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r IMRESSHHE (L)

15.4.4 SAURHMIEE

SAR, —A~THGHFHME SR AR KRR UK BB A REREL R
[Na™]

SAR = “—"DS
[Ca™ + Mg~ ]"

(15.2)

ef, PHES PR A] mmol/L #oR.

R HREREH T A0S F A (Bennett, 1988: Sumner %, 1998), {Hili% SAR AT 13 #ik
Jy AL 14 (Soil Science Society of America, 2001), 3 15.2 # PR 49267 SAR {f (SAR,), #if SAR
(SAR) {HHIAHEIM A, (O A B S FEEARE R FRJE (Kohut Al Dudas, 1994). BhHE T
FE R SRLE R B A TR AR AR 2, AT ACHRA P S IR A A I P R, UK IRIGEY
SAR {f 28R Ay FIWTEAL 1480 2 T H (Bohn %, 1979: Jurinak, 1990).

15.4.5 AIRMERE S L
ESP a] th L2k 1% Y SAR oH5:

o BB epaag (15.3)
[100—ESP] ®

Xh, K, & Gapon MEFFRE. K, S HHEVURTEM pH {24 (Curtin %, 1995), BN
0.015 (mmol/L) ™ (U.S. Salinity Laboratory Staff, 1954). —fZf#il F, B AHURSEAOPH & 72 fE
kg, AN Na 501 [ 4K

{Soil sampling and methods of analysis) ':

15.4.4 Sopbium ApsoreTioN RATIO

The SAR, a useful index of the sodicity or relative sodium status of soil solutions, and
aqueous extracts, or water in equilibrium with soil, is calculated as follows:

+
SAR = a)

—U (15.2)
[Ca®* + Mg

where cation concentrations are in mmol L',

168 Soil Sampling and Methods of Analysis

Soils with SAR values greater than 13 are considered to be sodic (Soil Science Society of
America 2001), although other critical values have been proposed (Bennett 1988; Sumner
et al. 1998). Equation 15.2 is often referred to as the practical SAR (SAR;), whereas
theoretical SAR (SAR;) values are calculated using the same equation but with free ion
activities instead of concentrations (Kohut and Dudas 1994). Since exchangeable cations are
difficult to measure in saline soils because of errors arising from anion exclusion or
dissolution of slightly soluble minerals, the SAR of soil aqueous extracts has become the
principal tool for diagnosing sodic soils (Bohn et al. 1979; Jurinak 1990).

15.4.5 EXCHANGEABLE SODIUM PERCENTAGE

ESP can be estimated from SAR based on the linear equation:

ESP
where K is the Gapon selectivity coefficient. The value of K has traditionally been taken as
0.015 (mmol L~")~%5 (U.S. Salinity Laboratory Staff 1954), though K can vary depending
on soil organic matter content and pH (Curtin et al. 1995). In general, the affinity of soils for
Na decreases as the contribution of organic matter to the cation-exchange capacity increases.

s



{The Nature and Properties of Soils) H':

Two expressions are commonly used to characterize the sodium status of soils. The ex-
changeable sodium percentage (ESP) identifies the degree to which the exchange complex
is saturated with sodium:

Exchangeable sodium, emol, kg

ESP = X 100 (10.6)
Cation exchange capacity, cmol, kg

ESP levels greater than 15 are associated with severely deteriorated soil physical proper-
ties and pH values of 8.5 and above. Figure 10.21 provides two example calculations of ESP.
The sodium adsorption ratio (SAR) is a second, more easily measured property that
is becoming even more widely used than ESP. The SAR gives information on the comparative
concentrations of Na', Ca”', and .\r!g"‘ in soil solutions. It is calculated as follows:
. [Na'} >
SAR = , T (10.7)
(0.5{Ca”"] + 0.5{Mg~" ]V~

where [Na'], [Ca”"}, and {.\'[g:'] are the concentrations (in mmol of charge per liter) of the
sodium, calcium, and magnesium ions in the soil solution. An SAR value of 13 for the solution
extracted from a saturated soil paste is approximately equivalent to an ESP value of 15. The
SAR of a soil extract takes into consideration that the adverse effect of sodium is moderated by
the presence of calcium and magnesium ions. The SAR also is used to characterize irrigation

water applied to soils (see Section 10.8).

