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Rate and T|me Of Boron Apphcatlon Plant materials and treatmenfwo or-

chards with low-B leaf concentration (22-24

L Hg-gtdry matter) were identified in Parlier,
I n Crease Al m O n d P rOd U Cthlty and (Fresno County) and Orland (Glenn County),
Calif. Adequate B levels for almond are con-

T|Ssue BorOn Concentrathn sidered to be >3g-gdry matter (Shear and

Faust, 1980). In Fresno County, the experi-

Agnes M.S. Nyomora and Patrick H. Brown ment was conducted on 15-year-old trees in
e . L . . . 94 on five-tree plots with five replications
Department of Pomology, University of California, Davis, CA 95616-868 lots) per treatment. Two rates that had previ-
Bill Krueger ously been shown to have positive effects (0.8
. . . . . . 1.7 kg-haB) (N l., 1997
Cooperative Extension, University of California, Orland, CA 95963 and g-naB) (Nyomoraetal., 1997) were

tested using Solubor, a commercial product
Additional index wordsflowering, fertilization, nut se®runus dulcis containing 20.5% B ata water volume of 3260
L-ha®. In Fresno County, the treatments were
Abstract Previous studies with tree species have demonstrated that foliar boron (B)appliedtoleaves on 30 Sept. 1993 (2 waétes
promotes flowering, fruit set, and yield. However, for most species the optimum time for nut harvest), on 18 Dec. 1994 (dormant buds),
foliar B application has not been determined. This investigation was undertaken to study and on 21 Feb. 1994 (flowers at popcorn stage)
the effects of time and rate of B application on almondHrunus dulcis(Mill D.A.Webb)] using a handgun sprayer. Atthe Glenn County
tissue B concentration, fruit set, and yield. Solubor (N8,0,,.4H,0), a commercial site, rates of 0, 0.8, 1.25, 1.7, and 2.1 kg Ba
product containing 20.5% B, was applied with a handgun sprayer either in September (3 were applied on 12 Aug. 1995 and 27 Aug.
weeks postharvest), December (dormancy), or February (budbreak) at rates of 0, 0.8, andL996 (5% hull split); 25 Sept. 1995 and 30
1.7 kg-ha' B to almond cv. Butte at one site (Parlier, Fresno County, Calif.), and of 0, 0.8, Sept. 1996 (2 weeks after harvest); and 15 Feb.
1.25, 1.7, and 2.1 kg-h&B on the same cultivar in August, September, or February at a 1995, 1996, and 1997 (swollen flower buds).
second site (Orland, Glenn County, Calif.) using Borosol, a polyboronated commercial Borosol, a polyboronated commercial product
product containing 10% B. At site 1, September application was more effective in containing 10% B was applied until runoff
increasing tissue B concentration, fruit set, and yield than were December or February using a handgun sprayer at a rate of 15.2 L/
applications. The optimal rate was 0.8 to 1.7 kg-h&B when applied in September. At site tree, equivalent to an application rate of 3750
2, application in 1996 and 1997 increased tissue B concentration almost linearly, especially-ha®. Data were collected on tissue B con-
when applied in August and February. Application at the highest rate (2.1 kg-h&B) in  centration, fruit set, and yield at both sites.
September produced the greatest final fruit set and yield in 1996. February applications ~ Sampling methods and analysis of B.
increased initial fruit set at both sites but were less effective than September applicationsTwenty-five leaves were sampled in early fall
in increasing yield. Application of B did not affect any yield variable in 1997. These results prior to treatmentand again 5 d after application
suggest that B should be applied immediately postharvest (September) for optimal effect(except for December application when there
on tissue B concentration, fruit set, and yield in almond. were no leaves present), as well as during
summer (June), from nonfruiting shoots and
spurs around each treated tree. Leaves were
Soil B is passively absorbed and transis higher than that required for vegetativavashed in a mild liquid detergent and rinsed
ported through transpirational water flow (Hugrowth. Given the specific requirement for Bthree times in double-deionized water before
and Brown, 1997; Pffefer et al., 1997; Ravenat flowering, fertilization practices that targetdrying overnight at 65C. Dry leaves were
1980). Environmental conditions, such as colahis phase of plant growth should be develground (30 mesh) and samples0f5 g were
rain, or drought, that lower mass flow in theoped. ashed overnight at 50C. The ashed samples
soil, decrease diffusion and limit transpira- The enhancement of yield by foliar B ap-were digested (heated in 10 mh hitric acid
tional flow in the plant, thus resulting in B plications in perennial tree crops has long beeat 80°C for 20 min), then diluted to 50 mL with
deficiency even when the supply of B in theecognized. Batjer and Thompson (1949) andouble-deionized water before analysis by
soil is adequate. Boron deficiencies may alsblanson et al. (1985) observed a proportionataductively coupled plasma atomic emission
be transitory, occurring most commonly aincrease in fruit set in ‘Italian’ prun®funus spectroscopy (Thermo Jarrell Ash, Menlo Park,
times of rapid plant growth, especially duringdomestick and ‘Anjou’ pear Pyrus commu- Calif.). The same preparation and digestion
flowering and seed setin seed-producing cropsis) with increasing concentration of foliar B, procedures were used for the flower buds [250
Thus, B deficiency in tree crops often occursvhen applied before anthesis. Hanson (1991g, fresh weight (FW)], flowers (100 g FW),
during the reproductive phase of growth and991b) reported as much as a 100% increasepistils (200 g FW), and immature fruit (10)
results in premature flower and fruitlet dropfruit set in sour cherryRrunus cerasus.) samples. Flower bud samples were collected
and, in severe cases, meristematic diebad&llowing postharvest and prebloom foliar Bfrom treated and nontreated trees in January/
(Brown et al., 1996; Shelp et al., 1995). Thapplications. Under normal conditions, manyebruary, flowers in mid-February, and
sensitivity of reproductive structures to B dealmond cultivars have an average fruit set dmmature fruits in mid-May. Ten-nut
ficiency suggests either that movement of B tonly 22% to 30% (Kester and Griggs, 1959)subsamples were randomly selected from the
floral parts is restricted, or that the requiretn our experimentsin Fresno, Calif. (Nyomoral.8-kg subsamples of mature fruit taken from
ment for B for floral development and growthet al., 1997), fruit set of ‘Butte’ was increasecdeach treatment at harvest, separated into hulls,
130%, while yield was increased 53% byshells, and kernels, and analyzed for B in a
foliar application of B in the fall. Similar manner similar to that used for immature fruit
results were observed in both years of thand leaftissue. Boric acid calibration standards
study. from the National Institute of Standards and
Previous studies in almond (Nyomora efrechnology were used after every 10 to 15
_— I., 1997) and othdPrunussp. have not ad- samples were analyzed.
Eﬁ&?c“é%g;o;gu:ﬂgéti%g;NTliréi%i?'(ﬁcgfgigi;%gqugtely considered the effect of t_iming of B Statistical analyses.Statview and
this paper was defrayed in part by the payment giPplication on tree response. In this study wBuperanova software (Abacus Concepts, Ber-
page charges. Under postal regulations, this papk@port on research conducted over a 3-ye&eley, Calif.) was used to perform analysis of
therefore must be hereby markadvertisement period at two sites in California. At each siteyariance and obtain standard errors for mean
solely to indicate this fact. B was applied at three distinct dates. separation (5%).
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Results

