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Plant growth, ion dynamics, and microbial communities in soils irrigated with treated produced water
for sustainable agriculture

Punhasa Senanayake, Yanyan Zhang, E.M.N. Thiloka Edirisooriya, Adrianne A. Lopez, Danielle Smith, Pei Xu, Huiyao Wang

What’s the Problem?

New Mexico and other arid regions face serious freshwater shortages. Every barrel of oil produced brings up 3-6 barrels
of salty “produced water” (PW). If this water can be cleaned and safely reused for agriculture, it could relieve pressure
on limited water supplies. But scientists need to know, will treated PW harm plants, soil, or the tiny microbes that help
crops grow?

How Was the Study Done?

Researchers tested four types of water for crop irrigation: treated PW (tPW) with salinity of 1500 mg/L, 1000 mg/L,
and 500 mg/L total dissolved solids (TDS), alongside a control water (CW, desalinated groundwater) with TDS of 12
mg/L to simulate rainwater quality.
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They grew four different plants (Mexican Feather Grass, Red Yucca Honey, Mesquite, and alfalfa) in two different
soils under greenhouse conditions for 40 weeks (Figure 1, on back). Throughout the experiment they monitored
plant growth and biomass, soil salinity and sodium buildup, nutrient and ion movement through soil, and soil
microbial diversity using DNA sequencing.

D What Were the Results? P What's Next?

Plant Growth: Moderate salinity (~1000 mg/L TDS) To scale this up, researchers recommend:
maximized alfalfa yield and forage quality, whereas 1. Testing on different soils and crop types under
higher salinity stressed plants and reduced plant health. outdoor field conditions.

Soil Health: tPW with TDS <1000 mg/L maintained or : Long-term monitf)ring pRSsalsand Stkace
improved soil health relative to the control, while higher elements in the soils and plants.

salinity (>1000 mg/L) caused salinization and nutrient . Developing safe and cost-effective methods for
imbalance, with outcomes strongly dependent on soil remineralization and,

texture. Tailoring treated PW water quality to the plant

Nutrients: Low-salinity tPW supported stable ion and soil types.

balances and beneficial potassium enrichment, but long- D Why Does this Matter?

term soil structure and nutrient retention require
adequate Ca%* and Mg?*, particularly in clay-rich soils.

This research shows that with the right treatment
Microbial Communities: tPW with <1000 mg/L TDS and management, treated produced water could
preserved microbial community stability, while higher become a new, safe water source for agriculture,
salinity reduced fungal diversity and increased supporting farmers and New Mexico culture while
pathogenic fungi, especially in loamy soils. conserving freshwater in drought-stricken areas.

No Adverse Effects: Irrigation with properly treated tPW
introduced no detectable adverse impacts or
hydrocarbon contamination, with soil contaminant levels
remaining below existing regulatory concern thresholds.
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Figure 1: Radar chart comparing the effects of different irrigation water types (tPW 500 mg/L, tPW 1000 mg/L, tPW
1500 mg/L, and the CW) on various soil and forage parameters. Higher values indicate better performance for a
given parameter. Note that this figure represents the average results across all soils and plants tested. In some cases,
certain soil and plant combinations performed even better with treated produced water than with the control water,
suggesting opportunities to tailor the water (removing only what is needed, while leaving in certain nutrients that
are beneficial for the plants) for optimum irrigation applications.



