WC3 treatments, respectively, during the maize growth period. In addition, there were significant differences in soil salt content among the treatments during the maize growth period. Compared to the CK treatment, the combination of drip irrigation and CMC application significantly reduced the soil salt content in the surface soil layer, and the soil salt content in the 0-30cm soil layer was reduced by 4.80%-%–9.62%, 6.98%-%–15.57%, 9.25%-%–20.56%, and 6.33%-%–19.06% for the W, WC1, WC2, and WC3 treatments, respectively. However, there were no significant differences in soil salt content among the drip irrigation treatments (W, WC1, WC2, and WC3) in each soil layer.
[image: ]
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Figure 4. Effectiveness of soil desalination under different treatments.
(A) Salinity in 0-10 cm soil layer, (B) Salinity in 10-20 cm soil layer, (C) Salinity in 20-30 cm soil layer, (D) Salinity in 30-40 cm soil layer, (E) Salinity in 40-60 cm soil layer, (F) Salinity in 60-100 cm soil layer. Different lowercase letters indicate significant differences in soil salt content between different treatments on 2022/8/31; *, **, and *** indicate significant differences in soil salt content between two different sampling times (T-test, P < 0.05, P < 0.01, P < 0.001). 

Upon comparing the initial soil salinity content, it was discovered through calculations of soil desalination rates during the late growth period of maize (Table 34) that the desalination effect of the 0-10 cm soil layer under the W, WC1, WC2, and WC3 treatments was significantly higher than that of the CK treatment. Specifically, WC2 and WC3 treatments resulted in a 3367.00%-53.95% and 29.36%-51.4958.25% higher desalination rate in the 0-10 cm soil layer, respectively, compared to the W treatment. Overall, compared to the uneven desalination effect of the CK treatment, the desalination effect of the surface soil (0-40 cm) was significant for the other treatments, with the desalination rate of most soil layers in the deep soil (40-100 cm) being negative and ranging from -7.92% to 4.60%. This indicates that under high-frequency drip irrigation and CMC application conditions, soil salinity tends to gradually move down to the deep soil layer, accumulating in the process. Finally, the average desalination rate of each soil layer in the WC2 and WC3 treatments reached 4.40%-%–4.54%, while the other treatments only reached 1.12%-%–1.90%.
[bookmark: _Hlk131628057]Table 34. Average soil desalination rate of each soil layer under different treatments
	[bookmark: _Hlk126011886]Soil layer
	CK
	W
	WC1
	WC2
	WC3

	(cm)
	(%)
	(%)
	(%)
	(%)
	(%)

