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Deficit irrigation (DI) and soil amendment with super-absorbent polymer (SAP) are
viable strategies to reduce agricultural water demand. This review paper aims to
discuss the status quo of research studies on this topic focusing on their effects on
yield and water productivity (WP). Publications were retrieved from Scopus®
database and relevant studies used for the analysis were selected following the
PRISMA protocol. Findings indicate that SAP effectively increased yield and WP,
particularly under field conditions and various levels of DI. Soil type with high
water holding capacity (e.g. clay) showed higher WP when SAP was added in the
soil while minimal effect was observed in soil types with lower water retention
capacity (e.g. sandy, sandy clay, and sandy loam). The amount of SAP applied
varied by crop type but not by irrigation strategy. In conclusion, crop yield and WP
is affected by the amount of SAP and DI with some crop- and soil-specific
responses. To maximize SAP effectiveness, it is recommended to apply it directly
within the plant rooting depth, considering also the specific crop type.
Furthermore, future research should adopt systematic irrigation scheduling and
appropriate irrigation regimes to enhance SAP and DI efficiency.

KEYWORDS

crop yield, deficit irrigation, soil amendment, super absorbent polymer, water
productivity

1 Introduction

Crop production is highly dependent on irrigation. About 70% of all global freshwater
usage is accounted for by irrigated agriculture, which is the biggest user of freshwater
(Aivazidou et al.,, 2016). However, about 40% of the irrigated water is lost to the
environment either through evaporation, deep percolation, or runoff (Jagermeyr et al,
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2017). These reasons combined with climate change and the
increasing pressure on water scarcity necessitates increasing crop
water productivity (WP).

Water productivity is defined as the ratio of crop yield to the
amount of water consumed by plants through evapotranspiration
(ET,). Various irrigation management practices, such as deficit
irrigation (DI) and the use of soil conditioners like super-
absorbent polymers (SAPs) have been employed to enhance WP
and mitigate water loss from runoff and deep percolation.

Deficit irrigation is an irrigation strategy aimed at increasing
crop WP (Abdalhi and Jia, 2018; Yang et al,, 2022). It involves
supplying crops with less irrigation water than what is required to
achieve maximum evapotranspiration (ET,,.,) (English, 2002;
Kiyan et al.,, 2022; Wale et al.,, 2022; Li et al., 2022). It is vital to
understand how crop respond to water stress across phenology
before implementing DI, which could be during specific growth
phases i.e. regulated deficit irrigation, or the entire growing cycle i.e.
standard deficit irrigation (Geerts and Raes, 2009). In addition,
water retention capacity of soil types should also be taken into
consideration when implementing DI.

SAPs have been used in agriculture primarily for soil water
retention, positively altering the physical and chemical properties of
soil by enhancing water absorption and release. They are
characterized by hydrophilic networks that are able to absorb and
retain large amount of water about thousand times their original
weight. The retained water is released to the soil when the osmotic
pressure in the root cells is lower than the surrounding soil medium
(Kong et al., 2019). SAP reduce soil surface temperature during the
day, enhancing soil moisture levels and fostering a healthier
microbial community structure (Han et al, 2013). In addition,
SAPs play a crucial role in various aspects of plant growth. They
contribute to crop water conservation, drought resistance and
fertilizer retention, increasing yield per unit area (Bai et al., 2010;
Hazem and Ippolito, 2021). SAPs also promote stable crop growth
by enhancing plant height, leaf area index, and increasing dry
matter production (Yang et al., 2020).

Research on DI and SAP have been growing in pursuit of
adaptation strategies to reduce water use and maximize crop WP.
Given the extensive information available in the literature, this
review paper aims to provide a comprehensive analysis of the effects
of DI and SAP on crop yield and WP, focusing on different DI
categories, SAP application levels, and their uses across various
crops and soil types.

