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Abstract — Apple (Malus domestica Borkh.) trees, cultivars Galaand Fuji, were sprayed at full bloom
with thidiazuron (TDZ) at doses of 0, 5, 10, or 20 g ha' of a.i. in order to evaluate its effects on plant
growth and development, return bloom, fruit set, nutrition, and fruit yield. Fruit set increased with
TDZ dosein‘Gala but not in‘Fuji’. TDZ did not affect fruit yield in any cultivar. In*Gala , thereturn
bloom was reduced in about 50% at TDZ doses of 10 or 20 g ha®. TDZ increased shoot growth in both
cultivars. Inleaves, TDZ decreased the concentration of Caand Mg in‘Gala and of Mgin ‘Fuji’, but
did not affect the chlorophyll content, leaf area, length, width, and dry mass per cm? regardless of
cultivar. In fruits, the effect of TDZ varied according to the portion evaluated. Highest doses of TDZ
decreased the concentration of Caand K in‘ Gala and of K in‘Fuji’ intheentirefruits (flesh + skin); in
the skin, highest doses of TDZ reduced the levelsof N, Ca, and Mg in both cultivars, in addition to the
level of K in ‘Fuji’.

Index terms: Malus domestica, cytokinin, phenylurea, calcium, fruit yield, pollination, plant devel op-
ment.

Efeito do thidiazuron no crescimento, no florescimento, na frutificagdo e na nutrigdo em macieiras

Resumo — Macieiras (Malus domestica Borkh.), cultivares Gala e Fuji, foram pulverizadas na plena
floracéo com thidiazuron (TDZ) nasdosesde0, 5, 10 e 20 g ha* deingrediente ativo com o objetivo de
serem avaliadas quanto ao crescimento, florescimento, nutrigéo, frutificac8o e rendimento de frutos.
A frutificag@o efetiva aumentou com a dose de TDZ na cultivar Gala, mas ndo na cultivar Fuji.
Os tratamentos ndo afetaram o rendimento de frutos em nenhuma cultivar. Na cultivar Gala o
florescimento no ano posterior ao daaplicacéo de TDZ foi reduzido em cerca de 50% nas doses de 10
e 20g ha'. O TDZ promoveu aumento no crescimento dos ramos do ano em ambas as cultivares.
Nas folhas, 0 aumento nas doses de TDZ reduziu os teores de Ca e Mg na cultivar Gala, e de Mg na
cultivar Fuji mas ndo afetou o contetido de clorofila, &rea, comprimento, didmetro e massasecacm? da
folha, em ambas as cultivares. Em frutosinteiros (polpa + casca), 0 aumento nasdosesde TDZ reduziu
osteoresde Cae K nacultivar Gala, e osteores de K nacultivar Fuji. Na casca dos frutos, o aumento
dosniveisde TDZ reduziu aconcentragdo de N, Cae Mg nasduas cultivares, além de K nacultivar Fuji.

Termos para indexagdo: Malus domestica, citocining, difenil uréia, célcio, rendimento de frutos,
polinizag&o, desenvolvimento das plantas.

I ntroduction

Improvement of fruit set and fruit growth are es-
sential to high yields and consequently to the prof-
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itability of applegrowers. Fruit yield can beincreased
by improving pollination, controlling the leaf-to-fruit
ratio (achieved by means of pruning and fruit thin-
ning), and by adequate fertilization and irrigation
practices. Recently, more attention has been given
to the use of plant growth regulatorsin order to im-
prove fruit set and fruit growth in temperate fruit
trees (Elfving & Cline, 1993; Greene, 1995; Famiani
etd.,1999).

