
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


Agriculture Information  Bulletin  No. 292 

Iloi^.J^.^^2 

AGRICULTURAL  RESEARCH  SERVICE   •   UNITED  STATES DEPARTMENT OF  AGRICULTURE 



SALT TOLERANCE OF FRUIT CROPS 
By LEON BERNSTEIN, Soil and Water Conservaiion Research Division, Ao^ncnlliuai Research. Service 

What Is Salinity and How Does It 
Affect Fruit Crops? 

Salinity is the presence of excess soluble salts 
in the soil. It stunts growth and causes leaf 
burn in many fruit crops. 

Soluble salts provide minerai elements required 
by plants for normal growth. However, an excess oí; 
soluble salts is harmful, and plant gTowtJi generalh" 
decreases as salinity increases. The salt constituents 
(ions) usually found in saline soils include calcium, 
sodium, magnesium, chloride, sulfate, bicarbonate, 
and sometimes others. The proportions antl amounts 
vary widely from place to place. 

Salts often accumulate in the soil from the use 
of saline irrigation waters. Since all irrigation waters 
contain some salt, salinity may gradually build up 
even if waters of low salt content are used. This is 
very apt to occur in soils of poor permeability. The 
salts added by the irrigation water will not be 
leached readily through such soils by an excess of 
applied water. If irrigations are insuííicient to pro- 
vide a water excess, leaching will not occur in any 
soil High water tables are a frequent cause of soil 
salinity, because water evaporates from the soil over 
a high water table, leaving the dissolved salts behind 
in the soiL 

For most crop plants, the proportions of different 
salt constituents normally found in saline soils are 
not important. Growth depression is controlled very 
largely by the total salt concentration expressed in 
terms of the osmotic pressure of the soil solution or 
the electrical condtictivity of the saturation extract. 
Most fruit crops and some trees and woody orna- 
mentals are especially sensitive to chloride and 
sodium salts (figs. 1 and 2) . In addition to the gen- 
eral osmotic growth inhibition, characteristic leaf- 

burn syn^ptoms develojj when chloride or sodiiun 
accumulates to harmful levels in the leaves. Such 
leaf injuries further depress growth and crop yields. 

Vegetable, held, and forage crops often accunm- 
late higher levels of chloride and sometimes sodium 
uvcui fruit crops, but the field, forage, and vegetable 
crops do not develop the leaf-injury symptoms 
caused by these ions. Moreover, growth of these 
crops is not directly impaired by sodium or chloride 
accumulations in the plants. 

What Is the Relative Importance of Specific 
Ion (Sodium or Chloride) Injury and 

Osmotic Growth Inhibition? 

The relative effects vary widely, depending on 
die plant species. 

Chloride and sodium injury may be ihe dominant 
factors in reducing fruit crop yields, or they may 
be relatively unimportant despite severe lea [-in jury 
symptoms. Growth of grapevines may be only 
moderately checked by a saline soil solution if chlo- 
ride salt concentrations are low, but the vines may 
be completely destroyed at the same salinity it 
chloride salts predominate. On the other liand. 
strawberries arc just as strikingly subject to leaf 
burn caused by damaging levels of chloride as 
grapes. However, strawberry growth is controlled 
almost entirely by the osmotic pressure of the saline 
solution, so that growth and yield tend to be equally 
affected in the presence or absence of chloride-burn 
symptoms. Most fruit crops show an intermediate 
reaction; part of the growth inhibition results from 
the osmotic effect and a more or less equal part 
from leaf injury caused by chloride or sodium 
accumulation. 



How Much Salinity Can Fruit Crops Tolerate? 