2 Methods and data
2.1 Selection of papers for analysis

Articles were retrieved in Scopus® using the keyword string
“super-absorbent polymer” AND “deficit irrigation” with no search
restrictions applied to maximize the inclusion of relevant studies.
The Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) protocol was followed to screen the articles
(Hansen et al., 2022; Page et al.,, 2021; Hunter et al., 1982). The first
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level of screening was done by reading the title and abstract. The
articles were selected based on the following inclusion criteria: (a)
focus: studies must focus on the effects of DI and SAP on crop yield
and WP; (b) study design and objectives: well-defined objectives,
methodology and studies that reported experimental results; (c)
outcomes measures: empirical data of pairwise comparison of the
control versus treatment groups i.e. SAP levels vs. no SAP and DI
levels vs. FI; and (d) language and accessibility: studies should be
peer-reviewed and published in English. An automation tool
(Mendeley) was used to store the selected papers and to screen
for duplicate papers. Finally, a total of 306 articles were retrieved,
but only 59 articles were considered for the review after rigorous
screening (Figure 1; Supplementary Material).

The selected papers were analyzed by considering: (a) soil
characteristics such as the soil type and soil moisture content at
field capacity (cm® cm™) or permanent wilting point (cm® cm™);
(b) study geographical location categorized into regions such as
Asia, Europe, Middle East and North Africa, and South America;
(3) SAP levels (kg ha™!) and number of replications; (4) crop
category such as cereals, fruits, legumes and oil seeds, roots and
tubers, vegetables, and others (industrial crops); (5) crop
performance data such as yield (ton ha™') and WP (kg m™>); (6)
irrigation methods, irrigation strategies, and replications; and (7)
growing environment either field or greenhouse conditions.

2.2 Data extraction

From the final papers selected for review, the quantitative data
were collected and organized in a spreadsheet database. Data were
treated as individual data points for studies that reported multiple
locations, years, or seasonal variations.

In our systematic review, some studies did not report all the
quantitative data necessary to analyze the combined effects of SAP
and irrigation, which leads to differences in sample sizes depending
on the variables analyzed. To manage missing data, we ensured that
we only included studies that reported the required variables for
each specific analysis. We clearly documented which datasets were
used in each case in Supplementary Material.

2.3 Characteristics of the selected papers

Approximately 21% of the articles selected had no rainfall nor
irrigation data but had values of yield and WP. Treatment under
rainfed was classified as no irrigation while those under irrigated
were categorized depending on the percentage of water applied
relative to full irrigation (FI) (100% ET.). The DI categories were as
follows: 71-85% of FI, 56-70% of FI, 41-55% of FI; 26-40% of FI,
and 10-25% of FI. Some studies did not report WP but the total
amount of crop water use throughout the growing period including
rainfall (mm) and irrigation (mm) in various SAP and DI
treatments was reported. Thus, WP was estimated by dividing
crop vield by the total water use (rainfall + irrigation) if irrigated,
otherwise only by rainfall if no irrigation was documented
(Equation 1). We acknowledge that this estimation assumes
uniform water use across the growing period and may not
capture variability in crop response or temporal water availability.
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FIGURE 1

Screening process used in selecting papers for review following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)

protocol (Page et al., 2021).

Yield (kg ha™)

WP (kg m™) =
(kg m™) Total water applied (mm)x 10

(1)

The selected papers for review reported six irrigation methods.
About half of the papers had no defined methods of irrigation (48%),
while some studies used surface drip (35%) and the least being sub-
surface drip and flood irrigation (2%). Other irrigation methods
include furrow (5%), sprinkler (5%), and check basin (3%). Standard
deficit irrigation (SDI) was the most frequently reported DI strategy
in the reviewed papers (76%) followed by regulated deficit irrigation
(RDI) (18%), and partial root-zone drying (PRD) (5%). For each DI
method, crop yield and WP were reported against the levels of SAP
used in the study. Otherwise, they were reported separately for some
studies that did not report combined DI and SAP application.

A total of 11 soil types were identified from the selected studies
with only 5% of the papers that did not specify soil types based on
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the USDA soil textural triangle. Sandy loam soil was the most
frequently reported soil type (36%) while and sandy clay loam (2%)
was the least common. Other soil types include loam (14%), sandy
(11%), clay loam (10%), silty clay loam (5%), silty loam (5%), clay
(3%), sandy clay (3%), silty loam (3%), and silty clay (3%).

