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Abstract The influence of B and salinity [3 NeSO, : 1 CaCl,, (molar ratio)] on B toxicity and the accumulation of B, sodium,
and SQ, in six Prunus rootstocks was evaluated. High salinity reduced B uptake, stem B concentrations, and the severity
of toxicity symptoms in five of the six rootstocks. Forward and backward stepwise regression analyses suggested that stem
death (the major symptom observed) was related solely to the accumulation of B in the stem tissue in all rootstocks. The
accumulation of B and the expression of toxicity symptoms increased with time and affected rootstock survival. No
symptoms of B toxicity were observed in leaf tissue. THrunusrootstocks studied differed greatly in stem B accumulation
and sensitivity to B. The plum rootstock ‘Myrobalan’ and the peach—almond hybrid ‘Bright’'s Hybrid’ were the most
tolerant of high B and salinity, whereas the peach rootstock ‘Nemared’ was very sensitive to high B and salinity. In all
rootstocks, adding B to the growth medium greatly depressed stem $Gncentrations. In every rootstock except
‘Nemared’ peach, adding salt significantly depressed tissue B concentrations. A strong negative correlation between tissue
SO, and B was observed. Grafting experiments, in which almond was grafted onto ‘Nemared’ peach or ‘Bright's Hybrid’,
demonstrated the ability of rootstocks to influence B accumulation and scion survival.

Boron is an essential micronutrient that is often found in highovell’ peach (Bernstein et al., 1956). In a comparison of root-
concentrations in association with saline soils and saline watthck effects on B tolerance, Hansen (1948, 1955) observed that
water (Dhankhar and Dahiya, 1980). Although B toxicity is closelyrench prune on ‘Marianna’ plum or peach roots showed more
associated with salinity problems (Nicholaichuk et al., 1988), itdgem injury than those on almond or ‘Myrobalan’ plum rootstocks.
not known whether B and salinity interact to impair the growth biione of these studies, however, considered interactions between
fruit tree species. B, salinity, and rootstock, and few have adequately discussed the

Stone fruit trees are classified as relatively sensitive to salinitgcumulation of ions in plant tissues and its association with tree
(Greenway and Munns, 1980; Maas, 1986). Hoffman et al. (1988)yformance (Bernstein et al., 1956). Furthermore, information is
and Catlin et al. (1993) have demonstrated that growth of ‘Sargquired on the response of fruit trees to a combination &®ja
Rosa’ plum on ‘Myrobalan’ rootstock was not significantly recaCl,, and B typical of many areas of the western San Joaquin
duced by exposure to soil conductivities of 4 and 8 d$enone Valley of California and many similar areas in the world.
season, but continued exposure to these salinity levels resulted ifihe objectives of this study were to 1) investigate the interac-
yield declines in the second season. Catlin et al. (1993) calculaieds of NgSO, and CaCJsalinity and B supply on the accumula-
that 3 years of growth of ‘Santa Rosa’ plum in soils with aion of B, Na, and SOn various plant parts, 2) study the relation-
electrical conductivity >2.5 dSwould reduce production mea-ship between the concentration of these ions, plant growth, and the
surably. Excess B and salinity are significant problems in Calif@xpression of toxicity symptoms in six rootstocks, and 3) deter-
nia, where >150,000 ha in the San Joaquin Valley have begne if rootstock can influence scion tolerance to excessive B or
impacted by salinity (Croughan and Rains, 1982). This regisalinity stresses in the root environment.
produces more than $1 billion a year in almonds and stone fruit.

