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Projec~ Number, 97-P8-00 

project Ti~le= Boron defieieDcy iD Al.ODds 

FIRAL RBPOR!E' 

Suamaary 

ND.438 P001/016 

In nut crops including almond, the maximum number of fruits 

at harvest is a:5, important a.s the total fruit weight and size in 

maxim.i~inq prod1o,ctivity. M.aximum pollination up to lOOt should be 

the target for t:;lptimal productivity which may require oV'ercoming 

pollen, ovule, :pollination and or fertilization limitations. Boron 

(8) nutrition Hi, well known to affect pollination and 

fertilization i:o, a number of crop species. The need for 13 

however. is tra,l!isitory and very high during floral development and 

fruit set such ,t.hat trees growing in low B soils may Buffer 

incipient defici.ency durinq this peak tillle. This tranSient B 

demand has been one of the reasons that plant requirement for B 

cannnot be diag:rJlosed by the traditional analysis of mid-summer 

leaves nor can i.t be reliably provided by soil 8 application. In 

California, 10c,slItions with low soil B include the Upper Sa.cramento 

valley-north of Yolo County to Chico and eastern regions of the 

San Joaquin vall.ey. The maqnitude of almcnd acreaqe within these 

areas is larqe ,iI!llnd economic losses due to B nutrition are 

potentially higtl. 

until 1991/1992 little work had been done to establish the B 

requirements in aLmond. we have investiqated B requirement in 

almond orchardS over the past 5 years in Stanislaus, Glen~ and 
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Fresno Counties. Boron rates from 0 to 3 Ib solubor (wettable 

powder) or Borolliol (liquid) equivalent to these rates (0, 0.7, 

1.41, 1.76 L/100 gal) were tried and found to linearly increase 

tissue B concentration, fruit set and sometimes yield. In most 

cases the mediu:D, 1 to 2 lb solubor or 0.1-1.41 L borosol/lOO 981 

was most effect1.ve. Application in September or Februax:y resulted 

in the greatest final fruit set in all years and yield in 1996. 

February applic,i!I,tions effectively increased the initial fruit set 

in all years at all sites but were less effective than September 

applications at increasing yield. 

As a result of this research we have established the 

following recoDK~ndations: Boron at the rate of 2 lb solubor or 

1.41 L borosol/lOO gallon water i9 recommended to use in almond 

orchards showin'gr a hull B concentration of less than 100 ppm or 

leaf B concentr,attion of less than 30 ppm towards the end of the 

season. Foliar 8Lpplication of B should be made immediately 

postharvest (September) for optimal effect on t.issue B 

concentration, fruit set and yield. 

B:.:perimeDtal 

preliminax:l' experiment9 were undertaken in 1991/92 in an 

a~ond orchard (initial leaf B was 19 ppm) in Hughson, Modesto in 

cooperation with the Cooperative Bxtension-Stanislaus county. 

Foliar (1 Ib solubor/lOO gallons water) and soil application of B 

(8 O!2l solubor/tJ:ee) were applied postharvest and cOlllPared to 
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untreated trees and trees which received other foliar nutrients 

(N, P, X, Zn an.ci Cu) in addition to foliar B. Although the 

overall fruit SE~t was very low in this study, &aU and 

pos~laarye.~ foLlar application of B increased nut set and yield 

of almond cv'Padre' (Figure 1). 

Replicated experiments were conducted in Fresno in 1992-1993, 

1993 and 1994 b~1 study the effect of foliar B application on 

almond fruit set. and yi.eld in low B orchards. Solubor, a 

commercial product containing 20.5% B was foliar applied in 

October and September of 1992 and 1993 respectively at a rate of 

0, 1, 2 and 3 lb solubor/l00 gal B using a hand qun operated 

sprayer mounted to a tractor to 2 compatible almond cultivars 

Butte (pollinizE:r) and Mono (pistil donor). Each tree was sprayed 

to run off (4 g~llons/tree). Each treatment was replicated 5 times 

using a Randomised Complete Block Design (ReDBD). The results 

showed that ~Jtbarve8~ foliar application o~ B significantly 

(p=O.026) incracLsed nut set of almond (Figure 2, open pollination, 

cv 'Butte' and ~'i9 3 hand pollination, cv 'Hono'). 

