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Laboratory assays for sodic soil reclamation
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Introduction Results and discussion

* The field sites is an 810 ha private farm in Guayama Table 1. (_Seneral soll _fertlI|tylcharacter|st|cs of the soils (Field V- Table 2. Chemical characterlstllcs of gypsum sources (analysis ~ L, 01 0.15
. 95) used in the experiments*. by A&L Great Lakes Laboratories) = 0.12 750
municipality (PR south coast) e e N e 7 = = = 3 1 011 o
* 175 field plots in an area of 304 ha sampled to a P 3 5 J Gypsum Free Purity 582 . 0.09 3000
2 0, .
depth of 15 to 20 cm | - gk —mokg— emMol_()/Kgm source water Ca S CCE__ pH (gypsum) £ 0.4 | 6000
* Solls analyzed for general soll fertility parameters; 822 45 51 110 216 156 5.68 6.41 353 . T Hmmmmmmmmmmmmmmmmmm oo 50-3 : | -
saturated paste (EC, SAR, pH) 823 29 56 276 181 105 523 1081 352  PHuson® 15 21.0 177 35 599 830 P
* Soils are primarily Haplustepts, Haplusterts, and . i on 11 soilwater: soil organic matter (SOM) by | . Agrg;“'t“ra' 1 oao 14 o s81  as Leaching event
. . - - pH measured on 1:1 soil:water; soil organic matter y loss on ignition, grade _ _ _ _
Calmus_terts, mOSj[Iy non-c_alcare_ous of high fertility exchangeable cations (Ca, Mg, K, Na) by NH4OAc extraction, cation exchange Reagent _ 1201
* Crops: inbred maize, hybrid maize, soybean capacity (CEC) by sum of cations ; analysis by Harris laboratories ade d 5 1
* |nbred maize very sensitive to high salinity and (http://agsource.crinet.com/page298/Agronomy). g £0.8
: 2 — Soil used in Experiment — 1 : : : < 0.6 007
sodium o o] et [T - 5 1 — Free water by ASTM C471; Ca by ASTM C471.11.3; S by AOAC 980.02; 9 004
: . . — Solfusedin Experiment - CCE (calcium carbonate equivalent) by AOAC 955.01; pH by A&L SOP 7.01; =R | 0.04 e
* The estimated area affected by saline-sodic ourity by ASTM C471. 502 \ '
conditions beyond accepted thresholds?! is 37 ha 2 —nd, no data = 0 ' | T
(about 12% of the area) and by sodic soil conditions ' " eachingevent >
about 28 ha (about 9% of the area). Experiment — 1 (Table 3, pHusion 0.42
. . . 5
° Other_ SRS Hel) not have saline o sodic soll g.]ypsum) _ _ Table 3. Cumulative leached volume, exchangeable cations recovered in solution, % z,
classification, but the salt and sodium levels may be Leachate volume and cations increased  recovery of cations and final SAR of leachate (cations measured by UGA Laboratory, El 0.35
high enough to affect crops; thus the estimated area with gypsum level http://aesl.ces.uga.edu/) §3
where some form of reclamation is needed is 142 ha * Leachate volume recovered at the e 0.19 Y
or 75 plots. highest gypsum level was 82% of the Gypsum Gypsum Leached Exchangeable? Recoverys3 sl ——— A
maximum (114 mL) source level volume? 0 | ; : ,
* Exchangeable Na to reduce ESP to 5% Ca Mg Na Ca Mg Na SAR 1 S, : g :
T s 0 Ve 11 7o D ¢ o | ey oY 02 10 | [ (5 S0 Y A Ve T 0
was 4.74 cmol (-)/kg, thus the highest dr?gls kc?” i SEHEERIE & SacTinG SYEn
gypsum level was effective in removing o Experiment-1
—— O R ) Na to desired levels (yellow ge”) oHusion 750  33.6a  0.22a 0.18ns 2.48a 0.95a 3.5ns 38.8a  18.4ns Figure 2. Leachate solution composition of Experiment — 2
Soil dispersion and salt caused by high soil sodium Ca and Mg removed was <5% of that 4500 933b 051b 028 471b 193b 5.0 233b  24.7 (Reagent gypsum), Ic_)y _Ieachlng event. LSD values are gypsum
or sodium accumulation added plus exchangeable XD T I MM~ 2nnmmememememecememememmmmeme e emememmmememes level comparisons within each leaching event.
* Leachate SAR was still high because the reagent 750  117.0abc 0.42a 0.34a 3.95a 2.23a 6.53a 36.53a 10.04 bc
0 I .
gg;r /2% while Ca and Mg was near 2,888 ié?iabdc 2.21 b g.gg b ;.g(z) b;: ;1.32 b 135513 gg.;gbcd 235.2 (t; amendment levels (Figure 2)