Published studies on the accumulation of toxic ions and the Materials and Methods
development of symptomology in plant species exposed to a
combination of high B and salinity are limited. Eaton (1944) Six commercialPrunus rootstocks—'Lovell’, ‘Nemaguard’
described a range of symptoms associated with B toxicity aamt ‘Nemared’ peachPfunus persicd8atsch), ‘Marianna 2624’
emphasized that species differ greatly in their response to exeggs‘Myrobalan’ plumP. salicinaLindl), and ‘Bright’s Hybrid’

B. In Prunus B toxicity has been associated with stem diebadlelmond—peach hybridlP[ amygdaluBatsch syr?. dulcig(Mill.)
gumformation, and cracking and splitting of the bark (Woodbridde,A. Webb ‘Mission’x P. persicdNemared’]—were used in this
1955). Leaf symptoms of B toxicity have not been described forperiment. ‘Marianna 2624’ cuttings and seeds of ‘Myrobalan’,
Prunus and, as a result, the recognition of B toxicity in the field iSlemaguard’, and ‘Nemared’ were obtained from the U.S. Dept.
severely inhibited. of Agriculture Germplasm Repository, Davis, Calif. ‘Marianna

Rootstock can greatly affect the scion’s tolerance to salin@g24’ cuttings were rooted in Fall 1990 and ‘Myrobalan’,
(Bernstein et al., 1956; Hayward et al., 1946) or high B concentfdemaguard’ and ‘Nemared’ seeds were planted in April 1991
tion (Hansen, 1948, 1955). For example, almond and peach scafter 2 months of chilling at 5C. ‘Lovell’ and ‘Bright’s Hybrid’
grafted onto ‘Marianna’ plum rootstock consistently had lower €tedlings were obtained in April and May 1991 from Bright's
accumulation and less growth inhibition than those grafted omarsery near LeGrand, Calif. All rootstocks were transplanted into
- pots in May 1991 and grown at a field site near Davis. Plants were
Received for publication 20 Dec. 1993. Accepted for publication 16 May 1994. @e0own in 11-liter pots filled with perlite. Each pot contained two
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(rootstocks) factorial, repeated in six replications, with 108 treafs treatment, respectively) and again in September 1992 (14
per replicate. A total of 324 pots (648 trees) was used. During thenths of treatment). Stems (<4 mm in diameter) and roots (<2
experiment, plants were irrigated to field capacity with deionizeam in diameter) were collected in February and September 1992.
water as necessary. Care was taken to avoid through-flow of waB@ron toxicity in the shoots was estimated as percentage length of
In the pretreatment period from 1 May to 24 June, plants welead shoots vs. total shoot length. The total dry weight for each pot
fertilized twice each week with half-strength Hoagland solutiamas determined at the end of the experiment.
(Hoagland and Arnon, 1950). Beginning 24 June, all plants wereAll samples were oven-dried at 70C to a constant weight,
fertilized with full-strength Hoagland solution twice each weekyeighed, ground to pass a 30-mesh screen, and ashed at 500C for
with additional irrigation to field capacity as necessary. On 26 Julyg h. After ashing, samples were digested in 1% nitric acid, and ion
when all plants were growing vigorously and uniformly, B ancbncentration was determined by inductively coupled plasma
salinity treatments were initiated by adding the treatment solutgpectroscopy (Thermo Jarell Ash Corp., Menlo Park, Mass.).
with the nutrient solution. After 3 months of treatment in the firSlulfate-S was extracted and analyzed according to Littlefield et al.
season, treatments and nutrient applications were halted during1880). Chloride was determined by a chloridometer (Haake
dormant period (November to February). All plants were trarBuchler, Saddle Brook, N.J.).
planted from 11- to 15-liter pots before the second growing seasorstatistical analysisStatistical analysis was performed using
(February 1992), and the treatments were reinitiated in Mai®AS’s general linear models and stepwise procedures (SAS Insti-
1992. tute, 1982). Percentage data were arcsin-transformed (Fernandez,
In May 1991, an additional experiment was initiated usiri92; Gomez and Gomez, 1984). Stem B concentration was log-
‘Titan’ almond grafted to either ‘Bright’s Hybrid’ or ‘Nemared'transformed, and dry weight was cubic-root-transformed accord-
rootstock. The plants consisted of 1-year-old scions on 2-year-olgl to the criteria outlined by Fernandez (1992). Forward and
rootstocks. They were arranged, one plant per pot, into the folldvaekward stepwise regression was performed using nontransformed
ing four treatment combinations: a) 0.02& B, 2 dS-m'salt, b) stem death as the dependent variable and B, Na, ap8 BGhe
1.0 v B, 2 dS-mtsalt, ¢) 0.025 m B, 12 dS-nt salt, and d) 1.0 leaf and stem as independent factors. Analysis of treatment effects
mm B, 12 dS-nt salt. Each treatment combination was replicateéddicated that stem death, dry weight, and stem B concentration
four times. Nutrient solutions, treatment applications, and wateere affected by two- and three-way interactions between B,
were applied as described above. salinity, and rootstock. Statistical comparisons of main effect are
In all treatments, toxicity symptoms and growth were recordeberefore not valid. Results for the first and second year of the
and leaf samples from midshoot of the current season’s groeiperiment were similar. Only second year results are presented
were collected in late August and November 1991 (1 and 4 moribse.

