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Abstract: Soil productivity and crop yield were examined in response to legume-based short crop
rotation under conventional (CT) and no-till (NT) tillage practices in saline meadow-alluvial soils of
the arid region in Bukhara, Uzbekistan. Compared with the CT treatment, crop yield was consistently
higher under NT, i.e., winter wheat 9.63%, millet 9.9%, chickpea 3.8%, and maize 10.7% at the first
experiment cycle during 2019–2021. A further crop productivity increase was observed at the second
experiment cycle during 2021–2023 under NT when compared to CT, i.e., winter wheat 17.7%, millet
31.2%, chickpea 19.6%, and maize 19.1%. An increase in total phyto residue by 20.9% and root residue
by 25% under NT compared to CT contributed to the improvement in soil structure and played a
vital role in the sustained improvement of crop yields. In turn, the increased residue retention under
NT facilitated soil porosity, structural stability, and water retention, thereby improving soil quality
and organic matter content. Soil salinity more significantly decreased under NT than in CT, reducing
salinity buildup by 18.9% at the 0–25 cm and 32.9% at the 75–100 cm soil profiles compared to CT.
The total forms N and P were significantly increased under NT when compared to CT, while the
efficiency of the applied crop rotation was essential. This study showed the essential role of the
NT method with legume-based intensive cropping in the maintenance of soil health and crop yield,
thereby touching on recent advances in agro-biotechnology and the sustainable land management
of drylands.

Keywords: conventional tillage; no-till; crop yield; bulk density; structural stability; saline soil;
arid region

1. Introduction

Cotton was the main agricultural crop for Uzbekistan during the Soviet empire
(1924–1991). As a result, this monoculture practice caused extreme soil and environmental
degradation and the pollution of water resources and the environment. After the coun-
try’s independence in 1991, the cotton area gradually decreased while the share of wheat
production increased substantially to ensure food security in the region [1]. Population
growth puts pressure on agricultural production, leading to intensified land usage along
with extensive application of chemicals, i.e., fertilizers and pesticides, which has led to
more environmental contamination [2].

Soil salinity and drought are the two most significant constraints that adversely affect
the productivity of crops in dry areas like Uzbekistan [3]. The detrimental effects of soil
salinity on plant growth and development are followed by reduced crop productivity,
dysfunctional cropping systems, an imbalance in mineral nutrition, and specific ionic
toxicity [4]. Therefore, it is essential to transition to climate-resilient food and feed crops
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and adopt innovative cropping systems and sustainable technologies that efficiently use
available resources.

Proper land management strategies as a main driver of sustainable agriculture can
be implemented to diversify cropping systems, enhance crop production, improve food
security, and raise nutritional well-being in the long term [5,6]. In this regard, farmers’
knowledge and qualifications are essential in managing efficient cropping systems and
improving soil organic matter. Soil health should be perceived as a guarantee of sustain-
able agriculture and food security in changing climate conditions and natural resource
depletion [7]. Expansion of agricultural lands is not an option in this region when water
resource scarcity is high [8]. In this situation, crop diversification must be used sparingly,
focusing on developing climate resilience in farming without harming the environment.

Tillage might have various impacts on the production system in the short and long
terms since soil quality directly impacts plants’ capacity to grow and build an appropriate
root system to exploit water and nutrients. Therefore, the increase in soil physical structure
and subsequent mineralization of N under conventional tillage increase crop production in
the short term [9]. However, extended continuous cultivation tends to lower soil porosity
through the mechanical breakdown of the structure and compaction of the topsoil [10]. On
degraded soils, conventional tillage may lead to slight improvements in crop output in the
short term; however, over the long term, it may be neutral or lead to yield reductions due
to deterioration of soil structure. As explained in recent studies, continuous tillage lowers
the amount of soil organic matter, causes soil erosion and subsoil compaction, and also
releases more greenhouse gases [11].

In contrast, the no-till practice as a main component of conservation agriculture (CA) is
essential in managing dry arid soils, which facilitates the buildup of SOM and soil nutrients.
Long-term application of continuous no-till (NT) increases the stability and microporosity of
degraded soils while increasing crop yields [12]. The actions of the soil biota, which flourish
under NT, enhance nutrient cycling and soil microbial activity substantially. Significant
tillage-induced structural improvements in degraded soils can start 3 to 5 years after NT
set-up, and increased crop yields usually accompany it [13]. Despite the benefits of NT,
this agrotechnology was not widely adopted by crop producers in arid zones, yet the effect
of NT on crop yield and soil characteristics depends on climatic variables, crop rotation,
and soil management strategies, and is thereby defined as site-specific [14]. In NT systems,
the diversification and intensification of crop rotations is a new climate-smart strategy that
attempts to enhance crop yield while lowering environmental impact [15].