On the other hand, SAP treatment in different crop types across
various soil textural classes was recorded according to the weight
proportions they were amended in the soil per hectare (kg ha™).
About 10% of the papers had no quantification of SAP but still
reported yield and WP. These papers were included in the review
because they provided relevant data other than SAP. However, they
were not used in the quantitative analysis of SAP categories and
were broadly classified as “without SAP”. For papers where SAP
application was quantified, the highest and lowest amounts applied
were recorded and categorized into the following ranges: without
SAP (control), <50 kg ha™", 51-100 kg ha™', 101-200 kg ha™', 201~
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400 kg ha™, 401-800 kg ha™" and >800 kg ha™". The frequency of
these SAP categories in the selected papers for review were 55%,
16%, 13%, 6%, 6%, and 3%, respectively. The categorization was
done to determine the best range for SAP application for a specific
crop type across irrigation strategies.

2.4 Data analysis

The data was analyzed using descriptive statistics. A two-way
analysis of variance (ANOVA) was used to statistically determine
the effect of SAP and DI on yield and WP under different irrigation
regimes, soil types, and crop types followed by post hoc analysis at
o = 0.05 using Tukey’s Honest Significant Difference (HSD). Before
analysis, all observations were standardized to common units and
response variables. The primary aim of the analysis was to evaluate
differences among predefined categorical factors, e.g., deficit
irrigation categories, SAP application levels, and experimental
conditions, rather than to estimate an overall pooled effect size
across studies. However, we acknowledged that variability among
studies may introduce heterogeneity. The results are interpreted as
comparative patterns rather than absolute global estimates, e.g.
effect size. Statistical tests were performed using open-source R
software. Further, the library(ggplot2) in R was used for data
visualizations (R Core Team, 2021).

3 Results and discussion

3.1 Global distribution of selected papers
for review

The global distribution of papers selected for the review is
presented in Figure 2. About 51% of the papers were from the

Asia (37.3%)
|| Europe (8.5%)
[ Middle East &
North Africa
(50.8%)

South America
(3.4%)

FIGURE 2

10.3389/fagro.2026.1785544

Middle East and North Africa, comprising Iran (n=14), Egypt (n=8),
Iraq (n=2), Pakistan (n=2), Lebanon (n=1), Morocco (n=1), Saudi
Arabia (n=1), and Turkey (n=1). The papers from Asia comprised
about 37% which include India (n=9), China (n=8), and Mongolia
(n=5). A small percentage were from Europe (8%), comprising Italy
(n=2), Czech Republic (n=1), Russia (n=1), and Slovakia (n=1).
Similarly, papers from South America were the least represented
(3%) with only entry from Brazil (n=2). In these regions, different
crops were grown in various soil types and environments with varying
levels of SAP amendments. Therefore, a general comparison on yield
and WP due to SAP and irrigation regimes in various crop types
was done. Our findings align with Starovoitova et al. (2019), who
investigated the effects of SAP on potato yield and reported widespread
SAP use in crop production across countries such as Russia, China,
USA, Canada, India, Italy, Iran, Poland, and Turkey among others. The
results of our review highlight the growing interest and recognition
within the global scientific community regarding the study of DI
and SAP as soil amendment. Therefore, DI and SAP are increasingly
being considered as effective strategies to enhance soil moisture,
improve water efficiency, and sustain crop productivity, offering
promising solutions for resilient agroecosystems (Rajanna et al.,
2022; Zheng et al., 2023).