^íc)st Í1 uii: crops are salL-sensiu\c; Lolerances for 
a ^iveri crop vary |jriinarily l)ccaiise difiereni 
xaricLies or lootstocks take u]) loxic ions at 
diiiereni rates.^ 

Diiiercni. Nariedes oí most eroj) plants are so sinii- 
iar ill salt tolerance that varietal difieren ces arc of 
litde iinportaiiee. Among the chloride- and sodium- 
sensitÍNC fruit crops, liowe\'er, different rootstocks 
or \arieties can take up chloride or sodimn at such 
dissinular rates that tolerance of a crop may depetid 
oieatlv on the rootstock or variety, 

Another factor that complicates the salt-tolerance 
piciure for fruit crops is their sensitivity to spécifie 
salts, .rhe relative abundance of chloride or sodium 
(an be as important as the total salt level. 

Data in table 1 on tolerance of citrus and avocado 
rootstocks to chloride salts are based on research 
at Weslaco, T^ex. llie data on other fruits derive 
from experimental work at the U.S. Salinity ï.abora- 
lory. The more resistant rootstocks and varieties 
can Loleratc two to three times more chloride in the 
soil sohition than the more sensitive ones, because 
the resistant ones absorb cldoridc at much slower 

rates. 
Muskmelons are not specifically sensitive to chlo- 

ride or sodium. Information is lacking on other 
fruit croies not listed in table 1. The more tolerant 
ones—date and olive—are probably not sensitive 
10 chloride; pecans, walnuts, and some other nut 
irees are known to be sensitive. 

in addition to chloride uptake, other factors must 
f)e considered in selecting rootstocks for saline areas. 
Rootstocks that restrict chloride uptake may absorb 
sodium or boron to a greater degree than others 
(he., Cleopatra mandarin). Such factors as disease 
and frost resistance must also be taken into accoimt. 
kleal rootstocks are yet to be foiuul, but salt resist- 
ance will be an important rootstock or varietal char- 
ac:teiistic for irrigated areas. 

Some annual crops and also many perennial for- 
age crops become more salt tolerant as the plants 
gro^v older. Fruit crops, on the contrary, often 
become more sensitive after 2 or 3 years. Chloride 
and sodium accunudate more rapidly in the leaves, 
and leaf burn develops earlier in the season and 
with increasing severity. This is especially notice- 
able in stone fruits and grapes. A carryover of 
accimndated salt in roots and tnmks and the re- 

rAiu.r: I,—Salt tolerance of fntii'Crop varieties and 
rootstocks and Jmmrdons chloride leveU 

in the saturation extracts 

Crop 

CiUïïs 

Stone fruit .... 

,\ví>cu¡o 

C;iapc 

IvtxnsíoíIv or v;n ictv 

UOQlSlOCIsS 

Rang'pur  lime, Cleopatra 
inaiuknin. 

Rough lemon, tángelo, i^nur ) „  
)    orange. 
\Su'eet orange» dlraiige 

Limit o£ 
tolerance lo 

ehîoridc 
in san I ration 

extract 

íMarianiia     
ÍLovell. Shalíl 
iVunnan    

íWcst Tiuliau 
I Mexican  

Milli' 
équivalents 

per iiier 

10 

2b 
10 

^Tlionipson Seedless, Per lei te 

] Card i lia i, Hlack Rose   

! nioysenherry   

Berries^     ! joiallie blackberry 
Indian Sunmier raspberry . 

\ Lassen 
1 Sil asía 

! 

10 

ÎO 

iü 

8 
St raxv berry 

M)a(a available [or single variety of each crop only. 

chiced growth rate of older plants are probably 
responsible for the earlier attainment of critical salt 
contents in the leaves of older plants. 

Idle salt tolerance list in table 2 is based ])rimariiy 
on the sensitivity of fruit crops to, osmotic pressure, 
í his factor is important when specific ion injury is 
kept at a minimum; for instance, (1) when chloride 
and sodium are not predominant ions, or (2) when 
rootstocks arc used that restrict the uptake of 
soditmi and chloride, or i^à) when specific ion injury 
is tmimportant as con^pared to osmotic inhibition. 
Tlie EC,, values lefer to die electrical (onductivity 
of the satination extracts of the soil at which yields 
may bíTgin to decline. If ihe values in an orchard 
are similar to those shown in table 2, growth of the 
plants will be slowed and, as a result, vields may be 
reduced approximately 10 percent. 
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/, 1.2-1.6 percent 

