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Predi cti on of soil carbon and nitrogen cont ents usi ng visi bl e and near i nfrared diff use reflect ance spectroscopy i n varyi ng salt-affected soils i n Si ne Sal ou m ( Senegal)
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Introducti on

Soil organi c matt er ( SOM), made mai nl y of car bon ( C; 58 % of t he SOM ) coupl ed t o nitrogen ( N), phosphor us and sulfur, pl ays an essenti al rol e i n soil physi cal (e. g., soil aerati on, aggregati on), che m i cal (e. g., pH regul ati on and nutri ent reser ve) and bi ologi cal fertilit y (e. g., mi nerali zati on and nutri ent recycli ng by het erotrophi c soil organi s ms; [START_REF] Lal | Soil conser vati on and ecosyst em ser vi ces[END_REF]. Opti m i zi ng t hese functi ons and pr ocesses all ows soils t o pr ovi de ecosyst e m ser vices, such as food pr oducti on, cli mat e regulati on or even wat er st orage, regul ati on and suppl y ( Do m i nati et al., 2010;[START_REF] Lal | Soil conser vati on and ecosyst em ser vi ces[END_REF]. Thus, mai nt ai ni ng SOM st ocks is a maj or issue worl dwi de i n t he cont ext of cli mat e change and l and degradati on [START_REF] Di Gnac | Increasi ng soil carbon storage: mechani s ms, effects of agri cult ural practi ces and pr oxi es[END_REF][START_REF] Gupt A | Land degradati on and chall enges of food securit[END_REF]. Soil sali ni zati on, whi ch is t he accu mul ati on of water-sol ubl e salts i n t he soil, can have nat ural or ant hr opi c ori gi ns (primar y or secondar y sali nizati on, respecti vel y). The pr oporti on of saltaffect ed soils, l ocat ed mai nl y i n ari d and se m i ari d regi ons, is esti mat ed t o be 7. 5 % of t he gl obal land surface area ( Hossain, 2019). Sali nit y affects soil properti es, particul arl y C and N cycli ng. Indeed, a hi gh l evel of salts reduces soil m i crobi al bi omass and acti vit y and t hus SOM deco mpositi on [START_REF] Ri | Effects of irri gati on-i nduced sali nit y and sodi cit y on soil mi cr obi al acti vit[END_REF][START_REF] Yuan | M i cr obi al bi omass and acti vit y i n salt affect ed soils under ari d conditi ons[END_REF]. M or eover, pl ant gr owt h is li m it ed i n salt-affect ed soils: t heir bi omass pr oducti on is reduced, leadi ng t o a l ower a mount of fresh or gani c matt er i nput i nt o soil, oft en causi ng a SOM st ock decrease ( W ong et al., 2010). As i n ma ny countri es i n dr y regi ons, Senegal is i mpacted by hi gh pri mar y sali nizati on, pri nci pall y due t o cli mat e change, resulti ng i n l ocall y so-called "Tannes" (hi ghl y degraded salt y pl ot s, literall y t anned or bur nt out; D i att a et al., 2001). The current surface area of Senegal saltaffect ed soils is hi gher t han 1. 7 m illi on ha, and t he Tanne surface area is expect ed t o i ncrease i n t he fut ure at t he expense of agri cult ural soils, mangr oves and soils under nat ural veget ati on [START_REF] Faye | Effets du stress sali n sur la germi nati on des grai nes de Jatropha curcas L. Verti gO -la revue él ectroni que en sci ences de l'environne ment[END_REF][START_REF] Sadi O | Pédogenèse et Pot enti alités Foresti ères des Sol s Sulfat és Aci des Sal és des Tannes du Si ne Sal ou m[END_REF]. In t his cont ext, t o be abl e t o prevent soil degradati on, it is necessar y t o spati all y and te mporall y assess soil sali ni zati on pr ocesses and esti mat e t heir l ongter m i mpact on SOM content. Accurat e mappi ng of spatial and t e mpor al changes i n SOM cont ent and soil sali nit y levels at different scal es requires t he anal ysis of many sa mpl es. V i si bl e and near i nfrared diffuse refl ect ance ( VNI R) spectroscopy ( VNI RS) has been pr oposed as an alternati ve t o conventi onal anal yti cal met hods t o assess soil properties: its cost-and ti me-effecti veness has been not abl y evi denced for SOM cont ent det er m i nati on ( O' Rourke and Hol den, 2011;[START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]. VNI RS has also shown its usef ul ness for quantifyi ng soil organi c C and N cont ent s and soil el ectri cal conducti vit y (EC), whi ch is used as a pr oxy for soil sali nit y ( Clairott e et al., 2016;[START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]V i scarra Rossel et al., 2006). Several aut hors also obser ved a direct effect of salt cont ent on t he VNI R absor bance spectrum ( Farifteh et al., 2008;[START_REF] Li | Correl ati on bet ween spectral charact eristi cs and physi coche m i cal para meters of soda-sali ne soils in different st at es[END_REF][START_REF] Li U | Appli cati on of spectrall y deri ved soil t ype as ancillary dat a t o i mpr ove t he esti mati on of soil or gani c car bon by usi ng t he Chi nese soil V i s-NI R spectral li brar[END_REF]. So me chall enges have, ho wever, been i dentified i n VNI RS appli cati ons t o soils. In regi ons affect ed by vari abl e levels of soil sali ni zati on, soil spectral li brari es may be charact eri zed by i mport ant spectrum di versit y, possi bl y leadi ng to l ess accurat e predi cti on of SOM cont ent ( M our a- [START_REF] Mour A-Bueno | St ratificati on of a l ocal VI S-NI R-S W I R spectral li brary by ho mogeneit y crit eri a yi el ds mor e accurat e soil organi c car bon predicti ons[END_REF]. To overco me t he issue of soil di versit y in spectral li braries, different t ypes of model s can be used. For exa mpl e, [START_REF] Li U | Appli cati on of spectrall y deri ved soil t ype as ancillary dat a t o i mpr ove t he esti mati on of soil or gani c car bon by usi ng t he Chi nese soil V i s-NI R spectral li brar[END_REF], who used a VNI R spectral li brar y i ncl udi ng different soil t ypes, obt ai ned t he best predi cti ons of soil organi c C cont ent when t hey first discri m i nat ed soil t ypes from t heir VNI R spectra and t hen perfor med predi cti ons by soil t ype. Anot her strat egy consists of perfor m i ng i ndi vi dual predi cti on of each t ar get sa mpl e, usi ng onl y cali brati on sa mpl es t hat are its spectral nei ghbours; t his is t he pri nci pl e of l ocal parti al least squares ( PLS) regressi on ( PLSR), whi ch has shown good results for t he predi cti on of soil organi c C i n large and het erogeneous spectral li brari es [START_REF] Cl Airott E | Nati onal cali brati on of soil organi c car bon concentrati on using diffuse i nfrared refl ect ance spectroscopy[END_REF][START_REF] Nocit A | Pr edi cti on of soil organic car bon cont ent by diffuse refl ect ance spectroscopy usi ng a l ocal parti al least square regressi on appr oach[END_REF]. Spectrum pretreat ment (e. g., standar di zati on or deri vati zati on) has also been used t o i mpr ove predi cti on accuracy, especi all y t o reduce spectrum noise t hat dist ur bs t he rel ati onshi p bet ween spectra and st udi ed sa mpl e properties [START_REF] Boys Wort H | Aspect s of multi vari at e cali brati on appli ed t o neari nfrared spectroscopy, i n: Handbook of Near-Infrared Anal ysis[END_REF][START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]. Few aut hors have specifi call y st udi ed t he effect of spectral pretreat ment s on predi cti on model accuracy. [START_REF] Li U | The i nfl uence of spectral pretreat ment on t he sel ecti on of represent ati ve calibrati on sa mpl es for soil organi c matt er estimati on usi ng V i s-NI R refl ect ance spectroscopy[END_REF], who predi ct ed SOM content usi ng VNI RS, obser ved an effect of spectral pretreat ment (si x pretreat ment s test ed) on t he cali brati on set sel ecti on based on spectral represent ati veness, which t hus i nfl uenced SOM cont ent predi cti on perfor mance. M our a-Bueno et al. ( 2019) co mbi ned four t ypes of predi ction model s w it h si x spectral pretreat ment s and obser ved an effect of the co mbi nati on model  pretreat ment on soil or gani c C cont ent predicti on usi ng VNI R spectra. Recentl y, ot her aut hors test ed fracti onal deri vati ves and report ed good VNI RS predi cti ons w it h 1. 5-or der deri vati ves for salt cont ent ( W ang et al., 2018) or 0.2-0. 8-or der deri vati ves for SOM [START_REF] Xu | Expl ori ng appr opriat e prepr ocessi ng techni ques for hyperspectral soil organi c matt er cont ent esti mati on i n Bl ack soil area[END_REF]. However, most of t hese st udi es consi dered onl y a fe w spectral pretreat ment s and di d not consi der t heir possi bl e co mbi nati on (e. g., standar di zati on t hen deri vatizati on). In additi on, predi cti on may be ha mpered for expl ai ned vari abl es t hat do not follo w a nor mal distri buti on, so several aut hors have used l og-transf ormati on ( w it h eit her nat ural or deci mal l ogarit hm ), root-squaretransf or mati on or Box Cox transf or mati on t o obt ai n an appr oxi mat el y normal distri buti on and t hus i mpr ove predi cti on (Vasques et al., 2008;[START_REF] Li U | Feasi bilit y of esti mati ng Cu cont a m i nati on i n fl oodpl ai n soils usi ng VNI R spectroscopy -A case st udy i n t he Le' an Ri ver fl oodpl ai n, Chi na[END_REF][START_REF] Terra | Spectral li brari es for quantit ati ve anal yses of tropi cal Brazilian soils: Co mpari ng vis-NI R and m i d-I R refl ect ance dat a[END_REF][START_REF] Lobsey | RS-l ocal dat a-m i nes i nfor mati on from spectral li brari es t o i mpr ove local cali brati ons[END_REF]. For i nst ance, Vasques et al. (2008) and [START_REF] Terra | Spectral li brari es for quantit ati ve anal yses of tropi cal Brazilian soils: Co mpari ng vis-NI R and m i d-I R refl ect ance dat a[END_REF] reported bett er VNI RS predi cti ons of soil organic C w it h l og10 transf or mati on t han w it hout l og10 transf or mati on. The latter aut hors co mpared different vari abl e transf or mati ons: t he best results were achi eved w it h l og10 transf or mati on for several soil properties, such as or gani c C or exchangeabl e bases, w it h square-root transf or mation for ot her properties, such as cl ay acti vit y or most m i cr onutri ent s, wi t h Box Cox transf or mati on for sand cont ent onl y, and w it hout transf or mat i on for cl ay cont ent and most oxi des. Theref ore, predi cti ng soil properties from spectral li brari es t hat i ncl ude bot h unsalt ed and salt y soils m i ght be chall engi ng, but appr opri at e combi nati ons of model t ype and pretreat ment s coul d hel p t o address t his challenge. The obj ecti ve of t his wor k was t o opti m i ze VNI RS predi cti ons of t opsoil organi c C and t ot al N cont ent s and EC i n a spectral li brar y i ncl udi ng vari abl y salt y soils by i dentifyi ng t he best combi nati ons of t he t ype of predi cti on model, spectral pretreat ment and vari abl e transf or mation. M or e specifi call y, t he st udy was conduct ed on soils of t he Si ne Sal ou m regi on ( Senegal) and t hree t ypes of PLSR (gl obal, i. e., common; l ocall y wei ght ed; and by EC cl ass) were co mbi ned w it h 46 spectral pretreat ment s (e. g., centri ng, st andar d nor mal vari at e, detrendi ng, deri vati zati on, and t heir possibl e associ ati ons) t o test predi cti on accuracy. In additi on, t he l og-transfor mati on of expl ai ned variabl es was also t est ed.

