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S umm ary. The experiment was carried out in 2000-2001 in a commercial apple orchard in
the Central Poland on mature Jonagold apple trees/M.26 planted at a spacing of 4 x 2 m on a sandy
loam soil with 0.33 mp hot-water extractable B-kg". Trees were sprayed with B (i) in spring at the
stage of pink bud, beginning of flowering (when 10% of flowers were open), and at petal fall at a
rate of 0.2-0.3 kg B-ha! per spray (these sprays were applied on the same trees) or (ii) in fall, 4-5
weeks before leaf drop at a rate of 0.8 kg B-ha™'. Trees untreated with B served as control. The re-
sults showed that foliar B sprays had no effect on the vigour of trees, and mean fruit weight, soluble
solids concentration, starch index, firmness and physiological stage of fruit at harvest. Boron-treated
apple trees, regardless of the application term, had higher fruit yield as compared to control. Spring
and fall B sprays increased B concentrations in flowers, fruitlets and in leaves 28 days afler full
bloom. Only apple fruit from the trees sprayed with B in spring had enhanced B status and were of
betier coloring than control. The fall B sprays caused leaf injury but had no effect on the intensity of
defoliation. The results obtained indicate that fall B sprays are successful in the crop increase of B
deficient apple trees.
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INTRODUCTION

Boron (B) is an essential element required for the optimum growth and deve-
lopment of higher plants [16]. Boron deficiency causes a great loss in plant pro-
duction [8]. Boron shortage occurs mostly in course-textured soils containing low
levels of organic matter [20]. In such soils, plant B deficiency is particularly pro-
nounced in the growing seasons with low precipitation levels and high air tem-
peratures. Even though B deficiency takes place mainly in course-textured soils,
its shortage may be also found in fine-textured soils in the years with cold and wet
springs [20].
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Researchers suggested roles of B in the plant structure and functioning how-
ever, its exact role remains unknown [6]. It has been suggested that B plays role in
different processes such as tissue differentiation, metabolic control through the
regulation of enzymatic reactions, membrane integrity and function, phenolic me-
tabolism, sugar translocation, and nucleic acid synthesis [2,16]. In apple trees,
poor fruit set is the first visual sign of a low B content [19]. Apples from B defi-
cient trees are small as cell division in fruitlets is decreased together with leaf pho-
tosynthesis rate, and/or movement of carbohydrates to fruit tissues [19]. Apples
with low B levels are also deformed, corked and sensitive to cracking and russet-
ing and often have yellow skin with poor blush {21].

In Polish agriculture, sandy soils with low levels of available B prevail [7]. It
is estimated that about 50% of apple orchards in the Central Poland suffer from B
shortage. In this region, foliar B sprays in spring are frequently applied by apple
growers. Under conditions of B deficiency, foliar B sprays at the begi-nning of
flowering and at petal fall, are usually successful in increasing apple tree cropping
and improving fruit quality [24], In apple production, there is also a possibility to
apply fall B sprays since foliar-applied B is phloem mobile in sorbitol-rich species
[3]. However, under Polish conditions, response of apple trees to foliar B sprays in
fall has not been examined. Therefore, the aim of the present experiment was to
compare the efficiency of spring and fall B sprays in apple production.