	0-10
	7.84cAB
	16.00bA
	22.23abA
	26.72aA
	25.32aA

	10-20
	2.55aAB
	7.31aABC
	9.43aB
	11.59aB
	8.83aB

	20-30
	-9.11bB
	1.55abBCD
	-0.47abAB
	4.90abBCD
	7.06aB

	30-40
	1.80aAB
	9.35aAB
	10.08aB
	8.52aBC
	9.36aB

	40-50
	-3.81aAB
	3.43aBCD
	3.99aAB
	4.31aBCD
	4.60aBC

	50-60
	3.84aAB
	-2.67aCD
	-3.77aB
	2.29aBCD
	-0.63aBC

	60-70
	2.55aAB
	-7.92aD
	-7.17aB
	-5.35aD
	-5.02aBC

	70-80
	10.00aA
	-3.64aCD
	-4.62aB
	-0.83aCD
	0.44aC

	80-90
	1.51aAB
	-4.35aCD
	-4.22aB
	-3.00aCD
	0.14aBC

	90-100
	1.85aAB
	-7.81aD
	-7.40aB
	-5.15aD
	-4.73aC

	Average SDR *
	1.90
	1.12
	1.81
	4.40
	4.54


* SDR: soil desalination rate. Different capital letters in the same column indicate significant differences between different soil layers (P < 0.05); Different lowercase letters in the same line indicate significant differences between different treatments (P < 0.05).
[bookmark: _Hlk126011908]3.4. Soil available nutrients
[bookmark: _Hlk126011921]Alkali hydrolyzed N: Overall, the alkali hydrolyzed N decreased gradually with the increase ofin soil depth. Among the different treatments, the CK treatment had the lowest alkali hydrolyzed N content, followed by the W treatment, while the WC2 and WC3 treatments had the highest content. The application of CMC significantly increased the content of hydrolyzed inorganic N and easily hydrolyzed organicNorganic N in the soil, thereby improving the content of availablealkali hydrolyzed N in the soil.
Available P: Compared to the control treatment, the soil available P content in the 30-40cm soil layer was significantly increased in the WC1, WC2, and WC3 treatments, but there was no significant difference among the different drip irrigation treatments (W, WC1, WC2, and WC3). As soil depth increased, the available P content gradually decreased, with the overall trend being WC3≥WC2≥WC1≥W>CK. These findings suggest that the application of the amendment can reduce the adsorption and fixation of soil colloids to P, thereby improving the effectiveness of soil P.
Available K: Similar to the patterns of alkali hydrolyzed N and available P, the soil available K gradually decreased with the increase ofin soil depth. The differences in the soil-available K content among the treatments were significant in the 0-60cm soil layer, with WC3≥WC2≥WC1≥W>CK. The WC1, WC2, and WC3 treatments were, respectively, 12.90%-%–31.74%, 16.92%-%–38.92%, and 20.93%-%–48.69% higher than the CK treatment. However, there was no significant difference among the treatments in the 70-100cm soil layer, with soil available K content ranging from 89.06-135.8 mg kg-1.
Organic C: Overall, the soil organic C content showed a gradual decrease with the increase ofin soil depth. In the shallow soil layer (0-40cm), the soil organic C content in the WC1, WC2, and WC3 treatments was significantly higher than that in the CK treatment by 27.84%-%–36.06%, 35.44%-%–45.13%, and 73.05%-%–56.23%, respectively, indicating that CMC can significantly increase the soil organic C content in the shallow soil layer. However, as the soil depth increased, the differences among the treatments gradually decreased, and there was no significant difference in soil organic C content among the treatments in the 60-100cm soil layer.
[image: ]
[image: ]
[bookmark: _Hlk124539662]Figure 5. Spatial distribution of soil available nutrients.
[bookmark: _Hlk126011944](A) Alkali hydrolyzed N content of each soil layer, (B) Available P content of each soil layer, (C) Available K content of each soil layer, (D) Organic C content of each soil layer.
3.5. Crop water consumption
[bookmark: _Hlk126011975][bookmark: _Hlk131453979]According to Table 45, the soil water storage capacity (ΔS) values ranged from 35.41 to 69.28 mm throughout the growing season, and both the drip irrigation pattern and CMC application significantly increased soil ΔS. Compared with CK treatment, W, WC1, WC2, and WC3 increased soil ΔS by 11.29%-%–97.59%, 26.54%-%–91.56%, 41.76%-%–121.5%, and 52.97%-%–152.2%, respectively, with WC3 showing the highest increase, followed by WC2 and WC1, and W the lowest. The drip irrigation and CMC application (W, WC1, WC2, and WC3) also significantly reduced groundwater percolation (L), surface evaporation (E), and maize transpiration (ET), which were 19.72%-%–47.37% (L), 56.70%-%–71.04% (E), and 16.05%-%–28.42% (ET) lower than the CK. In the soil treated with CK, L and E accounted for 41.01% of irrigation water (I) and rainfall (P), significantly higher than W, WC1, WC2, and WC3 treatments, which were 31.65%, 24.03%, 23.91%, and 23.70%, respectively. Finally, W, WC1, WC2, and WC3 treatments significantly increased the water-use efficiency (WUE) of maize, but there was no significant difference between them.
Table 45. Maize (Zea mays) evapotranspiration components and water-use efficiency.
	Treatment
	I 1
	P 2
	ΔS 3
	L 4
	E 5
	(L+E)/(I+P)
	[bookmark: _Hlk124590971]ET 6
	WUE 7