ST RIS AL ER, R IR AN S IR B & . LR SRS EUR
[ & B —E KL (5. 1 IRIGHECH R TS, (AR AEEIEZ
Foth LS R AR E, AT PR 387K o RO AN ] o 438 o b A [ 777 5 s P )
T EAN A R RAFAEE T RN R (USDA, 1954) . [RIRT, Al 40 B A
TIEE R EAMFEE AR A5 E ' F B IR B R BN F A o]
RS ok, WS PRIREZ 5 X UE .

DNETHET AR, K TR Y SR A U PR 1) & 5 VEAE A bR v DA M P s 25
o XM &TTER G H TR (BRSO (ED 28 156 Bl e
A VA B A C & ( [n] MR. Carter (M.R.F4F) 2534, 2022).

4.3.3 53954k

LT A ST S ) DA B 3R B FR IS W — N R AR, R R ER
FEISTA] . SRAE R SRR FE DLACRE: it B0 AN IR T A P 22 5

TR ER B A X ek BRI DA K 3R RS SE M FE oy KA R, BHR%
Ffo GmilHE T B3 T RS AH ORI LR DL T SR ) e, 555
E PR 38 R A S & A 2 7k, 32 B DL SRR M O SRR AT 4 2
2, T AR M GER B s PR A 35 e A 2 A B AT VA AN

KTVEHTRFR I E, 275 T KEM TR 2808 A 2 A 1) 2 5CHR (Ray
R.Weil #1 Nyle C.Brady, 2016; Z={x[E F{x P45 1E, 2019; USDA, 1954;
L.A.Richards etal.(USDA), 1954; Wicke B, Smeets #il E , Dornburg V 4, 2011,
fifi+- 5., 2020; TD/T1043.1-2013)%%, KA MIRAE IELEELH T % ECe (&
) AR HIERRACFEE S B8N T 2 b ESP X /N EAR,  #l2 Py 4hH F E

12



SR ER AR R AR SRR B B R AR, AR 4 T AR AL

I R BE I 2 2 A A 2 [ B FEE DA AT ) 36 1B 26 S0 = U 65 1R 29 S 90 R T
(3R S-1) FEPR FE A% 5525 4F (The Nature and Properties of Soils)
(ZWE S-1). BI, it nhmt. Hik-sm Efmast (& S-1) (Ray
R.Weil #1 Nyle C.Brady, 2016; Z={x[EFREHER, 2019). XEEX 7 TIAE
FEFRER . Bl R, XARF & IV B R A .

e, RIS R O EOTEAEE N CE SIARMNA, R Z AR
WM AR BN E T Z VRS — . ERE R 21 O REHM (LR
Br) BE KB i —%, CL5H TSR0 R T, i+
(Ght. ERBEMED L trists e 2R 9-1, & 9-4) (1 H
F4, 2020),

xS 1 AEIRBEFHIRATHUREE SR

Table 1 Characterization of different types of salt-affected land and their sevenity levels (average for | m soil depth)

Seventy level
Type of
salt-affected land Indicator Shght Moderate High Extreme
Sodic ESP (“4) 15-20 20-30 30-40 >40
ECe/dS m' <4 <4 <4 <4
Saline ECe/dS m! 24 48 816 >16
ESP (") <I5 <15 <I5 <15
Salime-sodic ESP (%), ECe/dS m™! 15-20,4-8 15-20, 8-25; 15-20, >25; 20-30, >25;
20-30, 4-16; 20-30, 16-25; 30-40, >16;
0-40.4-8 30-40, 816 40-50, >8;
40-50.4-8 >50, >4

Royal Sodiety of Chemistry 2011 Energy Environ. Sci, 2011, 4, 2669-2681 | 2671

105 EHFEWITENSE
#F EC. ESP (G SAR) LIJe+5E pH, thisifbHEn LI iR+ . ik - @4
B FEE A F iR A KR SRR I+

S-1 EiHR M HIERY o A
(¥RkJE: Brady N C, Weil R R, Z={# [H 14 2 B £51%,2019)

TN K AR BGH H 3 % ECe ME N OB R, FEULM— FE AU . EX
gtk e B2 R 1. 5 LAKWRIEHR MBS X EC, A XA 1: 251K
FIR IR S EC 1. /KElE, FKEMBSBE S IRIGZ I, TIE
S VA TR B 52 H K EL T2 (Reitemeier, 1946), {HIXAREHIFEELRXT TR
FAEYIREHS S PR BT i 1 3SR U, AR RIK(USDA, 1954; S. Sonmez et
al, 2008).