Table 1. General linear models procedure analysis of percentage stem Results
death after arcsin transformation. Stem death was determined 14

months after exposing sBrunusrootstocks to varying B and salinity ~ Plant growth and symptom3.oxicity symptoms were ob-

treatments. served 4 months after treatment and persisted into the second year
of the experiment. The most significant toxicity symptom occurred
Source df Mean square F value. . )
B 5 720,000 557 in the stem and included shoot d!e back, gummy exudatgs, or
- ' ., hecrotic spots along the lower or middle part of a stem and finally
Salinity (S) 2 933 601 \yhole shoot death. This toxicit t d solely by B
Rootstock (R) 5 10.900 2Gia  Whole shoot death. This toxicity symptom was caused solely by B,
BxS 4 1 "160 9 21*1 as no symptoms were observed with salinity treatments alone.
B xR 10 2’370 15',3 There were no apparent leaf symptoms in any treatments.
SxR 10 ’ 430 > '77 Stem death was affected by a three-way interacen(.01)
B x Sx R 20 405 2.6’.’[ between B, salinity, and rootstock (Table 1). The results indicate
Error 58 155 ‘ that, under low salt (2 dS=# ‘Marianna’, and ‘Lovell’ were least

tolerant of high B (1 m) (98 and 91 stem death, respectively)
(Table 2), while ‘Myrobalan’ was very resistant to high B (13%

* Significant atP < 0.01.

Table 2. Mean percentage stem death d?Paixusrootstocks grown under varying B and salinity treatments. Plants were exposed
to treatments for 14 months.

1170

B (mm)/ Rootstock

salt (dS-m) HY LO M MA NG NR
0.025/2 *l 18+ 1 2z 1 16+ 6 5+1 16+ 3
0.5/2 7x2 40+ 8 15+ & 42+ 7 33+ 7 52+ 5
1/2 71+ 4 91+ 8 13+ 3 98+ 1 62+ 7 7813
0.025/6 2+ 17+3 3+ 1 28+ 7 14+ 2 12+ €
0.5/6 7+ 3 35+ 2 3+ 2 24+ 11 21+ 1 24+ 3
1/6 43+ 11 56+ 8 5+2 100+ 0 52+ 11 99+ 0
0.025/12 2t1 13+ 2 61 14+ 8 33+ 9 30+ 7
0.5/12 4+ 2 171 4%3 19+ 2 24+ 3 25+ 3
1/12 12+ 1 66+ 19 31 63+5 40+ 15 100+ 0

