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Abstract – We studied the effect of boric acid, Zn-sulfate and Zn-chelate on shell split and development of fruit rot diseases of the pistachio
cultivar Eginis. The results showed that boric acid applied to soil and leaves together gave the highest percentage of shell split. Boric acid
applied solely to the soil also increased significantly the percentage of shell split. In contrast, Zn-sulfate and Zn-chelate did not affect shell
splitting, regardless of treatment No rotten fruit was found in any of the treatments, including the control.  
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1. INTRODUCTION

Pistachio is a deciduous, subtropical tree requiring winter
chilling for good fruit production. Pistachio nuts are harvested
in late September to early October when the hull separated from
the shells and shell splitting reached a maximum. However, a
small proportion of the nuts have their hulls and shells split
along the suture (called early split nuts) exposing the kernel to
infection by pathogens, such as Aspergillus flavus and A. par-
asiticus, which can produce aflatoxins in infected tissues, and
infestation by insect attack (Doster and Michailides, 1995a, b).
The cause of early splitting is unclear but factors such as high
crop load and early–season irrigation deficit (stress) increases
the incidence of early split nuts (Doster et al., 2001; Teviotdale
et al., 2002). 

In Greece, boron and zinc deficiencies are a major problem
in pistachio orchards and remedial applications of boric acid,
Zn-sulfate and Zn-chelate are common grower practices. How-
ever, whether nutrient status of pistachio trees affects the inci-
dence of early split nuts has not investigated. The aim of this
study was to test possible influence of boric acid, Zn-sulfate,
and Zn-chelate on early splitting along with the possibility that
these applications promoted the development of fruit rot.

2. MATERIALS AND METHODS

The experiments were conducted in two consecutive years
at the Pomology Institute, Naoussa (NAGREF) where a pista-

chio orchard of the variety Eginis, grafted on a wild rootstock
(Pistacia sp.), was established in 1986, spaced at 5 × 5 m
(40 trees/1000 sq. meters). Trees were irrigated by flooding
(furrow irrigation) five to six times yearly. Trees were sprayed
with a Bordeaux mixture at leaf fall stage, chlorothalonil at
bloom and at 4 week intervals afterwards, and phosmet applied
in both May and June. Nitrogen was applied as (NH4)2SO4 at
1 N units per tree. Visual inspection showed that the trees in
the orchard had similar vigour and foliar condition. 

The experimental design was completely randomized with
7 treatments: (a) boric acid (Borakas, 36.4% B, Geolix EPE)
applied as granules to the soil in November (100 g/tree);
(b) boric acid applied to the soil as in treatment 2 and to leaves
(5‰ aqueous solution, 4 liters  per tree) at bloom, and repeated
15 days later; (c) Zinc-chelate (Zn-sequestrene, 5% Zn, Geovet
Hellas) applied to the soil (100 g/tree in 10 liters aqueous solu-
tion) in April; (d) Zn-chelate applied to both soil (100 g/tree in
5 liters aqueous solution) and leaves (20 g/tree in 10 liters aque-
ous solution) before the first growth flush has hardened; (e) Zn-
sulfate (Zinc Sulfate, 36% Zn, Euthimiadis A.E.) applied as
granules to the soil (200 g/tree) in February; (f) Zn-sulfate
applied to the soil as in treatment 6 in February and to leaves
(6% aqueous solution, 10 liters per tree) in October and again
in February. Untreated trees were used as control.

There were 3 replicates of 3 adjacent trees for each treat-
ment. Fifty fruits were collected arbitrarily throughout the can-
opy from each tree and the percentages of shell splitting and
infection by fruit rot diseases were determined. All experiments
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were conducted for two consecutive years. Results were similar
according to the Bartlett’s test of homogeneity of variance so
data were combined and treatment means were separated by
using Duncan’s Multiple Range Test at P = 0.05.

Fifty randomly selected leaves per replicated tree for each
treatment were collected (around the tree canopy at a height of
approximately 1.5 m) early in the morning, put into plastic bags
and transferred to the laboratory for mineral measurements. 

The methods used for the analysis of soil and leaves for min-
eral content were: atomic absorption spectroscopy for Fe, Mn,
Zn, Cu; molybdophosphoric blue colour for P; flame photom-
eter for K; E.D.T.A. titration for Ca and Mg; curcumine for B.
The leaves were firstly cleaned with wash powder (Tide, 2‰),
then washed with tap water and finally with distilled water. Soil
was alkaline (pH = 7.9) and calcareous (active lime = 9.68%)
containing B and Zn at a level of 30.4 and 4.76 mg/L, respec-
tively. Leaf analysis was presented in Table I. 

3. RESULTS AND DISCUSSION

Among the various treatments, boric acid applied either to
the soil or leaves resulted in the highest percentage of shell split
(Fig. 1). According to Brown and Hu (1996), foliar-applied
boron is translocated from the treated leaves of sorbitol-rich
species, such as pistachio, to adjacent fruit, specifically to the
fruit tissues (hull, shell, or kernel). Boric acid applied to the soil
only also increased significantly the percentage of shell split
compared to the untreated control. Although soil and foliar
applications with Zn-sulfate and Zn-chelate relatively
increased the leaf Zn concentration, they did not affect the per-
centage of shell splitting (Fig. 1). Probably, zinc does not play
an important role to shell splitting of pistachio. This may result
from the limited mobility of applied Zn, which has been attrib-
uted, at least in part, to the high binding capacity of leaf tissue
for Zn (Zhang and Brown, 1999a). Zhang and Brown (1999b)
reported that pistachio leaves retained 12% of the total Zn
applied, with approximately half of it subsequently translo-
cated away from the treated area. No foliar symptoms of boron
toxicity were observed in our investigation

No conclusions can be draw on the effects of boric acid and
Zn-sulfate and Zn-chelate on infection of early splits by fungi
or insects since no rotten fruit was found in any of the nuts har-
vested from the treated and the control trees. Doster and
Michailides, (1995a, b, 1999) found that nuts showing early

hull split had more aflatoxin, moldy kernels, and insect infes-
tation than those which have their hulls not split or split later
in the season. They (Doster and Michailides, 1995a, b, 1999)
examined each nut with a microscope to observe mycelia and
sporulation of the fungi that colonize the nuts, and frass from
infestation by navel orangeworm (Transitella amyloides). We,
however, did not use a microscope in this study, instead the nuts
were examined macroscopically.  

4. CONCLUSION 

Generally this study indicated that boron should be consid-
ered as a contributory factor responsible, at least partly, for
early split nuts. The consequences of heavy boron applications
to pistachio could be the reduction of fruit quality from early
shell split, leading to economic losses. The results suggest that
growers should be cautious when apply boron to pistachio
crops as either a foliar or soil treatment. 

Table I. Foliage analyses for the pistachio orchard before treatment.

 Treatments

H2BO3 Sa + La H2BO3 S Zn-sulfate S Zn-sulfate S + L Zn-chelate S + L Zn-chelate S Untreated Control

Zn B Zn B Zn B Zn B Zn B Zn B Zn B

10.5 22.1 10.2 21 12.7 20.1 12.5 19.6 12.9 19.7 12.4 19.9 10.1 19.5

a. S = soil application, L = foliar application.

Figure 1. Effect of boric acid, Zn-sulfate and Zn-chelate as soil and
foliar applications on the percentage of shell split of pistachio fruits
(a = H2BO3 soil and foliar application, b =  H2BO3 soil application,
c = Zn-sulfate soil and foliar application, d =  Zn-sulfate soil applica-
tion, e = Zn-chelate soil and foliar application, f = Zn-chelate soil
application).
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