3.2 Main effect of DI and SAP on yield and
WP

The main effect of SAP and DI on yield and WP is presented in
Figure 3, generated using 336 data entries from 29 studies. Yield and
WP varied across different irrigation strategies. Super-absorbent
polymer application significantly improved WP under DI
condition, surpassing the performance of FI in without SAP
treatment. In addition, SAP increased yield under all irrigation
strategies with FI consistently showing higher yields than DI

AUSTRALIA ’

Global distribution of research papers used for review. Generated using MapChart (https://www.mapchart.net/).
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Main effect of super absorbent polymer (SAP) on the water productivity (WP) (kg m™) and yield (ton ha™) of crops under various irrigation strategies
and in field and greenhouse conditions. The error bars represent standard deviation. Categories with different letters are statistically significant

regardless of SAP application. This suggests that SAP is particularly
effective when water is limited. These findings align with previous
studies demonstrating positive impact of SAP on yield (Rajanna
et al.,, 2022; Starovoitova et al., 2019; Zinivand et al., 2020).
Similarly, Zheng et al. (2023) reported that SAP application
increased yield and WP by an average of 12.8% and 17.2%,
respectively with the rate of increase dependent on crop type.
Water productivity was higher under field conditions compared
to greenhouse farming regardless of SAP application (Figure 3).
This finding corresponds to Zheng et al. (2023) who reported higher
WP in the field with no irrigation than under irrigated conditions in
the greenhouse at 18.3% and 14.8% respectively. The WP was 1.64
kg m™* and 1.3 kg m™> under field conditions in with and without
SAP treatments, respectively. Under greenhouse conditions, WP
was 0.90 kg m > in with SAP treatment and 0.81 kg m™> in without
SAP. These results highlight the positive effect of SAP on WP in
both environments, with a more pronounced positive effect under
field conditions. The difference in magnitude could be attributed to
the larger sample size in the field where 81% of the experiments
were conducted compared to 19% in the greenhouse. There was no
significant difference in yield between field and greenhouse
conditions within each SAP treatment. The SAP application
under field and greenhouse conditions both resulted in higher
yield. The yield under field conditions was 17.7 ton ha™'- and
11.9 ton ha™' in with and without SAP treatments, respectively.
Similarly, under greenhouse conditions, the yield was 17.4 ton ha™'
in with SAP treatment and 10.6 ton ha™" in without SAP. Overall,
our results suggest that SAP is more effective in increasing yield
under field conditions as also observed by Zheng et al. (2023).
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3.3 SAP effect on yield and WP under
various irrigation regimes

The effect of SAP on yield and WP under various levels of DI is
presented in Figure 4, generated using 247 data entries from 26
studies. The highest WP in with SAP treatment was at 26-40% DI
(2.0 kg m™>) and the lowest at FI (1.2 kg m™). In without SAP
treatment, the highest WP was under no irrigation and 71-85% DI
(1.5 kg m~>) and the lowest under FI and 56-70% DI (1.0 kg m™).
Overall, SAP had a significant impact on WP across all irrigation
regimes except in no irrigation where WP was higher without SAP
compared to with SAP. Similar results were obtained by Fallahi
(2015) where cotton under deficit and SAP increased water use
efficiency by 14% compared to zero SAP.

A general trend of decreasing yield was observed as DI levels
decreased, with higher yields observed in with SAP treatment than
without SAP. The highest yield in with SAP treatment was 21.0 ton
ha™"! under FI and no irrigation while the lowest at 10-25% DI (2.5
ton hafl). In without SAP treatment, the yield was decreased
compared to with SAP with the highest reduction under FI (15.1
ton ha™) and the lowest at 26-40% DI (2.6 ton ha™"). These results
highlight the higher effectiveness of SAP under water-limiting
conditions compared to conditions where water is available to
fully satisfy crop water requirements. Therefore, yield under no
irrigation could be maximized with the addition of SAP. When SAP
is applied, the yield at DI levels (41-85%) was not significantly
different from that of FI without SAP. This was highly supported by
Shweta et al. (2022) in the study of wheat crop response to irrigation
scheduling and superabsorbent polymer. The results clearly
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FIGURE 4
Effect of super absorbent polymer (SAP) on crop water productivity (WP) (kg m~®) and yield (ton ha™*) under various irrigation regimes. The error bars
represent standard deviation. Categories with different letters are statistically significant.

demonstrate that DI improves WP across irrigation regimes, with
only slight yield reductions due to reduced irrigation. However, SAP
mitigates the absence of irrigation under rainfed and reduced
irrigation under DI conditions due to its water retention capacity
thus, offsetting yield losses.