Durinq 199;!-1993 laboratory analyses OD pollen development 

and qualit:y tlten! also per~orDled. This established that foliar B 

application enheLnces in-vivo pollen germination and tube growth 

(Figure 4a). FClliar applied B also significantly reduced tube 

bursting of the in vitro germinated pollen (Figur@ 4b) although 
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the presence of B in ge~inating media was still required. 

Durinq the 1993/94 season a prel~inary trial to determine 

the time ot application of B to optimize production was conducted. 

Solubor (Sodium tetraborate) a commercial product containinq 20.5% 

B was applied ei.ther in September, December or February at rates 

of 0, 1, and 2 lb solubor/100 gal to a1mond cv Butte at site one 

(par lier I Fres n'el county - California), and 0, 1, 1. 5, 2 and 2.5 

Ib solubor/IOO Sfal on tbe same cultivar in Auqust, September and 

February at sitt;l 2 (Orland, Glen county -California). The results 

from Fresno (Fj.-;Jure 5) indicated that 2O.t:.barve.~ foliar 

application inc::reased nutset and yield mare than ':('eharvest. aa4 

applica~10. a~ Sloom. 

In 1995/96 experiments were continued only in Orland, Glen 

county uSing BOI"Osol a liquid polyborona-ted commercial product 

containing 10% ~I at rates of (0, 0.7, 1.41, 1.76 L/IOO 

qal)(equivalent to those of Solubor in ppm). Prebarv •• t and 

Preb10Qa foliar B application increased nut set and yield (Fig 

6). Likewise in 1996/91 experiments were conducted in orland, 

Glen county USi[lCj a hand gun sprayer. The overall yield was 

generally high. NO significant increase in nut set or yield was 

observed from si.ngle application in Orland, Glen County however, 

multiple applic:ation Pxebaryest, postharvest aad preblQ.QII, 

significantly irLoreased nut set and yield of 'Butt.e' (Table 1). 

'rime and rute of application had a significant effect on 

almond plant ti:elsue (leaf, bud, and hull) B concentration (Fig 1 

a-d) • Similar t:esults were obtained in 1996 and 1997, so only 
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data for 1991 a :[e presented. No significant differences in B 

concentration 'W'F.:re observed in immature and IlIature trut t samples 

as a :result of .'ll.ny treatment (data not shown). Leaf B 

concentration i :rJl leaves harvested in June and September ltas 

highest (from 35· to over 45 ppm) when trees were sprayed in 

February than s ,e.!ptember or August in that decreasinq order (Fiq 

1&). Boron applied in Auqust 1996 siqnificantly increased B 

levels in leave F.: sampled in June 1997 (Fig 7a) or September 1997 

(Fig 7b) over the controls only when it was applied at the hiqhest 

rates. Stmilar results were found in the 1995/96 season. Bud B 

concentration iIlcreased significantly from 80 ppm i.n non-treated 

to over 150 ppm with increasinq rates of foliar applied B. 

Applications rnarcle in February resulted in significantly hiqher B 

concentrations t.han August and September application (Fig 7c). 

Hull B concentraltion increased from 100 ppm in non-treated to over 

300 ppm in tref!S treated with 21b 801ubor or 1.41 L borosol/lOOgal 

when trees were sprayed in August 1996 and 1997 and sampled the 

following month (Fig 1d). Bull B concentration in 1997 fram trees 

sprayed in SeptElmber (1996) did not increase significantly and 

were comparable to hull g concentration from the control trees. 

