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Chapter

Response of Growth Inhibitor 
Paclobutrazol in Fruit Crops
Naira Ashraf and Moieza Ashraf

Abstract

Paclobutrazol (PBZ; IUPAC name: (2RS, 3RS)-1-(4-chlorophenyl)-4, 
4-dimethyl-2-(1H-1, 2, 4-triazol-1-yl) pentan-3-ol) is a triazol derivative and an 
antagonist of gibberellins. It has been shown to inhibit shoot growth in various 
perennial fruit trees. Paclobutrazol application reduced the number of shoots, 
transforming trees into a more desirable, spur-type growth habit as the vegetative 
sink was reduced. This compound induces an early and intense flowering, dimin-
ishing vegetative growth and reducing the extension of buds, allowing for ripening 
and the initiation of apical buds inflorescence. Besides, it also increases fruit set, 
the years following application as a carryover effect. An increase in return bloom is 
a common response to paclobutrazol treatment and has been reported for various 
fruit crops. Paclobutrazol is widely used to advance harvest maturity in various 
fruit crops and it improves fruit quality in terms of accelerated colour development, 
delayed and synchronized fruit maturation and control of preharvest fruit drop. It 
is known to improve fruit physical and fruit chemical characteristics. Fruit calcium 
is increased for 2–3 years due to carry over effect. It helps in the maintenance of 
better fruit quality during storage and influences nutrient uptake in various fruit 
crops including stone fruits. It has been characterized as an environmentally stable 
compound in soil and water environments with a long half-life under both aerobic 
and anaerobic conditions.

Keywords: fruit set, paclobutrazol, flowering, shoot growth, fruit quality

1. Introduction

One of the most important elements in fruit orchard management is growth 
control. Excessive vigour reduces light penetration, yield, fruit quality and an 
increase in cost of pruning and pest control [1]. On the other hand, many cultivars 
may set very large number of fruits with unacceptably smaller size and often seri-
ous reduction in return bloom and fruit set may occur in the following year leading 
to biennial bearing. About 20–80% of the fruit which initially sets drop-off 
from the tree during various stages of development. Thus, various plant growth 
regulators are used for the control of vegetative growth, flowering of young trees, 
thinning of flowers and fruits, delaying fruit abscission, regulation of fruit ripen-
ing and improvement of fruit production and quality in bearing trees [2]. Various 
chemicals are used in horticulturally advanced countries to reduce the amount of 
pruning. Among the various growth control chemicals tested, paclobutrazol (PB) 
is one of the most successful and widely used in fruit trees that can retard tree 
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growth. Besides this, it also increases fruit set the years following application as a 
carryover effect. Paclobutrazol treatments have also shown to increase Delicious 
fruit firmness at harvest, [3]. Paclobutrazol, a gibberellins inhibitor, has been 
effectively used in reducing canopy volume and increasing flower intensity in 
peach [4], plum [5], almond [6], grapes [7] and mango [8]. Paclobutrazol is effec-
tive not only in flower induction but also in early and off season flower induction 
in mango [9, 10]. Paclobutrazol application in McIntosh apple trees shortly after 
full bloom affected fruit quality characteristics with respect to accelerated colour 
development, delayed and synchronised fruit maturation, control of preharvest 
fruit drop and maintenance of better fruit quality during storage [11]. Sebastian 
et al. [12] also reported that the foliar application of plant growth regulators 
improves the yield and quality of fruit crops. However, the action of plant growth 
regulators (PGRs) is highly specific to plant species, cultivar and stage of devel-
opment, and strongly dependent on its rate of application and environmental 
conditions [13].

2. Nature of paclobutrazol

The plant growth regulator, [(2RS, 3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(1,2,4-triazol-1-yl)-pentan-3-ol] (paclobutrazol; PP333) with chemical formula 
C15H20ClN3O, is a triazole derivative and has been shown to inhibit shoot growth 
on apple trees [14]. The ancymidol blocks the oxidative steps with high specificity 
leading from ent-kaurene to ent-kaurenoic acid in the pathway of GA biosynthesis. 
The same oxidative steps are thought to be inhibited by the active triazol deriva-
tives. Paclobutrazol has been reported to inhibit GA biosynthesis in plants by 
inhibiting kaurene oxidase, a Cyt P-450 oxidase, thus blocking the oxidation of 
kaurene to kaurenoic acid [15]. The inhibitory activity of paclobutrazol can be 
reversed by GA [14]. Besides reducing gibberellins level, PBZ increases cytokinin 
contents, root activity and C:N ratio, whereas its influence on nutrient uptake 
lacks consistency [16]. Paclobutrazol was also shown to shift assimilate partition-
ing from leaves to roots, increase carbohydrates in all parts of apple seedlings, 
increase chlorophyll content, soluble protein and mineral element concentration 
in leaf tissue, increase root respiration and reduce water use [17]. Browning et al. 
[18] investigated the effect of PBZ on the translocation of endogenous IAA (indol-
3-acetic acid) in Doyenne du Comice pear cultivar and found that PBZ caused 
a slower movement of IAA in shoot tips. The usual application of paclobutrazol 
has been either by foliar spray or soil drenching. With foliar spray applications, 
absorption through mature leaves was limited and PBZ may be taken up through 
stem absorption [19] or from excess dripping onto the soil. Elfving and Proctor 
[20] have reported that protecting the soil from foliar drip reduced the PBZ-
induced inhibition of extension growth in apples. When applied to the soil, a 
continuous supply of PBZ taken up by the roots is translocated acropetally via the 
xylem, thus maintaining the concentration of PBZ above the threshold required 
for the inhibition of gibberellins biosynthesis [21], although phloem translocation 
has also been reported [22].