	
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(%)
	(mm)
	(kg ha−1 mm−1)

	CK
	900.0
	166.7
	35.41c
	18.84a
	418.3a
	41.01a
	664.9a
	16.39b

	W
	450.0
	166.7
	52.98b
	14.25b
	180.7b
	31.65b
	474.7b
	26.03a

	WC1
	450.0
	166.7
	56.92ab
	13.35b
	134.7c
	24.03c
	525.6b
	23.76a

	WC2
	450.0
	166.7
	62.65ab
	12.45b
	135.0c
	23.91c
	531.9b
	23.68a

	WC3
	450.0
	166.7
	69.28a
	11.52b
	134.6c
	23.70c
	539.9b
	23.42a


[bookmark: _Hlk126011991][bookmark: _Hlk121340318]1 I: irrigation amount, 2 P: precipitation during the maize growing season, 3 ΔS: change in soil water storage in the 0–100 cm soil layer, 4 L: underground leakage, 5 E: evaporation of surface water, 6 ET: maize evapotranspiration during the growth period, and 7 WUE: water-use efficiency. Different lowercase letters in the same column indicate significant differences between treatments (P < 0.05).
3.6. Crop growth
[bookmark: _Hlk126012045]According to Table 5, the6, drip irrigation and CMC application did not significantly affect the height and stem diameter of maize. However, there were significant differences in the aboveground biomass and grain yield of maize under different treatments. The application of a large amount of CMC (WC2 and WC3) significantly increased Compared with the CK treatment, the aboveground biomass and grain yield of maize plants, with an increase of increased by 4.85%-16.16% and 5.44%-16.43%, respectively, compared to CK.under the application of high amounts of CMC (WC2 and WC3). The overall trend was that WC3 = WC2 ≥ WC1 = W ≥ CK, but there was no significant difference in the yield increase effect among the treatments.
Table 56. Maize (Zea mays) growth indicators.
	[bookmark: _Hlk126012063]Treatment
	Plant height
	Stem diameter
	Aboveground biomass
	Grain yield
	Aboveground biomass increase
	Grain yield increase

	
	(cm)
	(mm)
	(kg·ha-1)
	(kg·ha-1)
	(%)
	(%)

	CK
	297.7a
	20.22a
	47284b
	10868b
	-
	-

	W
	298.4a
	20.38a
	49157ab
	12356ab
	4.00a
	13.98a

	WC1
	311.1a
	20.75a
	49324ab
	12474ab
	4.35a
	15.07a

	WC2
	302.3a
	20.58a
	49564a
	12592a
	4.85a
	16.16a

	WC3
	323.8a
	21.12a
	49839a
	12633a
	5.44a
	16.43a


* Different lowercase letters in the same column indicate significant differences between different treatments at P < 0.05. No lowercase letters following the data indicate no significant differences between treatments.

As shown in Table 67, there were no significant differences in the quality of maize grains among the treatments except for crude protein. The application of drip irrigation and high application rates of CMC (WC2 and WC3) significantly increased the crude protein content of maize grains. Compared with the CK treatment, the crude protein content of maize grains in the WC2 and WC3 treatments increased by 2.52%-%–5.35% and 3.08%-%–7.60%, respectively.
Table 67. Maize grain quality.
	Treatment
	Soluble sugar
	Crude protein
	Crude fat
	Starch

	
	(%)
	(%)
	(%)
	(%)