In all previous experiments, 1-2 Ib solubor/100 gallon or 

0.1-1.4 L haroBell/lOO gal increased fruit set and in most years, 

yield. 'l'his rec·r.,mmendation was based on band qun sprayer (w/v) 

with 400 gallon:e: of water applied per acre ( i.e 4 gallons 

water/tree X 10(1 trees). This rates was repeated using a 

commercial speed sprayer at 100 gallons per acre. 0 to 5 Ib 
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solubor/acre we:["e applied postharvest at a site in Stanslaus 

county. Nut set and yield of fNonpareil'were significantly 

increased in 199'7 with an optimum yield obtained at. t.he rat.e of 2 

to 3 lb solubor/lOO gal/acre (Figure 8). The rat.e of 3lb 

solubor/100 gal was .ost effective. 

CODClU8ioD 

To date, our in'v'estigations in Modesto, Fresno and Glen County 

have sbown that applying 21b solubor/lOO gallons water results in 

optimum increas'li't in tissue 8 and frequently results in significant 

yield increases. Based on these results, a rate of 2 Ib 

solubor/lOO gallon water or 1.41 borosol/lOO gal is recommended to 

use in almond orchards showing a hull B concentration of less than 

100 ppm or leaf B concentration of less than 30 ppm. The results 

usinq a speed sprayer showed 2-3 Ib solubor/100 qal/acre was t.he 

most effective I'ate. This suggests that it is the concentration 

of B in solutiotL that is important in determining B response. 

Thus, B applica't.ion rates sbould be based on concentration (2 lbs 

solubor/lOO gall,ons/acre and not on total B application per acre. 

Year to yef~ variation in response to the rate and time of B 

application was observed throuqhout the duration of the project. 

This is likely !3L result of chanqes in B availability and otber 

environmental fi!lLctors tbat influence yield. Applica.tion of B 

postharvest res tIlted in the most consistent yield increase though 
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prebloom B appli,cation was also effective in some years and sites. 

Additional adap't,at1on of these results to local conditions and 

spray applicati,:'n technique is required. In addition, further 

basic research i,e required to deterDLine why B has such an 

important effec't, on flowering and yield_ 
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Figure 1: :i:ffect of foliar aDd 80i1 applied • 011 .lmoD4 
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c:v Padre lllilt set (lIUghaoll, Modesto). (1) Check, (2) Soil B 
,oz/t~e, (3) poliar B, 1 lb .olubo~/l00 gal. (4) Foliar 

llutrieDts 111PK + ZIl, cu. 
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Figure 2 : Effect ofB application on almond nut set and yield (error bars 

if not vis~hle are smaller than the symbol)(open polination). 
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Fig. 4: Effect of foliar aDd media applied B on almond in vitro poDen 
germination .Ind qUality. (a) GerminatioD percegtage (b) per(:eDtage burst tubes. 
Each value "ith respective standard error is a mean of to repli(:ations 
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Fig. 6: Effect of ratles and time of foliar B application on almond cv "Butte" fruit set (a) 
and yield (b) in 1996 (Glen County). 



Table 1: Co.parisoD of the tiae of B applieatioD (llb/lOOgaJ) OD almond ev Batte bud B eODeentration, fruit set and yield. 

Parameter August September February All times 

199' 1997 1996 1997 1996 1997 199' 1997 

BudB(p,m) 89±8 119±2 99±1 9S±2 89±3 a9±3 1 43±7 150±7 

Initial fruit set (%) 41il 71±3 41±l 7413 SO±S 71fI 40±3 7a±2 

Final fruit set (%) 2S±S 28ft 20±3 1SH 34±4 23±I 17±3 33±1 

Nut wt (KgItree) 23±l S2±12 28±1.S 38±t 17±t 3S±t 27±1 34±4 
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Figure 7: Tissue B Cl~ncentration in response to roliar B sprays at 
indicated dates (August, September aad February) in Glen County. <a) leafB In June (b) 
leafB in Seph!mber (c:) bud Bin Febnmry (d) huD B in September 
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Figure 8: Effect 04' foliar applied B on almoDd Cl' Nonpareil fnlit set and yield. 

Points I.,~aring the same letter in the same grapb are not silllifieantly 
dHferent (p=O.OS). Applieation rate of 100 gaIIaere was used. 