Paclobutrazol (PBZ), a non-polar broad spectrum growth regulator, has 
been characterised as an environmentally stable compound in soil and water 
environments with a long half-life under both aerobic and anaerobic conditions. 
Moreover, PBZ is unlikely to volatilise to any significant extent owing to a low 
estimated vapour pressure (1.9 × 10–6 Pa). Paclobutrazol has been registered in 
1985 (cultar, ICI Americas, Goldsboro, NC), however it has now been permitted 
for use on food crops in Australia, New Zealand, South Africa, India, Philippines, 
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Vietnam, Canada, USA (California), Finland, Hungry, Greece, Cyprus, Denmark 
and Netherlands [23]. In India PBZ has been registered as a plant growth regula-
tor under the Section 9(3) of Insecticides Act, 1968 in November 2009 by Central 
Insecticides Board & Registration Committee [24] and is available in the market 
with various trade names.

3. Tree growth and vigour

Paclobutrazol when applied during early summer has been observed as effec-
tive suppressant of stem growth in sweet cherry [25]. Young [26] reported that 
paclobutrazol when sprayed on ‘Redhaven’ cultivar of peach reduced terminal 
growth and advanced leaf fall. Webster and his associates [27] observed that 
application of 1.6 g a.i. tree−1 paclobutrazol to cherry trees followed by 0.8 g a. i. 
paclobutrazol in next year inhibited extension growth of young trees on either 
colt or FB22 rootstocks. Gaash [28] stated that 1000–4000 ppm of paclobutrazol 
on ‘Canino’ apricot cultivar decreased the lateral shoot length. Foliar spray of 
1000 ppm paclobutrazol to sweet cherry trees suppressed shoot growth and delay 
in fruit colour [29]. Blanco [30] stated that paclobutrazol decreased the shoot 
development of ‘Crimson Gold’ nectarines. Kaska et al. [31] observed that applica-
tion of paclobutrazol decreased shoot elongation in cherries when applied on the 
vegetative and reproductive parts. Shoot extension growth was reduced by 57% at 
stone hardening and by 47.6% at harvest following soil and collar drench of cultar 
(2.0 g a.i. PP333/tree) applied in autumn in peach cv. Flordaprince [32]. Kuden 
et al. [33] observed that 250 ppm of paclobutrazol decreased the shoot growth by 
about 34.1–42.4% in apricot. Leaf chlorophyll of almonds was increased with the 
application of 50 and 100 ppm paclobutrazol [34]. Arzani and Roosta [35] reported 
that paclobutrazol significantly reduced vegetative growth in apricot. They also 
reported that the total pruning dry weight, shoot growth and trunk cross sectional 
area (TCSA) of treated trees were lower than those of the control. Pant and Kumar 
[36] reported that the application of different concentrations of paclobutrazol and 
chloromequat at 250, 500, 1000 and 5000 ppm to ‘Red Delicious’ apple decreased 
the extension growth and leaf area of trees. Wani [37] applied paclobutrazol 
through soil to the basin of tree on trunk diameter basis. The investigation was car-
ried out under two independent experiments. In one experiment, treatments were 
applied for two years consecutively and in another during first year only in order to 
assess carryover effect during second year. Application of paclobutrazol decreased 
yearly increment of tree trunk cross-sectional area, tree spread, volume and 
internodal length in sweet cherry. Gupta and Bist [38] noticed that soil application 
of paclobutrazol @ 10 ml/lit on high density pear plantation effectively controlled 
the excessive and vigorous growth. They also observed that the vegetative growth 
was inhibited by paclobutrazol. Asin et al. [39] observed that paclobutrazol resulted 
in shortest shoot length in pear. Sharma and Joolka [40] recorded reduced exten-
sion growth, plant height and plant spread with paclobutrazol in nonpareil almond 
plants. Abdollahi et al. [41] reported that paclobutrazol reduced vegetative growth 
by reducing both fresh and dry weights of shoots and the leaf area was also signifi-
cantly decreased in strawberry cv. Selva. Mir et al. [42] reported that paclobutrazol 
significantly retarded the shoot growth, shoot diameter and trunk cross-sectional 
of ‘Roundel’ apricot trees growing under low density planting system. Ashraf et al. 
[43, 44] revealed that apple trees cv. Red Delicious treated with paclobutrazol @ 
750 ppm and summer pruning resulted in minimum vegetative growth and vigour 
in terms of tree height, trunk diameter, annual shoot extension growth, tree spread 
and leaf area in comparison to control and other treatments. Reduction in growth is 
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attributed to paclobutrazol, which is a triazol that inhibits gibberellin biosynthesis 
especially three steps in the oxidation of the GA precursors ent-kaurene to ent-
kaurenoic acid [15, 45].