D, 4.9-5.9 percent 

C, 1.6-2.2 percent 

B, 1.6-1.8 percent 

F, 2.1-2.2 percent 

£, 2.5-2.8 percent 

G, 1.3-1.8 percent H, 2.4-2.8 percent /, 3.2-3.8 percent 

FIGURE I.—Sensitivity of fruit crops to chloride salts: Progressive 

tip and marginal burns in plum [A], apricot [B], avocado (C), 

persimmon (D), strawberry (£), and boysenberry [F]; variable 

burns in apple (G) and grape (H); and slight bronzing and burn 

in grapefruit (/). Actual chloride contents of these leaves are 

indicated as percentages of dry leaf weight; injury con. however. 

occur at lower chloride contents. 



A, 1.3-1.9 percent 

Ù, 0.2-0.9 percent 

G, 1.2-1.3 percent 

B, 0.5-1.0 percent 

f, 1.0 percent 

//, 3.0-3.1 percent 

C, 0.4-0.9 percent 

f, 2.3 percent 

/, I.I-I.7 percent 

FIGURE 2.—Sensitivity of fruit crops to sodium salts: Prosressive (H); and variobic signs in avocado (/).    Actual sodium contents 

tip or marginal burn in boysenberry \A\, peach (Ä), plum    (C). of these leaves are indicated as percentages of dry leaf weight; 
and opncot (D); marginal and interveinal burn in persimmon (f); ¡„jury con, however, occur at lower sodium contents, 
tipburn of fig   (f); marginal burns of lemon  (G)  and grapefruit 



Eveil on the basis of osmotic effects alone, it is 
apparent that fruit crops tend to be more sait-sensi- 
tive than other crop plants (vegetable, field, and 
forage crops). Sensitive fruit crops include 75 per- 
cent of the species listed; sensitive species among 
other crop plants make up only 5 to 15 percent oí 
the total,1 

TMíLE 2.—Soil saltnilK^s in root 2.one at wliich 
yield re due t ions b e com e s ign ifican t 

C.ya\) 

\    Klcctvic'Al conductivity of 

¡   saLuiation extiacis (¿0,,) 

!   at which yields decrease by 

about 10 percent^ 

MiUinihos per centimeter 

012^" C. 

Dale pabii 

PonKîgvaiialc 

l^i^    - 
Olive     

Clrapc   

Miiskmcloii 

Orange, gia])círii¡[, lemon •' 

Appie, pear .,  

I 

tMnm,   pruiïc,   peach,   apricot, 
atniorul 

Boysenbciiy,   blackl)eiry,   ias]>- 
!)ei'ty.''* 

2.5^.1.5 

Avocaíiíi   

Strawberry 

Vtn gypsifcroii« soils, EC^, roadiiigii for given soil salinities 

arci about '2, milliinhos per cenümeLer higher than for non- 
gypsiferous KOIIS. Date pahii would be a fleeted at 10 nùlHnihos 

per centimeter, grapes at 0 milîiinhos per centimeter, etc., on 
gypsiferons soils. 

= Estimate. 

^ Lemon is more sensitive than orange auil giapefruil; ras[)- 
berry is nuive scnsiti\c tlian bovsenberry nnd blackberry. 

^ BKRNsrjaN, LEOJN. sAi;r IOî.I:U.\.NCIC Oí- (;RASSI..S AMJ IORAOI', 

f.rcuMES.    U.S. Dept. Agr., Agr. Triform. lUil. \{)\, 7 pp.    1958, 

BERNSIEIN, LEON, nn^ SAi.r roLERANCE or vKcr/rAiirj: OROI'S 

IN THE ^V]<s^^ U.S. Dcpt. Agr., Agr, inform. Bul 205» 5 pp. 
1959, 

Br.RNSTEIN, LKON.     THE SALT   rOLKRANCK OF 1-11:11) CROl'S.     l],.S, 

Dcpt, Agr., Agr. Inform, RnL 217, 6 pp,    1959. 

