
CROP SALT TOLERANCE - CURRENT ASSESSMENT. 

E. V. Maas an d G. J. Hoffman 

U. S. Salinity Laboratory 

Agricultural R esearch Service 

U. S. Department of Agriculture 

P. 0 Box 672

Riv erside, California 92502 

Submitted to the Journal of. the Irrigation and Drainage Division> 

American Society of Civil Engin eers for publication. 

kailey.harahan
Typewritten Text
572



(;KU!' SALT 'JULEMNCL - ·CUKKENT i\SSEssr11:wr" 

E. V. Maas
1 

and G. J. Hof fman 2 , 11. ASCE 

INTRODUCTION 

Crop salt tolerance has usually been expressed as the yield de

crease expected for a g iven level of soluble salts in the root medium 

as compared with yields under nonsaline conditions (20, 152, 7, 26,

28, 61). However, salt tolerance is a relative value based upon cultural 

conditions under which the crop was grown. Salt tolerance lists published 

hy the U.S. Salinity Laboratory (152, 7, 26, 28) represent relative 

·tolerances when c rop s are grown under conditions simulating recommended 

cultural and �anagement practices for commercial production. Absolute

tolerances that reflect predictable inherent physiological responses 

by p]ants c �n n nt be dete rm ined because many interactions among pl ant � 

soil, v�trr, and environmental factors influence the p)Rnt's abiljty

tn tol era-re s al t . Useft1) qu�ntitnrive s�l t tnlerRncp dRta must account 

for these jnteracting fRrtnrs Anrl hr basPd tipon appropriate mens11rPS

nf soil snl inity and plant respons� . 
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A literatur� review reveals that a myriad o( experimental proce

dures have been used for determining salt tolerance. Experiments

have been conducted in soil
.
, sand, and water .cultures; in fields, 

small plots, greenhouses, and growth chambers; and under nearly every 

conceivable environmental condition. Salination methods vary as do 

ways of measuring and reporting salinity levels in the root medium. 

Likewise, plant response to salinity has been measured in several ways 

and at various stages of growth and development. In many experiments, 

important variables were either not controlled or not measured or 

reported. 

In spite of these problems, we have attempted to compile and noc

malize all available salt tolerance data from the past 30 years 

to present our best current assessment of the salt tolerance of 

agricultural crops. Included are only those data correlating plant 

response to the toral soluble salts in the root medium. Sodic soil

conditions, specific ion toxicities, 2nd nutri t ional effects are not

cons1dered here, but, if present, they must be taken into account.

PLANT RESPONSE TO SALINITY 

Although salinity affects plants in Many ways physiologically, 

overt injury symptoms seldom occur except under extreme salination. 

Salt-affected plants usually appear normal, although they are stuntec 

and may have darker green leaves which, in some cases, are thicker and more 

succulent. \.;loody species are en ex cept: ion since tox i c accumu1atiqnf. 

of Cl or Na �ay cause leaf burn, necrosis, and defoliation. t1os t herba

ceous plants cio nor exhibit leaf injury symptoms even though some accu-



mulate Cl and N,1 Ln levels as high as those causing injury in woody 

species. Occasionally, nutritional irnhalances caused by salinity 

produce specific nutrient-deficiency symptoms. 

The most common salinity effect is a general stunting of plant· 

growth. As salt concentrations increase above a threshold level both 

the growth rate and ultimate size of most plant species progressively 

decrease. Not all plant parts are affected equally, however, and any 

correlation between growth response and soil salinity must take this into 

account. Top growth is often suppressed more than root growth (47, 64, 

120, 17) . Salinity also increases the leaf-stem ratio of alfalfa, thereby 

influencing forage quality (94). 

The only agronomically significant criterion for establishing salt 

tolerance is the commercial crop yield. Too often vegetative growth 

response to salinity is not a reliable guide for predicting fruit or 

seed production. Grain yields of rice (131} and. corn (102) may be greatly 

reduc�d without appreciabJy affecting straw yield. With some other 
; 

crops, e.g., barley, wheat� cotton and some tolerant grasses, seed or 

fiber production are decreased much lef;S than vegetative growth (15, 

unpublished USSL data�. For root crops, storage-root yjelds may be de-

creased much more than that of tops or fibrous roots (15, 96). 

