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Summary. The salt tolerance of mature 'Santa Rosa' plum trees was assessed on 
20-year-old trees grown in the San Joaquin Valley of California. The experimental 
design consisted of six levels of irrigation water salinity (electrical conductivities of 
0.3 to 8 dS/m) replicated five times with each replication consisting of ten trees. 
Salinity treatments imposed in March 1984 did not influence tree yields harvested 
in June 1984. In 1985, the second year of treatments, yield from the highest salt 
treatment (electrical conductivity of irrigation water, ECi, of 8 dS/m) was reduced 
by half; the number of fruit harvested was reduced 40%, and fruit size was reduced 
significantly. Foliar damage was so severe by the end of 1985 that nonsaline water 
was applied to the two highest salt treatments (EC i = 6 and 8 dS/m) in an attempt 
to restore tree vigor. In 1986 salt effects had become progressively worse on the 
continuing saline treatments. A linear piece-wise salt tolerance curve is presented 
for soil salinity values, expressed as the electrical conductivity of saturated extracts 
(ECe) integrated to a soil depth of 1.2 m over a 2-year period. The salt tolerance 
threshold for relative yield (Y~) based on 3 years of data was 2.6 dS/m and 
yield reduction at salinity levels beyond the threshold was 31% per dS/m 
(Y~= 100-31 [ECe -- 2.6]). Significant foliar damage occurred when leaf chloride 
concentrations surpassed 200 mmol/kg of leaf dry weight (0.7%). Sodium concen- 
trations in the leaves remained below 10 mmol/kg (0.02%) until foliar damage 
became severe. This suggests that chloride was the dominant ion causing foliar 
damage. 

As competition for fresh water intensifies and water conservation practices continue 
to improve, the salt content of irrigation water is expected to increase. In the Sacra- 
mento-San Joaquin Valley of California, where extensive areas are planted to Prunus 
species, the anticipated future needs for water are likely to lead to changes in water- 
quality standards for irrigation waters. Among the first crops to suffer yield reductions 
if irrigation waters become more saline will be decidous fruit trees. Not only have fruit 
trees been described as sensitive to soluble salts (Maas and Hoffman 1977), but they 
are reported to be especially sensitive to chloride (Bernstein 1980). Because of their 
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reliance upon irrigation to meet crop water requirements, fruit growers will be among 
those initially confronted with the hazards of increasing salinity. 

Although deciduous fruit trees are acknowledged to be sensitive to salinity, few 
results exist to substantiate this claim - none under orchard conditions. Of the thou- 
sands of publications on the effects of salinity on agricultural crops (Francois and Maas 
1978, 1985), only 51 deal with deciduous fruit trees, and only one reported yield 
response. In the early 1940's a sand-tank experiment was initiated with 72 peach trees 
('Elberta' variety with half on 'Lovell' and half on 'Shalil' rootstocks) beginning with 
l-year-old seedlings and continuing for 5 years (Hayward et al. 1946). During the 
second year of the experiment, two of the four trees in each replication were removed. 
A significant number of fruit were harvested only during the last year from the 'Shalil' 
rootstock. Fruit weight per tree was reduced 60% one year and 37% another year 
when the salinity of the root media, dominated by chloride salts, had an electrical 
conductivity of the soil saturation extract (ECe) of about 3 dS/m. The number of fruit 
harvested per tree was reduced 40% and 59%, respectively. Yields were not reduced 
significantly by sulfate salts at a similar salinity level. These researchers warned, 
however, that over a longer period of time it seemed probable that effects would be 
even more severe at comparable levels of salinity. Except for this experiment, all of the 
salt-tolerance data on deciduous fruit trees, such as given by Maas and Hoffman 
(1977), are based on the vegetative responses of scions from young trees. Bernstein und 
coworkers (1956) compared the average growth of 'Golden Blush' peach, 'Texas' and 
'Nonpareil '  almonds, 'Santa Rosa' plum, 'French Impoved'  prune, and 'Royal'  apricot 
on two rootstocks for a saline soil having an E C  e of 5.1 dS/m to growth for a nonsaline 
soil for 3 years. Each of the twelve scion-rootstock combinations originally occurred 
in triplicate, but one of the three trees was harvested each year for growth measure- 
ments. For the 'Santa Rosa' plum on 'Marianna'  rootstock, the saline soil reduced 
growth an average of 67% for the three young trees. 