How Does Salinity Affect Fruit Quality? 

Quality is generally impaired by saiinity, but 
some beneficial effects can occtir. 

Even in the ab.sence of appret:iable ieai; bum, the 
checking of growth by salinity may still affect 
quality by decrea.sing fruit size, \fuskmelon si/e is 
strongly affected. However, for the more sensitive 
fruit crops, salinity levels for satisfactory growth 
are so narrowly restricted thai tlic effects on fruit 
size are minimized. 

Extensive leaf btnn exposes fruit to tlie sun. und 
sunscald (an markedly louver fruit tpnüity. This is 
an important factor for gTa]:)es, 

The check on \egetati\'e growth may result in 
increased sugar content of i'rtnt and improved lla- 
vor. Musk me Ion s show this effect but at the cost of 
sîiialler frtiit 'And decreased yields. Again, becaitse 
salinity must be kept at low levels, sucii eíTects on 
frtnt quality are less pronounced for the more scnsi- 
ti\e fruit crops. 

Mnskmelons and some other melons and llesiiy 
fruits growji on saline soils are markedly softer and 
juicier at the normal harvest stage than fruit from 
nonsalinc soils. The softer fruit may not store oi~ 
ship as well as the firmer fruir. 

How Can One Confirm Suspected Salt 
injury to Fruit Crops? 

Leaf analysis is used to coniirm toxic salt ac- 
cumulations. Soil analyses inilitatc extessixe 
sou salinity. 

Afarginal and tip burn ol fruit-cioj) leaves are 
usually strong indicators of chloride or sodium 
toxicity (see figs. 1 and 2). Similar symptoms may, 
in some cases, be caused by other conditions su(ii 
as drought or boron toxicity.- If aifected leaves are 
found to contain more than 0.2 percent sodium or 
0.5 percent chloride, the leaf injury can usually be 
attributed to sodium or chloride toxicity. I.eai 
analysis is, therefore, extremely useful in diagnosini^ 
salt injury to fruit crops. 

Leaf burn is generally more se\ere after hot, drv 
weather than during cool, .cloudy periods. Foliar 
analysis may reveal potentially harmful sodium or 
(hloride accunuilations before leaf symptoms fle- 
cóme apparent. 

Some of  the more .sensitive  fruit crops—citrus. 

- WiLcox, L. V. BORON ixjUKv TO i'i.Axrs. C'.S. f)epi. Aur,, 
A^T. inform. Bn!, 211, 7 pp.    1959. 

6 



stone and pome iruiis, ajicl a\oc:uios—may absorb 
sufficient sodium to cause injury iVom soil that 
would be classified as nonsaline and nonsodic. 
Although 15 percent exchangeable sodiiun is usually 
set as the approximate lower limit for sodic soils, as 
little as 5 to 10 percent exchangeable sodium may 
cause harjTiiul sodium accvunulation in c ttrus. avo- 
cado, and sioiu: iruit trees. 

Stone fruit uees normally translocate very Httle 
sodium into the lca^•es; however, they ma)', under 
some unfavorable growing conditions as yet poorly 
understood, begin to accumulate In g h levels oí 
sodium in the iea\'es. Severe sodium scorcli of the 
leaves and rdtimatc death of the trees may result, 
Gvcn thougïi soluble and exchangeable sodium occur 
in ordy low concentrations in the soil. The ex- 
changeable sodium percentage nîay be only 2 to 8 
]jercent aiul the KG,, only 1 to 2 miliimhos })er 
centimeter. 

Severe growtli and yield reduction niay occiu' in 
the absence of harud:ul chloride or sodium accumu- 
lations. Soil samples taken from the root zone of 
the crop can be analy/ed for soluble salt content by 
determining the electrical conductivity of die satu- 
ration extra{[. M the EC,, ajoproxiniates or exceeds 
the value given in table 2 for the crop in (jucstion. 
salt damage to tlie crop is probably occurring. 