4. Fruit set and yield

Webster et al. [27] reported that application of paclobutrazol @ 1.6 g a.i. tree −1 
in ‘Early Rivers’ sweet cherry doubled the floral buds per unit shoot length in 1982 
and trebled the number in 1983. Both the number of floral buds per fruiting spur 
and the number of flowers per floral bud increased by 26.8 and 5.6%, respectively. 
However, Webster and Quinlan [46] applied paclobutrazol to European plum trees 
and noticed reduction in yield and this effect was partially alleviated by sprays 
of 75 mg GA3 + 10 mg 2, 4, 5-TP at fruit set. Gaash [28] stated that the applica-
tion of 1000–4000 ppm of paclobutrazol on ‘Canino’ apricot cultivar increased 
the yield. Increased number of vegetative and floral buds in ‘Flavorcrest’ peach 
was noticed by Martin et al. [47] by the application of 1.32 g a.i. paclobutrazol. 
Blanco [30] stated that paclobutrazol increased the average fruit size and yield of 
‘Crimson gold’ nectarines. Stan et al. [48] revealed that foliar and soil application 
of paclobutrazol enhanced the flower bud formation and fruit set in high density 
planting of sweet cherry, peach and plum. In avocado, paclobutrazol enhanced 
the fruit set by increasing the partitioning of dry matter to fruits [49]. Kaska et al. 
[31] observed that application of paclobutrazol decreased flower bud formation 
in cherries when applied on the vegetative and reproductive parts. Kuden et al. 
[33] observed that 250 ppm of paclobutrazol increased the number of fruit buds 
in ‘Canino’ and ‘Precoce de Colomer’ apricot cultivars. Jindal and Chandel [50] 
reported that the application of paclobutrazol increased fruit set in ‘Santa Rosa’ 
plum and they further observed that maximum fruit set was observed by the 
application of 20 ppm TRIA followed by 500 ppm paclobutrazol. Arzani et al. [51] 
reported that paclobutrazol application advanced flowering of 5-year-old vigor-
ous ‘Sundrop’ apricot trees by 2–4 days and also increased the fruit set, final fruit 
number, crop density and yield efficiency. Pant and Ratan [36] reported maximum 
number of fruit spurs, bloom per branch and yield with cultar @ 1000 ppm in 
‘Red Delicious’ apple. Increased flowering by paclobutrazol application is because 
of the fact that paclobutrazol acts as inhibitor of gibberellin biosynthesis which 
changes the sink-source relationship by reallocating carbohydrate to other organs. 
Davenport [52] reported that more gibberellins were exported from apple fruit to 
spurs in biennial bearing cultivars than in regular flowering cultivars, concluding 
that endogenous gibberellins have inhibitory effect on flowering. Increased flower-
ing by application of paclobutrazol was also reported by Wani [37] in sweet cherry 
and Pant and Ratan [36] in ‘Red Delicious’ apple. Application of paclobutrazol 
initiates flowering in fruit plants by the decrease of gibberellins levels and increase 
of auxins and cytokinins levels in shoot tip [53]. They also observed that flowering 
date was advanced slightly with application of paclobutrazol. Similar results were 
recorded by [8, 54–57] in mango. Carreno et al. [58] reported that the application 
of paclobutrazol before blooming increased fruit set in grapes. The higher fruit set 
by paclobutrazol application may be attributed to increased partitioning of dry 
matter to fruits [49]. Abdel Rahim et al. [54] observed that paclobutrazol applica-
tion advanced off season flowering of regular bearing mango cultivars, Baladi Abu 
Zaid (26.7%) and Baladi Burai (30.7%) by almost 60 and 70 days, respectively, as 
compared to the control. They also reported that the flowering percentage in the 
paclobutrazol treated trees were 50%, and 100% at 60, and 90 days, respectively for 
all tested cultivars. Similar results on the positive effects of paclobutrazol on mango 
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flowering were reported in many tropical and subtropical regions of the world [16, 
55]. Ashraf et al. [43, 44] reported that the highest yield of 101.0 kg tree−1 was 
obtained in treatment 750 ppm paclobutrazol +2 summer prunings in comparison to 
control in Red Delicious apples. Paclobutrazol (80 ml/tree) produced earlier flowers 
(125.79 days) with respect to panicle emergence in mango cv. Alphonso compared 
to control (165.04 days) [59]. Paclobutrazol is effective in enhancing the yield of 
several horticultural crops as it inhibits gibberellic acid (GA) biosynthesis which 
changes the sink-source relationship by reallocating carbohydrate to other organs 
[53]. Huang et al. [60] reported that soil application of paclobutrazol twice during 
the year 1989 and 1991 in spring at 1.5 g a.i and 0.75 g a.i., respectively increased 
the yield efficiency twice than control in apple cultivar ‘Aki Fuji’ (with average 
fruit yield of 26.25 kg tree−1 compared with 13.95 kg tree−1) which might be due to 
increased respiration or activation of enzymes or growth promoting substances. 
Kumar et al. [61] reported that the application of paclobutrazol at 1.0 g in October 
enhances yield and quality in mango.