Few opportunities occur to determine the salt tolerance of tree crops with yield as 
the primary response variable. Mature orchards of sufficient size with relatively uni- 
form trees are not normally available for research. Establishing a suitable planting is 
not cost effective because of the time required to reach commercial production. A 
plum orchard of acceptable age, size, and uniformity was available at the University 
of California, Kearney Agricultural Center near Fresno, California. An irrigation 
scheduling experiment had been conducted on this orchard for 3 years after the 
nursery trees were first planted into the field. From the end of the irrigation study until 
this experiment began the orchard had been furrow irrigated. Six years after the 
orchard was established, Grimes and colleagues (1982) performed a root growth study 
as a function of variable-strength soil on seventeen of the 'El Dorado'  trees based on 
differences in trunk circumference. Neither experiment had a notable influence on tree 
size or fruit production when our experiment began. 

Commercial production of Prunus  crops, valued in 1984, was more than $ 500 
million for U.S. consumption and over $ 500 million for export. Thus, considering 
their value and the expectation that irrigation water will become more saline, a 
salt-tolerance study was initiated in 1984. This paper reports the response of yield, 
growth and foliar damage of plum trees to soil salinity during the first 3 years of study. 
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Experimental procedure 

The experiment, located at the Kearney Agricultural Ccnter in southeastern Fresno 
County of California, consists of 650 plum trees (Prunus salicina) planted in the spring 
of 1966. The 2.3 ha orchard consists of 50 rows of trees with 13 trees per row. One- 
third of the rows contain the cultivar 'El Dorado'  and two-thirds are 'Santa Rosa'. 
Tree spacing is 5.6 by 6.4 m. The rootstock is clonally propagated 'Marianna 2624'. 
This rootstock is used on many Prunus species including plum, prune, apricot, and 
almond. The soil is classified as Hartford sandy loam (Typic Xerorthents) developed 
from recently deposited alluvium of granitic origin from the Sierra Nevada Mountain 
range. Little profile development is evident, and the soil has an average bulk density 
of 1.57 Mg/m 3 through a depth of 60 cm. 

The experimental design consists of six treatments replicated five times (see Fig. 1). 
Each replicate consists of two rows of 'Santa Rosa' trees with each row containing five 
trees. From the total of 650 trees, 300 are experimental; the remainder (including all 
of the 'El Dorado'  trees) serve as borders around each plot. Six salinity treatments 
were imposed by irrigating with waters having average electrical conductivities (ECi) 
of 0.4, 1.2, 2.3, 4.3, 6.7, and 9.2 dS/m. Water for the control treatment (0.4 dS/m) is the 
normal irrigation water for the Center and serves as the nonsaline control The other 
water qualities are generated by adding NaC1 and CaC1 z in equivalent amounts to 
increase the electrical conductivity of the irrigation water to the desired level. When 
rainfall occurring during the irrigation season (March through October) is considered, 
the mean electrical conductivities are 0.3, 1.0, 2.0, 3.5, 5.5, and 7.4 dS/m (Table 1). For 
simplicity, the salinity treatments are referred to as 0, 1, 2, 4, 6, and 8 dS/m. 

All of the normal agronomic practices except irrigation are performed by the 
Center's field station crew. The trees were pruned manually during the winter to 
remove dead wood and water sprout growth or shoots that reduce light penetration 
to the center of the tree. Excess fruit set was thinned in the spring, and the trees were 
harvested by hand. The trees were fertilized by adding 240 g/tree of nitrogen as 
calcium nitrate in April and again in September through the irrigation system. Herbi- 
cides or pesticides were applied as required. 