Apart ironî leaf injury and sturu.ed growth that 
may be a]i])arent only if normally growing plants 
are available for ¿omparison, salinity canses no 
distinctive symptoms in most fruit crops. Apricots, 
however, do develop curling of the leaves that sug- 
gests water stress. If this symptom occin's wlien sou 
moisture is adecpiate or if it persists e\cn alter 
irrigation, salinity is probably responsible. Root, 
injury may also cause similar leaf curl symptoms. 

How Does Sprinkling Affect Fruit Crops? 

If leaves are wetted by sprinkling, rapid uptake 
of chloride or sodiuiii by the leaves may cause 
severe leaf burn. 

Ordinarily^ the sodium and cldoride found in 
leaves are absorbed by the roots and transpoited 
into the leaves.  BiU: leaves may absorb sah. directly 

: if they are wetted by sprinkling or ii: sea spray is 
carried inland by die wind. Irrigation waters thai 
contain as little as 8 milliequivalents per liter oí: 

\ sodium or chloride (equivalent to about 70 p.p.m. 
sodium or 100 p.p.m. chloride in the water) may be 

■■  injurious  if applied  as  leaf-wetting sprays.   Such 
/   'waters may cause no salinity problenvwhen applied 

to tlu: soil. Some iruit crops absorb salt through 
the leaves aI>out 1Ü0 times faster than through the 
loots. PeacheS; plums, apricots, aimonds, and citrus 
trees accunudatc salt ver\' rapidly in this w^ay. Straw- 
berries and avocados, t>u the othei' hand, absorb 
relatively Ihilc salt through the leaves and may be 
safely sprinkled. 

Windblown s[)rays are j)art icularly hazardous, 
bee: a use salt accumulâtes on the leaves and is not 
remo\ed by chip or rimolf. A'ery high salt concen- 
trations in such cases can damage any crop, whether 
tin; salt is al>sorbed or not. Intermittent wetting 
of leaves, as by rot;uing sprinkler heads, permits 
some evaporation of the water from the leaves and 
increases its salt concentration. The higher the salt 
i.ouceiuration, the more ra})id is the absorption of 
salt. Salt al)sorption by leaves is about twice as 
lapicl dming midday as dirring evening sprinkling. 

Sprinkling, Iiow-ever, can prevent the salt accunui- 
Jation in die soil that occurs in the lidges or un- 
irrigated middles oí: furrow-irrigated plantings. Salt, 
iucluditig soluble fertili/er salts, may reach very 
high concentrations in die ridges of furrow-irrigated 
lields. Sul)sequent rain la 11 waslics die salt inl:o the 
root /.one, and tlds can carise severe injury. Low- 
head sprinklers that do not wet the leaves can 
aciiieve ail the benefits of sprinkler irrigation with- 
out llie hazards of sah: absorption by iruit c:rop 
leaves. 

How Does Irrigation Frequency 
Affect Salt Injury? 

lnh'c:quent irrigation aggravates salinity eifects. 

A fier an irrigation, crops absorl) water from the 
soil but take uj) very little of the salt dissolved 
it) tliis water. Some water is also lost by direct 
c:vaporatiou irom the soil. As a result, the soil 
.solmion becomes progressively more c:onc:entratcd. 
if the: j)eriod l:>etween irrigations is lengthened, salt 
concentrations will increase to higher levels and 
salt damage will be greater. Crops are generally 
damaged less by given levels of soil salinity if 
irrigations are more frec|uent. It is desirable to 
irrigate plantings on saline sods at a lower moisture 
tension (or a higher moisture content) than, if the 
same fields were nonsaline. In terms of tensiometer 
(moisture meter) readings, a saline field should be 
irrigated at one-fifth- to one-third-bar tension in- 
stead of one-half- to one-bar tension or higher, as 
recommended for nonsaline soils, (one-bar tension 
is approximately a full-scale reading of the moisture 

meter.) 



How Much Water Must Be Applied To Prevent 
Excess Salinity From Developing? 