HAE B 40 4R, EEBELRELT KERGm ARG, MR
F IR AN SR PR BRI L S A E N R A K S LIRS R — Tk
(USDA, 1954) o [RIDN-3E/K SRR A AT & T IR W & /K& R 3RE, Mfl -3 ek
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T AT 2 S AR B AR K b, FEREEUBI 260 T, Al i o 5 VA 1S B R 8 1 32
BB T FER R H st . AHEE TR 2 K R4 E, Rl 38 % 7 1%
5 IERKEE 1 REONE ). K2 H AR e 3 A K B 200 H TR HRF K
H W F Robbins Al Wiegand, 1990). I HAEWMT bt — Bt H ECe Fow
(USDA, 1954; 7KF|# %P, 1998; Weil R R, Brady N C., 2016; Z={f[H %
B, 2022) o BT WAV 75 TR B — s W (R A SIS HE TS, RN E 138 EC A
JARFERS, A2k = i HEE R oK (m 101, 1220 1:5). 7
s o N o 7 L = = ok A AR T 7 ey A N e i W SR eSS W Sy i a1
S, SRR EE ARG T, Ca” M S0, “IRFEE— & LKL W
TRFFAAS,  HoAth B 79K B2 38 B & #oREAE T T B (Robbins A1 Wiegand, 1990) .
FERE ) 87 ANSLEG % ml I I S Bl b, IR AN SRS IO (13.4%) 1)
PR AR 22 (RSD) A%, FEJG R 101 BUBRBUR (24.2%), 25 112 Mk
B (32.5%) (Wolf %%, 1996).

IR Y IR S OB 5 3 (ECe) J2 [l B bl F R AE 3 ER I 5%, '
(1) = B 02 AT DL B R A 2 e SR RE TR A K R o HAE A AR UE R
ARG RGNS, RS RS LR HBCRE R . RE SIS R S O 1)
fil % il — 7K b (an 5. 1) FLeshit 2, (HRATR RS EUE 2 H AL %
2 MR bR, AT A8 DR 38K R EAN [F] | 338 o b AS ] 177 32 1 XD o 7 A
5 S84 RAFAE 2= R R F E (USDA, 1954) o JFH, HSRER T s
WA E P EEERN A H., KU R,

TS EE (REDES S E) MHEYE R 2 B RIS KR E R A
A, fnib ARG D B 2t B A M S s E A A LR, Bl R
22 Z B0 1 RIS IR S RP A W RE kG 1 10 £ DL (USDA,1954). Jf H.,
RS AE [ — 3 & Eh B A I 1 AR A AN A S S A RIS, s
BB DL S R R g2 A A

K A AR S SR BOR I FE S ECe F N PPAG Eh Bl b e i A1 FH B T f ot AR
EPI s mAE s, ENWREANAH, o (hEERER) (RS, 1998),
(e bty (BB, 2020) & #a 0T HIEBEAR KRG E S
# ECe MMEMAEK ISR (W#E S-4) (Richards L A., 1965), LK (& E 5K HE
BETREFMY Ha B NS OKFIER g3, 36 H B R ER TREFM,
1998).

g b, FLEWEAERRDUK B SR (ECe)REGE LI B EYEKKEY
BT B & 2R R B 5 W . R AR AR HER R A SR 152K 55
RKIabreeB E HEM G RWF HBRRRER, HABERRLITERN.
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4.3.4 £V FI

WE B FIRFEE, BARKIRE A= iy R kA E. B
AT LA Al 2 R 7 Rt AR 2900 1427, 3 A SR B s Bt s T A 2
3500 I, VIZHuIX i Eh B A AV A = BRI HAGE AN RS, MARIEAT R
MV B2 6500 5 R SR 32 B A 7 P AL AR L EhIRIX,  FF R R HTE J1R
Ko EANZH/D TR BRI AN, SRR 7 2R —F B3I, R
FAANG 7= H ) 22 gt — 0 SR A0 AT T B SR A

R A E YRR X R K 2 R A KR P i, A AR X 3 KT 1)
AW m 2 B =N E Y A KA E I E R, BRI R EYISE T ANFEE
Yxt 353 R BBURSE B B R AN, 5% (5 2 2 ARt - S v A0 e SR BOGR HL 3 % ECe
{4 WAEYDmS SRV AT 7R, R UG, R SR AN £ 00 2 S R 4
(Z WL S-2). XEDEg LT E S-2 Fon i SR e ) OKFRRgw 3, EE
FREBE AT, 1998).