Although most plants respond to salinity as a functjon of the total 

osmotic potentjal of  soil �ater without regard to the salt species pres�nt 

(24), so�e herbaceous plants and most woody species are susceptible 

to specific ion toxicities. Because of these toxicities, yield losses 

o[ iruits and nuts are �enerally gieater than those predicteC from osmotic 

�ffprrs alone. Detailed dat2 on Cl and Na tolerances of these crops 



arc not available but tolerable levels causing yield reductions of 10%

or less are published (27, 132). 

ln some cases, salinity induces nutritio nal imbalances or defi

ciencies causing decreased growth and plant injury for which osmotic 

effects alone cannot account (25, 44). Blossom-end rot of tomato and 

pepper (64, 78), blackheart of celery (77), and internal browning 

of lett�ce (25) are all symptoms of Ca d eficiency which may o ccur in 

salirie soils characterized by high sulfate and low Ca levels_. Magnesium 

deficiencies, also caused by high sulfate levels, have been observed 

on s ev eral varieties of table grapes (65).

Obviously, the relationship between osmotic potential of the soil 

solution and crop yield is invalid under conditions in which specific 

ion effects are significant. Accordingly, corrections must be made 

for the additional detrimental effects. 

l!ETHODS OF SALilUTY l!EASUREl!ENT 

Tii.e parameter chosen to relate salinity to plant tolerance �ust 

correlate closely with plant growth and yield. Without specific ion 

effects, · growth reduction is primarily related to the os mo t ic p btential

of the soil solution in the root zone {44). Osmotic potenti al c•n be 

measured directly by freezing-point depression, vapor-pressure osmometers, 

or thermocouple psychrorneters, as is of ten done for sand and solution 

culture studjes; but, in general, these methods have not been adopted 

for soils. 

The most common rnetiiod of measuring soil salinity is to detenr:ine 

the electrical conductivity of saturation extracts (ECe) from the 

active root zone. Electrical conductivity (EC) is directly r elatec 



tu tli., concentration of soluble salts in tlie soil solution and within 

l imits to osmotic potential (1jl ) by the relati_onship, t = -0 . 3 6 EC. 0 . . 0 

Using EC was recommended because the saturation percentage is easily 
e 

and reproducibly determined in the l aboratory and is related to the 

field-moisture range of soils varying widely in texture (15 2 ) .  For 

many so.ils, the soluble salt concentration of the soil solution at fiel d

.capacity is about twice that a t  saturation. Nevertheless, salinity 

measurements obviousl y  would be more reliable if made on soil solutions 

i n  the field-moisture range. 

Some recent deve]opments in instrumentation now permit direct deter-

minations of electrical conductivity of soil water (ECsw). Two devices 

that allow rapid, reliable and non-destructive measurements are salinity 

sensors and four-electrode probes. Salinity sensorS permit in situ 

measurement of EC SW at a given location in a soil profile (143, 129). 

They function throughout the range of soil matric potential normally 

encountered in irrigated fields and respond adequately to salinity chang�s 

in the soil solution typically found in the field (157). The four-

electrode probe can also be used for assessing in situ soil salinity 

but requires a kno�ledge of water content, temperature, soil texture

and cation-exchange-capacity. Rhoades and Ingvalson (142) suggested 

that the relationship between soil conductivity and soil salinity be 

deternined for each soil type at a kno-wn water content and soil tempera-

ture. Once t.his rel ationship .is established, no further soil samples 

o� la boratory analyses are required. ln field practice. they recommend 

�easnring soil conductivity just after. an irrigation \..then water content 

is reasonably reproducible. The method is simple, rapid, and can be 

used for diagnosis, s urvey� and management practices (141). 



As implJrLanL as P1l!asuring tli" primary pan.meler to which the plant 

responds, is knowing where and when to make the measurement:.. Salt dis-

tribution in the soil usually varies in both space and time . Depending 

upon leaching f ract ion, sali nity profiles may be rather uniform and 

change relatively little with depth or they may be highly nonuniform 

with salinities varying from concentrations approximately that of the 

irrigation water near the soil surface to concentrations many times 

higher at the bottom of the root zone. As a result of evapotranspiration 

and drainage , the salt concentration also changes vith time b�tween 

irrigations; consequentl y , irrigation frequency influences the magnit ude 

0£ these changes . To minimize the ambiguity of interpreting results 

from nonu.niform salinity profiles -the salt tolerance data derived at 

th is Laboratory (152, 26, 28) were obtained from experiment s in artifi-

cially salinized field plots "t.."here salinity \,)'2.S maintained essential ly 

uniform with depth throughout the root zone by irrigating with different 

saline waters at high l eaching fractions. 