	CK
	2.71a
	8.41c
	3.24a
	63.96a

	W
	2.92a
	8.49bc
	3.32a
	65.08a

	WC1
	2.96a
	8.66abc
	3.35a
	64.62a

	WC2
	2.88a
	8.76ab
	3.23a
	65.30a

	WC3
	2.94a
	8.82a
	3.36a
	65.33a


* Different lowercase letters in the same column indicate significant differences between different treatments at P < 0.05.
4. Discussion
[bookmark: _Hlk131514704]4.1. Soil water and salt transport
[bookmark: _Hlk126012091]In arid and semi-arid regions, water-saving irrigation plays a vital role in controlling soil moisture and salt content . While many studies have been conducted on the technology of combining drip irrigation with water and fertilizer management to form a water-saving irrigation system , a single irrigation method is no longer effective in suppressing the increasingly serious problem of soil salinization. A comprehensive water-saving and salt-reducing improvement model with soil amendments is necessary. Currently, there have been numerous studies on the development of soil amendments for saline-alkali soil improvement . For example, Khaled and Sun reported that the application of humic acid and biochar can significantly increase soil water content while reducing soil salinity and pH . However, the current mainstream organic soil amendments need to be applied continuously for many years to achieve the effect of organic material fertilization and soil improvement, which cannot meet the needs of a rapid and efficient comprehensive control model for saline-alkali land. In this study, we selected CMC with its superior water and fertilizer retention abilities as the primary research subject, and combined it with a drip irrigation model. The goal of this study is to provide a theoretical basis for the development of a comprehensive water-saving and salt-reducing improvement model for saline-alkali land in the future. 
In this study, under different irrigation methods and CMC application rates, the soil moisture content varied significantly over time, indicating that drip irrigation and CMC significantly improved soil water infiltration performance.In this study, the soil water content varied significantly with time under different irrigation methods and CMC application rates. Compared to traditional high-volume flood irrigation, the soil wetting area under drip irrigation treatments (W, WC1, WC2, and WC3) gradually expanded in both horizontal and vertical directions around the drip emitter with increasing maize growth stage (Figure 2), while the soil water content distribution was extremely uneven under flood irrigation treatments. This suggests that the uniform and stable infiltration of irrigation water under drip irrigation conditions increased the soil moisture content in deeper layers and maintained high soil moisture content in high evaporation climates. In contrast, flood irrigation, which involves the application of a large amount of irrigation water at once, often leads to the accumulation of irrigation water on the soil surface, which is prone to uneven leakage and poor water infiltration, resulting in uneven soil moisture distribution. Furthermore, flood irrigation causes significant evaporative losses of water, increases field evaporation, reduces water use efficiency (Table 45), and wastes precious water resources. Therefore, the large low-frequency irrigation water applied in flood irrigation and the high-frequency uniform irrigation water applied in drip irrigation may be the main reasons for the differences in soil moisture content between the two methods. It is worth noting that the application of CMC (WC1, WC2, and WC3) significantly increased the soil moisture content in the 0-40cm soil layer compared to drip irrigation without CMC application (W), and the soil moisture content increased with increasing CMC application rates. The causes of this phenomenon can be attributed to the following three reasons. Firstly, CMC can increase the water-holding capacity of soil due to its high-water retention ability. The presence of CMC can form a gel-like structure that can hold onto water, reducing the amount of water that is lost through drainage or evaporation. This can help to maintain soil moisture levels and improve water availability for plants [19]. Secondly, CMC can improve soil structure, which can affect the movement of water in the soil matrix [18]. CMC can act as a binder that can help to aggregate soil particles, reduce soil compaction and increase soil pore space. This can improve water infiltration into the soil and reduce the potential for water runoff and erosion. Thirdly, CMC can affect the hydraulic conductivity of the soil. Hydraulic conductivity is a measure of the ease with which water can move through the soil. CMC can reduce the hydraulic conductivity of soil by forming a gel-like structure that can impede the flow of water. This can help to retain water in the soil and improve water availability for plants [19]This is mainly due to the fact that CMC is mainly applied in the 0-30cm soil layer, and the strongly hydrophilic CMC increases the viscosity of water , weakening the effect of capillary suction on water absorption. The water gel formed indirectly promotes the aggregation of soil particles, thereby blocking some soil pores, reducing the permeability rate, increasing the soil water-holding capacity, and thus improving the soil water storage capacity. Therefore, the formation of CMC gel can block soil pores and reduce the movement of water, which can further improve water retention and reduce the leaching of salts in the soil. 