Our hypothesis was that intensive legume-based short-term crop rotation under NT
will improve soil quality in dryland agriculture, thus increasing crop yield in the short term.
A key question is whether the short crop rotation system under the NT practice could offer
a potential solution as a climate-resilient agriculture measure to achieve food security in the
long term in degraded marginal regions. This study aimed to improve crop productivity
and soil health using a short crop rotation system under a climate change impact scenario
in harsh and saline environments.

2. Materials and Methods
2.1. Research Initiative

Since 2018, the Food and Agriculture Organization of the United Nations (FAO)
has been implementing the regional project “Integrated natural resources management
in drought-prone and salt-affected agricultural production landscapes in Central Asia
and Turkey” (CACILM-2) funded by the Global Environment Facility and other donors.
The project aims to scale up integrated natural resources management (INRM) practices
that minimize pressures and negative impacts on natural resources, reduce risks and
vulnerability, and enhance capacity of rural communities to cope with and adapt to drought
and salinity.

One of the project’s target countries is Uzbekistan, where land degradation, soil
salinization, water scarcity, and climate change pose serious challenges for agricultural
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production and food security. The project has been working with the Ministry of Agricul-
ture and other national partners to integrate resilience into policy, legal and institutional
frameworks for INRM, as well as to provide incentives for climate-smart agriculture at
national and sub-national levels.

The project’s main objective is to help rural communities cope with or adapt to the
effects of land degradation, soil salinization, water scarcity, and climate change, which
threaten their livelihoods and food security. The project does this by promoting sustainable
land management practices that minimize pressures and negative impacts on natural
resources, reduce risks and vulnerability, and enhance resilience. The project also supports
the implementation of the United Nations Convention to Combat Desertification (UNCCD)
and its National Action Plans in the country.

This research work, conducted from 2018 to 2023 in the demonstration project territo-
ries of Bukhara Region in Uzbekistan, aims to enhance soil productivity in saline arable
lands. By applying short-rotation schemes and conservation agriculture practices such as
zero tillage, mulching and integrated pest management, this work provides scientific evi-
dence and practical solutions for improving soil quality and crop yield in saline conditions.

2.2. Climate and Soil Characteristics

This research was conducted in saline meadow-alluvial soils of the Bukhara region
in the southwest of Uzbekistan in the 2019–2022 growing seasons. This site lies in the
central Kyzylkum desert, 206 m above sea level, with 39.46◦ N and 64.25◦ E geographical
coordinates.

The harsh climate of this arid region is characterized by sharp climate variability with
recurring periods of severe drought. This region has a total of 270–280 frost-free days, with
an average annual evapotranspiration of up to 2000 mm. Annual rainfall ranges between
90 and 150 mm; however, the main part of this precipitation falls between January and
April, before the start of the vegetation period. The year 2021 was drier during the study
period with only 93.0 mm precipitation. The warmest period was July with 39 ◦C and
the coldest temperature was 0 ◦C, recorded in January. Accordingly, the highest relative
moisture was about 70% in January, while it reached the lowest point in July, ranging
between 25 and 30%.

The texture of soils is heavy-textured sandy loam. The low precipitation and excessive
evaporation caused a buildup of soluble salts, contributing to an increased salinity level
in the soil. The soil salinity varied between 4.8 and 7.4 dS/m, and the pH index was
7.6, which is slightly alkaline. The humus content was 1.1%, relatively low in the soil
surface and further decreased in the deepest horizons. The soil chemical structure consisted
of total N 0.07%, P 0.14%, and K 0.8%, and in available forms NO3 44.3 mg kg−1, P2O5
13.5 mg kg−1, and K2O 120 mg kg−1 at the 0–30 cm depth of the soil (Figure 1).