ZHY = ‘Bright’s Hybrid’, LO = ‘Lovell’, M = ‘Myrobalan’, MA = ‘Marianna’, NG = ‘Nemaguard’, NR = ‘Nemared’. Values are

untransformed original meansse.
YOnly four to five observations, all others had six observations.
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stem death only). At the intermediate salt concentration (6Correlation of stem death with elemental concentratioh
dS-m?), the relative sensitivities of the six rootstocks differestepwise regression analysis (SAS Institute, 1982) was used to
slightly from sensitivities at the low salt concentration. Thugetermine whichindependentvariable—B, Na, of-S{d the leaf
‘Marianna’ and ‘Nemared’ were most sensitive, ‘Myrobalan’ weand stem was most likely to contribute to stem death (Table 5).
least sensitive, and ‘Lovell’, ‘Nemaguard’, and ‘Bright’s HybridChloride data are not shown becausedl not accumulate to
were intermediate in their response. At the highest B leveli]1 msignificant levels in any treatment (@oncentrations in leaves
increasing salinity (2 to 12 dS-thdecreased shoot death by 80%anged from 150 to 6Q0y-g* and were not significantly affected
30%, 70%, 30%, and 30% in ‘Bright’'s Hybrid’, Lovell’, ‘My- by treatment or rootstock effects). Stem B was the only variable
robalan’, ‘Marianna’, and ‘Nemaguard’, respectively (Table 2fhat was significantly correlated with stem death. Further analysis
Only in ‘Nemared’ did increasing salinity increase shoot death individual rootstocks and elemental concentrations suggests
percentages (78% to 100%). A similar trend was apparentteit there was no interactive effect between Na angirs@af
intermediate B levels with increasing salinity. Thus, increasitigsue and the sensitivity of a plant to B toxicity. Thus, B accumu-
salinity reduced B toxicity in all species except ‘Nemared'. Thation in the stem tissue is the sole determinant of B toxicity. Any
rootstocks ‘Marianna’, ‘Lovell’, ‘Nemaguard’, and ‘Nemaredapparent effect of salinity on stem death may be attributed to the
were the most sensitive to high B and high salinity, while ‘Meffect of salinity on stem B concentrations.
robalan’ and ‘Bright's Hybrid’ were least sensitive. ‘Bright's As with stem death and dry weight accumulation, B accumula-
Hybrid’ is relatively tolerant of B, particularly if salinity is high,tion in the stem depended on a three-way interaction between B,
while ‘Myrobalan’ is tolerant of B at all salt levels used here. salinity, and rootstock(< 0.01) (Tables 6 and 7). The relationship
Dry weight accumulation also depended on a three-way intBetween treatment, stem B concentration, and stem death can be
action between B, rootstock, and sBl&(0.05) (Table 3). Under easily recognized by comparing Tables 2 and 7. The B concentra-
low salt, adding high B greatly decreased dry weight accumulatins in stems of the various rootstocks varied with treatment and
in all species except ‘Myrobalan’ (Table 4). Under the highestdBrrelated well with stem death (Table 5). Thus, under high
concentration, increasing salt level increased dry weight accursalhinity, rootstocks with the highest stem B concentrations
lation in ‘Bright’s Hybrid’. Thus, increasing salt mitigated th€'Nemared’, ‘Lovell’) typically had the highest percentage of stem
effects of B on ‘Bright's Hybrid'. Intermediate salt levels alsdeath, while ‘Myrobalan’ and ‘Bright's Hybrid’ had lower stem
partially mitigated the effects of B in ‘Marianna’ and ‘Myrobalan’death and lower stem B concentrations (Tables 2 and 7). When B
Under high B and high salt, ‘Myrobalan’ and ‘Bright Hybridwas supplied at its highest concentration, increasing salt level
maintained 60% to 80% of control growth (low B and low saltharkedly decreased stem death at all species except ‘Nemared’
compared to 20% to 30% growth in the other rootstocks. (Table 2). This decrease in stem death coincided with a salinity-
induced decrease in stem B concentration (Table 2 vs. 7). During
Table 3. General linear models procedure analysis of dry weight a { experiment, the plum ropt_StOCk‘Mymbalan’exmb'ted remark-
cubic-root transformation. Dry weight was determined 14 mont@®!€ tolerance to B and salinity (Table 2), which corresponded to
after exposing siPrunusrootstocks to varying B and salinity treat-the restricted accumulation of B in its stem (Table 7).
ments. The relationship between stem B concentrations and stem death
was also apparent in experiments with grafted plants. The effect of