The When soil moisture is increased, the movement of water in soil drives the diffusion of soil salts, and the soil EC reflects the total amount of soilcarries away ions. Increasing from the soil moisturesolution, which helps to increase the leaching of many salts from the soil solution, including sodium, magnesium, calcium, and potassium salts [27,28]from the soil solution .. Of these, sodium ions are weakly adsorbed and are usually present in exchangeable positions in the soil and are usually carried away more readily than other ions. Therefore, similar to the dynamic changes in soil moisture, with the penetration of water, soil salinity gradually migrates to deeper soil layers, and the salinity characteristics of the soil change from a surface accumulation pattern to a bottom accumulation pattern, significantly reducing the salt content in the surface soil (Figure 3 and Figure 4). Previous studies [29-31] have shown that applying acidicbiochar as a soil amendment can amendments rich in organic acids, such as humic acid and amino acids, can lower the suppress soil greenhouse gas emissions, promote soil C sinks, and remediate contaminated soils, while humic acid application to soil can reduce soil pH and salt content of the crop root environment, neutralizing somesalinity, neutralize free OH- ions, and thereby enhancingimprove the soil microenvironment. In this study, the effects of CMC on the distribution of soil water and salt are different from those of other soil amendments. As the maize growth period is prolonged, it can be observed that the soil salt content of the CMC-treated plot gradually moves downward with the infiltration of soil water, gradually forming a desalination zone centered on the drip emitter. Moreover, compared with the drip irrigation treatment without CMC, the drip irrigation treatment with CMC significantly reduced the salt content in the surface soil (Figure 3.C). As is well known, under drip irrigation conditions in arid and semi-arid areas, soil salt content is affected by the combined effects of the downward movement of high-frequency drip irrigation water and the upward movement caused by strong surface evaporation [13]. The high-frequency drip flow gradually washes the soil salt downward, and during the interval between each drip irrigation, the upward movement of soil solution caused by surface evaporation dominates. At this time, the powerful water absorption potential of CMC inhibits the surface soil salt accumulation process caused by evaporation [32,33], thus reducing the salt content in the surface soil. From a chemical point of view, CMC is a negatively charged polymer due to the presence of carboxymethyl groups (-COO-) on its main chain. When CMC is applied to soil, the negatively charged carboxymethyl group on its main chain can interact with positively charged cations in the soil solution such as sodium (Na+), potassium (K+), calcium (Ca2+), and magnesium (Mg2+) through electrostatic attraction, thus reducing their mobility and availability in the soil solution [21]. In this way, on the one hand, the leaching of cations can be reduced and on the other hand, this can reduce the uptake of toxic ions by plants and promote their growth [34], thus reducing the salt content in the surface soil.. This may also be the reason why there is little difference in the salt content of the subsurface layers. Overall, under the conditions of CMC application (WC1, WC2, and WC3), the desalination effect of the 0-30cm soil layer is significant (Table 34), but there is no significant difference in soil salt content between the 30-100cm soil layers (Figure 4 and Table 34), indicating that while the salt is fully leached downward, CMC also hinders the upward movement of salt caused by surface evaporation, resulting in a significant decrease in soil salinity in the root zone and the inhibition of soil salinization process [18,35].
[bookmark: _Hlk135090531][bookmark: _Hlk126012118]4.2. Soil nutrients