Irrigation water is applied through mini-sprinklers that wet the soil surface be- 
neath the tree canopy without wetting the foliage or trunk. Two minisprinklers, one 
on each side of the tree in the tree row, are located 1 m from the tree trunk. The 
sprinklers apply water in a 270 ° arc that has a radius of 2 m. The irrigation system 
supplies water at the rate of 2 mm/h. The amount applied is in excess of evapo- 
transpiration to achieve a high leaching fraction (0.3 or more). The annual evapo- 
transpiration for deciduous trees on the east side of the San Joaquin Valley is about 
1030 mm based upon crop coefficients for a clean-tilled deciduous orchard to adjust 
estimates of the potential evapotranspiration for grass (Muir 1986). Irrigations are 
applied several times each week except when irrigations must be halted for harvesting 
or other cultural operations. Irrigation applications to each replicate are metered. 
Irrigation amounts are scheduled based upon  published measures of evapo- 
transpiration and adjusted according to guides based on desired soil matric and 
osmotic potentials. The irrigation system was installed during the fall of 1983 and 
treatments were imposed in March 1984 at the beginning of the irrigation season. The 
irrigation begins in March or April, depending on rainfall, and ends in October. 
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Fig.  1. Exper imen ta l  des ign  to de te rmine  the  salt  to lerance  of  'San ta  Rosa '  p l u m  trees 

Soil water  content  is measured with a neutron probe  in all replications of each 
treatment.  Water  content  is measured at a depth  of 45 cm weekly during the irr igat ion 
season to determine if the soil water  content  is changing. Periodical ly th roughout  the 
year, soil water  content  is measured at  depth  increments of 15 cm to a depth of 3 m. 
Soil matr ic  potent ia l  is moni to red  with tensiometers at depths of 30, 60, 90, and 
120 cm at a distance of 2 m from the t runk of one tree in three replications (A, C, and 
E) of each treatment.  Suction cups to obta in  soil solution for measuring the electrical 
conduct ivi ty of the soil  water  (ECsw) are instal led at the same soil depths and in the 
same plots as the tensiometers,  but  an addi t ional  1 m out  from the trunk. Soil samples 
to determine the electrical conduct ivi ty o f  sa turated soil extracts (ECe) and water  
content  are t a k e n  at the beginning of the i r r igat ion season, jus t  after harvest  and at 
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Table 1. Quality of irrigation water for each salinity treatment 

219 

Salinity 
treatment 
(dS/m) 

Irrigation water 

Electrical 
conductivity 
(dS/m) 

Ion concentration (mol/m 3) 

Ca Na C1 

Mean b 
electrical 
conductivity 
(dS/m) 

0 0.4 0.7 0.8 0.7 
1 1.2 3 5 t0 
2 2.3 5 10 20 
4 4.3 10 20 40 
6 a 6.7 15 30 60 
8* 9.2 25 40 90 

0.3 
1.0 
2.0 
3.5 
5.5 
7.4 

a Values given are for 1984 and 1985. Nonsaline irrigation 
1986 
b Values are weighted based on depths of irrigation and 
conductivity of rain water is zero 

water (0.4 dS/m) was applied in 

rainfall and assuming electrical 

the end of the irrigation season. Samples were taken to a depth of 1.5 m during 1984; 
but as the salinity profile became deeper, samples were taken to a depth of up to 3 m. 

Trees were harvested individually beginning in 1983, the year prior to beginning 
the salinity treatments. In addition to fruit mass, the number of fruit harvested and 
fruit size were determined. Tree canopy reponse to salinity was noted by observing any 
foliar damage, premature leaf drop, and out-of-season flowering. Leaf samples were 
taken periodically to monitor  nutrient and salt levels. The regrowth of each tree that 
occurred during the year above a height of 4 m from the soil surface was cut off 
mechanically and weighed. This topping operation was conducted about one month  
after fruit harvest each year. In 1984 and 1985, the top growth from the experimental 
trees that fell in the center row in four replicates (A, B, D, and E) of each salinity 
treatment were weighed. Top growth in 1983 was measured on 13 of the 30 plots. 
Prunings made during the winter were weighed from 4 of the 8 trees in four repli- 
cations for the 0 and 8 dS/m treatment in January 1985, for the 0, 1, 2, and 4 dS/m 
treatments in January 1986, and for all treatments in December 1986. Samples of top 
growth and prunings were taken for water content determinations and the average 
weights were corrected to a dry weight basis. The amount  of solar radiation passing 
through the tree canopy was compared to radiation measured in the open with a light 
bar in July 1985. 