Cell division and elongation, which affect the fi-
nal fruit size, are promoted by the growth substances
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auxin, cytokinin, and gibberellin (Taiz & Zeiger, 1998).
Two synthetic substituted phenylureas, CPPU [N-
(2-chloro-4-pyridyl)-N’ -phenylurea] and thidiazuron
(TDZ; N-phenyl-N’-1,2,3-thiadiazol-5-ylureia), show
cytokinin-like activity in plant tissues (Mok et al.,
1987) and strong fruit growth promoting effect. CPPU
has been very effectivein promoting kiwifruit, grape,
and applefruit growth (Iwahori et al., 1988; Schuck
& Petri, 1991; Reynoldset al., 1992; Greene, 1993;
Antognozzi et a., 1997; Costaet a., 1997; Famiani
et a., 1999). TDZ promotes apple, kiwifruit, grape,
persimmon, and cucumber fruit growth (Reynolds
et al., 1992; Schuck & Petri, 1992; Yang et al ., 1992;
Cruz Cadtillos et a., 1993; Elfving & Cline, 1993;
Greene, 1995; Itai et d., 1995; Famiani et ., 1999).

In apple trees, TDZ sprayed near the full bloom
reduced crop load and, therefore, promoted fruit
growth (Elfving & Cline, 1993; Greene, 1995). TDZ
sprayed at both, higher dosesor | ater after full bloom,
had amore substantial thinning effect on appletrees,
with the magnitude of the response being cultivar
specific. Greene (1995) reported fruit weight in-
creases greater than 30% for ‘Mclntosh’ and ‘Em-
pire’ applessprayed at full bloomwith TDZ at doses
of 50 mg L1 and 15 mg L1, respectively. Thiseffect
was reduced when the treeswere sprayed 18-22 days
after full bloom. For ‘Gala and ‘ Golden Delicious
applessprayed at full bloomwith 10 mg L1 of TDZ,
the increase on fruit weight was greater than 40%
(Tegliari, 1997).

However, treatments with TDZ might reduce re-
turn bloom in apples, depending on product con-
centration, time of application, and cultivar (Elfving
& Cline, 1993; Greene, 1995). Elfving & Cline(1993)
reported substantial effects of TDZ, at doses of 65
and 125 mg L1, on vegetative growth, flowering be-
havior, and on mineral content of leavesand fruitsin
‘Empire’ apples. TDZ increased trunk enlargement
(possibly as a result of reduced crop load) and re-
duced shoot growth. Leaves from trees treated with
TDZ had higher K and lower N, Ca, and Mg con-
tents. TDZ effects on fruit-flesh nutrient concentra-
tion were associated with higher content of K and
slightly lower content of calcium. However, the au-
thors did not assess the incidence of physiological
disordersand postharvest quality of thefruit. Greene
(1995) reported a small increase of hitter pit inci-
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dence at harvest when apple trees were sprayed 18
daysafter full bloomwith 15 mg L1 of TDZ but not
when the trees were sprayed at full bloom. The au-
thor did not report substantial effects of TDZ on
flesh firmness and soluble solids content of thefruits.

Besidesaffecting tree physiology and fruit growth,
TDZ aso influences other aspects of fruit quality
such asfruit shape (Yang et a., 1992; Greene, 1995;
Famiani et a., 1999), maturity (Reynoldset al., 1992,
Greene, 1995; Ital et ., 1995; Antognozzi et d., 1997,
Famiani et a., 1999) and ripening (Reynolds et al.,
1992; Greene, 1995).

The published information showsthat TDZ hasa
diversity of physiological effects on treated plants,
which depends on product concentration, time of
application, plant speciesand cultivar. This, in asso-
ciation with environmental conditions, might have
substantial impacts on the plant physiological re-
sponse to the product. TDZ has been used in South-
ern Brazil to improve fruit set and fruit growth in
apples(Tagliari, 1997). However, moreinformationis
required to characterize the physiological effects of
this product on apple trees cultivated in this region.

The objective of this work was to evaluate the
effects of different doses of TDZ, sprayed at full
bloom, on nutrition, vegetative growth, return bloom,
fruit set, fruit growth and yield of apple bearing trees.

Material and M ethods

The study was conducted in a commercial orchard in
Lages, SC, Southern Brazil. Ten-year-old appletrees, cul-
tivars Gala and Fuji, grafted on Marubakaido rootstock,
were sprayed at full bloom, in 1999, with TDZ at doses of
0, 5, 10, or 20 g ha! of a.i., with atotal spray volume of
1,000 L ha'. Thetreesweretreated with atractor-mounted
airblast sprayer. Spray barriers, made of polyethylene
mounted on wood poles, were used to prevent spray drift
between experimental plots. The experiment followed a
completely randomized block design with four replicates.
Each experimental unity was composed by five rows of
eight plants. Only four plantsin the center of the middle
row were assessed for vegetative and reproductive growth,
fruit set, yield, and fruit and leaf nutritional status.

