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* 36 acre-inches per acre is considered the full allotment. Less than adequate for most years

100 acre-inch = 1.028 ha-m



NMWRRI Trans-boundary Aquifer Assessment 
(Hawley and Kennedy, 2004)

Total aquifer volume in New Mexico = 20 
billion acre-feet

75% is > 2000 mg/L 

Desalination?



• Is it sustainable to use brackish water for agriculture?
• Is desalination needed? RO?
• What to do with the generated concentrate? 
• Reuse for Ag?

On going drought and water scarcity



Ø Glycophytes: Chile peppers,         Tomato                  Pecans 

Ion Concentrations

dSm-1 ----------- ---------------- meq L-1 --------------- ----------------

Salinity Na+ Ca2+ Mg2+ K+ Cl− SAR

< 0.7 2.53 2.59 0.79 5.33  57.2 1.95

4 15.87 20.4 16.54 6.74  697.7 3.69

8 30.09 34.88 30.12 14.0  892.7 5.28

10 84.35 19.81 16.05 19.1  3024.3 19.92

Ion concentrations of irrigation waters

• Tap water as control from the 
greenhouse (EC= 0.7 dS/m) 

• Brackish groundwater (EC=4 
dS/m) from BGNDRF

• RO concentrate (conc.) (EC= 8 
dS/m) from BGNDRF 

• BGW+ NaCl (EC=10 dS/m) 
irrigation
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Saline water treatments

LSD= 0.48
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Pecan



Hordeum vulgare
(Barley)

×Triticosecale
(Triticale)

Distichlis stricta
(Inland Saltgrass)

Atriplex canescens
(Fourwing Saltbush)

Lepidium alyssoides
(Mesa Pepperwort)

Panicum virgatum
(Switchgrass)

Quinoa 
(Chenopodium
quinoa )

Halophyte and Marginal halophytes

Alfalfa (Medicago sativa)



Research in BGNDRF Atriplex canescens and a. lentiformis



Marginal Halophytes



Halophytes



Soil Microbiological Properties
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Phospholipids fatty acids (PLFA) biomass of 
gram+ bacteria, gram- bacteria, AM fungi, fungi, 
and actinomycetes (nmol/g)

2017

2018

Bacteria and archaea species distribution from samples at various years 
(BL= Baseline, yr1 = end of year 1 and yr3= end of year 3), irrigation 
levels (0= control or no irrigation, 60= 60% ET0 and 80 = 80% ET0) 
and depth (1 = 0-25cm and 2= 25-50cm). Both initially decreased from 
baseline but then increased (16S rRNA showed similar pattern)

PERMANOVA: geometric partition of variation across 
multivariate data cloud



Kingdom Phylum Median % Mean % Baseline EOY 1 EOY 3
Archaea Crenarchaeota 1.79 1.51 No Yes Yes
Archaea Euryarchaeota 0.06 0.30 Yes Yes Yes
Archaea Thaumarchaeota 0.00 0.31 Yes No Yes
Archaea Unclassified 2.57 2.40 Yes Yes Yes
Bacteria Acidobacteria 0.60 2.23 Yes Yes Yes
Bacteria Actinobacteria 28.09 24.93 Yes Yes Yes
Bacteria Aquificae 0.01 0.09 Yes Yes Yes
Bacteria Armatimonadetes 0.02 0.03 No No Yes
Bacteria Bacteroidetes 4.83 6.56 Yes Yes Yes
Bacteria Chlamydiae 0.01 0.04 Yes No Yes
Bacteria Chlorobi 0.01 0.03 Yes No Yes
Bacteria Chloroflexi 4.83 4.75 Yes Yes Yes
Bacteria Cyanobacteria 0.37 1.00 Yes Yes Yes
Bacteria Deferribacteres 0.00 0.01 Yes No Yes