Applying these data to field conditions, where salinity di s tribution 

is neither unifonn nor constant , requires knowledge of plant response 

to salinity that varies with time and depth� Several studies support 

the hypothesis that plants respond to the me?.n salinlty of the root 

zone (146, 147, 53, 54, 106). lngval son , Rhoades, and Page (98) found 

that alfalf a vields correlated better with time-integrated EC than J s� 

with·the mean EC . 
e 

Others studies indicate that the effective salinity 

}Pvf?"l must be weight�d in fav.or of the l east saline zone. Lunin and 

Gallatin (113) found that salination of up to two-thir ds of the root 

zone with synthetic sea water had little effect on corn and tomato growth. 

Wai::.t::r uptc:.ke increased from nonsaline zones and decreased as salinity 

u 



•. 

in saline zones increased. ln another zonal salination experiment , 

Bingham and Garber (50) reported similar results for corn salinized

with NaCl and concluded that plants can tolerate excessive salinity

levels if an ade quate part of the root zone is relatively salt free.

Recently, Bernstein and Francois (�l), in a comprehensive leaching-

requirement study, found that alfalfa responded primarily to a weighted-

mean salinity based upon the amount of water absorbed with depth in

the root zone. Because water uptake is inversely related to salt con-

centration, more water is absorbed from the upper root zone and conse-

1 
quently, the weighted-mean salinity is influenced far more by the con-

centration of the irrigation water than by the higher concentration 

of the drainage water. 

If the response of all pl ants is governed primarily by the salinity

of the irrigation water rather than the average soil salinity, salt 

tolerance data obtained from uniform sal in ity profiles coul d be applied 

directly to nonunifonn conditions by using soil water salinities 

�easured in the zones of maxim�m water uptake . 

FACTORS INFLUENCING SALT TOLERANCE 

Perhaps the most difficult task in assessing crop salt tolerance 

j s accounting for the man}' factors that may i nfluence the p l ant's response

to salinity. Although the following l ist presents the salt tolerance of 

many crops as a simple f unction of EC � the relatirinship does not always e 

Salt tolerance depends upon many plant, soil, �ater and environ-



mental variables. Hopefully, a discussion of these interac ting · variables 

will caution both those using these data and those conducting salt toler-

ance investigations. 

Plant Factors 

Stage of Growth. Salinity affects plants at all s tages of develop

ment and, for some cropsy sensitivity varies from one growth stage to 

the ,n ext . Cereal crops seem particularly variable. Several studies 

show that rice is tolerant dur ing germination, becomes very sensitive 

during early seedling growth, and then becomes increasingly more tolerant 

with maturation (13Li, 131, 133, 100). Some disagr eement exists as to 

the sensitivity of rice during the flowering stage; Pearson and Bernstein 

(134) found that rice becomes sensitive again during pollination and 

fertil ization, whereas Kaddah � �- (104, 103) did not. Barley, wheat, 

and corn are also more sensit ive to salinity during emergence and early 

seedling growth than dur ing germination and later stages of growth and 

grain development (15, 14, 102). ln contrast, sugar beet and saffl ower 

are relatively sensitive during germination {18, 71,·70) . Soybean toler

ance may increase or d€crease from germination to later growth depending 

upon variety (2) . Of c ourse, separatin� effects due t o  growth stage 

fr om those due to duratlon of salination is importan t. The data of Lunin� 

Gal latin anCl Ba t chel der (11�), Kaddah and Fakhry (101), Kaddah and Ghowai1 

( 102) and l!eiri and Poljakoff-Jlayber (120) showed that plant response 

�as direc.tly related to duration of exposure to salinit:y. :Mos� USSL 

salt tolerance data were ob�ained from salinity treatments imposed after 

seedlings Yere established in nonsaline plots and do not necessarily 

apply to germination and early seedling stages. 