2.3. Experiment Design

A field experiment was set up in Autumn, 2019 by planting winter wheat (Triticum
aestivum L.)—Alekseevich variety. The next June millet (Panicum miliaceum L.) Saratovskaya-
853 variety was planted, which was harvested in October 2020 and forage pea (Pisum
sativum L.)—Vostok-84 variety—was the next crop in this short crop rotation system.
The planted forage pea was harvested in May 2021 and maize (Zea mays L.)—NS-205
hybrid—occupied the experiment plot. After harvesting maize in September 2021, winter
wheat was planted for the second cycle. Therefore, each short crop rotation cycle continued
for two years and the experiment was conducted during the 2019–2021 and 2021–2023
growing seasons. A strip-plot design was used in an area of 1200 m2 with a total of two
experimental units (CT and NT) installed in three replications, each with an area of 100 m2.
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Figure 1. Weather conditions during the experiment years 2019–2023.

Salt leaching was conducted two times during the January–March period before the
experiment was set up. During the vegetation period, surface furrow irrigation was applied
4 times with a norm of 1100–1200 m3 hectare−1 based on crop water requirement. The
following rates of mineral fertilizers were applied: N220P180K60 kg ha−1 for winter wheat,
N150P70K30 kg ha−1 for millet, N50P25K20 kg ha−1 for forage pea, and N300P180K120 kg ha−1

for maize. Traditional furrow irrigation was conducted at a norm of 900–1000 m3 for each
hectare and 4–5 times during the vegetation period depending on crop water requirements,
but the same norm was strictly applied to each plot of the experiment.

A digital recorder (L93-4, Hangzhou Logger Technology Co., Ltd., Hangzhou, China)
was used to measure the soil’s temperature. This device automatically records soil tempera-
ture at one-hour intervals during the whole growth period and was installed in the surface
20 cm soil profile of the planting row in each plot.

A Vence tudo SA 17600 seed planter was employed for seed planting in the NT plots.
On the other hand, several agromashinaries were employed for CT, i.e., mouldboard plower,
tiller, discing, rotavator, and leveling operations, which consumed a lot more resources and
time. All other agronomic operations in vegetation periods such as weeding, cultivation,
plant protection, and other measures were conducted similarly for all experiment plots
according to local agronomic practices.

2.4. Chemical Content of Soil and Plant Samples

Soil samples were taken in sealable plastic bags at 4 suggested depths of 0–25, 25–50,
50–75, and 75–100 cm based on the envelop method from the experimental plots. The
collected soil samples were air-dried for two weeks at room temperature, followed by
grounding and sieving through a 2 mm mesh before chemical analysis. The standard
methods developed by Ryan, Estefan, and Rashid [16] were used to determine soil physical
(soil texture, bulk density, pH, EC parameters) and chemical characteristics (NPK, humus
content). An amount of 10 mL of 50% perchloric acid was poured on 0.5 g soil samples
placed in a tube, and, after shaking for a minute, 1 mL of concentrated sulfuric acid was
added and the process was followed by decomposition by heating on a hot plate. Kjeldahl
distillation, the vanadate method, and an inductively coupled plasma spectrophotometer
were employed to analyze total N, P2O5, and K2O, respectively. The Tyurin method was
used to determine soil organic matter [17]. The standard core method was used to calculate
soil bulk density (g cm−3) in each soil layer.
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2.5. Statistical Analyses

Using the CropSTAT software (Version 7.2.2007), analysis of variance (ANOVA) was
performed on the collected data, which included crop yield, residue retention, soil nutri-
ent content, and soil physical and chemical characteristics. The Tukey test was used to
determine whether there was a trait difference at p < 0.05.

3. Results and Discussion
3.1. Crop Yield

A consistent increase in crop yield with significant differences (p ≤ 0.05) under NT
is associated with the proper land management of a short crop rotation system. At the
first experiment cycle during 2019–2011, crop yield was consistently higher under NT as
compared to CT, i.e., winter wheat 9.63%, millet 9.9%, chickpea 3.8%, and maize 10.7%
(Table 1). A further crop productivity increase was observed at the second experiment cycle
during 2021–2023 under NT when compared to CT, i.e., winter wheat 17.7%, millet 31.2%,
chickpea 19.6%, and maize 19.1%.

Table 1. Crop yield (t ha−1).

Experiment Cycles Tillage Winter Wheat Millet Forage Pea Maize

2019–2021
CT 6.54 c 2.51 c 1.85 b 12.59 b
NT 7.17 b 2.76 c 1.92 b 13.94 a

2021–2023
CT 6.76 c 3.11 b 1.68 d 11.87 c
NT 7.94 a 4.08 a 2.01 a 14.14 a

LSD0.05 0.53 0.45 0.09 1.23

Means separated by identical lower-case letters (a, b, c, d) in each column are significantly different at p ≤ 5%.