Results and discussion 

Water balance 

The average amounts of water [irrigation (I) and rainfall (R)] applied daily during each 
month  from 1984 to 1986 are summarized in Fig. 2 in units of depth of water applied 
uniformly over the entire surface area of each plot. The amounts given for January, 
February, March, November, and December are entirely rainfall, except for a small 
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Fig. 2. Mean daily rates of irrigation plus rainfall for the treatments receiving irrigation water 
having electrical conductivities of 0, 2, and 4 dS/m from 1984 through 1986. Mean daily rates for 
evapotranspiration of nonstressed plum trees are also given 

amount  of irrigation applied in March 1984. Annual rainfall amounts during 1984, 
1985, and 1986 were 269, 216, and 336 mm, respectively; the long term mean annual 
rainfall is about  300 ram. Rainfall during the irrigation season (April to October) 
averaged only 27 mm. The mean irrigation depths applied annually to the three lowest 
salt treatments (0, 1, and 2 dS/m) were 1260, 1250, and 1420 mm for 1984, 1985, and 
1986, respectively. The same amount  of water was applied to every salt treatment 
during 1984; but because of higher soil water contents resulting from less evapo- 
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Fig. 3. Mean root zone salinity as a function of time for the six salinity treatments (EC~ = 0 ,  1, 
2, 4, 6, and 8 dS/m). Note  that in 1986 nonsaline water was  applied to the 6 and 8 dS /m treatments 

transpiration, less water was applied in 1985 and 1986 to the higher salt treatments 
(4, 6, and 8 dS/m). The average daily applications for the lower salt treatments was 
between 7 and 8 mm/day during the summer except for July 1986 when 10 mm/day 
was applied to  promote a high leaching fraction. 

Evapotranspiration (ET) for the treatments without detrimental salinity effects 
was calculated from values of the crop coefficient (kc) (Muir 1986) and the potential 
evapotranspiration (ETo) calculated from the modified Penman equation (Phene et al. 
1985). Average daily values of evapotranspiration on a monthly basis for unstressed 
trees are illustrated in Fig. 2. Annual ET values for the nonsaline conditions were 1080, 
1010, and 1080 mm for 1984 through 1986. The leaching fraction (I + R--ET/[I  + R]) 
for the average of the three lowest salt treatments was 0.29 during 1984, 0.31 in 1985, 
and 0.38 in 1986. Leaching fractions for any salt treatment that reduces ET are 
unknown, although they are higher than for the nonsaline treatments. 

The average values of electrical conductivity for the irrigation waters consistently 
exceeded the desired treatments; however, when rainfall during the irrigation season 
is taken into account (EC = ECi I/[I + R]) the salinity levels were as desired or below 
(Table 1). The typical concentrations of calcium, sodium, and chloride for the different 
treatments are also given in Table 1. 

Soil salinity 

The time course of soil salinity for each treatment from 1984 through 1986 is presented 
in Fig. 3. Each data point is the mean of ECe for a soil depth of 0 to 120 cm. Data 
include values from both soil samples and suction cups. Electrical conductivities 
measured from the suction cups (ECsw) were converted to ECe values by the equation 
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E C  e = 0.3 + 0.6 EC~w. The correlation coefficient for this equation is 0.98. The equation 
is based upon mean values of E C  e and EC~,  measured at the same time (March, May, 
and October 1985 and June 1986). The salinity patterns are similar for 1984 and 1985 
with peak values being higher in 1985. In 1986, nonsaline water was applied to the 
plots formerly irrigated with 6 and 8 dS/m waters. Extensive salt damage had occurred 
by late 1985, as described below, and an attempt was made to revive the trees by 
reclaiming the soil prone. 

Examples of the soil salinity profiles for several treatments are given in Fig. 4. 
Some of the profiles presented represent soil samples taken in February or March each 
year before irrigations began and near the end of the winter rains. These profiles 
represent the least saline conditions for the given year. The remaining profiles are 
average values obtained from soil samples and suction cups from June to October of 
each year. During this latter portion of the irrigation season, soil salinity values for 
any given treatment and soil depth remained relatively constant. Salinity profiles from 
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treatments not shown are similar in shape to those presented with values consistent 
with the salinity treatment. 