3.4 Crop-specific effect of SAP on yield
and WP

The effect of SAP on yield and WP across crop types is
presented in Figure 5, generated using 292 data entries from 32
studies. In general, higher WP was observed with SAP application
though the mean difference was only significant in cereals, which
exhibited higher WP with SAP treatment than without SAP. In
addition, cereals with SAP showed significantly higher WP than
vegetables (both with and without SAP), as well as legumes and oil
seeds without SAP. This suggests that SAP has a more pronounced
effect on WP in cereals or cereals are more responsive to SAP

treatment compared to other crop types. The WP in with SAP
treatment was highest (2.0 kg m ) in cereals while the lowest was in
roots and tubers (1.1 kg m ™). In the absence of SAP, fruits exhibited
the highest WP (1.5 kg m ™) while roots and tubers remained the
lowest (0.8 kg m™>). This suggests a crop-specific response of SAP in
terms of WP. Overall, our findings align with general results
indicating that SAP increases WP (Zeineldin and Al-
Molhim, 2021).

The yield varied significantly across different crop types,
showing a general trend of higher yields in with SAP treatment
compared to without SAP. Regardless of SAP application, the fresh
yield categories such as fruits, vegetables, roots and tubers, and
sugarcane had the highest yields compared to dry yield categories
such as cereals and legumes and oils seeds. In with SAP treatment,
the fresh yield was highest in sugarcane (36 ton ha™?) followed by
vegetables (28.6 ton ha™"), roots and tubers (23.1 ton ha™"'), and
fruits (19.1 ton ha™'). Likewise, dry yield in cereals was 10.4 ton
ha™'- and 5.4 ton ha™' in legumes and oil seeds. The fresh yield of
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Effect of super absorbent polymer (SAP) on the water productivity (WP) (kg m™) and yield (ton ha™) of various crop types. The error bars represent
standard deviation. Categories with different letters are statistically significant.
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sugarcane remained the highest in without SAP (33.3 ton ha™')
treatment followed by roots and tubers (22.3 ton ha™'), vegetables
(19.9 ton ha™"), and fruits (16.9 ton ha™?). In addition, the yield was
the lowest in cereals (7.7 ton ha™!) and legumes and oil seeds (3.8
ton ha™).

The interaction between SAP and crop types highlighted
variations in yield. However, the mean difference observed
between with and without SAP treatments was not significant
considering each crop type. Nonetheless, when SAP is applied,
cereals showed a significantly lower yield with all crop types except
legumes and oil seeds. Similarly, in the absence of SAP, cereals yield
remained significantly lower with all the crop types except fruits and
legumes and oil seeds. Fruits yields in with and without SAP were
significantly lower compared to sugarcane and vegetables with SAP,
as well as legumes and oil seeds both in with and without SAP
treatments. Legumes and oil seeds yield, regardless of SAP
application, differed significantly from all other crop types both in
with and without SAP treatments except cereals. Finally, the
sugarcane yield with SAP treatment showed significant difference
with roots and tubers in with SAP and vegetables in without SAP.

Water productivity (kg m™2)
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3.5 SAP effect on yield and WP across
various soil types

The effect of SAP on yield and WP across various soil types is
presented in Figure 6, generated using 280 data entries from 30 studies.
There was a significant difference in WP between with and without
SAP treatments across various soil types. However, post-hoc analysis
revealed no significant differences in WP within each soil type when
comparing with and without SAP. Nonetheless, sandy soil in with SAP
treatment (2.5 kg m™) exhibited significantly higher WP than clay soil
(0.60-1.2 kg m ™), regardless of SAP application. In addition, sandy soil
in with SAP showed significantly higher WP than sandy clay soil both
in with (1.1 kg m™>) and without (0.55 kg m™>) SAP treatments, as well
as sandy loam (1.2 kg m™) and silty loam (0.9 kg m ) without SAP.
The results highlight the positive effect of SAP on enhancing soil water-
holding capacity, with greater benefits observed in soils with lower
water-holding capacity (e.g. sandy) than soils with higher water-
holding capacity (e.g. clay).