All blossom clusters (at the pink stage of flower devel-
opment; stage F,) on two representative limbs per tree
were counted in 1999 (the year when thetreesweretreated
with TDZ) and in 2000. Return bloom was expressed in
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terms of percentage of blossom clusters cm?2 limb cross-
sectional areain 2000 in relation to 1999. At the end of
October drop period, all persisting fruit on each tagged
limb were counted. Fruit set was quantified in terms of
number of persisting fruit per limb cross-sectional area
(PLCA) and per blossom cluster (PBC).

Limb (at a predetermined location, on two representa-
tive limbs per tree) and trunk (30 cm above the soil sur-
face) cross-sectional areaand shoot growth (on six shoots
per tree) were measured at bloom and in the following
spring. Eight midshoot leaves from current-season shoots
were collected per plant on 15 December 1999 and as-
sessed for length, width, area (with aleaf area integrator
LI-COR model LI-3050A), chlorophyll content (with a
Minolta chlorophyll meter, model SPAD-502), and dry
matter cm2 (by weighting the material after drying it for
48 hours at 70°C).

Ten midshoot leaves from the current-season shoot
and ten fruits per plant were collected thirty days before
the start of the commercial fruit harvesting and at commer-
cia harvesting, respectively, and assessed for N, K, Ca,
and Mg content. The fruit mineral composition was as-
sessed for the entire fruit (flesh + skin) and for the skin.
The dry leaves and the fresh fruit samples were digested
with amixture of sulfuric acid and hydrogen peroxide, as
described by Adler & Wilcox (1985). Nitrogen was quan-
tified by steam distillation using a semi-micro’Kjeldahl
equipment, as described by Ernani et al. (1997). Calcium
and Mg were determined with aninductive coupled plasma
spectrophotometer (ICP), and K with a flame emission
spectrophotometer.

All fruit on each tagged limb were harvested at com-
mercial maturity and assessed for total weight, total num-
ber and average fruit weight.
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The data were subjected to statistical analysis using
SAS (SAS Ingtitute, 1990). Percentage data were trans-
formed to arc sin [(x+5)/100]Y2 before submitting to the
ANOVA. The effect of TDZ dose on each attribute as-
sessed was analyzed by orthogonal polynomial contrasts.

Results and Discussion

On*Gala, acultivar characterized by having low
fruit set, TDZ sprayed at full bloom improved fruit
set up to the highest dose used (Table 1). On the
other hand, ‘Fuji’ is characterized by high fruit set
and, therefore, requires excessive fruit thinning. In
this cultivar, TDZ sprayed at full bloom did not in-
creasefruit set. Theuntreated ‘ Fuji’ treeshad anum-
ber of fruit cm2of limb cross-sectional areasimilar to
‘Gald treestreated with TDZ at dosesof 10-20 g ha'.
Thenumber of fruit per blossom cluster on untreated
‘Fuji’ treeswasabout twicethat of ‘Gala' treestreated
with TDZ at doses of 10-20 g ha'L.

Greene (1995) did not find TDZ effects, sprayed
at full bloom, on fruit set of ‘Mclntosh’ at doses
of 10 or 50 mg L-1, and of ‘Empire’, at doses up to
15 mg L. However, when applied at both, higher
doses or later after full bloom, TDZ might have a
thinning effect depending on the apple cultivar
(Elfving & Cline, 1993; Greene, 1995).

Flowering at the start of the experiment was uni-
form among treatments, averaging 6.5 and 2.8 blos-
som clusters cm2 of limb cross-sectional area on
‘Gala’ and ‘Fuji’, respectively. A polynomial
orthogonal contrast analysisindicated a highly sig-

Table 1. Fruit set and return bloom (mean+SE) of apple trees, cultivars Gala and Fuji, sprayed with different doses of

thidiazuron (TDZ).