The interactive effect of the experiment cycles/years and the tillage practices was not
significant; it was likely that longer than this two-year crop rotation cycle is needed to
produce significant changes in crop yield. Although a slight yield increase was observed in
winter wheat (3.4%), it did not reach a significant level under CT when the first experiment
cycle was compared against the second one. Under similar conditions, the grain yield
of millet significantly increased by 23.9%. On the contrary, forage pea and maize yields
decreased significantly under CT when the first experiment cycle was compared against
the second one.

NT with an intensive cropping system composed of totally different families and
grown in sequence showed the greatest benefit on crop productivity. Integrating legume
such as forage pea into the cropping system might have an essential role in increasing crop
yield. It is worth mentioning that legumes enrich soil with nitrogen fixed from air up to
300 kg per ha depending on environmental factors [18]. The combined positive effects of
NT and legume-based short crop rotation systems increase water use efficiency, reduce soil
erosion, improve soil properties, and enhance crop productivity [19,20].

A slow and steady impact of the used practices on crop yield is also expected in the
long term [21]. As the positive effect of NT is well documented, a consistent increase in
crop yield was achieved due to a positive synergism between NT and the legume-based
short crop rotation system.

3.2. Residue Retention

Total crop residue retention was enhanced significantly (p < 0.005) by the NT practice as
compared to the CT (Table 2), with a substantial increase exhibited at the second experiment
cycle. The main part of root residues was found at the 0–30 cm soil layer in both tillage
treatments, i.e., 86.2% under NT and 87.5% under CT. However, root residue retentions were
16.7% and 33.9% higher under NT as compared to CT in the first and second experiment
cycles, respectively. Similarly, phyto residues were 17.4% and 24.4% higher under NT than
in CT, respectively, for the above-mentioned experiment periods.
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Table 2. Phyto and root residues (t ha−1).

Cycle Soil Treatments Phyto Residues
Root Residues

Total Residues
0–30 cm 30–50 cm

2019–2021
CT 19.5 b 15.9 b 2.1 b 37.5 b
NT 22.9 ab 18.2 ab 2.8 a 43.9 a

2021–2023
CT 18.8 b 14.7 c 2.1 b 35.6 b
NT 23.4 a 19.4 a 3.1 a 45.9 a

LSD0.05 2.15 1.23 1.04 3.65

Means separated by identical lower-case letters (a, b, c) in each column are significantly different at p ≤ 5%.

The integration of organic matter enhances or rebalances the soil’s structure, enriches
soil organic matter (SOM) and nutrients, and enhances cation exchange and water retention
capacities. Soil health also depends on the quality and quantity of SOM, which regulates
many soil functions, i.e., soil organic carbon (SOC), soil biodiversity, availability and cycling
of plant nutrients, soil porosity, aeration, water-holding capacity and hydraulic conductivity,
thermal properties, and mechanical strength [22]. As mentioned in the previous studies,
the amount, quality, and decomposition rate of crop residues returned to the soil are
directly impacted by agricultural management strategies including reduced tillage and
crop rotations [23]. Furthermore, covering soil surface with residues protects from water
and wind erosion and salt accumulation, and reduces soil temperatures in arid regions.
The beneficial effect of the legume-based short crop rotation used in this study is associated
with nutritious and high-quality stubble generated by legumes.

3.3. Soil Chemical Characteristics

The tested soil quality indicators were significantly (p < 0.005) affected by the practiced
tillage treatments (Table 3). Soil salinity was positively affected by the short crop rotation
system under the NT treatment, reducing salinity buildup by 18.9% at the 0–25 cm and
32.9% at the 75–100 cm soil depths compared to CT.

Table 3. Soil chemical analysis.