b , dlc 4 c 89c 7.82c 78 c 05¢c 72.33cd 8. . : : S :
A— 12,000 138.9d 4.22d 1.8d 8.68d 13.88d 34.33d 80.3d 244a Al esieie wigke gl coteleize ([ > CL2), wil
Uneven plant growth of ~ S9aNg . . lower correlation at the highest gypsum level (data
inbred lines in V 94-95,  pjants affected by salts or sodium EX g’ehrl me_rllF -2 (Ta_ble 3, rezaﬁ eg thgyhpsu m) 1 - Leached volume is the sum of three extractions in Experiment-1 and five extractions in Experiment-2. not shown)

Jan 2015 ¢ e Soll In experiment — a igner 2 - Exchangeable cations was calculated as LV*C/dry soil mass; where LV is the leached volume, and C is the cation - : - :
exchan : : (Ca, Mg, or Na) concentration of the leached volume, summed across the three extractions in Experiment-1 and five * The reduction of soll solution Na was hlghly
. . _ o . geable Na than in Experiment 1 S ) . . . : .
1 - Saline, sodic and saline-sodic soil is defined as that having a saturated paste extract extractions in Experiment-2. associated with soil solution Ca and |\/|g (espemally
electrical conductivity (EC) >4 dS/m and ESP <15%, <4 dS/m and ESP >15%, and >4 °* At least 6,000 mg gypsum/kg was 3 - % recovery was calculated as C/Cg, anqeanie*100; Where C is the cation (Mg, Na) concentration in the leached | | £ 750 3.000 ka): thi
dS/m and ESP >15%, resepectively. needed to maximize leaching volume and Cq,gpangeasie IS NHAOAC extractable cations. For Ca the amount of Ca added as the gypsum source was at gypsum levels o to 5, mg/kg); this may

: : * There was trend for increasing leachate neludedin fhe caleuation. De part of the reason why SAR levels did not
Obj ectives volume in the order of Agricultural i S decrease at the lower gypsum levels (Table 3).

Gypsum < pHusion < Reagent Grade ° |n contrast at gypsum level of 12,000 mg/kg and to a
°* Provide practical recommendations (gypsum sources Gypsum (data not shown) 55 ] LSD 041 55 ] L8D 043 lesser extent at 6,000 mg/kg, Ca concentrations
and rates) for reclamation of excess soil Na 77 750 77 were high enough to reduce SAR to acceptable
* Provide long-term strategies to improve soil quality »  Solution cations (Ca, Mg, Na) increased $73 - vo 573 - levels (see Table 3)
* In this poster we report on laboratory assays that with increasing gypsum amendment ] 6,000 =
water chemical COmpOSitiOn needed to reach ESP of 5%, amending | Agricultural Phusion  Reagent | Agricultural  Phusion Reagent CO n CI u S I O n S

' with 6,000 and 12,000 mg gypsum/kg Leaching - 3 Leaching - 4 * Soil microcosms using the mechanical extractor
Mate”als and MEthOdS reached solution Na of 7.82 and 8.68 21 o1 9