The amount of excess water required depends 
on the quality of the water/the sah tolerance 
of the crop, and its consumptive water use. 

I£ only enough water is added in each irrigation 
to replace that which has been lost from the soil by 
evaporation and transpiration, the salt added with 
the water will accumulate continuously to higher 
and higher levels in the root zone. An excess of 
water must be added either with each irrigation or 
periodically, to move salts out o£ the root zone. The 
salt tolerance of the crop determines the maximum 
permissible soil salinity. This is generally about 
U/2 times greater than the salinity level at which 
small decreases in yield of the crop occur. For the 
sensitive fruit crops, the maximum salinity will 
therefore be 3 to 6 millimhos per centimeter (EC^) 
at the bottom of the root zone, since small yield 
decreases occur at 2 to 4 milUmhos per centimeter. 

ll:ie fraction of total applied water needed to 
leach the salts in the root zone below the level of 
damage to the crop is called the leaching require- 
ment (LR), It can be estimated by dividing the elec- 
trical conductivity of the irrigation water by the 
electrical conductivity of the drainage water, or the 
maximum permissible salinity as defined above. 

Instead of electrical conductivities, one may use 
chloride concentrations if chloride is more critical 
than total sah'nity for the crop and water in ques- 
tion. Then the leaching requirement can be esti- 
mated by dividing the chloride concentration in the 
irrigation water by the maxinum^ permissible chlo- 
ride concentration in the drainage water. (See 
table h) 

Thus, if a l-milhmho-per-cen time ter water is used 
to irrigate grapes with a maximum tolerance {EC¡) 
of 6 milUmhos, the leaching requirement is one- 
sixth, or 17 percent. This means that one-sixth of 
the water penetrating the soil must carry salt below 
the root zone. This may occur more or less regu- 
larly with each irrigation, or periodically as extra- 
heavy irrigations are apphed. Obviously, internal 
drainage must be adequate to permit this downward 
displacement of soil solution. 

The total depth of water (D) required for irrigat- 

Washington, D.C. 

ing a crop can be calculated if its consumptive use 
(CU) is known by the following ecjuation: 

D -^ 
-CU 

V—Di 
Thus, if a crop has a CU oí 40 inches of water and 
if the leaching requirement is one-ñfth, D will be 50 
inches. Ten inches of water, or one-fifth of the total 
depth of water applied to the soil, will be available 
for leaching. The resulting leachate will be five 
times as concentrated as the applied water, 

Hovy Do Fertilization and Management 
Practices Affect Salt Injury? 

Good management and  fertilization  can  de- 
crease harmful salinity  effects  by  promoting 
vigorous growth. 

Poor growth may result from inadequate ferti- 
lization or failure to irrigate for long periods during 
or after harvest. Whatever the cause of poor growth, 
salt accumulation in the leaves and leaf burn will 
generally increase. Any management practices that 
will encourage better growth of the fruit crops can 
do much to overcome damage caused by salinity. 

Summary 
1. Most fruit crops are sensitive to salinity. In 

many fruit crops, leaf burns develop when chlo- 
ride or sodium accumulates in the leaves. Leaf 
analysis as well as soil analysis is useful in diag- 
nosing salt injury to fruit crops. 

2. Different rootstocks and varieties absorb sodium 
and chloride at greatly different rates, so that 
some varieties and rootstocks are much more 
salt-resistant than others. 

i^. Citrus and stone fruit crops absorb sodium and 
chloride rapidly through the leaves. Wetting 
leaves by sprinkling can be partictilarly injurious 
to such crops. 

4. Frequent irrigation prevents salt concentrations 
from building up in saline soils between irriga 
tions. Excess water must be applied regularly or 
at intervals to assure downward movement of 
salt below the root zone. Good drainage is 
essential, 

5. Good management and fertilization promote 
vigorous growth that dilutes the salt in the plant. 
Weak growth will result in higher salt concen- 
trations in the plant and greater leaf damage. 
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