Fresno County

100

Leaf B concentratiorRate and time of B 80
application had significant effects on B con-
centration in all plant tissues (Fig. 1A-D).
However, for most tissue types, no significant 60
differences were observed between the two
rates of B (0.8 and 1.7 kgfaLeaf and hull <™ 4

samples from trees sprayed in February had' =&
significantly higher B concentrations thanthose "5

December (Fig. 1 A and B). Boron concentra- =

=h
sprayed with 0.8 kg-h&in September and &
=

tion in immature fruit was highest in trees
sprayed in September and lowest in those &
sprayed in December at both rates of applica- <
tion (Fig. 1C). Kernel B concentration tended
to increase with increasing rates of B applica-
tion irrespective of the time of B application

~entr

(Fig. 1D), but rate of application had no sig- = .

nificant effect (Fig. 1D). High variations in
tissue B concentration were found in samples
from trees treated with the highest rate of B.
Fruit set.Generally, the initial and final nut
sets were significantly correlated with the rate
of B application (Fig. 2 A and B). The initial
fruit set was higher in trees sprayed in Febru-
ary than in those sprayed in September (Fig.
2A), with the December treatment having an
intermediate effect, but differences between
the two rates of B were insignificant. Foliar B
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application was more effective in February Of:ig. 1. Tissue B concentration in almond cv. Butte in response to B sprays applied at indicated times