5. Return bloom

George and Nissen [62] observed that the return bloom was increased in peach 
in the subsequent season of paclobutrazol application which may result in a large 
number of small fruit if a large percentage of flowers set. Asin et al. [63] observed 
that paclobutrazol and root pruning increased return bloom and yield in ‘Blanquilla’ 
pear. Asin et al. [39] reported that foliar application of paclobutrazol resulted 
in highest return bloom in ‘Blanquilla’ pear. Wani et al. [64] observed that the 
soil application of paclobutrazol increased the return bloom significantly in Red 
Delicious apples. Bill [65] noticed that paclobutrazol application increased the aver-
age number of flowers per shoot compared to the control in the 2010–2011 seasons. 
Flower numbers also increased linearly with an increase in paclobutrazol applica-
tion rate and noticed that paclobutrazol application increased the return bloom. 
Application of paclobutrazol initiates flowering in fruit plants by the decrease of 
gibberellins levels and increase of auxins and cytokinins levels in shoot tip. An 
increase in return bloom is a common response to paclobutrazol treatment and its 
application has a carryover effect on return bloom as well which has been reported 
for various fruit crops, such as peach [66], apple [67] and mango [10].

6. Fruit physical characteristics

Paclobutrazol (PBZ), one such GA inhibitor, is widely used to advance harvest 
maturity in various fruit crops including mango [68], peach [62] and persimmon 
[69]. Delayed fruit maturation and increased fruit weight was found in peach by 
the application of paclobutrazol [70]. Webster et al. [27] reported that application 
of 1.8 g a.i paclobutrazol per tree of ‘Early Rivers’ cherry applied at full bloom 
stage increased the fruit weight. Looney and Mckeller [29] observed that applica-
tion of 1.15 g paclobutrazol per tree increased weight of individual cherry fruits 
in the year of application and for the following 3 years. Martin et al. [47] reported 
that application of paclobutrazol @ 0.5, 0.75, 1.0 and 2.0 kg ha−1 in ‘Flavorcrest’ 
peach increased the size of fruits significantly than control. Blanco [30] stated that 
paclobutrazol increased the average fruit size of ‘Crimson gold’ nectarines. Blanco 
[71] noticed that 2 g a.i. paclobutrazol dissolved in 1 litre of water and pouring the 
solution around the trunk of ‘Crimson Gold’ nectarine tree increased the weight 
of fruit though not significantly. Jindal and Chandel [50] applied paclobutrazol 
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in ‘Santa Rosa’ plum at 125, 250 and 500 ppm once at full bloom and again at pit 
hardening stage and reported maximum fruit weight of 24.33 g and fruit volume of 
21.6 cc in fruits treated with 500 ppm of paclobutrazol. In persimmons, soil drench 
application of paclobutrazol accelerated ripening by 2–3 weeks [69]. The increase 
in fruit length and breadth was due to the reason that application of paclobutra-
zol reduced vegetative growth (sinks) which in turn, increased the partitioning 
of nutrients and dry matter towards fruits and thereby, increased the fruit size 
and weight [49]. Greene [72] reported that foliar application of paclobutrazol to 
Delicious apples produced fruits with higher flesh and less bitter pit, cork spot and 
senescence breakdown. Wani [37] reported that fruit acidity, vitamin C, percentage 
of bruised fruits, incidence of pitting and fruit cracking were reduced by the appli-
cation of paclobutrazol in sweet cherry. Also, the organoleptic rating, total soluble 
solids, reducing sugars, total sugars and anthocyanin were increased. Pant and 
Ratan [36] studied the influence of different concentrations of paclobutrazol and 
chloromequat at 250, 500, 1000 and 5000 ppm on quality of apple cv. Red Delicious 
and observed that fruit weight and firmness was increased with both growth 
retardants. In contrast, in strawberries paclobutrazol application rate had no 
significant effect on fruit firmness [73]. Carreno et al. [58] found that grape berry 
size increased linearly with an increase in paclobutrazol application rate. Ashraf 
et al. [43, 44] observed that treatment 750 ppm paclobutrazol +2 summer prunings 
resulted in significantly improved fruit size (53.15 cm), weight (188.19 g), volume 
(188.12 cm3), colour change (3.40 score), firmness (11.98 kg cm−2), organoleptic 
rating in terms of taste (3.14 score), texture (3.24 score), flavour (3.12 score) and 
total soluble solids (14.47oB) whereas acidity (0.23%) was reduced in comparison to 
control and other treatments during both the years in apple cv. Red Delicious. The 
improvement in organoleptic rating of fruits may be attributed to the fact that more 
metabolites were translocated to the fruits in treated trees with paclobutrazol.