| | | sl [\l rasmaatvaly i fhe 8.1 JLsnon 8.1 1 Lsp 09 may not simulate field conditions but is effective
| Sollsamplediiromijieldiv=95-96; August 2014 (Tanle 1) G e AN ot ; 7.7 - 7.7 - towards evaluating the effects of gypsum sources
« Soil series is Paso Seco (Fine, mixed, superactive leachings. An estimated ESP of 6.1% 7.5 - 7.5 - - - o
< ohvberthermic Entie Udic Ha’ Iustert’s) ’ was reached 573 - 573 - and rates on soil solution composition.
7.1 - 7.1 - .
P . : P . . * The highest gypsum level was effective 6.9 - 6.9 - * The best amendment and rate was that which
¢ Soll (bulk density of 1.1 g/cm?) packed in 60 mL syringe . . . 2o 6.7 - I I .
e —— In removing Il\lal to dﬁslred levels o 5 increased leachate volume, had lower leachate
| EdrEr el ee e (Figure 1) (JayneS o Blgham, QghlaeC\feeg)taatb6eO§8CmStgySp/:\EmVysgS Agricultural  Phusion Reagent Agricultural  Phusion Reagent pH and FC and SAR. |
1986), simulated the leaching process *  ma/kgstil higf’1 because the percent Figure 3. Leachate solution pH as influenced by gypsum sources and levels. g Agrlcgltural gypsum was as effective as |
° Measurements: Leachate volume, pH, EC, Ca, Mg, Na eduction of Na in leachate was near ILeSa[gh\i/rz;llug\s/.e(rl]r: red) are gypsum source * level comparisons within each pHusion® and Reagent gypsum at the highest
concentrations | | 72% while Ca and Mg was near 92% J | rate. |
¢« Consecutive 2.54 cm leachings, each equivalent to 46 . | eachate H consistently decreased with * pHusion® gypsum seemed to be most effective
g'—_l(z pore'V_Cl’ﬁgmegt 20 KPa A - increasingpgypsum IeveIZ (Figure 3) near the 3,000 mg/kg level of amendment.
* Soil was equilibrated to - a after each leaching | | (EiE -
Leaching - 1 Leaching - 2 ® The greatest reductlon in pH as a reSUIt Of ® Gypsum at 12,000 mg/kg was the mOSt eﬁ:eCtlve
1 Experiment — 1 Gypsum source (pHusion®) with two 2027 Lso 209 350 | 150 0. gypsum levels occurred in the last leaching soll remediation strategy reducing ESP to near
levels (750 and 4,500 mg/kg soil (dry wt.) Alz'zg o 3004 * Reagent gypsum was more effective in 6%, yet a more practical rate may be an
« Experiment — 2 % o0 - 1500 2200 reducing pH at the lowest amendment levels, application level of between 6,000 and 12,000
* Gypsum sources (Table 2): Agricultural grade 2 4.00 - w00 Eigg ‘ with lower difference among gypsum sources mg/kg.
gypsum, pHusion® gypsum, Reagent grade gypsum 2.00 - m12000 ] In solution pH was observed at the highest * The successful transfer of this technology to field
* Gypsum levels: 750, 1,500, 3,000, 6,000, 12,000 0.00 0.00 gypsum levels. conditions will require adequate soil infiltration
. gricuitura usion eagen gricu tura usion eagent .
/k Agricultural Phusi R t Agricul I Phusi R
Mg/Kg SOl | _ . . . rates and leachate removal from soill.
*  Soil mixed with 25% silica sand to facilitate drainage ron eaching =2 ron eaching - * The leachate EC was highest in the first
(unammended soil did not drain) = o — leaching and decreased with subsequent ACknOW|edgem ents
_3.00 - _3.00 - | events (note that the reduction between the
T rog - e - second and third leachings were dramatic) * This work was funded in part by Dow AgroSciences
5 1.50 - 9 1.50 - (Figure 4) | | LLC and the UPRM College of Agricultural Sciences.
o I I I o I * Inleachings 1 to 3, EC increased with  J. Lopez was supported by an undergraduate
0.00 0.00 i Increasing gypsum level. Inleaching 4 EC CARIPAC grant (USDA award 2015-07884 Grant
Agricultural Phusion Reagent Agricultural Phusion Reagent decreased W|th gypsum |eve|S IN the range Of 11906988) to Dr. G. Gonzé|ez and Dr. A. Rod”'guez_
N Figure 4. Leachate solution electrical conductivity (EC) as influenced by 750 to 3,000 mg/kg, but not at the highest Carias
- < gypsum sources and levels. LSD values (in red) are gypsum source * level levels. * \We appreciate the support of R. Barnes and L. Cruz
Figure 1. Mechanical extractor with soil microcosms comparisons within each leaching event. (Dow AgroSciences ).
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