Varieties and Hoo ts tocks. Varietal differences, �tile not common, 

must be considered in evaluating crop salt tolerance. In stud ies con

ducted over the past 30 years at this Laboratory (152 , 26 , 
.
28), signi

fican t varietal diff erences were found for bermudagrass (see also (158)), 

bromegrass, and birdsfoot trefoil. Recently, varietal differences among 

several other crops have been reported by other investigators. The 

tolerance of rice v ar ieties varies widely according to Akbar, Yabuno, 

and Nakao (5) and Datta (60). Youngner , Lunt and Nudge (159) found 

substantial differences among varieties of c reeping bentgrass in their 

response to saline nutrient solutions. Variation may also exist among 

cultivars of barl ey (79) and wheat (151). Although most known varietal 

differences occur among species within the grass family (Gramineae) , · 

some variation has b een noted among the legumes (Leguminosae). Besides 

birdsfoot trefoil, variet).es of soybean (2) . and of berseem clover (121) 

respond differently to salin ity . Varieties of many crops today are 

developed from a much more diverse genetic base than in the past and 

this may lead to greater variability. 

Rootstock differences are an important factor in the salt tolerance 

of fruit tree and vine crqps. Fruit crops are not only sensitive to 

salinity � se but are particularlv susceptible to toxic effects of 

Na and Cl. \iari e t i es and rootstocks that differ in the absorption and 

transport of these ions have different salinity tolerances. Cooper 

(58, 59) found that the salt tolerance of avocado, grapefruit, and 

orange is closely related to the Cl acc umulation properties of the root

stocks. Similar effects of ·rootstocks on salt accumulation and tolerance 

• 



have been r e por t ed [or stone-fruit trees (3S). Large differences in 

the s alt tolerance o f  grap e varieties have been linked witl1 rootstock 

effects on Cl accum ulation (b5, 36, 81, 145). 

Soil Factors 

Fertility. Apparent salt tolerance may vary with soil fertility. 

The type.s of salinity-fertility interactions affecting interpretations 

of salt toleranc e data have been illustrated b y  Bernstein, Francois, 

and Cl ark (43). Crops grown on infertile soils generally have abnor

mally high apparent salt tolerance as compared with crops grown on fertile 

soils because yields on nonsaline soil are severely limited by i nadequate

fertility (139, 140, 111). Because salinity is not the limiting vari

able governing growth, the data are of l imited value. Obviously, proper 

fertilization would increase ab solute y ield s even though appa re nt relative 

salt tolerance is decre ased . Salt toleranc e data may be desired for

suboptimal conditions, however? where· fertj.lizers are ei.ther uneconomical 

or unavailable. 

Published list s of crop s al t tolerance based on data from this 

Lahoratory (152, 7, 26, 28) .,ere obtained under optimum fertility for 

nonsaline conditions. Unless salinity causes specific nutritional 

imbalances, addjt ) on al fertiljzation generally has ljttle ef fect or 

reduces salt tolerance. App arent decreases in sa l t tolerance with excess 

N applic ati ons have been r eported for corn and cotton (105)� rice and 

wheat (127), wheat (110), and spinach (109). No s ignifi can t ch ange 

in relative salt tolerance vas found for bean (112) or millet ., berseern 

clover, and corn (140, 138), when ex ces s N was applied. Bernst ei n � 

al. (43) concluded from sand c ulture studies that high N levels do not 



incrt<ai;c the salt Lolt<rance of wheat, barley, corn, or six vege table 

crops ( garden beet, broccoli, cabbage, carrot, lett uce , and onion). 

Ra rely , if ever, are P levels excessive in soil, even With heavy 

applications because P is adsorb ed or precipitated in the soil. High 

p levels in sand or water cultures, however, may aggravate salt i njury 

and decrea se salt tolerance. Bernstein� al. (43) reported a d ecrease 

in the salt tolerance of corn grown in sand cultures at sol uble P levels

of 16 a nd 64 mg/liter as compared with 1.6 mg/liter. The high P level

(16 to 24 mg/lit er) in the water culture study of Torres and Bingham

(151) may account for the decreased salt tolerance they reported for 

wheat. In s oil, m ost s tudies have verified that excess P applications

have no effect on salt tolerance (69, 110, 112, 105). Ravikovitch and 

coworkers (138, 139, 140), however, observed that high P levels can 

influence salt tolerance for some crops. 