7. Fruit colour

Application of paclobutrazol @ 0.33, 0.50, 0.66 and 1.32 g a.i. as soil applica-
tion to ‘Flavorcrest’ peach hastened the fruit colour than control [47]. Looney and 
Mckeller [29] reported that paclobutrazol either sprayed once with 1000 ppm or 
twice with 500 ppm concentration to ‘Lambert’ cherry displayed less red colour as 
indicated by juice anthocyanin concentration or by visual rating of skin colour and 
500 mg l−1 paclobutrazol within 5 weeks after full bloom to ‘Mclntosh’ apples gave 
high percentage of fruit with acceptable red colour at harvest [74]. Santa Rosa plum 
trees treated with 500 ppm paclobutrazol once at full bloom and repeated at pit 
hardening stage recorded maximum anthocyanin content (0.299 OD units) which 
was significantly higher than control [50]. Wani [37] observed that fruit colour was 
enhanced by the application of paclobutrazol in sweet cherry. Continuous applica-
tion of paclobutrazol significantly reduces vegetative growth characters of the trees, 
thereby exposing fruits to direct sunlight which significantly increased red colou-
ration of the fruits. The soil application of paclobutrazol in ‘Red Delicious’ apple 
fruits increased the fruit anthocyanin by the increasing dose of paclobutrazol [64].

8. Fruit chemical characteristics

Jindal and Chandel [50] observed that application of 500 ppm paclobutrazol to 
Santa Rosa plum in two successive years increased total sugars significantly from 
5.46 to 6.71% in first year and 6.18 to 7.15% in next year. Similarly, reducing sugars 
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also increased to 4.76 and 5.25% respectively, which was significantly higher than 
control and recorded an average of 3.94 and 4.50% reducing sugars. Also, least acid 
contents of 2.14 and 3.35% were observed than control which recorded average 
acid content of 2.45 and 3.13%, respectively. Wani [37] reported that fruit acidity, 
vitamin C, percentage of bruised fruits, incidence of pitting and fruit cracking were 
reduced by the application of paclobutrazol in sweet cherry. Also, the organoleptic 
rating, total soluble solids, reducing sugars, total sugars and anthocyanin were 
increased. Wani et al. [64] observed that the soil application of paclobutrazol 
decreased the acidity and ascorbic acid of ‘Red Delicious’ apple fruits. Also, the 
fruit total soluble solids, organoleptic rating and fruit calcium was increased by the 
increasing dose of paclobutrazol. Similar findings were noticed by Sarker et al. [75] 
in mango. Paclobutrazol application reduced the number of shoots, transforming 
trees into a more desirable, spur type growth habit and as the vegetative sink was 
reduced, transport of nutrients including calcium towards fruits was enhanced 
[72]. Higher uptake of Ca and its relocation to fruits could be attributed to signifi-
cantly reduced rate of leaf transpiration, thus could favour the supply of Ca towards 
the fruit [76]. Fruit calcium is increased for 2–3 years due to carry over effect. 
Andres et al. [77] observed that the acidity content of fruits diminished as a result 
of the ripening process and the mango fruits treated with paclobutrazol and KNO3 
showed the lowest values for acidity. Ashraf et al. [78] reported that with increase in 
paclobutrazol concentration and pruning levels, an increase in TSS, TSS/acid ratio, 
anthocyanin, sugars, fruit calcium and improvement in fruit grade was observed 
with decrease in fruit acidity in Red Delicious apples. This increased total soluble 
solids was due to increased sucrose, starch and sugar levels due to reduced vegeta-
tive growth and thus the absence of other potentially competitive actively growing 
sinks which resulted in more nutrient partitioning to fruits [54]. The increased 
rate of photosynthesis led by more light penetration into the interior tree canopy, 
increased the soluble solids in fruits harvested from pruned trees. These findings 
are in conformity with the findings of Kumar et al. [61] in mango.

9. Fruit storage behaviour

Wolstenholme et al. [49] reported that the application of paclobutrazol 
increased the partitioning of nutrients and dry matter towards fruits and thereby, 
increased the fruit size and weight. This increase in weight reduced the physi-
ological loss in weight of fruits during storage period. The differences in storage 
performance may be due to ethylene production, responsible for the changes in 
texture and firmness and fruit softening [79]. Elfving et al. [80] observed that the 
fruits of McIntosh apple treated with diaminozide and paclobutrazol and stored for 
24 weeks were firmer and displayed less core browning than untreated ones. Elfving 
et al. [74] reported that foliar application of 500 mg l−1 paclobutrazol in McIntosh 
apples reduced flesh firmness loss and reduced post storage ethylene production 
in one season. Later applications at 5 and 9 weeks after full bloom affected stem 
cavity browning with increase in brown core. This may be attributed to reduction 
in ethylene evolution during storage which induced delay in respiratory climacteric 
after harvest and storage thereby, the loss in firmness was decreased [81]. The fruit 
flesh was firm due to retardation in ripening. Several physiological disorders and 
diseases of apple fruit during storage are related to the calcium content of fruit 
[82]. Calcium deficiency results in economic losses in fruit. It helps in regulation of 
metabolism in apple fruit and adequate concentrations maintain fruit flesh firmness 
and minimise the incidence of physiological disorders like water core, bitter pit 
and internal breakdown [83]. The increase in calcium generally delays the ripening 
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of the fruit and maintains their quality during prolonged storage. Fruit calcium is 
increased for 2–3 years due to carry over effect by paclobutrazol application. This 
increase in fruit calcium reduced bitter pit, cork spot, senescent breakdown so, 
spoilage of fruits was reduced which in turn enhanced storage life of fruits [17]. Our 
findings are in conformity with the findings of Wani [37] in sweet cherry and Wani 
et al. [64] in ‘Red Delicious’ apple. Paclobutrazol application reduced the number of 
shoots, transforming trees into a more desirable, spur type growth habit and as the 
vegetative sink was reduced, transport of nutrients including calcium towards fruits 
was enhanced.