M at eri als and m et hods

1. St udi ed regi on and soil sampli ng

The soil sa mpl es t hat were st udi ed ori gi nat e from t he Senegal ese ad m i nistrati ve regi on of Fati ck, whi ch is 100 t o 250 km east-sout heast of Dakar and covers 6850 km². The cli mat e is se m i ari d, w it h 400-t o 600-mm annual rai nfall and 28-29 °C mean annual te mperat ure. The regi on i ncl udes t he delt aic Si ne Sal ou m est uar y in t he west ( Quat ernar y sedi ment s); gentl y rolli ng pl ai ns deri ved from an anci ent dune fi el d overl yi ng a conti nent al sedi ment ar y basi n (l at e Cr et aceous) i n t he east; and resi dual dissect ed plat eaus of t he sa me continent al sedi ment ar y basi n i n t he nort h [START_REF] Roger | Noti ce Expli cati ve de la Cart e Géol ogi que du Sénégal à 1/ 500 000[END_REF][START_REF] Tappan | Ecoregi ons and land cover trends i n Senegal[END_REF]. The mai n soil t ypes are G l eyi c Sol onchaks (sol ubl e-salt rich and hydr o mor phi c), Ferrali c/ Si derali c Arenosol s (ver y sandy, strongl y weat hered, oxi de-ri ch), Umbri c G l eysol s ( wat erl ogged, dar k-col oured, w it h l ow base sat urati on), Ferri c Li xisols ( w it h l ow-acti vit y cl ays, hi gh base st at us and oxi de concreti ons), St agni c Fl uvi sol s (stratified sedi ment s, l ong waterl ogged), and, t o a lesser ext ent, Hapli c Ar enosol s (ver y sandy) and Dystri c Regosol s (poorl y devel oped, w it h l ow base sat urati on; I USS W or ki ng Gr oup WRB, 2015). Nat ural veget ati on is mai nl y tree savannah and shr ub savannah but also mangroves. The mai n crops are peanut s and pearl m ill et, someti mes mai ze, and mar ket gar deni ng (on some hydr o mor phi c soils). Co mmonl y, li vest ock is more or l ess i nt egrat ed i nto agri cult ural syst e ms, especi all y cattle and s mall rum i nant s. As part of t he st udy of Chauvi n (2013), t he sa mpl ed sites were chosen t o capt ure t he regi onal vari abilit y of land covers and soil t ypes, except mangr oves and mudfl ats on Fl uvi sols (due t o accessi bilit y issues). The sa mpli ng desi gn, which i nvol ved 312 sites, was based on a cl assifi cati on carri ed out usi ng t wo 2010 Landsat 7 i mages (183  170 km ² each) pr ovi ded by t he sensor Enhanced Themati c M apper, whi ch has ei ght bands from 0. 45 t o 12. 50 µm wit h 30m r esol uti on i n general (US GS, 2011). I mages were anal ysed usi ng ENVI 4. 5 soft war e (I TT Vi sual Inf or mati on Sol uti ons, Boul der, CO , USA) for geo metri c correcti on, mosai cki ng and col our composit es and Arc GI S 9. 3 soft ware ( ESRI, Redl ands, CA, USA) for di gitizati on and for creati ng a l and cover map. A ll t hese sites had soils w it h t ext ure do mi nat ed by sand-si ze parti cl es. Overall, t he site latit ude ranged from 13°35' 35" t o 14°41' 33" N , and t he site l ongit ude ranged from 16°38' 04" t o 15°35' 28" W . One soil sa mpl e was coll ect ed at each site at a dept h of 0-25 c m usi ng a manual auger.

Soil anal yses

Bef ore anal yses, t he soil sa mpl es were air-dried and t hen crushed usi ng a mort ar and pestl e bef ore 2-mm si evi ng. A l l anal yses were carri ed out i n I SO9001: 2015 certified l aborat ori es of t he French Nati onal Research Instit ut e for Sust ainabl e Devel op ment (I RD) i n Dakar. Tot al C and N cont ent s were det er m i ned on 0. 2-mm ground, 100-mg ali quot s accor di ng t o I SO 10694: 199510694: and 13878: 199810694: pr ocedures, respecti vel y (I SO , 199510694: and 1998, respecti vel y) , respecti vel y) usi ng a CHN el e ment al anal yser ( Ther mo Fi nni gan Flash EA1112, M il an, Ital y). Soil sa mpl es coll ect ed i n t he st udy area were expect ed t o be carbonat e-free; t hus, all carbon was consi dered or gani c. Ho wever, one sa mpl e had a ver y hi gh C-to-N rati o (28. 9), suggesti ng t hat it m i ght cont ai n car bonat es. Thi s sa mpl e was consi dered an outlier and re moved fro m t he soil sa mpl e set, whi ch t hus i ncl uded 311 sa mpl es. The EC was det er m i ned accor di ng t o the I SO 11265: 1994 pr ocedure [START_REF] So | Soil Qualit y -Det er m i nati on of t he Specifi c El ectri cal Conducti vit y. ISO[END_REF] on suspensi ons of 20 g of 2-mm si eved soil i n 100 mL de m i nerali zed wat er usi ng an oh mmet er ( Sy mp Hony SB70C, VWR, M ont -Royal, QC, Canada). Two soil sali nit y cl asses were disti ngui shed accor di ng t o Sadi o (1991), who st udi ed t he Si ne Sal ou m area and consi dered vegetati on and soil text ure i n additi on t o EC: unsalt ed or sli ghtl y salt y soils (denot ed as Salt-), w it h EC ≤ 2 mS cm -1 ; and me di u m t o hi ghl y salt y soils ( Salt +), w it h EC > 2 mS cm -1 . Refl ect ance spectra i n t he visi bl e and near i nfrared regi ons were acquired bet ween 350 and 2500 nm at 1 nm i nt ervals usi ng a port abl e LabSpec 4 spectrophot omet er (Anal yti cal Spectral Devi ces, i. e., ASD, Boul der, CO , USA). Thi s i nstrument is equi pped w it h a cont act pr obe, and t he sa mpl es are scanned ma nuall y w it h t his probe (surface area scanned: 80 mm² ). Each VNI R spectrum result ed from the averagi ng of 32 coadded scans, and absor bance zer oi ng was carri ed out ever y hour usi ng a reference st andar d ( Spectral on, i.e., pol yt etrafl uor oet hyl ene). Each sa mpl e spectrum result ed from t he averagi ng of spectra acquired on t hree ali quot s of 2-mm si eved air-dri ed sa mpl es t hat had been oven-dri ed at 40 °C for at least 12 h.

3. Che mo met ri c anal yses 3. 1. Pretreat ment s

Bef ore anal yses, refl ect ance spectra were converted i nt o absor bance, whi ch was cal cul at ed as t he deci mal l ogarit hm of t he i nverse of refl ect ance (absor bance = l og10[1/reflect ance]). Several co mmon spectrum pretreat ment s were used, alone or i n conj uncti on, t o reduce baseli ne vari ati ons, enhance spectral feat ures, reduce t he particl e-si ze scatt eri ng effect, re move li near or cur vili near trends of each spectrum , and/ or re move additi ve or multi pli cati ve si gnal effect s ( Boys wort h and Booksh, 2007; St enber g et al., 2010): Savitsky-Gol ay smoot hi ng ( Smoo), centri ng ( Centr), st andard nor mal variat e ( SNV), 1 st -and 2 nd -or der detrendi ng ( D1, D2), 1 stand 2 nd -or der deri vati ve wi t h 11-or 31-poi nt gaps ( Der 111, Der 131, Der 211 and Der 231); Centr foll owed by D1, D2 or the deri vati ves menti oned (e. g., Centr D1, Centr D2 or Centr Der 111); SNV f oll owed by D1 ( SNVD1), D2 ( SNVD2) or t he deri vati ves menti oned (e. g., SNVDer 111); D1 or D2 foll owed by t he deri vati ves menti oned (e. g., D1Der 111); Centr D1 or Centr D2 foll owed by t he deri vati ves menti oned (e. g. CentrD1 Der 111); SNVD1 or SNVD2 f oll owed by t he deri vati ves menti oned (e. g. SNVD1 Der 111); and ra w absor bance spectra, w it h no pretreat ment, were also st udi ed ( Ra w). A ll pretreat ment s ai m at a mplifyi ng t he usef ul parts of spectra and at reduci ng irrel evant i nfor mati on. M ore specifi call y, most of t he pretreat ment s ai m at re movi ng additi ve and multi pli cati ve effects due t o li ght scatt eri ng and at enhanci ng spectral feat ures (e. g., SNV, detrendi ng and deri vati ves) but usi ng different appr oaches and w it h different results [START_REF] Ri Nnan | Revi e w of t he most common pre-pr ocessi ng techni ques for near-i nfrared spectra[END_REF][START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]. Theref ore, co mbi ni ng spectral pretreat ment s is a common practi ce and has oft en proven usef ul [START_REF] Ri Nnan | Revi e w of t he most common pre-pr ocessi ng techni ques for near-i nfrared spectra[END_REF][START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]Ghozali deh et al., 2013). In t ot al, 46 spectrum t ypes were st udi ed, i ncl udi ng 45 t ypes of pretreat ed spectra and ra w spectra ( Fi g. S1). O t her common spectrum pretreat ment s, such as multi pli cati ve scatt er correcti on ( MSC) and conti nuu m re moval, wer e not i ncl uded i n t his set of pretreat ment s. Indeed, t he for mer corrects spectra from trends measured over t he sa mpl e spectrum set so that t he correct ed spectrum of a gi ven sa mpl e changes accor di ng t o t he sa mpl e set t o whi ch it belongs, whi ch may co mpli cat e t he use of M SC ( Boyswort h and Booksh, 2007). The l atter has most generall y been used for refl ect ance but not absor bance spectra, especi all y i n re mot e sensi ng st udi es [START_REF] Cl Ar K | Refl ect ance spectroscopy: Quantit ati ve analysi s techni ques for re mot e sensi ng appli cations[END_REF][START_REF] Cong | Retri eval of soil organic car bon based on bi -conti nuu m re moval co mbi ned w it h ort hogonal partial least squares[END_REF].

The distri buti ons of C and N cont ent s and EC were ske wed, w it h ske wness coeffi ci ent s reachi ng 2. 4, 3. 1 and 4. 2, respecti vel y ( Tabl e 1). As nonnor mal distri buti ons ha mper st atistical pr ocedures, t he deci mal logarit hm i c transf or mati on (l og10) of t hese vari abl es was carri ed out t o try t o achi eve mor e normal distri buti ons [START_REF] Lobsey | RS-l ocal dat a-m i nes i nfor mati on from spectral li brari es t o i mpr ove local cali brati ons[END_REF][START_REF] Terra | Spectral li brari es for quantit ati ve anal yses of tropi cal Brazilian soils: Co mpari ng vis-NI R and m i d-I R refl ect ance dat a[END_REF]. Indeed, t he di stri buti ons of l ogC, l og N and l ogEC were much l ess ske wed, but t he distri buti on of l ogEC was still ske wed noti ceabl y (ske wness coeffi ci ents were 0. 5, 0. 7 and 1. 3 i n t he cali brati on set, respecti vel y). To docume nt t he effect of l og-transf or mati on, regression pr ocedures wer e perfor med on bot h C cont ent and l ogC, N cont ent and l ogN , and EC and l ogEC. Vari abl e transf or mati ons usi ng t he nat ural l ogarit hm (l n) and square root were also t est ed, but i n general, t hese transf or mati ons result ed i n poorer predi cti ons t han usi ng l og10 and w ill not be present ed.