Fewer studies have been conducted on the influence of exces sive 

K levels on salt tolerance, but high K levels do not seem to have a

significant effect (43, 111, 139). 

Soil Yater and ae ration . Immediately after irrigation, soil water

content is maximum and soluble salt concentration is minimal. _As water

is lost from the soil by evaporation and crop transpiration, most of 

the salts are excluded by the plant and left behind i n  a reduced volume 

of soil �ater.. The drier the soil becomes before the next irrigation,

the higher the average salt concentration for the irrigation cycle . 

Since plants tend to respond to the sum of the osmotic potential of 

the soil solution and the soil matric potential, the nore saline the 

soil '-1<3�er the more frequent the irrigations must be to minimize plan t 

water stress .. Also, since osmotic p otential is such a la rge .factor in



saline soils , the available wate r in a givl!n soil generally decreases as 

salinity increases • •  Frequent irrigation minimizes the influence of 

s oil matri c potential in salt tolerance studies. Hatric potential , 

of course, is not a factor in properly irrigated water- and sand-culture 

studies. However, e><trapolating the data obtained under steady s alinity 

conditions in these cultures to fluctua ting soil water contents in the 

field can be a major source of error. 

Another problem in evaluating s alt tolerance studies conducted 

on field soils may develop from a shallow water table. Deep-rooted 

plants may extract water from a sha l l ow water table and, depending upon 

the quality of water, plants may respond much di f feren t ly than expected 

from s a linity l evels in the soil profile. 

Excessive irrigation can cause poor soil aeration, p articularly 

in fine-textured soils. Low oxygen levels have interacted with salinity 

to affect shoot gro"'1:h of tomato (10) and wheat germination (3). 

Environmental Factors 

Climate may significantly influence plant response to salinity. 

Tempera tu re, atmospheric humidity, and air pol 1 ut ion have markedly inf 1 u

enced salt tolerance. Many crops seem less salt-tolerant when grown 

under hot, dr·y cond i tions than under cool., humid ones. On the other 

hand, air pollution incr�ases the apparent salt tolerance of oxidant 

sensitive crops. Since not all crops are affected equally, these envi-

ronmental factors must be considered when 2ssessing salr tolerance. 

l�gistad and coworkers (118) found that relacjve yields of 

al falfa, bean, beet. carrot, cotton., onion,. squash, and tomato w.1ere= 

depress_ed more in wann than in cool climates. Ahi and Powers (�) 



found similar results for alfa.lfa, stra wberry clover, and saltgrass. 

The salt tolerance ·of bean grown in a cool climate is significantly 

higher than when gr own under hot conditions (95). 

High atmospheric humidity tends to increase the salt tolerance of 

some crops (95, 96, 97). High humidity generally benefits salt sensitive 

crops m.ore than tolerant crops because increases in salt tolerance result 

in ·greater yield increases. 

A strong interaction between the effects of ozone, a major air 

pollutant, and salinity has been found in pinto bean, garden beet, and 

alfalfa. At ozone concentrations often prevalent in several agricultural 

areas, alfalfa yields may be increased by maintaining moderate but not 

detrimental salinity levels (94). Salinity also reduced ozone damage 

in pinto bean and garden beet, but effects are beneficial a.t salinity 

and ozone levels too high for economical produc tion (93, 126). These 

initial results indicate that the salinity-ozone interaction is commer

.
cially important for leafy vegetabJe and for2ge crops. Because some 

crops.are affected more by air pollutants when gro\.ffi under nonsaline 

rather than saline conditions, such crops may seem more salt-tolerant 

in areas with high air p ollution . 

SALT TOLERANCE EVALUATIONS 

Our current evaluation of the relative salt tolerance of agricultural 

crops is given in the Table. The alphabetical crop list provides two 

essential paramete�s sufficient for expressing salt tolerance: (1) the 

maximum allowable salinity without yield reduction below that of the 

nonsaline c ontr ol treatment and (2) the percent yield decrease per unit 

��Jinity increase beyond the threshold. All the salinity val ues ar e 

!j 



reported as J:(;e (in mmho/cm at 2�C) and roun de d tu two ,; ig nifica nt

d igits . A qualitative salt tolerance rating is also given for quick,

relative comparisons among crops. ·Th ese ratings are defined by the · 

boundaries shown in the Figure. The literature references upon '1hich 

these evaluations ar e based are also li.sted in the T abl e. 