10. Nutrient uptake

Paclobutrazol application influences the leaf nutrient status of various temper-
ate fruit crops:

Nitrogen: Paclobutrazol application reduced foliar N concentration in 
Nemaguard [84], Flordaprince [85], Flordaprince and Flordagold peach cultivars 
[86] and Red Spur Delicious and Vance Delicious apples [87]. However, Sharma 
and Joolka [40] recorded reduced leaf N content with paclobutrazol in nonpareil 
almond plants.

Phosphorus: Paclobutrazol application reduced foliar P concentration in 
Nemaguard [84], Flordaprince [85], Flordaprince and Flordagold peach cultivars 
[86] and Red Spur Delicious and Vance Delicious apples [87]. Increased foliar P 
concentration in apple plants treated with PP333 has been reported by Curry [88]. 
However, Sharma and Joolka [40] recorded reduced leaf P content with paclobutra-
zol in nonpareil almond plants.

Potassium: Paclobutrazol application reduced foliar K contents in Nemaguard 
[84], Flordaprince peach [85], stone fruits [89], Red Spur Delicious and Vance 
Delicious [87]. Contrary to this, Swietlik and Miller [90] observed increase in K 
uptake with the addition of 0.2 ppm PP333 to a nutrient solution in which 11 month 
old apple seedlings were grown. However, Sharma and Joolka [40] recorded reduced 
leaf K content with paclobutrazol in nonpareil almond plants.

Calcium: Increased concentration of foliar Ca with paclobutrazol application 
was observed in Nemaguard [84], Flordaprince [85], Flordaprince and Flordagold 
peach cultivars [86] and Red Spur Delicious and Vance Delicious apples [87]. 
Similar observations regarding the increase in foliar Ca concentrations in various 
apple cultivars were made by Bonomo et al. [91]. Swietlik and Miller [92] further 
reported that Ca content in Golden Delicious increased in proportion to the increas-
ing doses of PP333. Sharma and Joolka [40] also recorded increased leaf Ca content 
with paclobutrazol in nonpareil almond plants.

Magnesium: Foliar Mg content has been reported to increase with paclobutrazol 
application in Nemaguard [84], Flordaprince [85], Flordaprince and Flordagold 
peach cultivars [86], Red Spur Delicious and Vance Delicious apples [87] and apple 
plants [91]. But Curry [88] found reduced levels of foliar Mg in apple plants treated 
with PP333. However, Sharma and Joolka [40] also recorded increased leaf Mg 
content with paclobutrazol in nonpareil almond plants.

11. Conclusion

Paclobutrazol (PP333) has been effectively used to manipulate tree vigour 
in several perennial fruit crops. Paclobutrazol application reduces the amount 
of pruning which requires skilled labour and is time consuming and costly. 
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ent uptake in various fruit crops. Paclobutrazol was also shown to shift assimilate 
partitioning from leaves to roots, increase carbohydrates in all parts of fruit seed-
lings which enhances cold hardiness during winter periods. It increases chlorophyll 
content, soluble protein and mineral element concentration in leaf tissue which 
result in compact darker leaves. It also increases root respiration and reduce water 
use hence such trees are suitable under drought conditions.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



10

Prunus

[1] Miller SS. Root pruning and trunk 
scoring have a limited effect on young 
bearing apple trees. HortScience. 
1995;30:981-984

[2] Negi ND, Sharma N. Growth, 
flowering and cropping response of 
Flemish beauty pear to bloom spray 
of GA and BA. Acta Horticulturae. 
2005;696:295-298

[3] Greene DW. Effect of paclobutrazol 
and analogous on growth, yield, 
fruit quality, and storage potential 
of delicious apples. Journal of the 
American Society for Horticultural 
Science. 1986;11:328-332

[4] Allan P, George AP, Nissen RJ, 
Rasmussen TS, Morley-Bunker MJ. Effects 
of paclobutrazol on phenological 
cycling of low-chill ‘Flordaprince’ 
peach in subtropical Australia. Scientia 
Horticulturae. 1993;53:73-84

[5] Olivier OJ, Jacobs G, Strydom DK.  
Effect of a foliar application of 
paclobutrazol in autumn on the 
reproductive development of ‘Songold’ 
plum. South African Journal of Plant 
and Soil. 1990;7:92-95

[6] Koukourikou-Petridou MA.  
Paclobutrazol affects the extension 
growth and the levels of endogenous 
IAA of almond seedlings. Plant Growth 
Regulation. 1996;18:187-190

[7] Christov C, Tsvetkov I, Kovachev V.  
Use of paclobutrazol to control 
vegetative growth and improve 
fruiting efficiency of grapevines (Vitis 
vinifera L.). Bulgarian Journal of Plant 
Pysiology. 1995;21:64-71