Soil Depth (cm) Salinity
(ds m−1)

Soil pH Humus
(%)

Total Forms (%) Available Forms (mg per kg)

N P K NO3 P2O5 K2O

CT

0–25 8.8 b 7.72 a 1.055 bc 0.072 b 0.136 d 0.84 a 44.3 c 13.5 b 120.4 b
25–50 8.4 c 7.70 a 1.033 c 0.070 b 0.150 b 0.79 a 47.2 b 9.0 c 106.0 c
50–75 9.1 b 7.70 a 0.801 d 0.058 c 0.145 c 0.76 a 50.3 a 5.0 d 65.1 e

75–100 10.5 a 7.63 a 0.611 e 0.046 d 0.141 c 0.66 b 49.2 a 2.0 e 55.4 e

NT

0–25 7.4 d 7.69 a 1.160 a 0.081 a 0.155 b 0.87 a 48.3 b 14.0 b 207.1 a
25–50 7.5 d 7.67 a 1.097 b 0.072 b 0.165 a 0.87 a 54.2 a 24.0 a 130.0 b
50–75 7.6 d 7.63 a 0.886 d 0.063 c 0.155 b 0.81 a 52.1 a 8.0 c 106.0 c

75–100 7.9 c 7.58 a 0.759 de 0.050 d 0.136 d 0.69 b 49.9 b 3.0 e 96.3 d

LSD0.05 0.6 0.45 0.57 0.008 0.009 0.014 4.12 8.65 50.68

Means separated by identical lower-case letters (a, b, c, d, e) in each column are significantly different at p ≤ 5%.

The results showed that pH level was lower under NT despite no significant difference
being observed. It turned out that short crop rotation under the NT and CT treatments may
not affect soil pH level in the short term.

Soil humus content at the 0–25 soil depth was 1.16% under NT as compared to 1.055%
under CT, exhibiting a 9.95% increase in soil organic matter. Similar results were found
in all the studied soil profiles. As expected, humus content decreased with an increase in
soil depth.
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The total amounts of N and P significantly increased due to the application of NT
compared to CT. Total N and P at the 0–25 cm soil profile were 12.5% and 13.9% higher
under NT compared to CT treatment. However, the highest p values were found at the
25–50 cm soil profile, showing a 10% increase under the NT practice compared to CT.
The tested tillage systems influenced total K content, but a significant difference was not
observed in this index.

The practiced NT treatment coupled with a short crop rotation system significantly
(p < 0.05) influenced available forms of nutrients, i.e., NO3, P2O5, and K2O. Positive effects
in these nutrients were detected in all the studied soil profiles. For example, averaged
across the soil profiles, NO3 was increased by 7.1% under NT compared to CT during the
two experiment cycles. Similarly, P2O5 and K2O were increased significantly, suggesting a
difference in the effectiveness of the studied NT and CT treatments on soil nutrient balance.

As stated by Boselli et al. [24], organic matter accumulation under NT was considerably
higher due to crop residue retention, increasing microbial biomass, diversity, and forming
a more suitable environment for the coexistence of soil microorganisms. It is well known
that soil salinity also has a negative impact on several morphological, physiological, and
biochemical properties in crops [25]. Following four years of NT experiments, Nurbekov
et al. [26] reported that NT had the lowest soil salinity level of all evaluated practices due
to the reduced evaporation and upward salt movement in the soil profiles. The used short
crop rotation under NT positively influenced nutrient recycling and balancing in the soil,
which might be related to high crop residue levels, improved soil microbial activity, and
rejuvenated natural processes. The application of NT combined with legume-based short
crop rotation resulted in increased soil nutrients such as C, N, and P compared to CT-based
rotation. More notably, the applied land management practice facilitated the retention of
maximum crop residues and decreased soil salinity in this arid region.

3.4. Soil Physical Characteristics

Table 4 indicates that NT application coupled with short crop rotation showed some
improving trends in the studied soil physical characteristics at the end of the four-year
experiment. Soil bulk density was significantly reduced under NT than in CT in saline
meadow-alluvial soils. The significant effect of this land management practice on the
improvement in soil bulk density reached 8–13.4%, affecting in-depth soil horizons to a
greater extent.

Table 4. Soil physical properties.

Soil Depth (cm) Bulk Density, (g/cm3) Total Porosity (%) Soil Moisture Content
(%)

Water Infiltration Rate
(cm s−1)

CT

0–25 1.42 c 46.21 b 14.16 c 24.5 a
25–50 1.52 b 43.07 b 15.18 c 23.4 a
50–75 1.59 a 40.67 c 19.54 b 22.8 a

75–100 1.60 a 40.30 c 21.67 a 21.9 a

NT

0–25 1.31 d 49.42 a 17.39 b 22.9 a
25–50 1.34 d 48.46 a 18.47 b 21.8 a
50–75 1.38 c 46.77 b 20.11 b 21.0 a

75–100 1.41 c 45.65 b 23.48 a 21.4 a

LSD0.05 0.57 3.23 3.04 3.65

Means separated by identical lower-case letters (a, b, c, d) in each column are significantly different at p ≤ 5%.