Source df Mean square F value gotstock (‘Bright's Hybrid’ and ‘Nemared’) on stem death and

B 2 32.7 146 stem B accumulation is illustrated in Fig. 1. Plants grafted onto
Salinity (S) 2 2.39 106 ‘Bright's Hybrid’ rootstock suffered considerably less stem death
Rootstock (R) 5 25.3 112 ynder low salinity and high B and high salinity and high B than
BxS 4 2.13 947 those grafted to ‘Nemared’. This difference was most marked at
BxR 10 1.04 466  the highest salinity and B combination (Fig. 1, top). Here again,
SxR 10 0.53 2.35 increasing salinity decreased the toxic effects of B when ‘Bright’s
BxSxR 20 0.517 229 Hybrid’ was used as the rootstock. The difference of stem death
Error 244 0.224 was due largely to the difference in B concentration in stem tissue
“™Significant at® < 0.05 and 0.01, respectively. of the scion that was as much as 75% less in plants grafted on

Table 4. Total dry weight [roots, leaves, and stems (g/pot)] Bfrsixusrootstocks grown under varying B and salinity treatments.
Plants were exposed to treatments for 14 months.

B (mm)/ Rootstock

salt (dS-m) HY LO M MA NG NR
0.025/2 265 23 95+ & 103+ ¢ 142+ 22 166+ 25 96+ 10
0.5/2 178+ 17 505 87+ 18 98+ 22 79+ 11 89+ 17
1/2 102+ 6 334 93+ 25 48+ 5 26+ 3 39+ 2
0.025/6 253t 23 96+ 8 109+ 19 154+ 17 126+ 16 81+ ¥
0.5/6 240+ 15 62+5 133+ 5 181+ 27 60+ 17 70+ 8
1/6 141+ 18 43+ 8 106+ 21 61+ 6 35+ 11 30+ 6
0.025/12 193 & 52+ 6 90+ 17 125+ 17 51+7 61+ 10
0.5/12 173 3 63+ 8 135+ 39 109+ 15 81+ 12 707
1/12 163+ 10 29+ 3 775 54+ 9 42+ 2 20+ 3

ZHY = ‘Bright’s Hybrid’, LO = ‘Lovell’, M = ‘Myrobalan’, MA = ‘Marianna’, NG = ‘Nemaguard’, NR = ‘Nemared'. Values are
untransformed original meaasse.
YOnly four to five observations, all others had six observations.
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‘Bright’s Hybrid’ than in those grafted on ‘Nemared’ underk mconcentration on any rootstock (Fig. 2). In all treatments and in all
B and 12 dS-msalt (Fig. 1, bottom). This result indicated that theootstocks except ‘Myrobalan’, tissue B concentrations were lower
tolerance of arootstock to B and salinity can influence the respoimskeaves than in stems and did not differ consistently between
of the scion. rootstock and treatment. The much higher accumulation of B in
The effect of salinity and B on the accumulation of B in stem than leaf tissue is a characteristiPafnusrootstocks.
Prunus rootstock#Accumulation of B in root tissue varied greatly Compared with leaf B, stem B responded much more dramati-
and did not show any clear relationship between treatment aatly to changes in growth medium B, and significant interactions
tissue concentration (data not shown). However, leaf B concenb@tween rootstock, salinity, and B were evident. Stem B concen-
tions increased with increasing B in the growth medium in &lations increased 100% to 300% and 200% to 1000% over the
rootstocks, which is typical in ‘Bright’s Hybrid’ (Fig. 2). Leaf Bcontrol as B increased from 0.025 to 0./ amd 0.025 to 1.0 m
increased 50% to 80% and 100% to 150% over the control as Bespectively (Table 7). Stem B levels in ‘Bright’s Hybrid’ ranged
the medium increased from 0.025 to 08 amd 0.025t0 1.0 m from 48 ug-g? in the control to 558.1g-g* at the highest B
respectively. There was no significant effect of salinity on leafd®ncentration in the medium. In all rootstocks except ‘Nemared’,
increasing salinity significantly reduced B accumulation in stem
. . - issues (Table 7). This effect was significant in ‘Bright’s Hybrid’,
Tatélsze.nz;;rgla\llaazr\i/:gfg.sér(;)r;]nbisrgzzvngair;ﬂﬁsrlgovt\gigCslzg.m death as t|F]newhich add?ng salt at 12 dS+hto the high B treatment reduced
B accumulation by 80% (558 vs. 14§-gY). There was a strong