There was a significant yield difference in with SAP treatment
and soil types (Figure 6). However, post-hoc analysis revealed no

Yield (ton ha™")
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and yield (ton ha™) of crops under various soil types. The error bars

represent standard deviation. Categories with different letters are statistically significant.
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significant differences in yield within each soil type when
comparing SAP application. Nonetheless, significant variations
were observed when comparing yield in various soil types across
SAP treatments. The highest yield was observed in silty clay both in
with (60.5 ton ha™) and without (62.5 ton ha™") SAP while the
lowest was in clay loam (1.9 ton ha™"). The yield in silty clay both in
with and without SAP was significantly higher than all other soil
types, while the opposite was true for clay loam. In literature, it was
reported that SAP increases yield and WP across all the soil types.
The parameters only differs dependent on the water holding
capacity of the soil where soil with high water holding capacity
has high yield and high WP vis-a -vis those with low water holding
capacity (Dehkordi, 2016; Zheng et al., 2023).

3.6 SAP level of crops across irrigation
strategies

The SAP level of crops across irrigation strategies is presented in
Figure 7, generated using 336 data entries from 29 studies. There
was a significant difference on SAP levels across crop types.
However, considering each crop type, the variations observed in
SAP levels across irrigation strategies were not significant.
Nonetheless, under DI, cereals had significantly higher SAP levels
than legumes and oil seeds. On the other hand, legumes and oil
seeds had lower SAP levels than roots and tubers both in DI and FI.
In general, the results show that SAP levels differ among crop types
but exhibit less variation across irrigation strategies, suggesting that
crop characteristics are prioritized more over irrigation strategies
when applying SAP.

4 Conclusions

This systematic review analyzed the combined effects of DI and
SAP on crop yield and WP. Deficit irrigation increased WP
compared to FI and no irrigation. Crop yield was slightly reduced
under DI but the yield losses can be mitigated by the application of
SAP. There was no significant difference in yield and WP regardless
of growing environment (greenhouse and field) and SAP
application. Considering various levels of DI, high variability in
WP and yield was observed in with SAP treatment compared to
without SAP. At lower DI levels, a significant increase in yield was
achieved when SAP is applied. Super-absorbent polymer also
induced crop- and soil type-specific response on yield and WP
such that cereals and soil with low water holding capacity were
more responsive to SAP application than other crop types and soil
classifications. Therefore, yield and WP are affected by different
proportions of SAP and different DI levels on various soil
classifications and crop types.

This review paper also demonstrated that SAP are effective in
enhancing soil water retention and release. However, it is worth
noting that SAP when use in large scale is quite expensive and so it
is not economical to use in areas with high amount of rainfall that
could satisfy crop water requirements. The findings also indicated
that the amount of SAP applied was dependent on the area of land
under cultivation. Therefore, it is recommended that SAP
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application be targeted directly to the plant rooting depth and
tailored to the specific crop type being planted. Lastly, systematic
irrigation scheduling criteria and appropriate irrigation regimes
should be adopted in future investigations if SAP is to be applied in
conjunction with DL

Finally, it is important to note that the results presented in this
review paper are highly dependent on the data from the selected
studies. We directly reported data without extensive statistical
assessment which may overemphasize findings from studies with
larger sample sizes or those with extreme results, leading to
potential bias in interpretation. Therefore, caution should be
exercised when interpreting these findings and further studies like
meta-analyses could be done to address these gaps and
inconsistencies. In addition, the results may vary if updated data
are incorporated in future investigations. Moreover, the quantity of
SAP used in some studies was not clearly defined or quantified,
making it challenging to determine its specific effects on certain
crop parameters. Nonetheless, our findings provide valuable
insights into the combined effects of DI and SAP on crop yield
and WP. These insights serve as important decision-support tools
for farmers, policymakers, and other stakeholders emphasizing the
role of DI and SAP in reducing water consumption without
compromising yield.