MATERIALS AND METHODS

The experiment was carried out in 2000-2001 in a commercial apple orchard
in the Central Poland on mature Jonagold apple (Malus domestica Borkh.) trees
grafted on M. '76 rootstock. Trees were planted in 1995 at a spacing of 4 x 2 m
(1250 trees'ha” ) on a sandy loam soil (75% sand, 15% silt, IO% clay) with pHl 5.7
(in 1M KC] solution), low level of organic matter (l lg C kg ) medlum B (0.33
mgkg ) and high P (6] mgkg ), K (135 mg-kg ) and Mg (48 mg-kg’ ). Phos-
phorus and K in the soil were extracted by Ca-lactate, Mg by 0.0125 M CaCl, and
B by hot-water according to methods described by Ostrowska er al. [18]. Compos-
ite soil samples for analysis were composed of subsamples taken in the fall of
1999 (before fall B spray) from the surface of herbicide strips (1.5 m wide) along
tree row from a depth of 0-20 cm. Despite the medium soil B status, no visible
symptoms of plant B deficiency were observed before the study. Trees were
trained as a spindle and were not irrigated. Once a year alt the stage of bud break,
the trees were supplied with nitrogen (N} as ammonium nitrate at a rate of 60 kg Neha'!
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uniformly over the whole surface of the orchard. Because of a high concentrations
of available P, K and Mg in the soil, these elements were not applied. Also, no B
fertilizers were applied to the soil. During the experiment, the thinning of flowers
or fruitlets was not done. Protection against pathogens and pests was carried out
according to standard recommendations for commercial orchards [17]. The experi-
mental design was a randomized complete block with three replications. Each ex-
perimental plot consisted of 10 trees. Four trees between the plots served as guard
trees. Foliar B sprays were applied: (i) in spring, at the stage of pink bud, begin-
ning of flowering (when 10% of flowers were open), and at petal fall at a rate of
0.2-03 kg B-ha'! per spray (these sprays were applied on the same trees) or (ii) in
the fall, 4-5 weeks before leaf drop at a rate of 0.8 kg B-ha™!. Borvit material (8%
B as boric acid, Intermag, Olkusz) was used for spray treatments. All sprays were
performed by a directed air-jet sprayer with radial fan using 1000 L of water per
ha. Trees untreated with B served as control. Over 2 years, the same lrees were
used for the treatments studied.

The following measurements and observations were made: (1) total length and
number of current season shoots per tree, and their mean length were measured
calculated based on 2 branches from each tree as proposed by Jolly and Holland
[14]; (2) total fruit yield was measured separately for each plot and calculated per
tree. Only apple fruit on the trees were considered fruit yield; (3) mean fruit
weight was calculated from ca. 15-kg bulk apple sample per plot; (4) firmness,
soluble solids concentration (SSC) and starch index of fruit at harvest were deter-
mined on a 20-fruit sample per plot. Firmness was measured using a Magness-
Taylor firmness-tester with an 11-mm tip on the blush side and the opposite side
of each apple. Soluble solids concentration was determined using an Abbe refrac-
tometer at 22 °C in the juice squeezed from fruit homogenate. Fruit starch index
was estimated by the iodine test using a scale of 1 (100% of cross section area
stained) to 10 (0% of area stained). Based on the data on firmness, SSC and starch
index of fruit, Streif’s index value [F/(RS)] was calculated according to the fol-
lowing formula: F/(RS) = firmness [kg] / (SSC [%] x starch index [1-10]); (5) fruit
coloring was estimated on a 20-kg bulk fruit sample per plot on a scale from |
(blush < 25% of fruit skin surface) to 5 (blush > 76% of skin surface); (6) B level
in flower, fruit and leaf tissues. Flower samples were collected at full bloom. Five
“king” flowers (with petals, sepals, reproductive parts, and 2-mm long peduncles)
were taken from each tree. Fruit samples were collected 28 days afier full bloom
and at harvest; on each date three fruitlets/fruit of similar diameter were collected
from each tree. Leaf samples were collected 28, 56 and 84 days afier full bloom from
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the middle portion of current season shoots. Three leaves were taken from each
tree. Fruit and leaf samples were rinsed with 0.01 M FCI and then double-deion-
ized water to remove surface residues. Seeds and stem were removed from each
apple, and two quarters of each apple were cut out from the opposite sides. Plant
samples were dried in a forced-draft oven at 75°C until constant weight was
reached, ground and ashed in a muffle furnace at 480°C for 12 h. Ash was dissolved
in 5% niiric acid. Boron was determined by an inductively-coupled plasma spectros-
copy (Thermo Jarrell Ash, Franklin, MA, USA); (7) leaf injuries were assessed visu-
ally on a scale from | (no damage) to 5 (severe damage). Leaf injuries were evaluated
7, 21 and 28 days afier fall B spray on 200 leaves from current season shoots located
in the outside zone of the canopy; (8) defoliation was evaluated on three shoots from
each tree from the outside zone of the canopy at the same time as leaf injury. Defolia-
tion was expressed as the number of leaves fallen/total number of leaves x 100.