Variable R negative correlation between B concentration in the stem and salt
Leaf in the growth medium under high B for ‘Bright’s Hybrid’, ‘My-

B 0.0545 robalan’, and ‘Nemaguardi € —0.888, —0.762, —0.781, respec-
Na 0.0039 tively).
SO-S 0.0171 Effect of B and salinity on Na and S&zcumulationRegres-

! Stem sion analysis indicated that there was no significant correlation
B 0.4331" b_etween B application a_nq tissue Na levels. As such_, we will only
Na oooos discuss the effect of salinity on tissue Na concentration at the low
SO:S 0ooo3 DB treatments. Leaves contained the highest Na concentrations of

all tissues, and leaf Na concentrations varied most significantly
™ Significant atP < 0.001. The forward selection of variables was in theind consistently) between rootstocks and treatments (Fig. 3).
following sequence: stem B, leaf B, stem,&)and leaf Na. For all other ith the addition of salt, leaf Na concentrations increased dramati-
variablesR? was obtained from backward elimination. cally in all rootstocks except ‘Marianna’, which had the lowest leaf

Table 6. General linear models procedure analysis of stem Bconcentrzi}lan concent,ranons. nghest‘ ance,mrat'ons Pf ‘Na occurr,ed n
after log transformation. Stem B concentration was determined dyrobalan’ followed by ‘Bright's Hybrid’, ‘Nemared’,
months after exposing srunusrootstocks to varying B and salinity ‘Nemaguard’, and ‘Lovell’. Although leaf Na concentrations of up
treatments. to 12000ug-g* dry weight (1.2%) were recorded in ‘Myrobalan’,

the growth of this rootstock was not significantly affected by high

Source df Mean square F V""'”esalinity and leaves did not show symptoms of Na toxicity (data not
B 2 3.60 258 shown).

Salinity (S) 2 0.348 24 In contrast to Na, a very significant correlation between B
Rootstock (R) 5 0.631 44.5  treatment and tissue S@as observed and there were significant
BxS 4 0.0787 58 (differences in SQaccumulation among rootstocks. Thus,,SO
BxR 10 0.0783 55 concentrations in leaves (and stems) decreased markedly in re-
SxR 10 0.0548 39 gponse to increasing B in the growth medium (Fig. 4 top vs.
BxSxR 20 0.0658 4% pottom). This correlation was marked in ‘Bright's Hybrid’, in
Error 159 0.0142 which, at the highest salt level, leaf S&vels were reduced by

7 Significant atP < 0.01. 80% with the addition of 1.0mB (Fig. 4). Significant B-induced

Table 7. Stem B concentratiops)( g dry weight) of sixPrunusrootstocks grown under varying B and salinity treatments. Plants
were exposed to treatments for 14 months.