The information for preparing this salt tolerance list was obtained

by reviewing 1) salinity related references listed in the Bibliography 

of Agric ultur e from 1950 to 1975; 2) all available published and "unpub-

lished information at the U.S. Salinity Laboratory including the Labora-

tory's Collaborators' Reports; 3) the references listed in individual·

salt tol er ance papers; and 4) result s requested from research personnel 

in the '1estern United States. In general, only those papers reporting 

measurements of both root-media salinity and crop yield were considered. 

Unfortunately, growth response had to be used for some tree and vine 

crops because of the lack of yield data. Experiments with�ut adequate 

con
.
trol of the factors influe nci ng salt tolerance and papers that f ailed

to ment1on these factors were not considered in the salt tolerance evalu� 

a ti ons . Some crops listed in the Table have only a q11alitative salt 

tolerance rating because of insufficient data for quantitative evaluation. 

For ease in interpretation� all salinity values �ere converted to the

same measure, ECe, and all yield data were pl ac ed on a relarjve basis 

��th the yield of the control treatment assigned a value of 100-

After evaluating the data for the various crops it became apparent 

that� in general, yield was not decreased significantly until a threshold 

salinity level was exceeded, and that yield decreased approximately 

linearly as salinity increased beyond the threshold. With some crops, 



e.g., bean , onion, clover, and pe p per, yield a pp roach ed zero asymptoti-

cally; with a few others, yi elds dec reased linear ly as salinity inc rea sed 

to a point above which the plants died and yields dropped sharpl y to 

zero. These deviations from linearity are of little concern, however, 

because they occur only in the l ower part of the curve where yields 

are c ommercially unacceptable. Nevertheless, sa lin ity values may be 

extrapolated fo r zero yield t o  estimate the maximum salinities that 

plants can to lerate for calculating leach in g requirements (41, 153). 

To obtain the numerical evaluations presented in the Table, least-

squares linear equat ions were fit to the data for each experiment for 

values b eyond the threshold salinity. In some cases, inclusion or 

exclusion of data required subjective judgment. When more than one 

experiment �as considered for detennining the salt tolerance of a 

cr op, the sl ope and intercept values for the various exp eriments were 

averaged. Because the salinity range studied in so�e experiments 

�as p o orly chosen, data from some exp er jrnents could only be used to 

establish thres}iold salinities and fr om others only to detennine slope. 

From the average regress:ion coefficients,. the salinity levels at initial 

yield decline and the yield decrease per unit salinity increase were 

computed. Relative yield (Y) f or any given so il salin ity exceeding the 
can be 

threshold (EC > A)/calculated by the equatio n e 

Y = 100 - B(ECe - A) Ill 

where A is the salinity threshold i n  mmho/cm and B the percent yield 

decrease per unit salinity increase. For example, alfalfa yields d ecrea se 



approximately 7.37. per mmho/cm when the soil salinity exceeds 2.0 

mmho/ cm; .therefore, at a soil salinity of 5.4 mmho/cm, th e relative 

yield, Y = 100 - 7.3(5.4 - 2;0) � 757.. 

Division boundaries for the salt tolerance ratings defined in the 

Figure were chosen to approximate the family of linear curves that 

represent the majority of the crops reported. Four divisions were 

labeled to correspond with previously published terminology ranging 

from sensitive to tolerant. With few exceptions the linear salt toler

ance curves for each crop remained within one division. Where the 

linear salt tolerance curve for a crop crossed division boundaries, the 

crop was rated based on its tolerance at the lower salinity levels 

where yields are commercially acceptable. 

A comparison of our salt tolerance evaluations with previously 

published data from this Laboratory (26, 28) revealed no major changes 

among the crops even though many evaluations included new and additionai 

experimental data. Only the tolerance of garden beet and bermudagrass 

ch anged significantly and both seem less tolerant than previously 

reported. The threshold salinities of field corn, grape, and spinach 

dropped slightly as compared with extrapolated values from Bernstein's 

evaluations (28); whereas threshold salinities of cotton, soybean, and 

wheat increased about one mrnho/cm. Several new crops were added t o  the 

list but quantative evaluations of a fe� others were not included 

because substantiating data were lacking. 