Analysis of variance was performed on all daesa. Differences between means
were evaluated separately for each season using Duncan’s Multiple Range Test at
P = 0.05. Data on total length and the number of current season shoots per tree,
and defoliation were transformed according to y=sqr (x), y=log (%), and y=arc
sin(x), respectively, as outlined by Szczepariski and Rejman {22].

RESULTS

Total length of one-year-old shoots per tree did not differ among the treat-
ments (Table 1). Also, the number of current season shoots per tree and mean
shoot length were not affected by foliar B sprays averaging to 89.2 and 26.6 ¢cm in
2000 and 96.6 and 28.6 cm in 2001, respectively,

Cropping of control trees was relatively low (Table 1). In both growing sea-
sons, apple trees sprayed with B had significantly higher fruit yield as compared to
those of control plots (Table 1). The efficiency of spring and fall B sprays was similar.

Mean fruit weight and Streifs index value were not influenced by foliar B
sprays (Table 1). Neither boron spray treatments had any effect on firmness, SSC
and starch index of fruit averaging to 9.7 kg, 13.6% and 6.6 in 2000 and 9.9 kg,
13.6% and 6.1 in 2001, respectively.

In both growing seasons, flower B concentrations of the apple trees sprayed
with B were higher than those of control (Table 2). Flower B concentrations of the
B-sprayed trees in spring and in fall were comparable. Spring and fall B sprays increased
B concentration in fruitlets (Table 2). However, only spring B sprays enhanced
fruit B levels at harvest (Table 2). During the growing season, leaf B concentra-
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tion of the control trees was relatively stable, ranging from 25 to 27 mg-kg" (Ta-
ble 2). Foliar B sprays in spring and in fall, increased B levels in leaves only 28
days after the full bloom (Table 2).

In both years, fall B sprays caused leaf injuries (Table 3). Leaf damage 7 days
after foliar B application in fall was similar to those recorded 21 and 35 days after
this treatment (Table 3). However, fall B sprays had no effect on the intensity of
defoliation (Table 3),

Table 3. Effect of fall B spray on leaf injury and defoliation of “Jonagold” apple trees

Leaf injury [1-5] o Pereentage of fallen leaves

Treattment

5, Days after B spray in fall
7 21 35 7 21 33

2000 2001 2000 2001 2000 2001 2000 2001 2000 2001 2000 200]
Fall B 21b 23b 226 23b 22b 23b  Oa On  8.8a 15.2a 58.8a 65.3a
spray
Control l0a 1.6a Fla 1.0a 10a 10a Oa Oa  10.52 13.8a 53.8a 68.4a

Means with the same letter in columns are not significantly different according to Duncan’s

DISCUSSION

A lot of experiments showed that foliar B applications improved vigour and/or
cropping of pear (Pyrus communis L.), prune (Prunus domestica L.), apple (Malus
domestica Borkl.), and peach (Prunus persica L.) trees [4,12,15,23,25]. On the
other hand, Ferran ef al. [5] and Hanson [11] did not find any response of hazelnut
(Corylus avellana L.) and highbush blueberry (Vaccinium corymbosum L.) crops
which exhibited no visual B deficiency signs to foliar B sprays. In our experiment,
B sprays in spring or in fall increased fruit yield. The above indicated that B was a
limiting factor for the cropping of apple trees. Also, low B concentrations in the
summer leaves (25-27 mg-kg'l) recorded in the present experiment indicated that
B nutrition of “Jonagold” apple trees was not adequate to give the optimum fruit
yield. According to Peryea [19], the optimum B concentration in the summer
leaves ranged from 30 to 60 mg-kg’l. Taking into consideration that foliar B
sprays did not affect tree vigour or mean fruit weight, it seems that an increased
tree yielding was due to the improved fruit set. The above may be true as it is well
known that B plays an important role in the plant generative development and, es-
pecially, in the pollen germination process and growth of pollen tubes [2].
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In the present experiment, fall B sprays increased concentration of the subject
element in flowers and also in leaf and fruit tissues in the spring. This indicates
that fall foliar application of B was retranslocated from leaves to wood and remo-
bilized in the following season to the growing tissues. These results are in agree-
ment with the findings of Baron [1], Hanson [10], Hanson and Breen [12] and
Hanson et al. [13] in other fruit and nut crops rich in sorbitol and/or mannitol, where it
was observed that B foliar application in the previous fall or dormant period could in-
fluence B concentration in tissues in the subsequent spring. However, in our experi-
ment, foliar B sprays had no effect on B levels the in the summer leaves and fruit at
harvest. Also, Hanson [11] observed no increase in the B concentration in the summer
leaves of prune trees following foliar B application in fall. Thus, it seems that foliar
B sprays in fall can increase B levels in plant tissues (mainly in the reproductive
organs) only in spring.