B (mm)/ Rootstock

salt (dS-m) HY LO M MA NG NR
0.025/2 48+ 16/ 76+ 18 45+ 9 86+ 14 62+ 9 53+ 10
0.5/2 152+ 16 117+ 14 69+ 5 242+ 44 182+ 42 269+ 75
1/2 558+ 45 415+ 115 126+ 21 171+ 41 312+ 46 211+ 22
0.025/6 136t & 68+ 3 51+ 4 54+ 6 65+ 8 83+ 8
0.5/6 97+ 6 157+ 18 58+ 14 97+ 6 200+ 12 134+ 2
1/6 234+ 7 277+ 48 67+ 8 127+ 14 275+ 33 268+ 30
0.025/12 36 90+ 6 351 48+ 8 70+ 8 60+ 3
0.5/12 T4+ 12 137+ 20 43+ 7 77+ 11 147+ 26 91+ 3
1/12 145+ 4 253+ 66 55+ 4 197+ 33 138+ 39 416x 15

ZHY = ‘Bright’s Hybrid’, LO = ‘Lovell’, M = ‘Myrobalan’, MA = ‘Marianna’, NG = ‘Nemaguard’, NR = ‘Nemared'. Values are
untransformed original meansse.
YDuplicate observations, all others had three.
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depression of leaf S@oncentrations was also observedin ‘Lovell fi:/; ARE N N "~
and ‘Nemaguard’ rootstocks and probably also in ‘Nemared’ (Fig. 0- | | B 3 1]

4). A negative correlation af= -0.799, —0.940, and —-0.672 for M MA NG NR

‘Bright’s Hybrid’, ‘Lovell’, and ‘Nemaguard’, respectively, was HY Lo
observed.
Rootstock
Discussion Fig. 3. The effect of 14 months of salinity (3,88, : 1 CaC},) treatments on leaf

Na concentration of siRrunusspecies. All plants were exposed to low B (0.025
Research on the responséofinusrootstocks to salinity or B mw). HY ='Bright's Hybrid', LO="Lovell’, M="Myrobalan’, MA="Marianna’,;
toxicity and their interaction is important because, in many arif® = Nemaguard’, NR =‘Nemared".
regions, high levels of B and salt coexist (Dhankhar and Dahiya,
1980). Results presented here indicate that B and salinity interadin Prunus,B toxicity symptoms are correlated with stem B
toinfluence the expression of toxicity symptoms, plant growth acdncentrationPrunusleaves do not exhibit B toxicity symptoms
survival, and tissue ion concentration$iunus and leaf B concentrations are not closely correlated with stem
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B. Significantly, the B-tolerant rootstocks (‘Bright’'s Hybrid’ and

0O 2ds/m ‘Myrobalan’) had reduced B concentrations in their shoots and
roots. Thus, differential tolerance to B is associated with an ability
4 6ds/m to limit B uptake by the plant. Recent work by Nable and co-
E1 12ds/m workers (Nable, 1988; Nable et al., 1990; Paull et al., 1992) and
earlier work by Brown and Jones (1971) has shown that tolerance
to high B is associated with an exclusion of B from the plant and
not a differential distribution of B within the plant. Thus, using
rootstocks with reduced B uptake can help maintain tree produc-
tion in high-B soils.

In the experiments described here, we found no direct correla-
tion between tissue B and tissue Na or Cl and the expression of B
toxicity. Nevertheless, the presence of salt in the growth medium
reduced stemtissue B accumulation (and B toxicity) in all rootstocks
except ‘Nemared'. In addition, there was a strong negative corre-
, lation between stem B and stem, $Oncentrations. There was no
NR correlation between stem $@oncentrations and plant growth.
Thus, saline growth conditions can influence B toxicitiyinnus.