FE B SLIE (USDA, 1954) FIEIEERIHFFE A R (Maas, 19900 F+
e R K S ORI L 3 Z8 ECe M BT R 1) 38 38 BESHEY B s W s DLdEAT T A
[EbREE ISR b4y (3 W% S-2, % S-3) (USDA, 1954; Carter M R, Gregorich
E G. 2007; Carter M R, Gregorich E G, ZX{RE %58, 2022). % T H R EXHZARE
SRR FH)Z S RERIAE], AFRHER HAEAE S E RN, 455 e iR
N Wi 3244 2% (The Nature and Properties of Soils)  (Daniels, Lee W.et al,
2016) (UL S-3) JH A (L 540E) (FIRE%PE, 2019) (WK S-
4) &, B Ehm A RSB SE GO E Y S AR B AR HE TR AR 5 (R 2 A
IR A5 2 PR ER A R R D

H T AFEREVEAA A I 20, 2 b s 2 o AR R R it &
i, ANEREYZ BRI FERE . SRR BAAER R ZE R, UG EE H R
VEWD 2 D ER BRI FP SR AU o AR A B 6. DRI, AR BRUEATSF AN [ S5 40 1) 2h b
IR CAH TR OKFIE i, 356 H BB TAEF, 1998) K BA RN
A RKHEAREY) . RAEYD . MR SR BEAEY A i 25 1 8 R 1 o TRk
s C (JLF# C.1. C.2. C.3. M1 C4), LMETZSHkFE,
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Figure 10.22 Diagram
illustrating the classification of
normal, saline, saline—sodic,

and sodic soils in relation to

soil pH, electrical conductivity,
sodium adsorption ratio (SAR),
and exchangeable sodium
percentage (ESP). Alse shown are
the ranges for different degrees
of sensitivity of plants ta salinity.
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Electrical Conductivity and Soluble lons 167

TABLE 15.2 Crop Response to Salinity Measured as Electrical Conductivity
(EC) of the Saturation Extract

EC (dS m™" at 25°C) Crop response
0-2 Almost negligible effects
2-4 Yields of very sensitive crops restricted
4-8 Yields of most crops restricted
B-16 Only tolerant crops yield satisfactorily
=16 Only very tolerant crops yield satisfactorily

Source: Adapted from Bernstein, L., Ann. Rev. Phytopathol., 13, 295, 1975.
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B c.1 Fo K EIEY M i

[EE=N o o B U Rk
K (Barley) U1 5 (Cowpea) 7z 5 (Broad bean) 325 (Bean)
H3 7% (Cotton) 3 (Oats) %k (Corn) /KT (Rice ,paddy)
i 4£(Cotton) 41 1¢(Safflower) WP bk (Flax) Z K (Sesame)
/R E (Guar) 1= % (Sorghum) AT (Millet foxtail)
1 =Z(Sugar beet) K .(Soybean) 1E2E (Peanut)
/N (Triticale) /NZZ (Wheat) ‘H i (Sugarcane)
SR /N (Wheat ,semidwarf) i) H %% (Sunflower)
T A /N 37 (Wheat ,durum)
MR c.2 #4rFEAE AR 2h %
i b B Uk R
18 (Alkaligrass ,nuttall) | K22 (17 H)(Barley , forage) 75 (Alfalfa)
Tl B2 3R 11427 (Brome ,mountain) BB #i(Bentgrass)
(Alkali sacaton) #5 % (Canarygrass , reed) FAH X AL (Bluestem
¥ 2 #i (Bermudagrass) HAPE = 25 (Clover,hubam) angleton)
XUFEHL (Kallar grass) i AHE(Clover, sweet) JoT=# % (Brome ,smooth)
Vb A= #h i (Saltgrass EJRF (Fescue , tall) 2| B (Buffelgrass)
desert) HAJIF (Fescue, meadow) Hiuki (Burnet)
j(_it{E(Wheatgrass, HeZE B (Hardinggrass) e =r-Fi(Clover , alsike)
fairway crested) £ % (Panicgrass ,blue) W LK =
AR 2 2525 (Rape) (Clover ,berseem)
(Wheaf:gjkass fall) i 4 2 (Rescuegrass) % ¥ =1 % (Clover, ladino)
iy A | LI R A Clover 9
i %ﬁﬁ BORFE & H (Ryegrass . Italian) % — 5 (Clover,strawberry)