[8] Nartvaranant P, Subhadrabandhu S, 
Tongumpai P. Practical aspects 
in producing off season mango 
in Thailand. Acta Horticulturae. 
2000;(509):661-668

[9] Burondkar MM, Rajan S, Upreti KK, 
Reddy YTN, Singh VK, Sabale SN, 
et al. Advancing Alphonso mango 
harvest season in lateritic rockysoils of 
Konkan region through manipulation 
in time of paclobutrazol application. 
Journal of Applied Horticulture. 
2013;15:178-182

[10] Nafees M, Faqeer M, Ahmad S,  
Khan MA, Jamil M, Aslam MN. 
Paclobutrazol soil drench suppresses 
vegetative growth, reduces 
malformation, and increases production 
in mango. International Journal of Fruit 
Science. 2010;10:431-440

[11] Edgerton LJ, Blanpied GD.  
Interaction of succinic acid 
2, 2-dimethylhydrazide, 
2-choloroethylphosphoric acid and 
auxins on maturity, quality and 
abscission of apples. Journal of the 
American Society for Horticultural 
Science. 1970;95:664-666

[12] Sebastian K, Arya MS, Reshma UR, 
Anaswara SJ, Thampi SS. Impact 
of plant growth regulators on fruit 
production karishma. International 
Journal of Current Microbiology and 
Applied Sciences. 2019;8(2):800-814

[13] Hoffmann G. Use of plant growth 
regulators in arable crops: Survey and 
outlook. In: Karssen CM, Van LC, 
Vreugdenhil D, editors. Proceedings 
of 14th International Conerence on 
Plant Growth Substances. London, UK: 
Kluwer Academic Publications; 1992. 
pp. 798-808

[14] Steffens GL, Wang SY, Faust M, 
Byun JK. Growth, carbohydrate and 
mineral element status of shoot 
and spur leaves and fruit of 
‘Spartan’ apple trees treated with 
paclobutrazol. Journal of the American 
Society for Horticultural Science. 
1985;110(6):850-855

References



11

Response of Growth Inhibitor Paclobutrazol in Fruit Crops
DOI: http://dx.doi.org/10.5772/intechopen.92883

[15] Dalziel J, Lawrence DK. Biochemical 
and biological effects of kaurene 
oxidase inhibitors such as paclobutrazol. 
Monograph of British Plant Growth 
Regulators Group. 1984;11:43-57

[16] Kishore K, Singh HS, Kurian RM. 
Paclobutrazol use in perennial fruit 
crops and its residual effects: A review. 
Indian Journal of Agricultural Sciences. 
2015;85(7):863-872

[17] Wang CY, Steffens GL. Postharvest 
responses of ‘Spartan’ apples to 
preharvest paclobutrazol treatment. 
HortScience. 1987;22:276-278

[18] Browning G, Kuden A, Blanke P. Site 
of (2RS, 3RS) paclobutrazol promotion 
of axillary flower initiation in 
pear cv. Doyenne du Comice. 
Journal of Horticultural Science. 
1992;67(1):121-128

[19] Barrett JE, Bartuska CA. PP333 
effects on stem elongation dependent 
on site of application. HortScience. 
1988;17:737-738

[20] Elfving DC, Proctor JTA. Long-term 
effects of paclobutrazol (cultar) on 
apple tree shoot growth, cropping and 
fruit-leaf relation. Acta Horticulturae. 
1986;179:473-480

[21] Davies TD, Steffens GL, Sankhla N.  
Triazole plant growth regulators. 
Horticultural Reviews. 1988;10:63-96

[22] Witchard M. Paclobutrazol is 
phloem mobile in castor oil plant 
(Ricinus communis L.). Journal of Plant 
Growth Regulation. 1997;16:215-217

[23] Davis T, Curry E. Chemical 
regulation of vegetative growth. 
Critical Reviews in Plant Sciences. 
1991;10:204-206

[24] Kegley SE, Hill BR, Orme S, 
Choi AH. PAN Pesticide Database. 
North America, San Francisco: Pesticide 
Action Network; 2010

[25] Quinlan JD, Webster AD. Effect 
of the growth retardant PP333 on 
the growth of plums and cherries. 
In: Abstract XXist International 
Horticultural Congress Hamburgh 
Germany Federal Republic; 
International Society for Horticulture 
Science. Vol. 1. 1982. p. 1071

[26] Young PS. Peach growth response 
from PP333 (Paclobutrazol). In: 
Proceedings of Tenth Annual Meeting 
Plant Growth Regulator Society of 
America; East Lansing, USA. PGR 
Society of America. 1983. pp. 192-194

[27] Webster AD, Quinlan JD, 
Richardson PJ. The influence of 
paclobutrazol on growth and cropping 
of sweet cherry cultivar. The effect of 
annual soil treatments on the growth 
and cropping of cultivar ‘early rivers’. 
Journal of Horticultural Science. 
1986;61(4):471-478

[28] Gaash D. Growth retardation 
of apple, plum and apricot trees by 
paclobutrazol in a Mediterranean 
climate. Acta Horticulturae. 
1986;2:559-562