Before the experiment began (soil samples of February 1984), the salinity of the soil 
profile was uniform and averaged 0.6 dS/m for all replicates. Salinity profiles during 
the latter stages of the irrigation season (June to October) for the 4 dS/m treatments, 
illustrated in Fig. 4, averaged 4.2, 4.5, and 4.1 in 1984 through 1986. Soil salinity 
profiles for the 8 dS/m treatment from June to October averaged 7 and 8 dS/m for 
1984 and 1985, respectively. In 1986, after nonsaline water was applied to the plots 
formerly irrigated with 8 dS/m water, the profile averaged 1 dS/m. The EC e values for 
the control treatment (ECI =0.3 dS/m) averaged 0.9 dS/m in each of three years, 
verifying that the treatment remained unaltered. 

Also illustrated in Fig. 4 is the impact of winter rainfall on leaching the salts from 
the root zone. Winter rains reduced soil salinity to that for nonsaline conditions to a 
depth of approximately 1 m for all saline treatments. Soil samples taken in March 
1986 indicated that salinity was essentially the same for all treatments to a soil depth 
o f l m .  

Tree response 

Fruit production. In June 1983, prior to the initiation of the experiment, the trees were 
harvested individually to determine any nonuniformity in yield to assist in the exper- 
imental design. Fruit yield did not differ significantly from east to west (with the rows) 
in the orchard; but yield increased significantly from north (replicate A) to south 
(replicate E). These results led to the randomized block design illustrated in Fig. I So 
that future treatment differences would not be influenced by pre-treatment effects. 
Fruit yield averaged 33.6 kg per tree in 1983 (Table 2). Analysis of variance also 
indicated that neither fruit number nor fruit weight were significantly different in 1983 
among the proposed treatments; the number of fruit harvested per tree averaged 510 
and fruit weight averaged 66 g. 

In 1984, the fruit was harvested in June about 4 months after the salinity treat- 
ments were first imposed. No significant differences were found for yield, fruit number, 
or fruit weight. However, both yield (79.6 kg/tree) and fruit number (1520 per tree) 
were more than double that harvested in 1983 (Table 2). Fruit weight in 1984 was 
significantly smaller (53 g) than in 1983. 

The first yield response to excess soil salinity occurred in 1985. The yield and 
number of fruit harvested were significantly lower for the 8 dS/m treatment than the 
other treatments (Table 2). In fact the yield for the 8 dS/m treatment was only 50% 
of the average yield of the other five treatments; fruit number was reduced 40%. 
Fruit size was reduced by salinity for the three highest salt treatments; with size being 
reduced significantly for the 4, 6, and 8 dS/m treatments (Table 2). Although rain and 
cool weather caused less fruit to set in 1985, yields were as large as those in 1984. In 
1984, the fruit set was so large that the fruit had to be thinned. No thinning was 
necessary on the Santa Rosa trees in 1985. Thus, yield reductions for the 8 dS/m 
treatment were caused by a reduction in the number of fruit harvested (40% less) and 
a 24% reduction in fruit weight (51 vs 67 g). 

By 1986, high salinity (6 and 8 dS/m) treatments had severely reduced yields. Foliar 
damage, as described below, was so severe by the end of the 1985 irrigation season that 
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Table 2. Influence of salinity on the yield, number of fruit harvested, and fruit size for 'Santa Rosa' 
plums. The amount  of shoots removed annually by pruning and topping of the trees at a height 
of 4 m are also given 

Year Salinity treatment (dS/m) LSD *** 

0 1 2 4 6 8 

1983 
1984 
1985 
1986 

Neld (fresh weight of fruit, kg/tree) 

32.3 a* 31.6 a 35.6 a 36.2 a 31.6 a 34.4 a N.S. 
75.0 a 82.0 a 84.3 a 79.1 a 75.4 a 81.7 a N.S. 
76.4 a 76.4 a 87.2 a 81.9 a 72.3 a 39.1 b 22.6 
27.2 b 35.5 b 45.5 a 31.8 b 8.4 c 1.3 c 9.8 

Fruit number (number of fruit harvested per tree) 

1983 510 a 460 a 530 a 540 a 470 a 530 a N.S. 
1984 1380 a 1560 a 1570 a 1490 a 1460 a 1640 a N.S. 
1985 1110 ab 1140 ab 1320 a 1310 a 1270 a 760 b 378 
1986 420 b 560 b 740 a 520 b 160 c 20 c 147 

Fruit weight (mean fruit mass, g) 