Similarly, soil porosity was significantly influenced by the implemented tillage man-
agement (p < 0.05). Continuous tillage may instantly improve soils’ overall porosity
by producing a few uneven macropores. In this study, after four years NT resulted in
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6.94–13.3% higher soil porosity compared to the CT treatment. Higher soil porosity signifi-
cantly impacted both the root system development and the nutrient and water availability
for crops.

Soil moisture values also showed a positive effect of the NT practice, increasing
by 22.8% at the 0–25 cm and 8.4% at the 75–100 cm soil horizons. Likewise, the water
infiltration rate slightly improved under NT, but did not reach a significant level in this
short-term study.

NT had significantly lowered soil temperature compared to the CT treatment. The
soil temperature was lower by up to 9.2% in June, 10.7% in July, 13.7% in August, and
17.5% in September under NT than that in the CT treatment (Figure 2). The reduced soil
temperatures during summer likely had some positive effects on crop performance at
this experiment, which is in line with previous reports [27]. This intensive short crop
rotation system under NT turned out to be effective to moderate soil temperature by
intercepting incoming solar radiation with vegetative biomass and phyto residues cover
on the soil surface [28]. Phyto residues play a crucial role for reducing the maximum soil
temperature by as much as 5 ◦C in summer and increasing the minimum soil temperature
by about 1–2 ◦C in winter [29]. This lowered soil temperature in summer can contribute to
increase soil water storage by reducing inefficient evaporation, especially during drought
period. The application of this practice also affects soil microbial activity, SOM composition,
soil biochemical processes and structural properties, thereby systematically restores soil
health [30]. In this case, the effectiveness primarily depends on the amount of residues left
on the soil surface and their quality.
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Figure 2. Effect of tillage treatment (NT and CT) on soil temperature (averaged across the
experiment years).

Several recent reports highlighted the multifunctional effects of NT management
scenarios on soil physical characteristics, i.e., increasing soil moisture retention, while de-
creasing soil bulk density and temperature [31,32]. Regardless of their composition, gained
crop residues under NT improved the physical and chemical characteristics of the soil,
which in turn significantly increased soil fertility [33]. The abundant literature indicates
that NT lowers wind and water erosion, enhances water penetration and storage, reduces
loss of nutrients, improves soil biological activity, and boosts soil organic matter which
are indicators of soil health settings [34,35]. Steady improvement of soil quality under NT
contributes to the productivity of subsequent row crops, suggesting a potential solution for
food security and overall agricultural sustainability in water-limited regions [36]. More
recently, the beneficial effects of no-tillage and crop residue management on the character-
istics of irrigated silty loam soil in Uzbekistan were documented for a rotation of winter
wheat and maize for two years, followed by cotton for another two years [37].
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This permanent soil covering maintained via residue retention can result in equal
or even better agricultural outcome while drastically decreasing the requirement for
and expense of production resources, including fuel, seeds, agrochemicals, water, and
labor [38,39]. However, the expanding body of data on productivity, economic, and en-
vironmental advantages is still based on a few studies, necessitating site-specific inves-
tigations [40,41]. Despite many positive showcases on land degradation and successful
practices for their recovery/rehabilitation, NT is still not widely practised in arid regions.
This is mostly because of a need for modern NT machinery, knowledge, and experience [26].

4. Conclusions

The results of this four-year study revealed that soil productivity and crop yield in
response to conventional (CT) and no-till (NT) tillage practices in saline meadow-alluvial
soils of arid regions has the potential to increase the sustainability of farming systems and
their resilience to devasting environmental and climatic problems. Residue retention was
considerably higher under NT than in CT, which was one of the main components of the
soil-structure-maintenance processes, thereby improving ecosystem services in this short-
term study. The effect of NT along with the legume-based crop rotation system was more
pronounced on increasing crop yield and soil humus and NPK contents, and on decreasing
soil salinity and temperature; thus, it may be a more resource-saving, cost-effective, and
environmentally friendly method.

Our results suggest that the shift toward NT coupled with a short crop rotation system
and involvement of legume can enhance crop yield and combat on-going land degradation
in salt-affected arid lands.
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