3. Cali brati on and vali dati on sets

The set of 311 sa mpl es (after one sa mpl e was re moved as an outlier, cf. 2. 2) was di vi ded i nt o a cali brati on set for buil ding predi cti on model s and a vali dati on set t o test t hese model s. Thi s di sti ncti on bet ween t he cali brati on and vali dati on sets was based on princi pal component anal ysis ( PCA) perfor med on s moot hed (2 nd -or der Savit zky-Gol ay filteri ng, wi dt h 11) and t hen centred spectra usi ng t he R package Fact o M i ne R [START_REF] Lê | Fact o M i neR: An R Package for Mul ti vari at e Anal ysis[END_REF]. PCA condenses t he huge but redundant i nfor mati on carri ed by spectra (here absor bance at 2151 wavelengt hs) i nt o a s mall nu mber of lat ent vari abl es ( LVs) t hat are li near combi nati ons of absor bances, and LVs are built t o be ort hogonal one t o anot her (no redundancy) and t o expl ai n maxi mu m variance (t o represent at best spectral variabilit y). Then, t he Kennar d-St one al gorit hm [START_REF] Kennar D | Co mput er ai ded desi gn of experi ment s[END_REF] was appli ed to PCA scores to sel ect spectrall y represent ati ve sa mpl es for calibrati on usi ng t he R package soil.spec [START_REF] Sil A | Soil Spect roscopy Tool s and Ref erence model s. R package versi on 2[END_REF], and t he re mai ni ng sa mpl es were used for vali dati on. The Kennar d-St one al gorit hm has beco me ver y popul ar i n recent years for optimi zi ng t he spectral represent ati veness of calibrati on sa mpl es w it hi n a spectral li brar y [START_REF] Nocit A | Pr edi cti on of soil organic car bon cont ent by diffuse refl ect ance spectroscopy usi ng a l ocal parti al least square regressi on appr oach[END_REF][START_REF] Cl Airott E | Nati onal cali brati on of soil organi c car bon concentrati on using diffuse i nfrared refl ect ance spectroscopy[END_REF][START_REF] Lobsey | RS-l ocal dat a-m i nes i nfor mati on from spectral li brari es t o i mpr ove local cali brati ons[END_REF][START_REF] Li U | Appli cati on of spectrall y deri ved soil t ype as ancillary dat a t o i mpr ove t he esti mati on of soil or gani c car bon by usi ng t he Chi nese soil V i s-NI R spectral li brar[END_REF][START_REF] Li U | The i nfl uence of spectral pretreat ment on t he sel ecti on of represent ati ve calibrati on sa mpl es for soil organi c matt er estimati on usi ng V i s-NI R refl ect ance spectroscopy[END_REF]M our a-Bueno et al., 2019). Thi s al gorit hm is parti cularl y rel evant when t he li brar y refl ects t he vari abilit y of land covers and soil t ypes i n a gi ven area (e. g., regi on, count ry), as was t he case i n t he present st udy (cf. secti on 2. 1). Indeed, i n such cases, vali dati on results provi de realistic approxi mati ons of how accurat el y ne w sa mpl es from t his area woul d be predi ct ed usi ng t he li brar y. Thi s al gorit hm first sel ects t he pair of sa mpl es separat ed by t he l argest Eucli di an dist ance, t hen t he sa mpl e most di st ant from sa mpl es already sel ect ed, et c., until t he required nu mber of sa mpl es, here cali brati on sa mpl es, is reached. Due t o presuma bl y hi gh soil variabilit y, t he si ze of t he cali brati on set was set t o 249 sa mpl es (80 % ) and the si ze of t he vali dati on set t o 62 sa mpl es (20 % ).

3. 3. Regressi on pr ocedures

Thr ee regressi on pr ocedures were carri ed out, whi ch all i nvol ved PLSR: global PLSR; l ocall y wei ght ed PLSR; and PLSR by sali nit y cl ass, aft er cl ass discri m i nati on usi ng PLS di scri m i nant anal ysis ( PLSDA). A ll procedures were perfor med usi ng t he R package rnirs [START_REF] Lesnoff | Co mparison of l ocall y wei ght ed PLS strat egi es for regressi on and discri m i nati on on agr ono m i c NI R dat a[END_REF]. The PLS pr ocedure ai m s at condensi ng t he huge and redundant i nfor mati on carri ed by spectra i nt o a s mall nu mber of LVs t hat are: i) li near combi nati ons of absor bances, ii) ort hogonal one w it h anot her, and iii) built t o maxi m i ze t heir covari ance wi t h t he expl ai ned vari abl e (na mel y, C content, l ogC, N cont ent, l ogN, EC or l ogEC); t he l ast poi nt differs from PCA, whi ch ai m s at descri bi ng spectrum set di versit y (cf. 2. 3. 2), whil e PLS is a st ep i n t he regressi on or discri m i nation pr ocedure. Then, regressi on or discri m i nant anal ysis is carri ed out wi t h LVs. Gl obal PLSR is t he common PLSR pr ocedure. One predi cti on model is built usi ng all cali brati on sa mpl es and is t hen appli ed to all vali dati on sa mpl es ( Boys wort h and Booksh, 2007). Locall y wei ght ed PLSR (herei naft er call ed l ocal PLSR) buil ds one predi cti on model for each vali dati on sa mpl e i ndi viduall y and wei ght s t he contri buti on of cali brati on sa mpl es t o model buil di ng based on t heir spectral si m il arit y w it h t hat vali dati on sa mpl e ( Boys wort h and Booksh, 2007). Spectral si m il arity was cal cul at ed accor ding t o t he R correl ati on coeffi ci ent bet ween vali dati on and cali brati on sa mpl es. The wei ght s assi gned t o cali brati on sa mples were cal cul at ed accor di ng t o [START_REF] Lesnoff | Co mparison of l ocall y wei ght ed PLS strat egi es for regressi on and discri m i nati on on agr ono m i c NI R dat a[END_REF] usi ng equati on 1:

w = exp[-u / SD( u)]
Equati on 1 wher e w is t he wei ght, exp is t he exponenti al functi on, SD is t he st andar d devi ati on, and u is a para met er defi ned accor di ng t o equati on 2:

u = d / max( d)
Equati on 2 wher e d measures spectral dissi m il arit y cal cul at ed accor di ng t o equati on 3, and max( d) is its ma xi mu m over t he cali brati on set:

d = [0. 5  (1 -R)] 0. 5
Equati on 3 wher e R is t he correl ati on coeffi ci ent bet ween a gi ven vali dati on sa mpl e and each cali brati on sa mpl e.

In additi on, wei ght s assi gned t o cali brati on sampl es were also cal culat ed accor di ng t o equati on 4 i nst ead of equati on 1:

w = exp[-u / 2SD( u)]
Equati on 4

Ho wever, t he predi cti on results usi ng bot h wei ght functi ons di d not differ much; mor eover, t hose achi eved w it h equati on 1 were bett er i n general t han t heir count er parts usi ng equati on 4 ( whi ch gave rel ati vel y l ower wei ght t o t he cl osest nei ghbours when co mpared t o equati on 1), so it di d not see m usef ul t o present t he results achieved usi ng equati on 4. PLSR by cl ass first i nvolved PLSDA t o predi ct t he sali nit y cl ass of vali dati on sa mpl es ( Saltvs. Salt +) usi ng t he PLSDA-l m pr ocedure of t he rnirs package (l m for li near model; [START_REF] Lesnoff | Co mparison of l ocall y wei ght ed PLS strat egi es for regressi on and discri m i nati on on agr ono m i c NI R dat a[END_REF]. Thi s procedure i nvol ved t he creati on of t wo du mmy vari abl es (e. g., t he resulti ng Salt + vari abl e obt ai ned the val ue 1 for Salt + sa mpl es and 0 for Salt-sa mples); PLSR was t hen used t o predi ct t he cl ass correspondi ng t o t he dummy vari abl e for whi ch predi cti on was t he hi ghest (e. g., if Salt + predi cti on yi el ded 0. 9 and Salt-predi cti on 0. 1, t he sampl e was cl assifi ed as Salt +). Then, for each soil propert y consi dered ( C cont ent, l ogC, N content, l ogN, EC and l ogEC), gl obal PLSR built w it h all cali brati on sampl es from a gi ven salinit y cl ass ( Salt -or Salt +) was appli ed to validati on sa mpl es bel ongi ng t o t his cl ass accor di ng t o PLSDA. Theref ore, for each vari abl e ( C, N and EC), t hree regressi on pr ocedures (gl obal, l ocal and by cl ass) were test ed w it h 46 spectrum t ypes and possi bl e vari abl e l og-transf or mati on (cf. 2. 3. 1).

What ever t he pr ocedure (gl obal PLSR, l ocal PLSR or PLSDA), rando ml y sel ect ed fi vef ol d cr oss-vali dati on w it h 10 repli cat es was perfor med on t he cali brati on set, and t he nu mber of LVs t hat m i ni m i zed t he root mean square error of cross-vali dati on ( RMSECV) was consi dered opti mal and sel ect ed. W hen a predi cti on yi el ded a negati ve val ue, it was repl aced by zer o. A ll t he st eps of t he che mo me tric anal yses are summarized i n Fi g. 1.

Fi g. 1. D i agra m of t he mai n st eps foll owed i n t his st udy. NLV i s t he nu mber of lat ent vari abl es. The dar k-backgr ound boxes refer t o dat asets and t he whit e-backgr ound ones t o pr ocesses.

3. 4. Eval uati on of predicti on model perfor mance

The para met ers used for assessi ng t he goodness of fit of predi cti ons were as foll ows:

-t he root mean square error ( RMSE), eit her calcul at ed over t he cali brati on set i n crossvali dati on ( RMSECV) or over t he vali dati on set (R MSEP); -t he bi as, whi ch is t he mean resi due over t he validati on set; -R² bet ween predi cti ons and obser vati ons cal cul ated over t he cali brati on set i n cross-vali dati on ( R² CV) or over t he vali dati on set ( R² VAL); -RPD, whi ch is t he ratio of st andar d devi ati on t o RMSE, on eit her t he cali brati on set or vali dati on set ( RPDCV and RPDVAL, respecti vel y); [START_REF] Chang | Near-i nfrared refl ect ance spectroscopy-pri nci pal component s regressi on anal yses of soil properties[END_REF] Reference data processing C content using or not log; N content using or not log; EC without log -RPI Q , whi ch is t he rati o of i nt erquartile range (i. e., difference bet ween t he t hird and first quartiles; I QR) t o RMSE ( RPI QCV, RPI QVAL) and has been reco mmended inst ead of RPD f or vari abl es t hat do not follo w a nor mal distri buti on ( Bell on-M aurel et al., 2010). For PLSDA, ot her performa nce para met ers were consi dered: -sensiti vit y, whi ch is t he proporti on of sa mpl es correctl y assi gned t o a cl ass (i n % of t he set); -specifi cit y, whi ch is t he pr oporti on of sa mpl es correctl y i dentifi ed as not belongi ng t o t he cl ass consi dered (i n % ; A lt man and Bl and, 1994).

2. 3. 5. Co mparisons bet ween sets and bet ween model perfor mances Si m il arit y bet ween t wo spectra can be eval uat ed usi ng t he coeffi ci ent of det er m i nati on ( R²), and si m il arit y bet ween two spectrum sets can be eval uat ed by average R² over all possi bl e pairs of spectra made of one spectrum from each set. Theref ore, spectral si m i larit y bet ween t he cali brati on and vali dati on sets, whi ch depended on t he spectrum t ype (ra w or pretreat ed spectra), was eval uat ed usi ng t he average R² bet ween ever y cali brati on and vali dati on spectru m . To eval uat e t he cali bration nei ghbour hood of vali dati on sa mpl es, t he number of cali brati on spectra t hat were correl ated t o each vali dati on spectrum wit h R² ≥ 0. 95 was also consi dered. For a gi ven vari abl e, t he average RMSEP cal cul ated usi ng all 46 t ypes of spectra was co mpar ed bet ween t he different regressi on pr ocedures usi ng St udent's paired t-test when t he RMSEP di stri buti on was nor mal or t he W il coxon si gned rank sum t est ot her w i se after nor malit y was eval uat ed w it h t he Shapiro-W i l k t est. In t he sa me way, for a gi ven regressi on pr ocedure, t he average RMSEP over t he 46 t ypes of spectra was co mpared bet ween predi cti ons usi ng t he l ogtransf or mati on of t he consi dered vari abl e or not.