1983 63 a 69 a 67 a 67 a 67 a 65 a N.S. 
1984 54 a 53 a 54 a 53 a 52 a 50 a N.S. 
1985 69 a 67 a 66 a 62 b 57 c 51 d 3.2 
1986 65 a 63 a 61 a 61 a 50 b 43 c 4.2 

Tree top growth (dry weight of shoots, kg/tree) 

1983 14.8 a ** - - - 17.3 a N.S. 
1984 14.3 a 13.9 a 12.3 ab 11.3 b 11.2 b 11.8 ab 2.4 
1985 19.9 a 18.6 ab 15.7 bc 13.9 c 9.8 d 5.4 e 3.6 
1986 16.0 a 13.8 b 14.0 b 8.0 c 3.3 d 0.8 e 1.4 

Pruning weight (dry weight of shoots, kg/tree) 

1983 ** . . . . . .  
1984 12 a . . . .  13 a N.S. 
1985 11 a 8 b 9 ab 8 b - - 2.2 
1986 9 a  8 a  8 a  5 b  2 c  1 c 2.8 

* Mean separation within rows by Duncan's  Multiple Range Test at 5% level 
** Measurement not made 
*** LSD is the least significant difference at the 5% level 

n o n s a l i n e  w a t e r  was  app l i ed  to  these  two  t r e a t m e n t s  t h r o u g h o u t  1986. N o  doub t ,  

m a n y  p o t e n t i a l  f ru i t ing  b u d s  were  n o t  f o r m e d  or  fai led to d ev e l o p  in  1986. C o n s e -  

quen t ly ,  yields in  the  two  h ighes t  sal t  t r e a t m e n t s  were  ex t r eme ly  low (Table  2). Adve r se  

w e a t h e r  cond i t i ons ,  i n c l u d i n g  f r e q u e n t  ra infa l l  a n d  coo l  t e m p e r a t u r e s  d u r i n g  po l l ina -  
t i o n  a n d  a severe  hai l  s t o r m  d u r i n g  the  l a t e r  s tages  of  b l o s s o m i n g ,  r e d u c e d  frui t  set  for  

all  t r e a t m e n t s  in  1986. O v e r  9 7 %  of  the  f lowers  r e c o r d e d  o n  selected b r a n c h e s  d id  n o t  

set  fruit .  D e s p i t e  the  wea the r ,  yields were  r e m a r k a b l y  h i g h  (Table  3) b u t  far  be low 

those  of  1984 a n d  1985. T h e  n u m b e r  of  f rui t  h a r v e s t e d  in  1986 pa ra l l e l ed  t o t a l  yield. 

A l t h o u g h  frui t  w e i g h t  was  r e d u c e d  s igni f icant ly  by  excess sa l in i ty  (6 a n d  8 d S / m  

t r ea tmen t s ) ,  t he  we igh t  of  the  f rui t  f r o m  the  low sal t  t r e a t m e n t s  was  typ ica l  of  the  frui t  

we igh t  of  p r e v i o u s  years.  
O n e  of  the  c o n s i s t e n t  fea tu res  of  the  e x p e r i m e n t  to  da t e  is the  e n h a n c e m e n t  of  yield 

in  the  2 d S / m  t r e a t m e n t  c o m p a r e d  to  the  n o n s a l i n e  (0 dS /m)  t r e a t m e n t .  A l t h o u g h  
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yields were 10, 11, and 14% higher for the 2 dS/m treatment compared to the control 
treatment in 1983, 1984, and 1985, respectively; the differences were not statistically 
significant. In 1986, however, yield enhancement for the 2 dS/m treatment compared 
to the control treatment was a highly significant 67%. The reason for the yield 
enhancement appears to be increased fruit number not increased fruit size except in 
1983. In 1986, 76% more fruit were harvested from the 2 dS/m treatment compared 
to the control treatment. 

The fruit harvested in 1986 were passed through a fruit sizing machine that utilizes 
a rotating table. Five sizes of fruit (29, 44, 57, 68, and 81 g) were determined based 
on commercial grading sizes of the California Tree Fruit Agreement (1986). The 
percentage of the total number of fruit harvested that were culls (29 g) increased from 
18% for the nonsaline treatment to 27% for the 8 dS/m treatment. The percentage of 
fruit in the two largest sizes (68 and 81 g) decreased from 34% to 7% with increasing 
salinity. 