TDZ ‘Gala ‘Fuji’

(gha 1) Number of fruit Number of fruit Return bloom Number of fruit Number of fruit  Return bloom
PCLA® PBC® (%) PCLA PBC (%)

0 3.5+0.4 0.6+0.1 99.719.5 5.7+0.5 2.1+0.3 66.1+13.6

5 3.4+0.3 0.6+£0.1 115.8+18.9 4.6£0.4 1.7+0.1 54.1+8.4
10 5.1+0.7 0.740.1 53.5+7.0 3.810.5 1.8t0.2 90.5+19.2
20 6.0+0.6 1.310.2 50.3t11.5 6.0+£0.5 2.1+0.2 79.3+22.5
Linear *kk * Kk * Kk ns ns ns
Quadratic ns * ns * k% ns ns

(WPCLA: per square centimeter of limb cross-sectional area. @PBC: per blossom cluster. (Cal culated as percentage of blossom clusters cm2limb cross-
sectional area between 2000 and 1999. "™Non-significant, by means of polynomial orthogonal contrasts. * and ***Significant for 5% and 0.1% of

probability, respectively.
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nificant linear effect of TDZ inreducing return bloom
in‘Gaa (Table 1). For thiscultivar, thereturn bloom
wasreduced to half intreestreated with TDZ at doses
of 10-20 g hal in comparison to untreated trees.
In‘Fuji’, flowering determined in the next spring
(spring following TDZ treatment) wasreduced in all
treatments by 40%, with no effect of TDZ inthere-
turn bloom.

Some authors have shown that return bloom in
apples is affected by TDZ concentration, time of
gpplicationand cultivar (Elfving & Cline, 1993; Greene,
1995). Greene (1995) reported areduced return bloom
on ‘MclIntosh’ and ‘Double Red Delicious apples
treated with TDZ. In *‘Mclntosh’, more substantial
reduction of return bloom occurred with increases
on product concentration and with late spraying. At
dose of 10 mg L-1, TDZ sprayed at full bloom or 22
days after full bloom reduced return bloom in more
than 30% and 70%, respectively. At doseof 50 mg L1
TDZ reduced return bloom more than 70% when
sprayed at full bloom, and more than 90% when
sprayed 22 days after full bloom. In ‘Double Red
Delicious', 5and 10 mg L1 of TDZ, sprayed at full
bloom, reduced return bloom morethan 60%. How-
ever, return bloom was not affected on * Empire’ trees
treated with 1, 5, or 15 mg L1 of TDZ, either at full
bloom or 18 daysafter full bloom (Greene, 1995). For
this cultivar, concentrations as high as 62 and
125 mg L-1 did not affect return bloom (Elfving &
Cline, 1993). The reduced return bloom caused by
TDZ insome cultivarsmight be adirect effect of the
product on flower bud formation. Flowering wasin-
hibited on *Delicious’ wheretherewas no treatment

C.V.T.doAmarante et al.

effect on fruit set, but on ‘Mclntosh’ there was a
general trend to have moreinhibition of flowering on
trees that thinned the most (Greene, 1995). In this
study, the reduced return bloomin* Gala’ treated with
highest doses of TDZ may be the result of higher
fruit set, which can cause depletion of reserves for
the flower bud differentiation (Faust, 1989), and/or
promotion of vegetative shoot growth, that can also
affect flower bud differentiation. In ‘Fuji’, flowering
determined inthefollowing spring was substantially
reduced in all treatments, and, therefore, TDZ did
not affect return bloom. However, this also might
reflect low effectsof TDZ on flower bud differentia-
tioninthiscultivar.

TDZ had no effect on theincrement of trunk cross-
sectional area, but reduced limb cross-sectional area
in‘Gala (linear effect) (Table 2). On both cultivars,
TDZ increased shoot growth.