Res ults and di scussi on

1. Ref erence dat a

Tabl e 1 present s t he distri buti ons of t he t hree st udied vari abl es, na mel y, C and N cont ent s and EC, w it hout and w it h l og-transf or mati on, i n t he cali brati on and vali dati on set s. The obser ved C and N cont ent s were l ow, w it h respecti ve means and SDs a mounti ng t o 4.3 ± 3. 2 gC kg -1 and 0. 34 ± 0. 24 gN kg -1 for t he whol e dat aset; mor eover, t he obser ved C and N cont ent s wer e hi ghl y correl at ed ( R = 0. 95), whi ch confir med t heir organi c nat ure (dat a not sho wn). W hen consi deri ng bot h sali nit y cl asses, t he distri buti on of obser ved C and N cont ent s ( mean, medi an, SD and I QR) was quit e si m il ar i n t he cali brati on and vali dati on sets but w ith a w i der range i n t he cali brati on t han i n t he vali dati on set ( mostl y for N cont ent). However, t heir distri buti on and range per sali nit y cl ass wer e quit e different between t he cali brati on and vali dati on dat asets, parti cul arl y i n Salt + ( mean and SD were 5. 6 ± 5.0 vs. 2. 3 ± 1. 6 gC kg -1 and 0. 44 ± 0. 35 vs. 0. 21 ± 0. 14 gN kg -1 , respecti vel y). For bot h C and N cont ent s, medi ans di d not differ much i n general bet ween Salt-and Salt + i n t he cali brati on set; however, i n t he vali dati on set, Salt + sa mpl es had t w i ce s maller medi an C and N cont ent s t han Salt-sampl es. Co mpar abl e obser vati ons were made for t he mean, alt hough a sli ght difference was also obser ved i n t he cali brati on set (25-29 % lo wer i n Salt-t han i n Salt + for bot h vari abl es). The rel ati ve SD (i. e., rati o of SD t o mean; RSD, expressed i n % ) was sli ghtl y l ower i n Salt-t han Salt +: for bot h C and N cont ent s, it was 68 % vs. 80-90 % i n t he cali brati on set and 51-63 % vs. 65-70 % i n t he vali dati on set for Salt-vs. Salt +, respecti vel y. This i ndi cat ed hi gher het erogeneit y but w it hout syst e mati call y l ower values of C and N cont ent s i n Salt + t han i n Salt-, in accor dance w it h [START_REF] Pankhurst | Capacit y of fatt y aci d pr ofil es and substrat e utilizati on patt erns t o descri be differences i n soil m i cr obi al communiti es associ at ed wi t h i ncreased sali nit y or al kali nit y at t hree l ocations i n Sout h Australia[END_REF], who st udi ed vari abl y salt-affect ed soils from different Australi an regi ons and di d not fi nd any li near (negati ve) correl ati on bet ween soil organi c C cont ent and EC f or t heir whol e dat aset.

Tabl e 1. D i stri buti on of C and N cont ent s and EC bef ore and aft er l og-transf or mation i n cali brati on and vali dati on sets accor di ng t o sali nit y cl asses. Salt-corresponds t o unsalt ed or sli ghtl y salt y sa mpl es and Salt + t o medi u m t o hi ghl y salt y ones ( EC ≤ vs. > 2 mS cm -1 ). NTot al , NSalt-and NSalt + are t he nu mber of sa mpl es i n t ot al, Salt-and Salt + sets, respecti vel y. SD is t he st andar d devi ati on, IQR t he i nt er quartile range (difference bet ween t hird and first quartiles) and Ske w t he ske wness. A ll para met ers have t he sa me unit as t he soil pr opert y consi dered, except ske wness (unitless).

Soil propert y Set

Cali brati on Vali dati on 

(N Tot al =249; NSalt-=214; NSalt + =35) (N

l ogN

Bot h -1. 1 -0. 6 -0. 5 0. 3 0. 2 0. 3 0. 7 -1. 0 -0. 5 -0. 5 0. 1 0. 2 0. 3 0. [l og10(gN kg -1 )] Salt--1. 0 -0. 6 -0. 5 0. 3 0. 2 0. 3 0. 9 -0. 8 -0. 5 -0. 4 0. 1 0. 2 0. 2 0. Salt + -1. 1 -0. 5 -0. 5 0. 2 0. 3 0. 6 0. 1 -1. 0 -0. 8 -0. 7 -0. 2 0. 2 0. 3 0.

l ogEC Bot h -2. 4 -1. 6 -1. 2 1. 5 1. 0 1. 0 1. 3 -2. 1 -1. 4 -0. 9 1. 5 1. 1 1. 6 0. [l og10( mS cm -1 )] Salt--2. 4
-1. 7 -1. 6 0. 1 0. 5 0. 6 1. 2 -2. 1 -1. 5 -1. 4 0. 1 0. 5 0. 5 1. Salt + 0. 3 0. 8 0. 9 1. 5 0. 3 0. 4 0. 2 0. 6 0. 9 1. 0 1. 5 0. 3 0. 4 0.

The obser ved EC showed much hi gher vari ati on i n Salt-t han Salt +: t he RSD of bot h t he cali brati on and vali dati on sets was 220-230 % f or Salt-vs. 70-74 % f or Salt +. M or eover, t he RS D al so differed i n t he t ot al set bet ween t he calibrati on and vali dati on sets: 298 % vs. 226 % , respecti vel y. Indeed, t he EC di stri buti on i n Salt + was quit e different between t he cali brati on and vali dati on dat asets. In contrast, t he EC distri buti on i n Salt-was si m il ar i n bot h t he cali brati on and vali dati on sets: 0. 1 ± 0. 2 mS cm -1 in each set. EC was measured i n a 1:5 soil: wat er extract, whi ch does not necessaril y represent act ual fi el d conditi ons but all ows co mparison bet ween sa mpl es under controll ed conditi ons. Thus, t he obser ved EC val ues present ed here coul d underesti mat e sa mpl e sali nit y under fiel d conditi ons, as t heir i nitial wat er content was not consi dered (Ma vi and M arschner, 2017).

The t hree vari abl es di d not have nor mal distri butions: t he ske wness val ue was syst e mati call y positi ve i n t he cali brati on and vali dati on sets, w it h many s mall val ues. The l og-transf or mati on decreased t he ske wness para met er cl ose t o zer o for all t hree vari abl es so t hat distri buti ons wer e mor e symmet ri cal ; t he l og-transf or mati on also allo wed t he distri buti ons per sali nit y cl ass t o be cl oser bet ween t he cali brati on and vali dati on dat asets. However, t he distributi on of l ogEC i n t he cali brati on and vali dati on sets (except for Salt+) was still ver y ske wed.

2. Predi cti on of t he soil el ectri cal conducti vity

The l og-transf or mati on of EC di d not i mpr ove its predi cti on, probabl y because t he distri buti on of l ogEC was still ver y ske wed; t hus, t he correspondi ng results w ill not be present ed.

2. 1. Sa mpl e discri m i nati on accor di ng t o EC cl ass

The PLSDA, built t o discri m i nat e soil sali nit y cl asses usi ng sa mpl e VNI R spectra, eit her ra w or pretreat ed, yi el ded accurat e results: i n vali dati on, syst e mati call y 100 % of t he Salt -sa mpl es wer e correctl y discri m i nated, and on average over all 46 spectrum t ypes ( ±SD), 95. 2 % ( ±7. 5 % ) of t he Salt + sa mpl es were correctl y assi gned ( Tabl e 2). So me aut hors also showed accurat e di scri m i nati on of soil cl asses when usi ng VNI R spectra. 2014) also obser ved a strong correl ati on bet ween soil VNI R spectra and t axono m i c cl asses, whi ch was partl y expl ai ned by soil col our. In t he present st udy, t he noti ceabl e PLSDA effi ci ency coul d also be expl ai ned by t he effect of sali nit y on soil col our and t hus on spectrum absor bance [START_REF] Shahi D | Introducti on t o Soil Sali nit y, Sodi cit y and Di agnosti cs Techni ques, i n[END_REF]. Indeed, an effect of soil sali nit y on VNI R spectra has been report ed i n t he literat ure: W ang et al. ( 2018) report ed a negati ve correl ati on bet ween spectral absor bance and EC, whi ch was also t he case i n t he present st udy (dat a not shown); in contrast, [START_REF] Li | Correl ati on bet ween spectral charact eristi cs and physi coche m i cal para meters of soda-sali ne soils in different st at es[END_REF] found a positi ve correl ati on bet ween soil spectral absor bance and salt concentrati on. These contradi ct or y results coul d har dl y be expl ai ned by t he predo m i nance of different salts bet ween t he st udi ed soils si nce sodi um i ons were predomi nant i n t he soils st udi ed by [START_REF] Li | Correl ati on bet ween spectral charact eristi cs and physi coche m i cal para meters of soda-sali ne soils in different st at es[END_REF] and Wa ng et al. ( 2018), whil e sulfat e i ons were predo m i nant i n t he soil sa mpl es of t he present st udy [START_REF] Sadi O | Pédogenèse et Pot enti alités Foresti ères des Sol s Sulfat és Aci des Sal és des Tannes du Si ne Sal ou m[END_REF]. Ho wever, t he presence of salts can vari abl y affect ot her soil charact eristi cs, such as t heir co mpositi on or struct ure, and t hus i ndirectl y modi fy soil spectra [START_REF] Shahi D | Introducti on t o Soil Sali nit y, Sodi cit y and Di agnosti cs Techni ques, i n[END_REF][START_REF] St Enber G | V i si bl e and Near Infrared Spectroscopy i n soil sci ence[END_REF]. W hil e t he discri m i nati on of Salt-sa mpl es was perfect, regar dl ess of t he pretreat ment, the discrimi nati on of Salt + sa mpl es was sli ghtl y affect ed by t he pretreat ment used. Indeed, 10. 9 % of t he 46 t ypes of spectra led to i ncorrect discri m i nati on for ver y fe w Salt + vali dati on sa mpl es (onl y t hree or four, dependi ng on t he spectrum t ype consi dered). In contrast, 89. 1 % of t he spectrum t ypes l ed t o perfect or nearly perfect (i. e., onl y one miscl assified sa mpl e) di scri m i nati on for t his cl ass. In t ot al, four sampl es were pot enti all y mi scl assifi ed, whi ch differed accor di ng t o spectrum t ype: t hey had EC bet ween 3. 7 and 6. 8 mS cm 