Author contributions

VN: Conceptualization, Data curation, Formal analysis, Writing —
original draft. WB: Data curation, Formal analysis, Validation,
Writing - original draft. CT: Writing - review & editing.
DM: Conceptualization, Writing — review & editing. JO: Writing -
review & editing. AD: Conceptualization, Formal analysis, Supervision,
Validation, Writing - review & editing. LV: Conceptualization,
Formal Analysis, Validation, Writing — review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The authors declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fagro.2026.1785544
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Ng'eno et al.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Abdalhi, A. M., and Jia, Z. (2018). Crop yield and water saving potential for AquaCrop
model under full and deficit irrigation managements. Ital. J. Agron. 13, 267-278.
doi: 10.4081/ija.2018.1288

Aivazidou, E., Tsolakis, N., Takovou, E., and Vlachos, D. (2016). The emerging role of
water footprint in supply chain management: a critical literature synthesis and a
hierarchical decision-making framework. J. Clean. Prod. 137, 1018-1037.

Bai, W., Zhang, H., Liu, B, Wu, Y., and Song, J. (2010). Effects of super-absorbent
polymers on the physical and chemical properties of soil following different wetting and
drying cycles. Soil Use Manag. 26, 253-260.

Dehkordi, D. K. (2016). The Effects of Superabsorbent Polymers on Soils and Plants.
Pertanika J. Trop. Agric. Sci. 39, 267-298.

English, M. J., Salomon, K. H., and Hoffman, G. J. (2002). A paradigm shift in irrigation
management. J. Irrig. Drain. Eng. 128, 267-277.

Fallahi, H. R.-S. (2015). Effect of super absorbent polymer and irrigation deficit on
water use efficiency, growth and yield of cotton. Not Sci. Biol. 7, 338-344. doi: 10.15835/
nsb739626

Geerts, S., and Raes, D. (2009). Deficit irrigation as an on-farm strategy to maximize
crop water productivity in dry areas. Agric. Water Manag. 96, 1275-1284. doi: 10.1016/
j.agwat.2009.04.009

Han, Y, Yu, X, Yang, P, Li, B,, Xu, L., and Wang, C. (2013). Dynamic study on water
diffusivity of soil with super-absorbent polymer application. Environ. Earth Sci. 69,
289-296. doi: 10.1007/s12665-012-1956-9

Hansen, C., Steinmetz, H., and Block, J. (2022). How to conduct a meta-analysis in
eight steps: a practical guide. Manag. Rev. Q. 72, 1-19. doi: 10.1007/s11301-021-
00247-4

Hazem, S. E., and Ippolito, C. (2021). Applications of Absorbent Polymers for
Sustainable Plant Protection and Crop Yield. Sustainability 13, 3253.

Hunter, J., Schmidt, F.,, and Jackson, G. (1982). Meta-analysis: cumulating research
findings across studies (Beverly Hills: Sage Publications).

Jagermeyr, J., Pastor, A., Biemans, H., and Gerten, D. (2017). Reconciling irrigated food
production with environmental flows for Sustainable Development Goals
implementation. Nat. Commun. 8, 15900.

Kiyan, H. F., Tatari, M., Tokalo, M. R,, Salehi, M., and Ghalibaf, K. H. H. (2022).
The effect of deficit irrigation and fertilizer on quantitative and qualitative yield of
quinoa (Chenopodium quinoa). Ital. J. Agrometeorol. 1, 83-99. doi: 10.36253/
ijam-1136

Frontiers in Agronomy

09

10.3389/fagro.2026.1785544

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fagro.2026.1785544/
full#supplementary-material

Kong, W, Li, Q,, Li, X, Su, Y., Yue, Q., and Gao, B. (2019). A biodegradable biomass-
based polymeric composite for slow release and water retention. J. Environ. Manage.,
190-198. doi: 10.1016/j.jenvman.2018.09.086

Li, Q., Chen, Y., and Sun, S. (2022). Research on crop irrigation schedules under deficit
irrigation—a meta-analysis. Water Resour. Manag. 36, 4799-4817.

Page, M., McKenzie, J., Bossuyt, P., Boutron, L., Hoffmann, T., and Mulrow, C. (2021).
The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
Bmj. doi: 10.1136/bmj.n71

Rajanna, G., Manna, S., Singh, A., Babu, S., Singh, V. K,, Dass, A,, et al. (2022).
Biopolymeric super-absorbent hydrogels enhance crop and water productivity of
soybean-wheat system in Indo-Gangetic plains of India. Sci. Rep. 12, 11955.