Sincethe experimental area had high presence of
bees, and the weather conditionswere favorable for
the entomophilic pollination, yield was not affected
by TDZ treatmentsin any cultivar (Table 3). Average
fruit weight did not increase with increaseson TDZ
dose. Thisresult disagrees with previous published
studies, which show substantial increaseonfruit size
withincreaseson TDZ doses (Reynoldset al., 1992;
Yanget d., 1992; Greene, 1995; Itai et d., 1995; Famiani
et a., 1999). However, those studieswere performed
mainly by dipping thefruitin asolution of TDZ, or
by spraying some trees or some limbs per tree with
the product to the drip point. This might result in
much higher doses of TDZ than those applied in our
study, where the plants were treated with a tractor-

Table 2. Vegetative growth (increment in %; mean+SE) of apple trees, cultivars Galaand Fuji, sprayed with different

doses of thidiazuron (TDZ).

TDZ ‘Gald ‘Fuji’
-1
(g ha”) Trunk cross Limb cross Shoot growth Trunk cross Limb cross Shoot growth
section area section area section area section area

0 4.0t1.4 7.8£2.7 33.8+2.5 4.5%+1.0 7.5t2.3 48.6+2.2

5 4.2+1.4 7.1£2.8 35.9+2.5 3.1£1.0 8.6t2.8 42.612.1
10 45+1.3 6.4+£3.0 33.4+2.4 5.8t1.0 6.9t2.5 50.3t1.5
20 1.8+0.8 22422 40.8+£2.9 2.6+1.6 7.2+1.5 51.9£1.9
Linear ns *x * ns ns .

"sNon-significant, by means of polynomial orthogonal contrasts. * and ** Significant for 5% and 1% of probability, respectively.
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mounted airblast sprayer, asdonecommercialy. This
might have reduced the product effectivenessin pro-
moting fruit growth. Reynoldset a. (1992) also em-
phasized the importance of field trials to determine
the effective concentration of TDZ when the prod-
uct is sprayed commercially in grapes to promote
fruit growth.

TDZ affected the distribution of nutrients be-
tween leaves on both cultivars (Table 4). Treatment
with 20 g ha'l of TDZ increased Ca content in the
leaf by about 27%, in‘ Gala . The concentration of Ca
inthe‘Fuji’ leaveswas about twicethat of ‘Gala and
it was not affected by TDZ. ‘Fuji’ and ‘Gala Mg
contentson leaf increased by 12% and 17%, respec-
tively, by treating thetreeswith TDZ at 20 g ha'l. Con-
comitantly, TDZ decreased the fruit content of Ca
and Mg, especialy in the skin tissue (Table 5). Cal-
cium content in the skin reduced 17-20% with 10-
20 g halof TDZinbothcultivars. In‘Gaa, thesame
doses of TDZ reduced Mg and N content in the skin
by 14-19% and by 10%, respectively. In ‘Fuji’, these
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treatments reduced Mg and N content in the skin by
23-26% and by 20%, respectively. Except for K inthe
leavesof ‘Fuji’ and for Caintheleavesof ‘Gala, al
the other nutrientsarein the normal rangefor apples,
regardless of cultivar and tissue.

The nutritional results obtained in the present
study are, however, in contrast to those reported by
Elfving & Cline(1993) on‘Mclntosh’ apples. These
authors reported decreases on N, Ca, and Mg and
increases on K content in the leaves, and increases
on K content in the fruit-flesh. According to them,
the increase on K and the reduction on N in the
leaves, likely resulting from reduced crop load on
treestreated with TDZ, may have induced lower Ca
and Mg contentsintheleaf. Sincethedosesof TDZ
sprayed at full bloom in the present study increased
fruit set and shoot growth, nutritional results differ-
ent from thosereported by Elfving & Cline (1993) are
foreseen.

The datashow that theintense promoting growth
effect of TDZ on vegetative tissues (terminal buds

Table 3. Yield and average fruit weight (mean+SE) of appletrees, cultivars Galaand Fuji, sprayed with different doses

of thidiazuron (TDZ).