2. 2. Predi cti on of EC

For each EC cali brati on procedure w it hout l og-transf or mati on (gl obal, local, by cl ass), t he results t hat yi el ded t he l owest RMSEP are present ed i n Tabl e 3 and Fig. 2, whil e Fi g. 3 co mpares RMSEP a mong t he t hree cali brati on procedures. The most accurat e EC predi cti on was obt ai ned w it h a gl obal model (usi ng SNVD1; RMSEP = 1. 9 mS cm -1 ), whil e t he best predi cti ons achi eved w i t h l ocal PLSR ( usi ng SNVD2 Der 111) and PLSR by cl ass (usi ng Der 131) were less accurate ( RMSEP = 2. 1 and 2. 3 mS cm -1 , respecti vel y; Table 3 and Fi g. 2). Thus, common PLSR (i.e., gl obal PLSR) was appr opri at e for EC predi ction. W hen averaged over all 46 spectrum t ypes consi dered, l ocal PLSR yi el ded t he l owest RMSEP (2. 4 ± 0. 2 mS cm -1 ), cl ose but si gnifi cantl y l ower than gl obal PLSR ( 2. 5 ± 0.3 mS cm -1 ), whi ch itself was si gnifi cantl y l ower t han PLSR by cl ass (2. 8 ± 0. 2 mS cm -1 ; Tabl e 3 and Fi g. 3). EC i n Salt + sa mpl es was more accurat el y predi cted when cali brati on was carri ed out on bot h Salt-and Salt + sa mpl es t han on Salt + sa mpl es onl y ( Fi g. 2). Thi s coul d be expl ai ned by t he s mall nu mber of Salt + sampl es i n t he cali brati on set, whi ch li m it ed t he predi cti on accuracy of t he model by cl ass [START_REF] Kuang | Infl uence of the nu mber of sa mpl es on predi cti on error of vi si bl e and near i nfrared spectroscopy of sel ect ed soil properti es at t he far m scal e[END_REF]. In contrast, EC i n Salt-sa mpl es was mor e accurat el y predi ct ed when onl y Salt-sa mpl es were used for cali brati on, probabl y because of t he het erogeneit y pr ovi ded by t he additi on of Salt + sa mpl es, w it h a cl ust eri ng effect (Fi g. 2; St enber g et al., 2010). To our knowl edge, no study has focused on EC (1: 5 soil: wat er) predi cti on i n vari abl y saltaffect ed soils usi ng VNI RS, but predi cti ons achieved for Salt-sa mpl es wer e co mparabl e t o t hose report ed i n t he literat ure for t he sa me cl ass. [START_REF] Dunn | The pot enti al of near-i nfrared refl ect ance spectroscopy for soil anal ysisa case st udy from t he Ri veri ne Pl ai n of sout heast ern Australia[END_REF] st udied t opsoil sa mpl es ori gi nati ng from sout hern Ne w Sout h W al es ( Australia), w it h vari abl e text ure but l ow EC (< 1. 8 mS cm -1 ); usi ng global cali brati on, t hey achieved RPDVAL = 1. 2, whi ch is comparabl e t o t he results of t he present st udy for Salt-sa mpl es ( RPDVAL = 1. 3 on average and up t o 1. 4; Tabl e 3). Isl a m et al. ( 2003) st udi ed EC predi cti on usi ng ultravi ol et and VNI RS (250-2500 n m) i n unsalt ed and sli ghtl y salt y soils ( EC < 1. 5 mS cm -1 ) i n Ne w Sout h Wal es and sout heast Queensl and ( Australia) and achi eved RPDVAL = 1. 0. Concer ni ng t he Salt + cl ass, W ei ndorf et al. ( 2016) used VNI RS for predi cti ng EC i n salt-rich sa mpl es coll ect ed at several dept hs i n t he Monegr os regi on, Spai n (average EC = 5. 8 ± 3. 8 mS cm -1 ). They found 1. 6 ≤ RPDVAL ≤ 2. 0 and 2. 4 ≤ RPI QVAL ≤ 3. 0 usi ng support vect or regressi ons and penali zed spli ne regressi ons, whi ch is mor e accurat e than i n t he present st udy, possi bl y attri but ed t o t he mor e ho mogeneous EC di stri buti on i n t he sampl e popul ati on st udi ed by W ei ndorf et al. ( 2016) and t o t he li m it ed nu mber of Salt + sa mpl es i n t he present st udy. The i nt erpret ati on of EC predi cti on accuracy differed accor di ng t o t he perfor mance para met er t hat was consi dered. For t he t ot al vali dati on dat aset, RPDVAL and R 2 VAL suggest ed t hat t he model s were accurat e i n general, whereas RPI QVAL suggest ed t hat t he models were not accurat e ( Tabl e 3). Due t o t he very ske wed distri buti on of EC (l ogEC was still far from nor mal, cf. 2. 3. 1), t he I QR was ver y l ow and much s mall er t han SD , so RPI Q was also much s mall er t han RP D. Thi s was, however, not t he case i n t he Salt+ cl ass, but t he l att er i ncl uded fe w sa mpl es. Contradi cti on bet ween hi gh RPD and l ow RPIQ hi ghli ght ed t he diffi cult y of i nt er preti ng predi cti on results sometimes, and t he li m its of para met ers used for eval uating t he perf or mance of predi cti on model s for vari abl es t hat have ver y asy mmet ri cal and/ or cl ustered distri buti ons. For nonnor mall y distri buted vari abl es, Bell on-M aurel et al. ( 2010) reco mme nded consi deri ng RPI Q i nst ead of RPD and t hus referri ng RMSE t o I QR i nst ead of SD for eval uati ng model perfor mance; however, t his appr oach does not necessaril y lead t o easil y i nt erpret abl e results for ver y ske wed distri buti ons, as seen here. M or eover, st udyi ng EC i n bot h cl ust ers separat el y ( Salt-and Salt +) di d not necessaril y i mpr ove t he predi cti on results. On t he one hand, EC was ver y ho mogeneous i n Salt-sa mpl es: SD ( 0. 1 mS cm -1 ) and I QR ( 0. 0 mS cm -1 ) were ver y s mall, so RMSEP coul d har dl y be l ower. On t he ot her hand, t he nu mber of Salt+ sa mpl es was t oo s mall t o all ow accurat e predi cti on, as menti oned previ ousl y.

Tabl e 3. Cr oss-vali dati on and vali dati on results of VNI RS predi cti ons of el ectri cal conducti vit y ( mS cm -1 ) for each PLSR met hod i) usi ng ra w spectra; ii) usi ng t he spectrum t ype t hat m i ni m i zed R MSEP; iii) averaged over all 46 spectrum t ypes ( w ith SD). For PLSR by cl ass, vali dati on para met ers wer e cal cul at ed for i) t he tot al vali dati on set, ii) t he vali dati on sa mpl es predi ct ed as Salt-by PLSDA; iii) t he vali dati on sa mpl es pr edi ct ed as Salt + by PLSDA (t he si ze of Salt-and Salt + vali dati on sets depended on t he spectrum type, cf. Tabl e 2). Fi g. 2. M easured vs. predi cted EC ( w it hout l og-transf or mati on) and C and N cont ent s ( w it h and w it hout l og-transf or mati on) usi ng t he spectral t ype (a mong t he 46 t est ed) t hat m i ni m i zed RMS EP f or each PLSR (cf. Tabl e 6). The vertical axis title specifies when C and N cont ent s were predi ct ed after l og-transf or mati on ("usi ng l og"). Salt-corresponds t o unsalt ed or sli ghtl y salt y sa mpl es and Salt + t o me di u m t o hi ghl y salt y sa mpl es. The li ne represent s y = x.
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3 Predi cti on of soil organi c carbon cont ent

Tabl e 4 present s C content predi cti on results usi ng ra w spectra, usi ng spectrum t ypes t hat yi el ded l owest RMSEP, and on average over all spectrum t ypes, for the t hree cali brati on pr ocedures, w it hout l og-transf or mati on or usi ng log-transf or mati on, whil e boxpl ots present ed i n Fi g. 3 co mpare distributi ons of RMSEP over all spectrum t ypes accordi ng t o cali brati on pr ocedure and possi bl e log-transf or mati on of C cont ent. Usi ng l og-transf or mati on or not, t he best vali dati on results were obt ai ned wi t h PLSR by cl ass: wi t hout l og-transf or mation, t he l owest RMSEP was 1. 6, 1. 7 and 1. 9 gC kg -1 w it h PLSR by cl ass, gl obal and l ocal PLSR, respecti vel y; usi ng l og-transf or mati on, t he lo west RMSEP was 1. 3, 1. The model perfor mance coul d pr obabl y be i mproved by i ncreasi ng t he number of Salt + sa mpl es, whi ch was s mall. Indeed, t he positi ve effect of i ncreasi ng t he number of cali brati on sa mpl es on vali dati on accuracy has been report ed by several aut hors, eit her at t he l ocal scal e [START_REF] Lucà | Effect of cali brati on set si ze on predi cti on at l ocal scal e of soil car bon by V i s-NI R spectroscopy[END_REF] or nati onal scal e [START_REF] Cl Airott E | Nati onal cali brati on of soil organi c car bon concentrati on using diffuse i nfrared refl ect ance spectroscopy[END_REF], until an optimu m was reached, dependi ng on sa mpl e popul ati on di versit y.

Tabl e 4. Cr oss-vali dati on and vali dati on results of VNI RS predi cti ons of soil organi c car bon cont ent (gC kg -1 ) usi ng or not l og-transf or mati on for each PLSR met hod i) usi ng ra w spectra; ii) usi ng t he spectrum t ype t hat m i ni m i zed RMSEP; iii) averaged over all 46 spectrum t ypes (wi t h SD).
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4. Predi cti on of soil nitrogen cont ent

Pr edi cti ons of N cont ent wer e perfor med w it h t he three cali brati on pr ocedures, eit her usi ng l ogtransf or mati on or not. Tabl e 5 present s t he results achi eved usi ng ra w spectra, usi ng t he most appr opri at e spectrum t ypes (i. e., l owest RMSEP) and on average over all spectrum t ypes. In additi on, Fi g. 3 present s t he effects of t he calibrati on pr ocedure, spectrum t ype and l ogtransf or mati on on t he N cont ent predi cti on accuracy. W i t hout l og-transf or mation, t he t hree model s were not accurat e accor di ng t o [START_REF] Chang | Near-i nfrared refl ect ance spectroscopy-pri nci pal component s regressi on anal yses of soil properties[END_REF]RP D < 2) and pr ovi ded si m il ar RMSEP ( 0. 13 gN kg -1 ) when usi ng t he most appr opri at e pretreat ment. Nevert hel ess, PLSR by cl ass tended t o predi ct t he N cont ent of Salt + sa mpl es mor e accurat el y t han gl obal and l ocal PLSR ( Fi g. 2): despit e t he s mall nu mber of Salt + sa mpl es, t heir N cont ent predi cti on was t hus mor e accurat e usi ng onl y Salt + sa mpl es for cali brati on t han by usi ng bot h Salt-and Salt + sa mpl es, whi ch was not obser ved for C predi cti on of Salt + sa mpl es. Theref ore, t he VNI R spectral si gnat ure of sali nit y m i ght have an eff ect on N cont ent predi cti on, whi ch has not yet been report ed i n t he literat ure. Usi ng l og-transfor mati on, t he most accurat e predi cti ons were achi eved w it h l ocal PLSR (and SNVDer 211), yi el di ng R MSEP = 0. 10 gN kg -1 , RP DVAL = 2. 1 and RPI QVAL = 2. 0 and was t hus accurat e accor di ng t o [START_REF] Chang | Near-i nfrared refl ect ance spectroscopy-pri nci pal component s regressi on anal yses of soil properties[END_REF]. In contrast, t he most accurate predi cti ons achi eved wit h t he gl obal model and by cl ass yi el ded RPDVAL = 1. 7 and 1. 9, respecti vel y, so t hey were not accurat e accor di ng t o t his reference. Usi ng l og-transf or mati on or not, t he l owest mean RMSEP over all 46 spectrum t ypes was also obt ai ned w it h l ocal PLSR ( Tabl e 4; Fi g. 3).

For each cali brati on pr ocedure, t he l owest RMSEP and l owest mean RMSEP over all spectru m t ypes were obt ai ned w it h N cont ent l og-transf or mati on, as was also t he case for C. Ho wever, unli ke C cont ent, t he benefit of l og-transf or mati on tended t o concer n not onl y N-poor sa mpl es but also most sa mpl es poorl y predi ct ed w it hout l og-transf or mati on ( Fi g. 2). The benefit of l ogtransf or mati on on RMSEP f or a gi ven cali bration pr ocedure was not much l arger t han t he st andar d error of laborator y anal ysis (≈ ±0. 01 gN kg -1 ; ISO , 1998); alt hough si gnifi cant, t his benefit was t hus li m it ed in general. On t he whol e, t he benefit of l ocal PLSR usi ng l og-transf or med N cont ent values was noti ceabl e when co mpared w it h global PLSR usi ng N cont ent val ues (i. e., common procedure), eit her consi deri ng best results or averages over all spectru m t ypes. Because of t he ver y l ow N cont ent ( mean and SD wer e 0. 34 ± 0. 24 gC kg -1 over t he whol e dat aset), t he results obt ained i n t his st udy were necessaril y l ess accurat e t han t he results mostl y report ed i n t he literat ure (e. g., RPDVAL = 2. 8 and 4.0 for Chang and[START_REF] Chang | Near-i nfrared refl ect ance spectroscopi c anal ysis of soil C and N[END_REF]M or ón and[START_REF] Mor Ón | Det er m i nati on of pot enti all y m i neralizabl e nitrogen and nitrogen i n parti cul at e organi c matt er fracti ons i n soil by visi bl e and near-infrared refl ect ance spectroscopy[END_REF], who studi ed sa mpl e sets where t he N cont ent averaged 2. 8 and 5. 8 gN kg -1 , respecti vel y). Ho wever, for a t opsoil sa mpl e popul ati on ori gi nati ng from four sandy sit es i n nort h, central and sout h Bur ki na Faso and i n Congo-Br azzavill e, w it h N cont ent si m il ar t o t he N cont ent of t he present st udy ( mean and SD were 0. 37 ± 0. 20 gN kg -1 vs. 0. 34 ± 0. 24 gN kg -1 here), Bart hès et al. ( 2008) achi eved RPDVAL = 2.2 usi ng gl obal N I RS calibrati on (also usi ng spectrall y represent ati ve sa mpl es for cali brati on). Thi s result is comparabl e t o t he best predi cti ons achi eved i n the present st udy, usi ng local cali brati on but bett er t han gl obal PLSR predi cti ons achi eved here, possi bl y because Bart hès et al. ( 2008) st udi ed unsalt ed soils.