September than in December (Fig. 2B). Final
fruit set exceeded 25% when 0.8 kg*Bavas
applied in February, but a rate of 1.7 kg*ha

was required to achieve a similar fruit setwhen replications. Note that values of B on ordinate differ among graphs.

applied in September. The dormant spray in
December did not affect the final set. Apply-
ing 1.7 kg-ha@wasless effective in February

1

than in September. 100

Yield.Boron applied in September at both
rates increased nutnumber (Fig. 2C) and weight
(Fig. 2D), whereas only the higher rate was
effective in December or February. Treated
trees yielded >12,000 nuts weighing 35 kg
(inshell nuts) per tree, while controls yielded
only =6000 nuts weighing <17 kg (inshell
nuts) per tree. No difference in yield (number
and weight) was observed between the two B
rates (0.8 and 1.7 kg-fgfollowing applica-
tions in September.

Trait set (%o}

Glenn County

Tissue B concentratioBoth time and rate
of application had a significant effect on leaf,
bud, and hull B concentration (Fig. 3A-D).
Similar results were obtained in 1996 and
1997, so only data for 1997 are presented. No
significant differences in B concentration were
observed inimmature and mature fruit samples
as a result of any treatment (data not shown).

Leaf B concentration in leaves harvested in
June and Sept. 1997 was highest (from 35 to
>45 mg-kg') when trees were sprayed in Feb.
1997 than when sprayed in Sept. or Aug. 1996
(Fig. 3 A and B). Boron applied in August
significantly increased B levels in leaves
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(September, December, and February) (Fresno sig)l.daf sampled in June following December
application, and 5 d after application for September and February treatrBgtall( (C) immature
fruit; (D) kernel. Each data point and corresponding standard error bar represent the mean for five

sampled in June (Fig. 3A) or Sept. 1997 (Figrig. 2. Effects of rates and times of foliar B application on almond cv. Butte nut set and yield (Fresno site).

3B) only when applied at the highest rates.
Similar results were found in the 1995-96
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(A) Initial set; B) final set; C) number of nuts,¥) inshell nut weight (yield). Each data point and
corresponding standard error bar represents the mean for five replications.
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season (data not shown). Bud B concentration

increased significantly from 80 mg%gn Ve 1 S IO L B I
nontreated trees to >150 mgkdn trees (A) Leaf - June (1) Leaf - September L
sprayed with 2.1 kg-ha(Fig. 3C). Applica-

tion in February was more effective than in [ © tv F0 L/ 1 %k L/ §
August or September (Fig. 3C). Hull B con- W Feb 1997 L/ 'r

centration increased from 100 mgkgn

nontreated trees to >300 mg-kg trees treated A6 é/ N

/1 T/:

6-— —°

with 1.7 kg-ha when trees were sprayed in -~

Aug. 1997 and sampled the following month 'z 7‘
(Fig. 3D). Hull B concentration in 1997 was f

not affected by sprays applied in Sept. 1996.

Fruit set.Cold temperatures and heavy rain

L3
uh

centratlon {mg.k
B

during the flowering period reduced fruit setin | L 1 P R T 7T I A S T S
1996. Nevertheless, timing and rate of B appli- 150 . .
cation influenced the initial (Fig. 4A) and final {C) Bud - Fchruary {D)Hull '%“eptember __§
fruit set (data not shown). Initial fruit set 8 ., | 400 = o 7

increased with increasing concentration of B g % ] L / T |
applied in both Aug. 1995 and Feb. 1996, but < a0 b v/ 4 swlh v i

was only marg_inally affected by treatment in & ?/
Sept. 1995 (Fig. 4A). In 1996, the highest o L -

initial fruit set was recorded in trees sprayed in -—i 7 200 b / 4
February. The weather was excellent for al- i/ '

mond production in 1997 in Orland (Glenn W = 7“0.--“"
County), and B treatment did not affect fruit “____,..-8
set. 80

Yield. Some increases in yield due to dif-

ferent times of application were observed in L L —— R S —
1996 (Fig. 4 B and C). When applications were oo 05 10 L3 20 5
made in Sept. 1995 and Feb. 1996, number and )
weight of nuts per tree increased with increas- B applied (kgha™)
ing B concentration, and was maximum at 2.
kg-ha' (Fig. 4 B and C). In contrast, B appli-
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11—'ig. 3. Tissue B concentration in almond cv. Butte in response to foliar B sprays applied at indicated times
(August, September and February) in Glenn Cou#tyLeaf B in June;R) leaf B in September()

cation in August was ineffective. bud B in February;§) hull B in September. Each data point and corresponding standard error bar
represent the mean for five replications. Error bars, if not visible, are smaller than the symbol. Note that
Discussion values of B on ordinate differ among graphs.