As noted for many crops, salinity hastens maturity (Bernstein and Hayward 1958); 
plums are no exception. In 1986, fruit were harvested on June 2 and 6. On June 2, 29% 
to 34% of the fruit was removed from the 0, 1, and 2 dS/m treatments according to 
commercial shipping maturity, i.e., fruit color. In contrast, 57% of the fruit in the 
4 dS/m treatment and 82% of the fruit in the 8 dS/m treatment were harvested. In 
1985, the first harvest was on June 18 and 19 and the last (third) harvest was on June 
25 and 26. During the first harvest, only 14% of the fruit in the control treatment was 
picked compared to 43 % in the 8 dS/m treatment; for the last harvest, the percentages 
were 52% and 26%, respectively. 

Shoot growth. The amount of shoot growth above a height of 4 m from the soil surface 
that is removed annually (top growth in Table 2) was somewhat higher in 1983 for the 
plots that were salinized the following year (1984). Consistent with the harvest results, 
top growth was not reduced significantly until 1985 (the end of the second year). In 
1986, with the trees in the 6 and 8 dS/m treatment severely damaged or dead, top 
growth was very low. If top growth was plotted as a function of soil salinity the result 
would be similar to the curve for fruit yield. The influence of salinity on pruning 
weight, although not taken annually for every treatment, appears to be similar to that 
for top growth (Table 2). 

Foliar damage. By August 1984, 5 months after the saline water application began, 
foliar damage was observed. Leaf injury symptoms developed as leaf burn or drying 
of leaf tissue, typically occurring first at the extreme tip of older leaves and progressing 
back along the leaf edges (see Bernstein 1980 for color photographs). Severe leaf 
damage was accompanied by defoliation, followed by off-season flowering and the 
appearance of new leaves that were typically necrotic (yellow) and undersized. Thus, 
in mid-September 1984 foliar damage of each experimental tree was evaluated visually 
using a rating scale of 0% for no apparent visual salt damage, 2% damage when 1% 
to 3% of the leaves on a tree showed marginal necrosis randomly over the tree, 5% 
damage if 3% to 10% of the leaves showed symptoms with small sections where all 
leaves showed symptoms, 20% damage indicated that 10% to 25% of the leaves 
showed symptoms, 50% signified that 25% to 75% had symptoms, 80% denoted 75% 
to 90% showed symptoms, 95% indicated 90% to 100% of the leaves were damaged, 
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Fig. 5. Influence of the salinity of the 
irrigation water on visual foliar dam- 
age of 'Santa Rosa' plum in the spring 
and fall 

and 100% denoted no green leaves on the tree. This rating scale was patterned after 
the plant disease assessment principle that visual acuity is greater near the ends of a 
percentage scale (Horsfall and Barratt 1945; James 1974). Evaluations were repeated 
in mid-April and mid-September of each subsequent year. To accommodate compari- 
sons between visual damage and the salinity of the irrigation water and the leaf 
concentrations of chloride and sodium, the visual foliar damage is taken to be the 
average percent damage within each visual rating class. 

Just after saline treatments began, no visual foliar damage was evident. Thus no 
damage curve is presented in Fig. 5 for April 1984. The visual evaluation in mid- 
September 1984 is indicative of the worst leaf injury symptoms that occurred the first 
year treatments were imposed. About 6 weeks after the leaves emerged in 1985 foliar 
damage in the three highest salt treatments was evident (Fig. 5). Thus, the threshold 
value (maximum salinity level of the irrigation water without foliar damage) was near 
3 dS/m in April 1985. By September 1985 foliar damage was more severe than in 1984 
with the 6 and 8 dS/m treatments being severely damaged with very few green leaves 
visible. The threshold value was similar to the September 1984 value - about 2 dS/m. 
In April 1986 foliar damage was much worse than in April 1985. The threshold value 
for foliar damage in April, however, remained near 3 dS/m. The foliar damage for the 
4 dS/m treatment was greater than in 1985, but the threshold for the fall evaluation 
remained about 2 dS/m. 