Tabl e 5. Cr oss-vali dati on and vali dati on results of VNI RS predi cti ons of soil nitrogen cont ent (gN kg - 1 ) usi ng or not l og-transf ormati on for each PLSR met hod i) usi ng ra w spectra; ii) usi ng t he spectr u m t ype t hat m i ni m i zed RMSEP; iii) averaged over all 46 spectrum t ypes ( w it h SD).
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Vali dati on Fi g. 3. D i stri buti on of RMSEP over t he 46 spectrum t ypes for t he t hree vari ables and t hree PLSR pr ocedures, possi bl y usi ng log-transf or mati on for C and N cont ents. Verti cal li nes i nsi de boxes represent me di ans, red di a monds means. The bott om and t op of each box ar e first and t hird quartiles. Boxpl ot whi sker ends are eit her t he m i ni mu m and maxi mu m val ues when t hey were i ncl uded i n 1. 5 ti mes t he i nt er quartile range; ot her w i se, t he latter val ue was used (and t he m i ni mu m and/ or ma xi mu m poi nt s wer e represent ed out of t he boxpl ot). Lower-case l etters i ndi cat e si gnifi cant effects of l og-transf or mati on; and capit al letters i ndi cat e si gnifi cant effects of PLSR met hod, consi deri ng pr ocedures wi t hout and w it h l ogtransf or mati on separat el y (the si gnifi cance of differences was esti mat ed usi ng St udent's paired t-test for nor mal distri buti ons, M ann-W hit ney-W il coxon t est other wi se; p < 0. 05); "a" and " A" wer e assi gned t o hi ghest val ues.
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5. Eff ect of spectrum t ype on spect ral si m il arit y and vali dati on results

3. 5. 1. Effect of spectrum t ype on spectral si m il arity bet ween cali brati on and vali dati on sets The R² coeffi ci ent was used t o eval uat e t he si m il arit y bet ween cali brati on and vali dati on sa mpl e spectra (e. g., [START_REF] Shenk | Investi gati on of a LOCAL cali brati on pr ocedure for near i nfrared i nstrument s[END_REF], whi ch depended on spectrum t ype (ra w or pretreat ed spectrum ). Tabl e 6 shows: i) t he average R² bet ween t he cali brati on and vali dati on spectra, and ii) t he average nu mber of cali brati on nei ghbours ( R² > 0. 95) per vali dati on sa mpl e, bot h consi deri ng t he spectrum t ype t hat yi el ded t he best vali dati on results for each PLSR pr ocedure and vari abl e.

For predi cti ons w it hout log-transf or mati on, t he most accurat e gl obal PLSR were achi eved w it h pretreat ment s t hat resulted i n strong spectral simi l arit y bet ween cali brati on and vali dati on sa mpl es: SNV f or C and N cont ent s and SNVD1 f or EC (average R 2 = 0. 95; 172 and 154 spectral nei ghbours on average, respecti vely). Thi s result see med l ogi cal because all cali brati on spectra have the sa me wei ght when buildi ng gl obal PLSR, whi ch is si m il arl y appli ed t o all vali dati on sa mpl es. For l ocal PLSR w it hout l og-transf or mati on, t he best predi cti on of C cont ent was achi eved w ith SNV, whi ch result ed i n strong spectral si m il arit y bet ween cali brati on and vali dati on sa mpl es, whil e t he best predi cti ons for N cont ent and EC wer e achi eved w it h SNVD2 Der 131 and SNVD2 Der 111, whi ch resulted i n l ower si m il arit y (average R² = 0. 85-0. 87; 51-52 cali brati on nei ghbours on average In contrast, usi ng l og-transfor mati on of C and N cont ent s, t he most accurat e gl obal model s were obt ai ned w it h D2, whi ch split t he t ot al set bet ween cali brati on and vali dati on sa mpl es (average R 2 = 0. 73; 34 cali brati on nei ghbours on average). St r ong spectral si m il arit y bet ween cali brati on and vali dati on sa mpl es bei ng no l onger required suggest ed t hat l og-transf or mati on of C and N cont ent s woul d make gl obal cali brati ons easi er. The best l ocal PLSR f or C cont ent was obt ai ned usi ng Centr, whi ch yi elded hi gh spectral si m il arit y (average R² = 0. 95 and 172 cali brati on nei ghbours on average, as was also t he case w it hout l og-transf or mati on but usi ng SNV), whil e t he best l ocal PLSR f or N cont ent was obt ai ned wi t h SNVDer 211, whi ch yi el ded l ow spectral si m il arit y (average R² = 0. 80 and 10 cali brati on neighbours onl y on average, i.e., l ower t han for its count er part w it hout l og-transf or mati on). In li ne w it h previ ous consi derati ons, t he N spectral si gnat ure was suggest ed t o be even cl earer usi ng log-transf or mati on. The best model by cl ass for C cont ent was obt ai ned w it h SNVDer 131 (as was also t he case w it hout log-transf or mati on), whi ch yi el ded i nt er medi ate spectral si m il arit y, whi le t he best model by cl ass for N cont ent was obt ai ned w it h SNV, whi ch yi el ded hi gh spectral si m il arit y (hi gher t han for its count er part wi t hout l og-transf or mation). In li ne w it h previ ous consi derati ons, w it h l og-transf or mati on, opti m i zi ng t he t hree st eps of PLSR by cl ass was suggest ed t o still require a ki nd of co mpr o m i se for C (as was t he case w i t hout l og-transf or mati on: i nt er medi at e spectral simi l arit y) but not for N ( hi gh si m il arit y). Over all, t he best predi cti on for C cont ent was achi eved w it h PLSR by cl ass and l ogtransf or mati on usi ng a pretreat ment t hat yi el ded i nter medi at e si m il arit y between cali brati on and vali dati on sa mpl es. The best predi cti on for N content was achi eved w it h local PLSR and l ogtransf or mati on usi ng a pretreat ment t hat yi el ded l ow si m il arit y. Fi nall y, the best EC predi cti on was achi eved w it h gl obal PLSR wit hout l og-transfor mati on usi ng a pretreat ment t hat yi el ded hi gh si m il arit y. The best predi cti ons of C cont ent required l og-transf or mati on and were achi eved w it h cali brati on by cl ass using SNVDer 131, SNVD1 Der 131, SNVD2 Der 131 ( RMSEP = 1. 3-1. 4 gC kg -1 ), SNV and Der 131 (1. 4-1. 5 gC kg -1 ), but ver y good predi cti ons were also achi eved wi t h l ocal cali brati on using Centr and SNV ( RMSEP = 1. 4-1. 5 gC kg -1 ). Co mpari ng t he effects of pretreat ment s regar dl ess of whet her l og-transf ormati on was used l ed t o contrasti ng obser vati ons. For gl obal cali brati on of C cont ent, a gi ven pretreat ment most oft en yi el ded co mparabl e perfor mances w it h or w it hout log-transf or mati on, eit her good ( Centr, SNV, D1 and D2), poor (2 nd -order deri vati ves) or i nt er medi at e ( SNVD1 and SNVD2). The trend was si m il ar but less mar ked for l ocal cali brati ons of C and N cont ent s, but t he pretreat ment s t hat yi el ded good or poor predi cti ons were not necessaril y t he sa me as for gl obal cali brati on of C cont ent. Ho wever, t he trend t ended t o be opposite for t he gl obal cali bration of N cont ent: a maj orit y of pretreat ment s t hat yi el ded good predicti ons w it h l og-transf ormati on yi el ded poor predi cti ons w it hout l og-transf or mati on. The sit uati on was i nt er medi at e for cali brati on by cl ass of C and N cont ent s, w ith co mparabl e pr oporti ons of pretreat ment s t hat yiel ded si m il ar ki nds of results and opposit e kinds of results w it h and wit hout l og-transf or mati on. Dependi ng on t he vari abl e and cali brati on pr ocedure, t he vari ati on of predi cti on results accor di ng t o spectrum t ype m i ght be hi gh or l ow ; t hus, pretreat ment opti m i zati on was so meti mes cruci al and someti mes not cruci al, whi ch has rarel y been reported i n t he literat ure. The RSD of RMSEP over all 46 spectrum t ypes was t he l owest, 5 % , for C and N cont ent s i n gl obal PLSR wit h l og and for N cont ent i n l ocal PLSR wit hout l og: in such conditi ons, pretreat ment sel ecti on was not trul y cruci al (e. g., for gl obal C cont ent cali brati on w it h l og, 1. 7 ≤ RMSEP ≤ 2. 1 gC kg -1 ). The RSD of RMSEP was 7-8 % f or C and N cont ent s i n gl obal PLSR and for EC i n l ocal and per-cl ass PLSR, all wi t hout l og. The RSD of R MSEP was 9-10 % i n l ocal PLSR f or C content w it h or w it hout l og and for N cont ent w it h l og, whi ch yi el ded t he best N cont ent predi cti ons. The RSD of RMSEP was 11-13 % f or EC i n gl obal PLSR, whi ch yi el ded t he best EC predicti ons, and for C and N cont ent s i n PLSR by cl ass, all w it hout l og; and for C cont ent i n PLSR by cl ass w it h l og, whi ch yi el ded t he best C content predi cti ons. The RS D of RMSEP was 15% f or N cont ent i n PLSR by cl ass w it h l og: i n such conditi ons, sel ecti ng an appr opri at e pretreat ment was decisi ve. The RSD of RMSEP was even > 60 % f or EC wit h l og, what ever t he PLSR: here, avoi di ng an i nappr opri at e pretreat ment was i ndispensabl e ( Fi g S1). The RSDs of RPDVAL and RPI QVAL were generall y cl ose t o the RSD of RMSEP ( dat a not shown). Thus, t he best predi cti ons of C and N cont ent s and EC wer e achi eved w it h cali brati on pr ocedures t hat pr oduced rat her hi gh vari ati on i n predi cti on results dependi ng on spectrum t ype (9 % f or N and 12 % f or C and EC). Act uall y, t he effect of pretreat ment t ended t o be l ess decisi ve i n general i n gl obal cali brati on t han i n cali brati on by cl ass: the RSD of RMSEP ranged from 5 t o 8 % f or t he for mer, except 12 % for EC, vs. 11-15 % f or t he l att er, except 7 % for EC. The effect of pretreat ment was i nt er medi ate i n l ocal cali brati on (8-10 % except 5 % f or N cont ent). Thi s result mi ght be due t o t he larger effect of pretreat ment s when fe wer sa mpl es are used for cali brati on: thi s was t he case i n cali brati on by cl ass (onl y cali brati on sa mpl es fro m t he cl ass consi dered were used) and t o some ext ent i n l ocal cali brati on (onl y cali brati on nei ghbours had a noti ceabl e contri buti on). Thi s effect has been partl y report ed by [START_REF] Li U | The i nfl uence of spectral pretreat ment on t he sel ecti on of represent ati ve calibrati on sa mpl es for soil organi c matt er estimati on usi ng V i s-NI R refl ect ance spectroscopy[END_REF], who st udi ed t he effect of cali brati on set si ze on SOM predi cti on usi ng si x pretreat ment s: t hey obser ved t hat pretreat ment affect ed predi cti on accuracy onl y when fe wer t han 70-80 sa mpl es were used for cali brati on (gl obal cali bration here). Thi s effect m i ght also be i nferred from co mparisons bet ween st udi es t hat i nvol ved sampl e sets of different si zes and t est ed several pretreat ment s (e. g., w it h gl obal PLSR, Cl airott e et al., 2016, on a set of > 3800 sa mpl es, achi eved best VNI RS predi cti ons of organi c C content j ust usi ng a movi ng average on 10 bands, whil e Vasques et al., 2008, on a set of ca. 550 sampl es, achi eved t he best VNI RS predi cti ons of l ogC usi ng deri vati ves). M or eover, i n cali bration by cl ass, m i scl assificati on ( whi ch m i ght concer n up t o four sa mpl es; Tabl e 2) coul d i ncrease t he vari abilit y of predi cti on accuracy dependi ng on pretreat ment. M our a-Bueno et al. ( 2019) also obser ved t hat t he range of C cont ent predi cti on accuracy accor di ng t o VNI R spectru m pretreat ment vari ed bet ween t he four cali brati on pr ocedures t hey t est ed. The present study additi onall y shows that t he pretreat ment effect depended on t he studi ed soil propert y and its possi bl e l og-transf or mati on. 