In our study, spring B sprays increased not only fruit yield but also coloring of
apple fruit. Also, Yogaratnam and Johnson [26] found better coloring of apple
fruit as a result of foliar B sprays. Better coloring of apple fruit sprayed with B in
spring might result from a higher accumulation of carbohydrates in fruit. This may
be true because it is known that B complexes with carbohydrates facilitate their
transport in the phloem [6].

CONCLUSION

Foliar application of B in fall is a valid method of enhancing B levels in the
tissues of reproductive organs in the subsequent spring which can increase fruit set
and consequently yielding of B deficient apple trees. This conclusion is probably
true for any species for which B is freely phloem mobile including all Malus,
Pyrus, Prunus and Oleaceae. Spring B sprays should be recommended for increas-
ing not only fruit yield of B deficient apple trees but also for the improvement of
fruit quality, particularly fruit coloring.
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REAKCIJA JABLONI ODMIANY “JONAGOLD” NA NAWOZENIE DOLISTNE
BOREM

P. Wojcik
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Pomologiczna 18 str., 96-100 Skierniewice, Polska; e-mail: pwojcik{@linsad.pl

Stireszczenie Doswiadezenie przeprowadzono w latach 2000-2001 w prywatnym sadzie
jabloniowym w Ceniralnej Polsce. Obiektem doswiadczalnym byly jablonie odmiany Jonagold/M.26
posadzone w rozstawic 4 x 2 m ma ;,ILbu: piaszezysto pliniastej zawicrajace) Srednia zawartosc
przyswajalnego boru (0,33 mg B-kg ) Drzewa opryskiwane byly borem (i) na wiosng, w fazie
rozowego paka, na poczatku kwitnienia (10% kwmlow w pelni kwitnienia) oraz w czasic opadania
platkéw kwiatowych w dawee 0.2-0.3 kg B: hal w kazdym zabiegu {wiosenne opryski wykonywane
byly m tych samych drzewach) oraz (ii} jesienia, 4-5 tygodnic przed opadaniem lisci w dawee 0.8 kg
Bha”'. Drzewa nie traktowane borem stanowily kontrole. Wyniki badan wykazaly, ze dolistne
nawozcnic borem nic mialo wplywu na wzrost drzew, srednia masg owocu, ckstrakt, indeks skro-
bicwy, jedmosié oraz stan dojrzalosci owocow w czasie zbioru, Niezaleznie od terminu nawozenia
dolistnego borem, zabieg ten powodowal wzrost plonowania drzew. Zardwno wiosenne jak i jesienne
nawozenie dolistne borem zwickszato koncentracje boru w kwiatach, zawigzkach owocowych oraz w
lidcinch 28 dni po kwitnieniu. Jedynic jablka z drzew opryskiwanych wiosng borem mialy podwyZszony
poziom boru oraz byly bardzicj wybarwione niz owoce z drzew kontrolnych. Jesienne nawozenic dolisine
spowodowalo uszkodzenie lidci co nie miate jednak wplywu na intensywnos¢ defoliacji. Uzyskane
wyniki wskazujq, ze jesienne nawozenie dolistne borem jest skutecznym zabiegiem zwigkszajacym
plonowanic jabloni w warunkach nicdostatecznego odzywienia tym sktadnikiem.

Stowa kluczowe: jablon, nawozenie dolisine borem