[bookmark: _Hlk126012131]Numerous studies have demonstrated that soil amendments can effectively increase soil nutrients and enhance land productivity [36-38]. In this study, CMC was found to significantly increase the content of alkali-hydrolyzed N, available P, available K, and organic C in the 0-40cm soil layer, despite its lack of nutrients such as N and P, which are present in organic soil amendments such as humic acid, amino acids, and decomposed manure (Figure 5). This is partly because CMC helps to maintain soil moisture levels over a longer period of time, thus enhancing the solubility of insoluble nutrients in the soil and improving the biological effectiveness of soil nutrients [39]. By increasing the water holding capacity of the soil, CMC can help reduce nutrient leaching losses from irrigation water due to leaching and form complexes with some ions, thus increasing the supply of nutrients available for plant uptake [40]. On the other hand, CMC, as a polycarboxylate polymer, has a high anion exchange capacity (CEC). The application of CMC increases the CEC of soil, which helps to improve the adsorption and retention capacity of soil for nutrients, thus increasing the effective nutrients in the soil. In addition, CMC, as a carbon source, can promote the growth and reproduction of soil microorganisms. Microorganisms are able to decompose soil organic matter and release nutrients, making them more easily absorbed by crops [41]. At the same time, microorganisms are able to produce some growth factors and enzymes that help to increase the soil nutrient supply potential. It is noteworthy that the application of CMC significantly increased the available P content in the surface soil (Figure 5), which might be due to the formation of complexes between CMC and water-soluble P fertilizer in irrigation water, thus reducing the adsorption and fixation of water-soluble P in irrigation water in the soil [42]. During the process when irrigation water containing CMC drips into the soil with the drip irrigation system, the excellent ion adsorption properties of CMC can form binders with negative ions such as P, and these binders can slowly release phosphate and increase the available P content in the soil, thus improving the effectiveness and availability of P. In addition, CMC can also increase the stability of soil aggregates and reduce the fragmentation of soil aggregates, thus reducing the contact between P and soil particles and reducing P adsorption and immobilization [43]like humic acid, amino acids, and decomposed manure (Figure 5). This may be due to CMC's ability to adsorb soil moisture and nutrients ions in soil solution, as reflected by the soil EC (Figure 3). In fact, numerous studies have explored the adsorption ability of CMC and its derivatives on ions. For instance, polyethyleneimine hydrogel (CMC/PEI) was found to improve the removal efficiency of Cr5+ ; the maximum Cr5+ removal efficiency of carboxymethyl cellulose sulfate nanofiltration membrane (SCMC-GA-NF) reached 79.9% ; CMC-based Fe3O4 nanomaterials greatly improved the Pb (II) adsorption capacity ; CMC significantly removed 71% of phosphorus from agricultural wastewater .. Therefore, in this study, CMC adsorbed inorganic nutrients (NO3-, PO43-, and K+) from water-soluble fertilizers applied via drip irrigation with integrated water and fertilizer management, thereby increasing the content of alkali-hydrolyzed N, available P, available K, and organic C in the surface soil and improving fertilizer utilization efficiency. Furthermore, the increased soil moisture content also enhanced the solubility of insoluble nutrients in the soil, indirectly activating soil nutrients and increasing their bioavailability. Hence, CMC has great potential as an amendment for soil fertility and saline-alkali landsalt-affected soil reclamation.
[bookmark: _Hlk126012150]4.3. Crop responses
[bookmark: _Hlk126012160]WaterSoil moisture plays an indispensableessential role in plant growth, and increasingso improving water-use efficiency in arid regionsareas is an effective way to improveincrease productivity [44]. Surface evaporation and transpiration are important factors affecting soil water loss and salt transport in agricultural fields [45]. Surface evaporation causes soil solution and transpiration to move upward, thereby promoting salt transport to the root zone, exacerbating salt stress, and affecting normal crop growth [46]. In this study, we found that drip irrigation and CMC application can reduce the surface evaporation of field water and increase soil water storage and maize transpiration, thereby improving maize water use efficiency (Table 45). These effects are due to the fact thatbecause flood irrigation causes irrigation water to spread extensively on the surface of agricultural soil, and frequent lateral flow of irrigation water greatly increases surface evaporation. Under drip irrigation treatment, irrigation water was applied to the soil in small amounts and at high frequencies, and there was no surface water accumulation, which maintained soil structure and reduced underground seepage. Secondly, CMC's strong water absorption ability increases the water-holding capacity of the soil, effectively suppressing the phenomenon of water movement caused by surface evaporation, thus locking in soil water [18,19]. However, it is worth noting that there was no significant difference in ET and WUE between drip irrigation with CMC application and without CMC application. This may be due to the fact thatbecause although CMC can enhance the retention of soil moisture in the rhizosphere, it may also increase the difficulty of plant absorption and utilization, and the specific mechanism requires further study.