Bacteria Deinococcus-
Thermus 0.17 1.02 No Yes Yes

Bacteria Elusimicrobia 0.05 0.06 Yes No Yes
Bacteria Fibrobacteres 0.00 0.15 Yes Yes No
Bacteria Firmicules 1.83 2.81 Yes Yes Yes
Bacteria Fusobacteria 0.00 0.02 Yes No Yes
Bacteria Gemmatimondetes 1.11 1.25 Yes Yes Yes
Bacteria Ignavibacteriae 0.11 0.11 Yes No No
Bacteria Latescibacteria 0.21 0.21 Yes No No
Bacteria Nitrospirae 0.25 0.55 Yes Yes Yes
Bacteria Planctomycetes 5.71 5.35 Yes Yes Yes
Bacteria Proteobacteria 25.03 26.02 Yes Yes Yes
Bacteria Spirochetes 0.00 0.05 Yes Yes Yes
Bacteria Tenencutes 0.00 0.01 No No Yes
Bacteria Thermotogae 0.01 0.01 Yes No No
Bacteria Verrucomicrobia 1.11 1.42 Yes Yes Yes
Bacteria Unclassified 9.45 9.57 Yes Yes Yes
Bacteria Unknown 14.80 13.74 No Yes No
Bacteria Candidate NC10 0.14 0.14 Yes No No
No Hit No Hit 1.84 1.98 Yes Yes Yes

R² = 0.7286
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Alpha diversity of soil samples at different irrigation rates, 
with 0= control (no irrigation), 60= 60% ET0 and 80 = 80% ET0

Phylum presence in baseline, end of year 1 and end of year 3 for 
Archaea and Bacteria kingdoms
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• Halophytes not removing 
enough salts

• Able to block it without 
changing ET or growth

• Soil salinization is 
occurring even with BGW

• Higher leaching fractions 
will be needed to control 
soil salinization



Atriplex LentiformisAtriplex Conescense

Halophytes irrigated with produced waters of salinity of



• To ensure the plants did not receive 
shock, they were initially (first two) 
watered with Brackish groundwater.

• Then starting on September 5th, 2020, all 
the plants were irrigated with produced 
water, supplied by NGL Water Solutions 
Permian, LLC, with an electrical 
conductivity of 34dS/m. 

• On October 13th, 2020, all three 
treatments (34dS/m, 40dS/m, and 
44dS/m) had been initiated and were 
in effect for 8 weeks. After that period, 
the plants were then watered at 
50dS/m, 60dS/m, and 70dS/m
beginning on December 15th, 2020. 

• At each irrigation, the volume of the 
leachate (deep percolation, DP) was 
collected and later used to calculate 
the volumetric leaching fraction (LF) 
and evapotranspiration (ET). 
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Step Approach for Irrigating Atriplex with Diluted 
Produced Water with increasing Salinity

• A dilution process was used to make all the irrigation treatments.
• All species were watered at a regular interval, on the 7th day of the previous irrigation 

(4 irrigations per month).



Average Biomass of Both Atriplex Species Collected at End of 
Experiment 
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Percent Sodium and Chloride in Plants will have important implications for forage quality



• Soil microbial habitats should change as reverse osmosis concentrate is added over 
an extended period of time to the soil. 

• As ion accumulation increases in the soil substrate, microbes will adapt to the 
environment, showing a greater abundance of extremophile bacteria accumulating 
over three years. 

• Results from this study could potentially be used to determine further research in 
metabolic processes of extremophilic bacteria, perhaps isolating proteins which help 
rhizosphere plants survive in abiotic stressful environments. 

• This information will also allow researchers to determine the salinity limit of organisms 
that are adapted to saline soil environments. 



Can novel irrigation 
scheduling provide a 
solution for Chile?



ACKNOWLEDGEMENT

• Grad and Undergrad students and postdoc 
• “John" Kaichiro and Tome Nakayama Professorship and Chair 

endowment
• Brackish Groundwater National Desalination Facility, Alamogordo
• Bureau of Reclamation
• Dr. Daniel Manuchia, the Sunland Nursery Color Greenhouse 
• NGL Water Solutions Permian, LLC 
• NMSU Agricultural Experiment Station
• NIFA