We observed a strong negative correlation between B concen-
tration in the stem and salt concentrations in the growth medium
under high B in some rootstocks. As we did not apply differential
SQ, (i.e., without Na) we cannot conclude that the salinity-induced
reductionin B accumulation was directly due tq 3@vertheless,
the lack of any clear relationship between B and tissue Na or Cland
6000 7 the significant negative correlation between tissue B and tissue
SO, suggests that S@ould be responsible for the salinity-induced
decline in tissue B. The reason for this interaction is unclear, and
we are not aware of any previous evidence for this interaction. Leaf
SO, concentrations were strongly reduced by high levels of Bin the
growth medium, further suggesting that there is a specKi&8,

A r-ﬁlj interaction inPrunus
21, ol | Recently, we have shown that B uptake is a passive process
NG NR (P.H. Brown and H. Hu, unpublished data) in which the uncharged
H.,BO, molecule (kPa 9.24) passes freely through the root plasma
Rootstock membrane. In contrast, $@ taken up as a divalent anion and
must, therefore, involve active uptake (since there is a net negative
Figglz- The eff?cttpf l4fm%nths of salinity 5(328)@A4|:| 1|CatC;,) treatments c;)? Ifaf charge inside the plasma membrane). As a result, direct competi-
, “concentration ot sikrunusspecies. (op) All plants were exposed 10 Iow ign for uptake with the passively assimilated, noncharged B is
%r(ighoés,_'"%ri(gf’fgmz /Egvﬂﬁ?t,\sﬂ V;'e,r\jyregk?;ﬁd v AthhMBari(;,}?@ Nz unlikely. Given the large differences in B compared to, SO
‘Nemaguard’, NR = ‘Nemared'. concentrations in the growth medium, it is also unlikely that B is
competitively inhibiting SQ uptake at the root surface. The
symptoms (Eaton, 1944; Woodbridge, 1955). Hence?fonus mechanism of this B SO, interaction remains unknown.
the analysis of young stems (and probably also immature fruit)Prunus rootstocks differ significantly in their tolerance of
(Brown et al., 1991) is the most sensitive indicator of B toxicitgalinity and B, and using a tolerant rootstock can restrict B

Considerable differences existamong rootstocks for B accuraaeumulation in the grafted scidPrunusalso seems to be unique
lation and the expression of B toxicity in above-ground parts.its expression of B toxicity and the accumulation of B in stems,
There was a close relationship between stem B concentrationsamesult suggesting that stem tissue is the best indicator of B
the development of toxicity symptoms. Stem B concentrations ¢ericity. The strong negative correlation between B and SO
be used, therefore, to rank the rootstocks regarding B tolerancenliderved ifPrunuscannot be explained by our current understand-
the rootstocks tested in this experiment, ‘Myrobalan’ plum amnth of B in plants. It is not known if this interaction is observed in
‘Bright’s Hybrid’ are the most tolerant rootstocks and ‘Mariannather species. Identifyirgrunusrootstocks tolerant of high B and
plum and ‘Lovell’, ‘Nemaguard’, and ‘Nemared’ peaches are tlsalinity and recognizing the symptoms of B toxicity will help
most sensitive. Stem death was associated with stem B concentartage almond production in arid and semi-arid regions.
tions >150ug-g? (100 ug-g* dry weight in ‘Marianna’). These
results agree with the limited results of Hansen (1948, 1955), who Literature Cited
reported a similar rootstock ranking. In one experiment, he classi- _
fied almond (no cultivar Specrﬁed) and ‘Myrobalan’ as mor%ernste”'], L., JJW. Brown, and H.E. HayWard1956 The |.nﬂuence of
tolerant than either apricot (no cultivar specified) or ‘MariannaTootstock on growth and salt accu.mula}tlon in stone-fruit trees and
and ‘Shalil' peach (Hansen, 1948), while in a second experimgﬁ{monds' Proc. Amer. Soc. Hort. Sci. 68:86-95.

. o ._Brown, J.C. and W.E. Jones. 1971. Differential transport of B in tomato
he observed that almond (no cultivar specified) was more resis a(rllévcopersicon esculentulill.) Physiol. Plant. 25: 279-282

to excess B than ‘Lovell’ peach (Hansen, 1955). Brown, P.H., D.E. Rolston, J.W. Biggar, H.l. Nightingale, and R.B.
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