Concl usi on

The present st udy eval uated t he effects of cali brati on pr ocedures (gl obal, local or per-sali nit y cl ass PLSR, i. e., for Salt-≤ 2 mS cm -1 vs. Salt+ > 2 mS cm -1 ), l og-transfor mati on of t he expl ai ned vari abl e, and spectrum t ype (46 were t est ed) on VNI RS predi ctions of t opsoil C and N cont ent s and EC at t he regi onal scal e i n vari abl y salt y soils of t he Sine Sal ou m area of Senegal. The best predi cti on of C cont ent was achieved w it h PLSR by cl ass appli ed to spectru m absor bance pretreat ed w i t h SNVDer 131 and usi ng l og-transf or mati on ( RMS EP = 1. 3 gC kg -1 , RP DVAL = 2. 5 and RPI QVAL = 2. 5). In contrast, t he best predi cti on of N cont ent was achi eved wi t h l ocal PLSR appli ed to spectrum absor bance pretreat ed w it h SNVDer 211, also usi ng l ogtransf or mati on ( RMSEP = 0. 10 gN kg -1 , RPDVAL = 2. 1 and RPI QVAL = 2. 0). The best EC predi cti on was achi eved w it h gl obal PLSR appl ied to spectrum absor bance pretreat ed w it h SNVD1, w it hout l og-transf or mati on ( RMSEP = 1. 9 mS cm -1 , RPDVAL = 3. 1 and RPI QVAL = 0. 4; t he latter was expl ai ned by t he domi nance of ver y sli ghtl y salt y sa mpl es). We mi ght, however, assu me t hat gl obal cali brati on woul d not necessaril y be the most appr opri at e pr ocedure for predi cti ng EC i n a sa mpl e popul ation w it h mor e Salt + sa mpl es. M or eover, t he di stri buti ons of l ogC and l ogN were al most sy mmet rical, hence t he usef ul ness of l ogtransf or mati on for predi cti ng t hese vari abl es; however, t he distri buti on of logEC was still ver y asy mmet ri cal, so l og-transf or mati on of EC di d not hel p its predi cti on. Spectrum pretreat ment affect ed predi cti on accuracy, but no pretreat ment yi el ded good predi ction results over all vari abl es and cali brati on pr ocedures; nevert heless, pretreat ment s w it h Der 131 ( 1 st -or der deri vati ve w it h a 31-poi nt gap) oft en yi el ded good predi cti ons, especi all y for C and N cont ent s, whil e 2 nd -or der deri vati ves yi el ded poor results i n general. Theref ore, no uni que procedure woul d opti m i ze VNI RS predi cti on of soil properties i n a het er ogeneous regi onal spectral li brar y: cali brati on appr oach as well as pr ocessi ng of expl anat or y and expl ai ned vari abl es must be t ail ored dependi ng on t he propert y and its di stri buti on, as hi ghli ght ed by t he results of t he present st udy; but also dependi ng on sa mpl e set si ze and di versit y, whi ch was not st udi ed here but has been suggest ed by ot her st udi es. Nevert hel ess, and i mportantl y, t he present st udy showed t hat accurat e predi cti on of t he soil sali nit y cl ass coul d easily be achi eved by PLSDA ( on average, over all spectr u m t ypes, 100 % and 95 % of Salt-and Salt + vali dati on sa mpl es wer e correctl y assi gned, respecti vel y). The present st udy also showed t hat accurat e VNI RS predi cti ons of C and N cont ent s and EC i n vari abl y salt-affect ed soils coul d be achi eved ( RPDVAL > 2) usi ng different co mbi nati ons of cali brati on pr ocedures and pr ocessi ng (i ncl udi ng pretreat ment and l og-transfor mati on).

  For exa mpl e, Li u et al. (2018) achi eved accurat e discri m i nati on of fi ve soil cl asses (0-20 c m dept h) st udi ed i n different provi nces of Chi na usi ng PLSDA based on VNI R spectra. Vasques et al. (

Fi g. 4 .

 4 Vari ati ons of RMSEP f or EC and C and N cont ent predi cti ons accor di ng t o PLSR pr ocedur e, spectrum t ype (24 spectrum t ypes, aft er 22 were removed, cf. subsecti on 3. 5.2) and possi bl e l ogtransf or mati on (results w it h l og-transf or mati on not present ed for EC, cf. subsecti on 3. 2).

  

  

  

  

Me di an Me an Ma x SD I QR Ske w M i n Me di an Me an Ma x SD I QR Ske w

  

							Tot al =62; NSalt-=48; NSalt + =14)	
	M i n C content Bot h 0. 8	3. 2	4. 2 20. 7 3. 2 2. 8 2. 4	1. 0	3. 9	4. 6 17. 0 3. 3 3. 3	1.
	(gC kg -1 )	Salt-0. 8	3. 2	4. 0 20. 7 2. 7 2. 7 2. 7	1. 5	4. 5	5. 3 17. 0 3. 3 3. 2	1.
		Salt + 0. 8	2. 9	5. 6 17. 9 5. 0 5. 9 1. 2	1. 0	1. 9	2. 3	7. 3 1. 6 1. 4	2.
	N content	Bot h 0. 08 0. 26	0. 34 2. 10 0. 25 0. 20 3. 1	0. 10 0. 31	0. 35 1. 20 0. 20 0. 20 1.
	(gN kg -1 )	Salt-0. 09 0. 26	0. 33 2. 10 0. 22 0. 19 3. 9	0. 15 0. 35	0. 40 1. 20 0. 20 0. 16 1.
		Salt + 0. 08 0. 30	0. 44 1. 43 0. 35 0. 48 1. 2	0. 10 0. 16	0. 21 0. 62 0. 14 0. 14 1.
	EC	Bot h 0. 0	0. 0	1. 4 29. 0 4. 1 0. 1 4. 2	0. 0	0. 0	2. 7 28. 6 6. 1 0. 8	2.
	( mS c m -1 )	Salt-0. 0	0. 0	0. 1	1. 2 0. 2 0. 0 4. 1	0. 0	0. 0	0. 1	1. 3 0. 2 0. 0	3.
		Salt + 2. 1	6. 9	9. 3 29. 0 6. 8 6. 4 1. 5	3. 7	8. 1	11. 5 28. 6 8. 0 9. 9	1.
	l ogC	Bot h -0. 1	0. 5	0. 5	1. 3 0. 3 0. 4 0. 5	0. 0	0. 6	0. 6	1. 2 0. 3 0. 4	0.
	[l og10(gC kg -1 )] Salt--0. 1	0. 5	0. 5	1. 3 0. 2 0. 3 0. 6	0. 2	0. 6	0. 7	1. 2 0. 2 0. 3	0.
		Salt + -0. 1	0. 5	0. 6	1. 3 0. 4 0. 6 0. 2	0. 0	0. 3	0. 3	0.9 0. 2 0. 3	0.

  -1 ; t hree of t he m had t he l owest EC i n t he Salt + cl ass. W e coul d t heref ore suppose, as report ed by[START_REF] Li U | Appli cati on of spectrall y deri ved soil t ype as ancillary dat a t o i mpr ove t he esti mati on of soil or gani c car bon by usi ng t he Chi nese soil V i s-NI R spectral li brar[END_REF], t hat dependi ng on spectrum t ype, t hese sa mpl es coul d have spectral charact eristi cs cl oser t o t he charact eristics of Salt-t han Salt + sampl es.

  Tabl e 2. Conf usi on matri x of PLSDA vali dati on for t he t wo sali nit y cl asses ( Salt-i.e. EC ≤ 2 mS cm -1 vs. Salt + i. e. EC > 2 mS cm -1 ) accor di ng t o t he spectrum t ype ( ST) consi dered. Smoo refers t o s moot hi ng; Centr t o centring; SNV t o st andar d normal vari at e; D1 and D2 to 1st-and 2nd-or der detrendi ng, respecti vel y; Der 111, Der 131, Der 211 and Der 231 t o 1st-and 2nd-or der deri vati ve w it h 11or 31-poi nt gaps, respecti vel y.

	ST	%S Ts wi t h si m il ar result	Pr edi c-ted sali nit y	Obser ved sali nit y Salt-Salt + (N Salt-=48) (N Salt +=14)	Tot al	Sensi-ti vit y ( % )	Speci-ficit y ( % )
	Centr, D1, D2, Centr D1, Centr D2, Der 111,	56. 5	Salt-	48	0	48	100. 0	100. 0
	Centr Der 111, D1 Der 111, D2Der 111,		Salt +	0	14	14	100. 0	100. 0
	Centr D1 Der 111, Centr D2 Der 111, Der 131,							
	Centr Der 131, D1 Der 131, D2Der 131,							
	Centr D1 Der 131, Centr D2 Der 131,							
	SNVD2 Der 131, Der 211, Centr Der 211,							
	D1 Der 211, D2 Der 211, CentrD1 Der 211,							
	Centr D2 Der 211, D2 Der 231, Centr D2 Der 231							
	Ra w, Smoo, SNV, SNVD1, SNVD2,	32. 6	Salt-	48	1	49	100. 0	92. 9
	SNVD2 Der 111, SNVDer 131, SNVD1 Der 131,		Salt +	0	13	13	92. 9	100. 0
	Der 231, Centr Der 231, D1 Der 231,							
	Centr D1 Der 231, SNVDer 231, SNVD1 Der 231,							
	SNVD2 Der 231							
	SNVDer 111, SNVD1 Der 111	4. 3	Salt-	48	2	50	100. 0	85. 7
			Salt +	0	12	12	85. 7	100. 0
	SNVDer 211, SNVD1 Der 211, SNVD2 Der 211	6. 5	Salt-	48	4	52	100. 0	71. 4
			Salt +	0	10	10	71. 4	100. 0
	Tot al	100. 0						
	Me an over all STs		Salt-	48. 0	0. 7	48. 7	100. 0	95. 2
	(and SD)			(0. 0)	(1. 1)	(1. 1)	(0. 0)	(7. 5)
			Salt +	0. 0	13. 3	13. 3	95. 2	100. 0
				(0. 0)	(1. 1)	(1. 1)	(7. 5)	(0. 0)

  7 and 1. 4 gC kg -1 , respecti vel y. Bett er vali dati on results w it h PLSR by cl ass t han w it h gl obal and l ocal PLSR see med t o result mai nl y from bett er predi cti on on C-rich sa mpl es, whi ch wer e Salt-sa mpl es i n general (Fi g. 2). The sa me result was found when RMS EP was averaged over t he 46 spectrum t ypes, usi ng l og-transf or mat i on or not ( Tabl e 4; Fi g. 3), whi ch coul d be attri but ed t o hi gher sa mple set ho mogeneit y all owed by cali brati on by cl ass i n bot h cali brati on and vali dati on. Indeed, Brunet et al. (2007) reported t hat N I RS predi cti on accuracy i ncreased when soil C and N content cali brati ons were built and appli ed to text urall y ho mogeneous sa mpl e sets. Li u et al. (2018) also report ed bett er soil organi c C cont ent predi cti on w it h model s built and appli ed by soil type t han usi ng t he whol e spectral li brary ( RMSEP decreased by 11 % ). eit her consi deri ng best results or averages over all spectrum t ypes. The most accurat e predi cti on of C cont ent, usi ng PLSR by cl ass, l og-transf or mati on and SNVDer 131, yi el ded R MSEP = 1. 3 gC kg -1 , RPDVAL = 2. 5 and RPI QVAL = 2. 5, whi ch, accor ding t o[START_REF] Chang | Near-i nfrared refl ect ance spectroscopy-pri nci pal component s regressi on anal yses of soil properties[END_REF], was accurat e ( RPDVAL > 2). Under such conditi ons, RMSEP was 24 % l ower t han t he l owest RMSEP obt ai ned wi t h gl obal PLSR ( usi ng D2 wit h l og-transf or mation or SNV wit hout l og-transf or mati on; Table4), whi ch is a hi gher difference t han t hat report ed by[START_REF] Li U | Appli cati on of spectrall y deri ved soil t ype as ancillary dat a t o i mpr ove t he esti mati on of soil or gani c car bon by usi ng t he Chi nese soil V i s-NI R spectral li brar[END_REF] when co mpari ng PLSR by soil t ype and gl obal PLSR i n Chi nese pr ovi nces. O t her st udi es t hat addressed VNI RS or NIRS predi cti on of sandy topsoil C cont ent at t he regi onal scal e used gl obal cali brati on i n general and achi eved results comparabl e t o t hose achi eved w it h t hi s