The accuracy and reliability of these evaluations are no better 

than the data used to make them and can only be refined by further · 

c�servation, experimentation and continued improvement of our experi

mental techniques. Hopefully, these comments will promote Yell-conducted 

and controlled experiments that vill provide additional salt tolerance 

data to improve and expand this list. 



SUMMARY

An extensive literature review of all available salt tolerance 

data was undertaken to evaluate the current status of our knowledge 

of the salt tolera nce of agricultural crops. In general, crops toler

ate salinity up to a threshold level above which yields decrease 

approximately linearly as salt concentrations increase. Our best 

estimate of the threshold salinity level and yield decrease per unit 

salinity increase is presented for a large number of agricultural 

crops. The methods of measuring appropriate salinity and ·plant para

meters to obtain meaningful salt tolerance data and the many plant,

soil, water and environmental factors influencing the plant's ability

to tolerate salt are discussed. 



Table. Sall tolerance ol agricultural crop5. 

:rop 

0alfa 
!edicago sativa 

nond c 
>runus amygdalus 

>le 
J-yrus malus 

:-icot c 
J-vrus armeniaca 

Jc ado c 

::iersea americana 

rley. (forage) d 
1.ordeum vulgare 

c • .  y (grain)d 

Jordeum vulgare 

::tn 

·s ' · i" 8 t a.1.1n LY a 
Initial Yield 

Decline 
(threshold) 

·(A) 
nunho/cm 

2.0 

1.5 

1.6 

6.0 

8.0 

>haseolus vulgaris 1. 0 

�t, gardene 

\etc -vulgaris 

1 tg rass 
\grostis palustris 

:-mudagrass f 
�vnodon dactvlon 

'ckberry 
lubus spp . 

.:rsenberry 
<ubus spp. 

)cldbean 
/icia faba 

4.0 

6.9 

1.5 

1.5 

1.6 

7. Yielcl 
Uecrease.pcr 

Unit Increase 
in Salinity 

Beyond Threshold 

(B) 
%/(mmho/cm) 

7.3 

19 

24 

7.1 

5.0 

19 

9.0 

22 

9.6 

Salt 
Tolerance 

Ratingb 

l!S 

s 

s 

s 

s 

. JIT 

T 

s 

11T 

MS 

T 

s 

s 

JlS 
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·.:iblc. ( continul'<l) 

Cro p 

>roe coli 
Brassica oleracea 

italica 

3romegrass 

Bromus inermis 

::abbage 
Brassica oleracea 

canitata 

Salinitya at 
Initial Yield 

Decline 
(threshold) 

(A) 
mmho/cm 

2.8 

1.8 

Canar)Tgrass, reed 

Phalaris arundinacea 

Carrot 
Daucus carota 

Clover, alsike, ladino, 
r , , strawberry 

"rifolium spp. 

Clover, berseern 

T. a l exandrinum 

Corn (forage) 

Zea� 

Corn (grain) 
Zea rnB'\. .. S ---

Corn, sweet 
Zea � 

Cott: on 
Goss;,..pium hirsuturn 

Cowpe2 
:.Vigna sinensis 

1.0 

1.5 

1.5 

1.8 

1. 7 

1.7 

7.7 

1.3 

?: Yield 

· Decre ase per
Unit Inc re ase 

in Salinity 
beyond Threshold 

(B) 
%/ (mmho/ cm) 

9.2 

9. 7

14 

12 

5.7 

7.4 

1.2 

12 
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c. (contintwcl) 
% Yielcl 

Salinity3 at l>l!crease per 

Initial Yield Unit Increase 

Decline in Salinity 

Salt 
.Tolerance 

Ratingb References· 

(threshold) Beyond Threshold 

(A) (B) 
��������-'7-����--:-::--;-;=-:--:--:-��� ���������� ��--

mm ho/cm %/(mmho/cm) 
�op 

Jmber 
ucumis s_ativus 

e 

hoenix dactylifera 

cue, tal l 

estuca elatior 

x 
� usitatissimum 

1pc c 

� spp. 