The relationships between either chloride or sodium concentrations of plum leaves 
and visual foliar damage are given in Fig. 6. The visual damage ratings were taken in 
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Fig. 6. Visual foliar damage of 
'Santa Rosa' plum leaves as a func- 
tion of the chloride or sodium con- 
centration of the leaves in August 
or September 
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Table 3. Time and depth integrated soil salinity values (reported as the electrical conductivity of 
saturated soil extract, dS/m) for a soil profile 120 cm deep and various time periods excluding 
the months of November to March when the trees are dormant 

Salinity treatment June 1982 to June 1983 to June 1984 to 
(dS/m) June 1984 June 1985 June 1986 

0 0.5 0.6 0.8 
1 0.6 1.0 1.2 
2 0.8 1.6 2.2 
4 1.0 2.5 3.4 
6 1.0 3.1 4.2 
8 1.2 4.2 6.0 

mid-September  and leaves were sampled in August  or September for ion concentra- 
tion. Chloride accumulated in the leaves to a concentrat ion of at least 200 mmol /kg  
(0.7%) of leaf dry weight before significant visual leaf injury occurred. Beyond about  
200 mmol /kg  foliar damage increased linearly with increasing chloride concentration. 
At a chloride concentrat ion of 600 mmol /kg  (2.1%) the trees were nearly defoliated. 
F o r  sodium, little accumulat ion occurred in the leaves (less than 10 mmol/kg,  0.02%) 
until the foliage was heavily damaged  and the tree was defoliated, then sodium levels 
increased to 100 mmol /kg  (0.2%). Apparently,  sodium is excluded until the leaf mem- 
branes are damaged  from chloride accumulation,  then sodium moves into the leaves 
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Table 4. Coefficients in the salt tolerance equation for mature 'Santa Rosa' plum trees 

Relative harvest Threshold (dS/m) 
index 

Slope (% per dS/m) 

Value 95% Confidence Value 
limits 

95% Confidence 
limits 

Yield 2.6 ±0.8 31 _+ 12 
Number of fruit 2.9 ± 0.5 34 _+ 11 
Fruit size 1.7 ±0.9 7.6 +_ 2.7 

and accumulates. The hypothesis, which still must be proven by detailed studies, is 
that chloride is the damaging ion, not sodium. 

Another measure of the effects of salinity on tree foliage is the proport ion of solar 
radiation passing through the tree canopy. Measurements taken indicated that radia- 
tion passing through the tree canopy and reaching the soil surface was only 15 %, 21%, 
22%, 24%, 38%, and 52% of the total incoming solar radiation for the 0, 1, 2, 4, 6, 
and 8 dS/m treatments, respectively. 

Salt tolerance 

Time integrated values of soil salinity were determined to develop a salt tolerance 
curve as proposed by Maas and Hoffman (1977). The integrated values for the 2 years 
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pr ior  to each harvest  but  excluding the months  when the trees are dorman t  (Novem- 
ber to March) are given in Table 3. This t ime per iod was chosen to account for the 
influence of salinity on shoot growth which at tr ibutes to bud format ion the year pr ior  
to harvest. The appropr ia te  time frame is unknown because of the lack of experience 
about  salt effects on perennial  crops. As da ta  on flower formation,  fruit set, and 
budwood  development  are analyzed, a more accurate time frame may be established. 
Meanwhile,  a 2-year per iod was assumed. 

The salt tolerance of mature  plum trees based upon the results of the first three 
years of this field trial and utilizing the integrated soil salinity given in Table 3 is 
i l lustrated in Fig. 7. The number  of fruit harvested and fruit size as a function of soil 
salinity are also presented in Fig. 7. A nonlinear,  least-squares regression technique 
(van Genuchten and Hoffman 1984) was utilized to determine the slope and threshold 
for the salt tolerance equation. The salt tolerance equation for relative yield (Y,.) is 
Y~ = 1 0 0 - 3 1  (ECe--2.6) based on the da ta  presented here. The coefficients for the 
equat ion are given in Table 4 for each measure of fruit harvest. The threshold value 
for plum reported by Maas  and Hoffman (1977) is 1.5 dS/m and the slope is 18% per 
dS/m (Y~=100-18  [ECe-I .5] ) .  These results would indicate that  the published 
threshold value is too conservative while the slope is steeper. Da ta  collected during the 
next few years should establish whether longer exposure to excess salinity will change 
the salt tolerance response curve significantly. 
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