Bett er predi cti on usi ng cali brati on by sali nit y class coul d additi onall y be expl ai ned by t he positi ve correl ati on bet ween soil sali nit y and soil moi st ure, even i n dri ed sampl es

[START_REF] Na War | Esti mati on of soil sali nit y usi ng t hree quantit ati ve met hods based on visi bl e and near-i nfrared refl ectance spectroscopy: a case st udy from Egypt[END_REF]

, as het erogeneous soil moi st ure can i mpact C cont ent predi cti on accuracy ( A ll or y et al., 2019). Mor eover, regar dl ess of t he cali brati on pr ocedure, t he l owest RMSEP was obt ai ned usi ng vari abl e l og-transf or mation, whi ch i n parti cul ar all owed l ow C cont ent val ues t o be bett er predi ct ed ( Tabl e 4; Fi g. 2). The mean RMSEP over all 46 spectrum t ypes was also s mall er usi ng l og-transf or mati on, regar dl ess of t he cali brati on pr ocedure. Indeed, t he l ogtransf or mati on of C content led t o less asy mmet rical vari abl e distri buti on and, i n particul ar, t o "ungr oupi ng" of C-poor sa mpl es, whi ch contri buted t o hi gher model accuracy ( Tabl e 1;

[START_REF] Lucà | Effect of cali brati on set si ze on predi cti on at l ocal scal e of soil car bon by V i s-NI R spectroscopy[END_REF] M our a-Bueno et al., 2019)

. On t he whol e, t he benefit of PLSR by cl ass usi ng l og-transf or med C cont ent val ues was noti ceabl e when co mpared w it h gl obal PLSR usi ng C cont ent val ues (i. e., common pr ocedure), pr ocedure i n t he present st udy (e. g., RPDVAL = 2. 3 for

[START_REF] Bart Hès | Det er m i ni ng t he distri buti ons of soil carbon and nitrogen i n particl e si ze fracti ons usi ng near-i nfrared refl ect ance spectrum of bul k soil sa mpl es[END_REF]

, for a sa mpl e popul ati on ori gi nati ng fro m f our sites i n Bur ki na Faso and Congo-Br azzaville; RPDVAL = 1. 9 for Ca mbul e et al., 2012, i n a 1000-k m ² area i n M oza mbi que, whil e RPDVAL = 1. 9 was achi eved i n t he present st udy).

  For PLSR by cl ass, t he nu mber of lat ent vari abl es is mentioned for PLSDA, PLSR for sampl es predi ct ed as Saltand PLSR f or sa mpl es predi cted as Salt +, respecti vel y ( w it h SDs i nt o bracket s when averaged over all spectru m t ypes)

	By	Ra w	9, 13, 8* 0. 65	0. 16	1. 6	1. 3	0. 68	0. 84	0. 01	0. 12	1. 7	1. 6
	cl ass	SNV	9, 15, 3* 0. 57	0. 17	1. 5	1. 2	0. 74	0. 83	0. 02	0. 11	1. 9	1. 8
	-												
	usi ng	Me an	6, 14, 8	0. 61	0. 16	1. 6	1. 3	0. 66	0. 91	0. 03	0. 14	1. 5	1. 5
	l og	( SD)	(2, 1, 4) *	(0. 07)	(0. 01)	(0. 1)	(0. 1)	(0. 09)	(0. 12)	(0. 01)	(0. 02)	(0. 2)	(0. 2)

*

  ). As t he cl osest cali brati on nei ghbours had t he hi ghest wei ght i n l ocal model buil di ng, t his difference i ndi cat ed t hat more cali brati on nei ghbours were required for predi cti ng C cont ent t han N cont ent and EC, suggesti ng t hat N and sali nit y m i ght have clearer spectral si gnat ures t han C. Thi s result is count eri nt uiti ve si nce t he C cont ent is much higher t han t he N cont ent in soils, so t hat a stronger spectral si gnat ure woul d have been expected for soil C t han for soil N . Ho wever, fe wer calibrati on nei ghbours wer e required t o achi eve t he best N predi cti on t han t he best C predi cti on, whi ch suggest ed t hat t he soil N si gnat ure was easi er t o cat ch. Thus, we mi ght hypot hesi ze t hat t he spectral si gnat ure of soil N was l ess dispersed t han t he spectral si gnat ure of soil C , i n accor dance w it h t he much s mall er che m i cal di versity of N co mpounds t han C compounds i n soils. The best PLSR by cl ass wi t hout l og-transf or mation were obt ai ned w it h spectrum t ypes t hat resulted i n i nt er medi at e si m il arit y bet ween cali brati on and vali dati on spectra: Der 131 for N cont ent and EC and SNVDer 131 for C cont ent (average R 2 = 0. 87; 59 spectral nei ghbours on average). Thi s result coul d be expl ai ned by PLSR by cl ass i nvolvi ng t hree separat e model s: i) PLSDA t o di scri m i nat e Salt-and Salt + sa mpl es; ii) specifi c gl obal PLSR f or sa mpl es predi ct ed as Salt-(built w it h Salt-cali bration sa mpl es); and iii) specifi c gl obal PLSR f or sampl es predi ct ed as Salt + (built w it h Salt + cali brati on sa mpl es). Thus, we m i ght hypot hesi ze t hat opti m i zi ng PLSR by cl ass required a ki nd of compr o m i se over t he three separat e model s. The best predi cti ons i n PLSR by cl ass were achi eved w it h spectrum t ypes t hat result ed i n i nt er medi at e si m il arit y bet ween cali brati on and vali dati on spectra, so we mi ght assume t hat such spectrum t ypes hel ped t o reach t his compr o m i se.

mbi nati on of PLSR and ST t hat m i ni m i zed RMSEP Average R 2 bet ween CAL and VAL Average nu mber of cali brati on nei ghbours wi t h R 2 > 0. 95 W i t hout vari abl e l og-transf or mati on

  Possi bl e reasons t hat woul d expl ai n t he pretreat ment effect on predi cti on results have rarel y been exa m i ned specifi call y; nevert heless,[START_REF] Li U | The i nfl uence of spectral pretreat ment on t he sel ecti on of represent ati ve calibrati on sa mpl es for soil organi c matt er estimati on usi ng V i s-NI R refl ect ance spectroscopy[END_REF] also obser ved an effect of pretreat ment on t he Kennar d St one sel ecti on of cali brati on sa mpl es based on spectral represent ati veness and t hus on predi cti on results. Effect of t he spectrum t ype ( ST) t hat m i ni m i zed RMSEP on spectral simi l arit y accor di ng t o i) average R² ( +/-SD) bet ween cali brati on and vali dation spectra ( CAL and VAL, NTot al = 249 and 62, respecti vel y); and ii) average nu mber of cali brati on nei ghbours ( +/-SD) per vali dati on spectr u m consi deri ng R² > 0. 95. RMSEP was cal cul at ed for gl obal, l ocal and per-cl ass cali brati on of C and N cont ent s and EC, possi bly usi ng t heir l og-transf ormati on (except for EC). Best predi cti ons are underli ned.

	Tabl e 6. Co SNV f or gl obal PLSR on C and N and l ocal PLSR on C	0. 95+/-0. 06	172+/-69
	SNVD1 f or gl obal PLSR on EC	0. 95+/-0. 05	154+/-63
	Der 131 for per-cl ass PLSR on N and EC	0. 87+/-0. 09	59+/-47
	SNVDer 131 for per-cl ass PLSR on C	0. 87+/-0. 09	59+/-47
	SNVD2 Der 111 for l ocal PLSR on EC	0. 87+/-0. 09	51+/-45
	SNVD2 Der 131 for l ocal PLSR on N	0. 85+/-0. 11	52+/-43
	W i t		

h vari abl e l og-transf or mati on

  ar pretreat ment s, regar dl ess of t he vari abl e or cali brati on pr ocedure (e. g., Centr bef ore anot her pretreat ment always yi el ded exactl y t he sa me result as t hat pretreat ment al one). A si m il ar fi gure w it h all 46 spectrum t ypes is presented i n Fi g. S1.

	Centr for l ocal PLSR on C	0. 95+/-0. 06	172+/-69
	SNV f or per-cl ass PLSR on N	0. 95+/-0. 06	172+/-69
	SNVDer 131 for per-cl ass PLSR on C	0. 87+/-0. 09	59+/-47
	SNVDer 211 for l ocal PLSR on N	0. 80+/-0. 11	10+/-12
	D2 f or gl obal PLSR on C and N	0. 73+/-0. 24	34+/-33
	3. 5. 2. Effect of spectrum t ype on predi cti on accuracy		
	The effect of spectrum t ype on predi cti on results invol ved aspect s ot her t han spectral si m il arit y

bet ween cali brati on and vali dati on sa mpl es. Fi g. 4 present s RMSEP f or each co mbi nati on model × vari abl e × spectrum t ype, and i n t he case of C and N cont ent s, eit her usi ng vari abl e l og-transf or mati on or not. Twent y-t wo spectrum types (out of 46) were removed because t hey al ways yi el ded predi cti on results si m il ar t o or slightl y worse t han t hose achi eved w it h ot her parti cul

  The best N cont ent predi cti ons also required l og-transf or mati on and wer e achi eved w it h l ocal cali brati on usi ng SNVDer 211 (and SNVD1 Der 211 and SNVD2 Der 211), Der 211 (and D1 Der 211 and D2 Der 211; Fi g. S1; RMSEP=0. 10 gN kg), SNV, D1 and SNVD1 ( 0. 11 gN kg -1 ). However, co mparabl e predi cti on results were also achi eved wi t h a model by cl ass usi ng SNV, SNVD1, SNVD2 and SNVD2 Der 131 (0. 11 gN kg -1 ). The best EC predi cti ons were achi eved w it h t he gl obal model usi ng SNVD1, SNV, Ra w and Centr ( RMSEP = 1. 9-2. 1 mS cm -1 ), but co mparabl e results were achi eved w it h t he l ocal model usi ng SNVD2Der 111 and Centr (2. 1 mS cm -1 ). No gi ven pretreat ment yi el ded good predi cti on results over all variables and cali brati on pr ocedures, but trends coul d be obser ved. For C and N cont ent s, eit her usi ng l og-transf or mati on or not, pretreat ment s w ith Der 131 oft en yi el ded so me of t he best predi cti on results for a gi ven cali brati on pr ocedure and never yi el ded poor results. In contrast, good predi cti ons of C and N cont ent s were rarel y achieved w it h pretreat ment s t hat i nvol ved Der 211 and Der 231. For EC, SNV al ways yi el ded good predi cti ons, whil e Der 211 (and D1 Der 211 and D2 Der 211; Fi g. S1) al ways yi el ded poor predicti ons.
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Suppl e me nt ary mat eri al

Fi g. S1. Vari ati ons of RMSEP f or EC and C and N cont ent predi cti ons accor di ng t o PLSR pr ocedure, spectrum t ype (46 were t ested) and possi bl e l og-transfor mati on. Ver y hi gh RMSEP achi eved f or EC pr edi cti on usi ng PLSR by cl ass and l og-transf or mation w it h Der 231, Centr Der231, D1 Der 231 and Centr D1 Der 231 have not been i ncl uded i n t he fi gure (R MSEP = 341, 011 mS cm -1 ).