The variety of maize planted in our study was used for producing silage feed. Plant height and stem thickness are key growth characteristics of maize. Aboveground biomass is an important indicator of maize silage production [47]. Our findings indicate that while there were no significant differences in the height or stem diameter of maize plants among different treatments (Table 56), drip irrigation and the application of CMC helped to significantly increase aboveground biomass and grain yield of maize, as well as elevate the crude protein content of the grain (Table 67). Furthermore, with increasing amounts of CMC applied, grain yield gradually increased. This may be attributed to Based on the fact thatresults of our studies on soil water and salt distribution and nutrient content, we hypothesize that CMC can promote corn growth and increase yield in several ways. First, CMC application significantly increased the available soil nutrient content (Figure 5), which is necessary to promote maize growth. Secondly, the high-water retention of CMC can improve the soil condition, making the water in the soil more stable, increasing the water holding capacity of the soil (Figure 2), reducing the evaporation of water from farmland, which is conducive to the uptake and utilization of water by plant roots, and improving the water utilization efficiency of maize (Table 5). Finally, CMC also has a certain chelating and ion exchange effect on the salts in the soil, and its combination with water and fertilizer-integrated drip irrigation has formed a desalination zone around the soil root system (Figure 3), improving the microenvironment of the maize root system and reducing the negative effects of salts on plants. In addition, the water-fertilizer integrated drip irrigation system made the irrigation frequency, fertilizer application , and irrigation water amount under the integrated water and fertilizer drip irrigation system were in line withwater amount conform to the nutrient and water requirements of maize during its growth and development stages [13], providing sufficient nutrients and water for the roots to absorbroot uptake and promoting the accumulation of crude protein in the seeds, which is one of the important reasons for the increase in maize yield [48]grain. Meanwhile, the application of CMC increased the water-holding capacity of the soil, reduced the evaporation of water in the farmland, and improved the water use efficiency of maize, thereby enhancing aboveground biomass and grain yield. Finally, . In summary, we conclude that CMC can be used as a new type of soil amendment for saline-alkalisalt-affected soils, in combination with drip irrigation and other soil amendmentamendments, to supplement the water-locking ability of organic amendments. Of course, the effect of long-term CMC application on soil health requires continuous follow-up studies.
5. Conclusions
[bookmark: _Hlk126012178]The use of drip irrigation and carboxymethyl cellulose significantly improved the soil water infiltration performance and increased theenhances surface soil water content. Through, leading to the uniformgradual infiltration of irrigation water and precise water and fertilizer control under drip irrigation conditions, soil salts are gradually drenched into the deep soil layer,and forming a desalination zone centered on the drip irrigation head, which gradually changes the. This shift in soil salt characteristics from surface aggregation mode to bottom aggregation mode, thus significantly reducingreduces surface evaporation and improvingimproves water-utilization efficiency. MeanwhileIn addition, the treatments withapplication of carboxymethyl cellulose application significantly increased the effective, owing to its robust adsorption capacity, resulted in a significant increase in the available nutrient content of the surface soil and . Ultimately, this led to the creation of an inter-root microenvironment for maize grain with a high water content, low salt content, and high nutrient content, which significantly improved the maize underground biomass and yield by virtue of the powerful adsorption capacity of carboxymethyl cellulose.. In summary, carboxymethyl cellulose can be promotedcarboxymethylcellulose exhibits considerable promise as a novel soil amendment for saline-alkaline land in combinationsalt-affected soils in conjunction with drip irrigation and other amendments. Therefore, it is necessary to conduct furtherFuture research on the application effects of different amendment combinations, as well as onshould investigate the potential mechanisms of desalinationunderlying desalinization, yield increase, and quality improvement in saline-alkaline soilssalt-affected soils using different amendment combinations.
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