R Core Team (2021). R: A Language and Environment for Statistical Computing. (Vienna:
R Foundation for Statistical Computing). Available online at: https://www.R-project.org.

Shweta,, Sewhag, M., Munjal, R., Kumari, N., Malik, K., Saini, A. K., et al. (2022). Wheat
(Triticum aestivum) crop response to irrigation scheduling and superabsorbent
polymers. Indian J. Agric. Sci. 92, 1086-1090.

Starovoitova, O. A., Manokhina, A. A., and Pekhal'skij, M. 1. (2019). Effect of
superabsorbing polymers on potato yield. IOP Conf. Ser.: Earth Environ. Sci. 395, 012058.

Wale, A., Dessie, M., and Kendie, H. (2022). Evaluating the performance of AquaCrop
model for potato production under deficit irrigation. Air Soil Water Res. 15,
11786221221108216. doi: 10.1177/11786221221108216

Yang, B., Peining, F., Jiang, L., Fengwang, M., Xiangyu, S., and Yulin, F. (2022).
Regulated deficit irrigation: an effective way to solve the shortage of agricultural water
for horticulture. Stress Biology 2, 28. doi: 10.1007/s44154-022-00050-5

Yang, F., Rui, C., Weiying, F., Jing, L., Zhongyi, Q., and Qingfeng, M. (2020). Effects of

super-absorbent polymer on soil remediation and crop growth in arid and semi-arid
areas. MDPI: Sustainability 12, 7825. doi: 10.3390/su12187825

Zeineldin, F., and Al-Molhim, Y. (2021). Polymer and deficit irrigation influence on
water use efficiency and yield of muskmelon under surface and subsurface drip
irrigation. Soil Water Res. 16, 191-203.

Zheng, H., Mei, P., Wang, W, Yin, Y., Li, H., Zheng, M, et al (2023). Eftects of super
absorbent polymer on crop yield, water productivity and soil properties: A global meta-
analysiSA Agric. Water Manag. 282, 108290.

Zinivand, N., Khodadadi-Dehkordi, D., Kashkuli, H. A., Asareh, A., and Egdernezhad,
A. (2020). Assessment of superabsorbent polymer effect on water use efficiency of plant
under water deficit conditions. Tecnologia y ciencias del agua 11, 315-341.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fagro.2026.1785544/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fagro.2026.1785544/full#supplementary-material
https://doi.org/10.4081/ija.2018.1288
https://doi.org/10.15835/nsb739626
https://doi.org/10.15835/nsb739626
https://doi.org/10.1016/j.agwat.2009.04.009
https://doi.org/10.1016/j.agwat.2009.04.009
https://doi.org/10.1007/s12665-012-1956-9
https://doi.org/10.1007/s11301-021-00247-4
https://doi.org/10.1007/s11301-021-00247-4
https://doi.org/10.36253/ijam-1136
https://doi.org/10.36253/ijam-1136
https://doi.org/10.1016/j.jenvman.2018.09.086
https://doi.org/10.1136/bmj.n71
https://www.R-project.org
https://doi.org/10.1177/11786221221108216
https://doi.org/10.1007/s44154-022-00050-5
https://doi.org/10.3390/su12187825
https://doi.org/10.3389/fagro.2026.1785544
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

	A systematic review on the combined effects of deficit irrigation and soil amendment with super-absorbent polymer on crop yield and water productivity
	1 Introduction
	2 Methods and data
	2.1 Selection of papers for analysis
	2.2 Data extraction
	2.3 Characteristics of the selected papers
	2.4 Data analysis

	3 Results and discussion
	3.1 Global distribution of selected papers for review
	3.2 Main effect of DI and SAP on yield and WP
	3.3 SAP effect on yield and WP under various irrigation regimes
	3.4 Crop-specific effect of SAP on yield and WP
	3.5 SAP effect on yield and WP across various soil types
	3.6 SAP level of crops across irrigation strategies

	4 Conclusions
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