1pefrui t c 

:i trus paradisi 

nggrass 

"11alaris tuberosa 

non c 

:i r:rus ltmonia 

tr uce 
Lactuca sativa 

vegr2�s g 

Eragrostis spp. 

adow Foxtail 

Alopecurus pratensis 

llet. Foxtail 

Setaria italic.::: 

Hibiscus esculentus 

"jve 
� euronaea __ 

2 . 5  13 

4.0 3 . 6  

3.9 5 . 3  

1 .  7 12 

1.5 9.6 

1 . 8  16 

4 . 6  7.6 

.1.3 13 

2.0 8 . 4 

LS 9 . 6  

l!S 12 8 ,  137 

T 72, 73, 74 

l!T 54, 55 

!IS 89 

HS 81, 124, 150 

s 86, 91, 1 3 5  

!IT 55 
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!IS 19' 4 3 ,  128 

l!S 39 
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!IS .139 
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Crop 

Sesbaniad 

Salinitya al 
Initial Yield 

Decline 
(theshold) 

(A) 
rnmho/cm 

2.3 
Sesbania macrocarpa 

Sorghum 

Sorghum bicolor 

Soybean 
Glvcine max 

Spinach 
Spinacia oleracea 

Strawberry 
Fragaria spp. 

Sudangrass 
Sorghum sudanense 

5.0 

2.0 

1.0 

2.8 

Sugarbee te 7.0 
eta vulP.:aris 

:>ugarcane L 7 
Saccharum officinarum 

iweet. potato 1.5 
lpomoea batatas 

rimothy 
Phleum pratense 

'omatn 2.5 
Lycopersicon esculenturn 

"re foil., Big 

Lotus uliginosu8 

�efoil, Birdsfoot 
1arrowleaf

1 

L. corniculatus 
tenuifolius 

retch" c ommon 
\'icia sativa 

2.3 

5.0 

3.0 

% Yielrl 
JJe::c reasc pc r 

Unit Increase 
in Salinity 

lleyond Threshold 

(B) 
%/(mmho/cm) 

7.0 

20 

7.6 

33 

4. 3 
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5.9 
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Table. (continuc>rl) 

Crop 

d . 
Wheat ,J 

Triticum aestivum 

Salinityn at 
Initial Yield 

Declin e 

(threshold) 

(A) 
mmho/cm 

6.o 

Whea tgrass, crested 
Agropyron desertorum 

3.5 

Wheatgrass, fairway. 
A. cristatum 

Wheatgrass, slender 
A. trachycaulum 

Wheatgrass, tall 
A. elongaturn 

Wildrye, Altai 
Elymus angu� Trin. 

Wildrye, Be ar d less 
. trit:icoides 

Wildrye, Russ ian 
!..:.. junceus 

7.5 

7.5 

2. 7. 

Z Yiclcl 
lJccrcasc per 

Unit Increase 
in Salinity 

Beyond Threshold 
(J\) 

%/(mmho/cm) 

7.1 

4.0 

6.9 

4.2 

6.0 

a Sal in.1ty expressed as EC
e 

(in mmho/cm at 25C).

b Ratings are defi ned by the boundaries in the Figure . 
. 

c Tolerance is based on growth rather than yield. 

d 1 . . 
Less to erant ouring emergence 
not exceed 4 or 5 mmho /  err:. 

and seedling stage. 

Salt 
Tolerance 

Ra Ung b 

UT 

HT 

T 

!IT 

T 

T 

l!T 

T 

ECe should 

e Sensitive during germination. EC
e 

should not exceed 3 mmho/c:m 
for beet and sugarbeeL. 

. ) 

f Average of.several varieties. S uYanne e and Coastal are about 20%
more toJerant, anrl C ommon and Greenfi€ld are about 20% less tolerant 
than the--averaeP- _ 

gAverage for Boer, Wilman, Sand and Weeping varieties. Lehmann seems 
about 50% more i_crer.ant � 

" Unpublished US Salinity Laboratory data. 

i Broadleaf birdsfoot trefoil seems less tolerant than narrowleaf.

j Tolerance data may not apply to new semidwarf varieties. 
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