(Wildrye ,russian)

% 4F A B S B (Ryegrass, perennial)
7P+ 5 (Sudangrass)

A G KR (Trefoil, narrowleaf
birdsfoot)

WE T BKAR. (Trefoil, broardleaf
birdsfoot)

/N2 (% il ) [Wheat(forage)]

[ 4 /N 22 (1]
F)[Wheat,durum(forage)]

781 R 7 UK B (Wheatgrass,
Standard crested)

r i) {35 5 (Wheatgrass,
intermediate)
Il % B (Wheatgrass, slender)
gin-{lE 3 B (Wheatgrass, westen)
TP 5 (Wildrye, beardless)
HnE= KPR A (Wildrye,canadian)

[ =1 % (Clover, white Dutch)
Kt ) [Corn(forage)]

915 (1A H)[Cowpea(forage)]
FAe £ M (Dallisgrass)

4 HE (Foxtail , meadow)
2% EFEEL (Grame |, blue)

I JE 7 (Lovegrass)

=3 (Kildvetch. cicer)
e i (Oats , tall)

e (1 i) [Oats(forage)]

i35 (Orchardgrass)

=32 (17 FiT) [Rye(forage)]

FH 7 (Sesbania)

78 K3 5 (Siratro)

7 I (Sphaerophysa)

i B 5L (Timothly)

K45 (Trefoil, big)

38 ¥ %i & (Vetch, common)
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BR .3 A ARAAED IR itk

GED

PR

R R

% (Date palm)
R %6 (Guayule)
75 % 15K (Jojoba)

ToAe R (Fig)
A (Jujube)

MM (Olive)

75 AT\ (Papaya)
% 3 (pineapple)
A (Pomegranate )

B J#k (Castor bean)
481 %] (Grape)

@Bk (Almond)

35 (Apple)

75 (Apricot)

2% (Avocado)

3% (Blackberry)

& A il JB &£ (Boysenberry)
F I 7 B (Cherimoya)
Wi EH R (Cherry |, sweet)
2k (Cherry , sand)

%< JET(currant)

fit 3% (Gooseberry)

A1 4 1 (Grapefruit)

15 (Lemon)

P 7% (Lime)

HEAE(Loquat)

=4 (Mango)

% (Orange)

FEFIER (Passion fruit)
Bk-F(Peach)

Z4(Pear)

fili(Persimmon)

ORI B9 2=F-(Plum;  prune)
Fi(Pummelo)

F % (Raspberry)

Bk (Rose apple)
H&EWR (sapote,white)

£1 {7 (Tangerine)

PR c.a g AKRAEYI I #h

GED

i

o B Rk U

7 4 (Asparagus)

i (Artichoke)
ZIHES D (Beet, red)

JNTEFF A (Squash, zucchini)

1€ 25 H 15 (Broceoli)
#17H ¥ (Brussels sprouts)

‘H =% (Cabbage)

FEAB3E (Cauliflower)

F3Z(Celery)

T K (Corn, sweet)

# JIL(Cucumber)
¥ (eggplant)
SPIAH ¥ (Kale)

BRZ5H 3 (Kohlrabi)

B (lettuce)

i R (Muskmelon)

HHI(Pepper)
144 % (Potato)

P 7 (Pumpkin)

% s (Radish)
7% 2% (Spinach)

)R (Squash, scallop)

3¢5 (Bean)

HA%E I (Carrot)
FX#%(Okra)

74 (Onion)

KK YH B AL (Parsnip)
¥ 5 (Pea)

i % (Strawberry)
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H 2 (Sweet potato)
PU 4L Ali(Tomato)
75 (Turnip)

7 /R (Watermelon)
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