The timing of foliar B application signifi- August is translocated to the fruits. This igation but there was no corresponding in-
cantly influenced almond response to the mievidenced by the higher hull B concentrationsrease in fruityield. Smith etal. (1997) sprayed
cronutrient. In general, applications made imn samples harvested from trees that weravocado Persea americanill. ‘Hass’) at
September were more effective than thosgprayed at this time (Fig. 3D). If B is appliedfully developed panicle stage and observed a
made in February or December, probably bewhile fruit are still on the tree, it should be42% increase in fruit set but no significant
cause there was no foliage on the trees mpplied closer to harvest, when fruits are mancrease in fruit retention. Spraying panicles at
December. This suggests that dormant budsre, to avoid competition between fruits ancearlier stages of development had no detect-
are inefficient at absorbing applied B. Hansolhuds for available B. able effect on either fruit set or fruit retention.
and Breen (1985) also noted that little Bmoved  In 1996, fruit set was significantly higher Callan et al. (1978) consistently observed in-
into dormant prune buds prior to bud swellin sprayed than in nonsprayed trees and treeseased fruit set, but not increased yield, in
They observed a rapid accumulation of B irsprayed with the highest rate of B in Februarijtalian’ prunes in response to foliar B sprays,
flower buds in March as bloom approachedexhibited the highestinitial and final set. Yield while Bramlage and Thompson (1962) ob-
concurrent with substantial xylem differentia-as both number and weight of the fruits, on theerved no increase in fruit set of appalus
tion in the bud axil. other hand, was greatest in trees sprayed kuomesticaBorkh.) after spraying B during

Brown and coworkers (Brown and Hu,Sept. 1996 in Glenn County. The results of thiBlossoming or petal fall. On the other hand,
1996; Brown and Shelp, 1997, and referencesxperiment confirm the positive benefits ofBaron (1968, 1973) reported yield increases of
therein) have recently determined that B trandeliar B on tissue B concentration, nut set, antetween 10% and 88%, and Shrestha et al.
port in the phloem occurs as a consequence yield described previously (Nyomora et al.(1987) reported a17%to 21% yield increase in
the formation of a B-polyol complex in mature1997), and also confirm findings that fall ap-Barcelona’ hazelnutsQorylus avelland..).
leaves oPrunusand transport of that complexplied B is optimal in othePrunus species Nyomora etal. (1997) reported a maximum of
to currently active sink organs. Hence, théCallan et al., 1978). 130% increase in fruit set of ‘Butte’ almond
presence of active sinks, such as buds and Even though positive responses to foliar Bind 53% increase in yield in response to foliar
fruits, also plays an important role in deterapplications have now been observed in akpplication of B in the fall. Crop response to B
mining net B movement ifPrunus species mond at several sites and in several yearts variable and there is no clear relationship
(Brown and Shelp, 1997). Similarly, Delgadoyields were not significantly increased by timeébetween tissue B and yield response. Never-
et al. (1994) found higher B concentrations iror rate of foliar B application in 1997. High theless, in many years, very significant re-
young than in old olive leaves, and in youngariation among trees contributed to the insigsponses to foliar B do occur.
leaves subtended by fruits than in similar leavesificant treatment effects, but the possibility Foliar B applications resulted in increased
from nonbearing trees. Here, we observed naf a residual effect of B cannot be ruled outinitial fruit set in 2 of 3 years (Figs. 2—4), as
effect of rate of B application on B concentraThese results, however, are not unusual amweell as in our previous experiments (Nyomora,
tion when applications were made in Augusteflect the fact that crop response to foliar B i4997), thus providing the potential for in-
when hulls were only 5% split. We speculatevariable. For example, Boaretto et al. (1997¢reased yield. Response to B application ap-
that the fruits are still actively metabolizing,reported that leaf B concentration of citrupears to be minimal in years when fruit set is
hence most of the B applied to the foliage increased linearly with higher rates of B appligood. Although an increase in set should in-
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Fig. 4. Effects of rates and times of foliar B application on almond cv. Bhitieitial fruit set and B and
C) yield in 1996 (Glenn County). Each data point and corresponding standard error bar represent
mean for five replications.
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