TDZ ‘Gad ‘Fuji’
(g ha®) Fruit weight (g) Number of fruit Averagefruit Fruit weight (g) Number of fruit Average fruit
PCLA® PCLA weight (g) PCLA PCLA weight (g)
0 0.25+0.03 2.01+0.23 126.14+5.74 0.22+0.02 1.57£0.14 142.97+3.09
5 0.20+0.03 1.80+0.23 110.4945.74 0.20+0.02 1.30£0.11 156.87+0.81
10 0.23+0.02 1.91+0.15 122.35+3.63 0.20£0.02 1.31+0.12 148.80+3.06
20 0.24+0.02 2.08+0.15 113.68+3.63 0.23+0.03 1.53£0.16 147.13+5.37
Llneal’ ns ns ns ns ns ns
Quajratlc ns ns ns ns ns *

(WPCLA: per square centimeter of limb cross-sectional area. "Non-significant, by means of polynomia orthogonal contrasts. * Significant for 5% of

probability.

Table 4. Concentration of Ca, Mg, K, and N in the leaves (mean+SE; g kg1) of apple trees, cultivars Gala and Fuji,

sprayed with different doses of thidiazuron (TDZ).

TDZ ‘Gda “Fuji’
(gha') " ca Mg K N Ca Mg K N

0 7.0:03  38:03  113t12 107+04 146:12 43:t04  7.7¢05  10.1:0.8

5 89:04  38:02  121:09 193:0.7 161+14 44:01  93:0.7  18.3:0.6
10 70606  41#02  11.0:08 21206 138t15 46:01  7.2¢0.7  186£0.7
20 97409  46:0.1 96£11 19.9+06 14.3t16 4.9t03  6.8:04  19.6:0.3
LI near * * % ns ns ns * ns ns

"sNon-significant, by means of polynomial orthogonal contrasts. * and ** Significant for 5% and 1% of probability, respectively.
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Table 5. Concentration of Ca, Mg, K, and N in the entire fruits (flesh + skin) and in the fruit skin (meantSE; mg kg'?)
of apple trees, cultivars Gala and Fuji, sprayed with different doses of thidiazuron (TDZ).

TDZ ‘Gala ‘Fuji’
(gha’) Ca Mg K Ca Mg K N
Entire fruits
0 78.4£5.0 63.6£1.1 9459+325 292.4+154  63.2+7.2 51.4+2.8 922.8+37.1 239.6+7.2
5 68.4+4.1 60.1+1.5 1,031.9+50.7 248.0+154 61.3t5.7 54.4+4.0 908.3+32.6 228.6+12.1
10 61.2+3.8 57.3+0.5 869.8+59.7 221.6+44.0 53.6+6.0 52.7+2.3 859.4+46.9 225.0+3.1
20 61.9+4.2 58.9+4.3 811.5+80.8 272.6+259 54.4+2.4 52.5+£3.0 784.1+57.5 242.1+9.3
L | n%r * ns * ns ns * ns
Fruit skin
0 305.4+20.8 312.3+14.6 1,096.5+42.2 8285+36.0 329.7+3.6 306.7+13.7 1,130.7+31.9 929.1+37.5
5 257.3t235 262.7+14.6 1,181.0+106.3 689.0+47.0 284.3t229 296.0+6.3 1,217.0+28.6 896.4+11.6
10 240.7+9.3 253.0¢6.1 1,025.9+45.2 743.9+20.8 261.5+17.8 227.6+135 918.6+21.0 727.2+32.8
20 2535+10.8 269.4+5.8 1,000.7+68.5 759.5+31.1 2722+11.7 236.8t17.2 903.1+88.4 759.3+18.8
Lln%r * ns ns * % *k*k * k% *k*k
Quajl'atl C * * % ns * ns ns *

"sNon-significant by means of polynomial orthogonal contrasts. *, ** and *** Significant for 5%, 1% and 0.1% of probability, respectively.

and growing leaves) might increase the accumula-
tion of nutrients into these organs, especially cal-
cium, in detriment of growing fruit.

Conclusions

1. Thidiazuron sprayed at full bloom might im-
provefruit set in cultivarswith deficient pollination.

2. The product has negative side effects related
to undue promotion of vegetative growth, which may
contribute to reduce return bloom and mineral con-
tent inthefruit, especialy of calcium.
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