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Adverse effects of superabsorbent polymers on crop growth
and the underlying mechanisms
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Abstract: Application of superabsorbent polymers (SAPs) is an effective measure to improve drought resistance
of crops. However, slightly excessive application rate will lead to adverse effects, such as decline of seed
germination rate, yield decrease, poor root growth and so on. The indirect causes of the adverse effects could be
the competition for soil moisture by crops and reduced soil aeration. The direct cause of the adverse effects is the
inhibition of crop growth caused by the residual water-soluble components in SAPs, such as acrylic acid and
sodium. Acrylic acid is toxic to animals, but its quick degradation under normal moisture conditions lessens its
danger. However, if SAPs absorb water and form gel in soil, the half-life of acrylic acid in the gel will be greatly
elongated, and might damage the crops. Most studies on the possible direct damage of monomers in SAPs were
conducted under normal soil moisture conditions. Therefore, the safe and effective application of SAPs still needs
to be studied under drought conditions. The safe concentration and threshold for crop growth, the degradation
kinetics of monomer components under drought conditions, and the toxicity of degraded monomers to soil, plants
under drought conditions need to be extensively studied. The degradation, dilution and diffusion characteristics of
harmful components in SAPs under different soil conditions and the risk in different crop growing periods are also
unclear. The limitations of the residual quantity of monomer should be considered in current industrial standard of

SAPs, so as to provide guidance for the safe use of SAPs. In general, the safe and efficient application of polymers
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relies on the screening of SAPs with low biotoxicity of monomers, the optimized synthesis parameters to reduce

the residue of monomers, and the specified application methods.

Key words: superabsorbent polymers; drought resistance; adverse effect; biotoxicity; degradation characteristics;
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B 1 TEMRKFIRZAIEE 3 X (a) M5 6 X (b) BEKLE
Fig. 1 Maize seedlings treated by different superabsorbent polymers for 3 days (a) and 6 days (b)
H: CK—Z8MK; SP—RNIAEEN; PP—RINMIA; SPP—RINMR M+ #) .
Note: CK—Distilled water; SP—Sodium polyacrylate; PP—Potassium polyacrylate; SPP—Sodium polyacrylate and phosphate rock powder.

B2 ZEEKIIER (a F1b) MBRBEEW (c F1d). BABELT (e 71 0. BRBERNRHHRT I g h)
3 MBI REMACR AR RIR R E T EMBEAMERS
Fig. 2 Scanning electron microscopy images at two scales of maize root treated with distilled water as a control (a and b)
and three superabsorbent polymer hydrogels, sodium polyacrylate (¢ and d), potassium polyacrylate (e and f),
and sodium polyacrylate embedded with phosphate rock powder (g and h)
TE: Ep—# % Ex—4MEJE; CP— R B, En—N R VC—ZRAETR.
Note: Ep—Epidermis; Ex—Exodermis; CP—Cortex parenchyma; En—Endomermis; VC—Vascular cylinder.
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Bl 3 EFRPARIRERBERN EREKEFN

Fig. 3 Effects of different acrylic acid concentrations in nutrient solution on maize growth
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Fig. 4 Degradation rate of acrylic acid in SAPs in soil with
different moisture contents (41.3%, 25.0% and 17.5%)
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Table 2 Fresh biomass of maize plants in nutrient solution with different acrylamide concentrations at the 8" day of culture

¥ Concentration (mg/L) 2 Root 250} Stem and leaf Jif 7 Total ARfK R Variation (%)
0 0.42+0.09 a 0.64+0.06 ab 1.06 100.00
15 0.42+0.07 a 0.8+£0.08 a 1.22 115.69
40 0.41+0.07 ab 0.66+0.07 ab 1.03 97.07

T RPER PR . FSEEE AR /NG TR AR BT 22 5 B (P<0.05),

Note: Data are mean+SD. Different small letters indicate significant difference among treatments (P <0.05).
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Fig. 5 Relationships between SAPs dosage and
its effect on crops
{E: EP—Vfisi; PE—IERLN; CE—LZRGEAUN; NE—HALNL,
Note: EP—Equilibrium point; PE—Positive effect; CE—Comprehensive
effect; NE—Negative effect.
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