[29] Looney NE, Mckeller JE. Effects 
of foliar and soil surface applied 
paclobutrazol on vegetative growth 
and fruiting quality of sweet cherries. 
Journal of the American Society for 
Horticultural Science. 1987;112(1):71-76

[30] Blanco A. Control of shoot growth 
of peach and nectarine trees with 
paclobutrazol. Journal of Horticultural 
Science. 1988;63(2):201-207

[31] Kaska N, Kuden A, Kuden AB.  
Physiological effects of PP333 
(paclobutrazol) on golden 
delicious apple cultivars. Journal 
of C.U. Agricultural Faculty. 
1991;5(4):87-94

[32] George AP, Nissen RJ, Campbell JA,  
Rasmussen T, Allan P, Shaltow AD. 
Effects of paclobutrazol on growth and 



Prunus

12

yield of low chill peaches in subtropical 
Australia. Acta Horticulturae. 
1995;409:109-116

[33] Kuden A, Kuden AB, Naska N. 
Physiological effects of foliage applied 
paclobutrazol on Canino and Precoce 
de Colomer apricot cultivars. Acta 
Horticulturae. 1995;384:419-423

[34] Sharma MK, Joolka NK. Influence 
of tricontanol and paclobutrazol on 
the drought tolerance of non-Pareil 
almond. Indian Journal of Horticulture. 
2000;57(2):118-122

[35] Arzani K, Roosta HR. Effects 
of paclobutrazol on vegetative and 
reproductive growth and leaf mineral 
content of mature apricot (Prunus 
armeniaca L.) trees. Journal of 
Agricultural Science and Technology. 
2004;6:43-55

[36] Pant N, Ratan K. Effect of 
paclobutrazol and chloromequat on 
growth, flowering, yield and quality 
of ‘Red Delicious apple. Progressive 
Horticulture. 2004;36(1):167-170

[37] Wani WM. Influence of growth 
retardant (paclobutrazol) and 
gibberellic acid on growth and 
production of sweet cherry [PhD 
thesis]. Srinagar, India: Sher-e-Kashmir 
University of Agricultural Sciences 
and Technology of Kashmir; 2004. 
Submitted

[38] Gupta NK, Bist LD. Effect of 
different planting systems and 
paclobutrazol on vegetative growth 
of Bagugosa pear. Indian Journal of 
Horticulture. 2005;62:20-23

[39] Asin L, Alegre S, Montserrat R.  
Effect of paclobutrazol, 
prohexidene-Ca, deficit irrigation, 
summer pruning and root pruning on 
shoot growth, yield and return bloom 
in a ‘Blanquilla’ pear orchard. Scientia 
Horticulturae. 2007;113:142-148

[40] Sharma MK, Joolka NK. Influence 
of triacontanol and paclobutrazol on 
growth and leaf nutrient status of non 
Pareil almond under different soil 
moisture regimes. Indian Journal of 
Horticulture. 2011;68(2):180-183

[41] Abdollahi M, Eshghi S, Tafazzoli E, 
Moosavi N. Effects of paclobutrazol, 
boric acid and zinc sulfate on vegetative 
and reproductive growth of strawberry 
cv. Selva. Journal of Agricultural Science 
and Technology. 2012;14:357-363

[42] Mir MM, Baba JA, Umar I,  
Rather GH, Rehman MU, 
Banday SA. Effect of soil applied 
paclobutrazol on vegetative growth 
and quality attributes of apricot 
(Prunus armeniaca L.). Green Farming 
International Journal. 2015;6(4):813-813

[43] Ashraf N, Bhat MY, Sharma MK, 
Ashraf M. Influence of paclobutrazol 
and summer pruning on growth and 
vigour of apple cv. Red delicious. Journal 
of Food, Agriculture and Environment. 
2015;13(2):98-100

[44] Ashraf N, Bhat MY, Sharma MK, 
Rather GH, Ashraf M, Dar MA, et al. 
Effect of paclobutrazol and summer 
pruning on yield and fruit quality 
of apple cv. ‘Red Delicious’. Applied 
Biological Research. 2015;17(2):166-173

[45] Hedden P, Graebe JE. Inhibition 
of gibberellins biosynthesis by 
paclobutrazol in cell free homogenates 
of Cucurbita maxima endosperm and 
Malus pomila embryos. Journal of Plant 
Growth Regulators. 1985;4:111-112

[46] Webster AD, Quinlan JD. Chemical 
control of tree growth of plum (Prunus 
domestica L.). preliminary studies with 
the growth retardant paclobutrazol 
(PP333). Journal of Horticultural 
Science. 1984;59(3):367-375

[47] Martin GC, Yoshikawa F, 
James HL. Effect of soil application of 



13

Response of Growth Inhibitor Paclobutrazol in Fruit Crops
DOI: http://dx.doi.org/10.5772/intechopen.92883

paclobutrazol on vegetative growth, 
pruning time, flowering, yield and 
quality of ‘Flavorcrest’ peach. Journal of 
the American Society for Horticultural 
Science. 1987;112(6):915-921

[48] Stan S, Burloi N, Popescu I, 
Feneanu N, Cotorobai M. Performance 
of paclobutrazol (Cultar) in controlling 
vegetative growth and cropping of 
stone fruits. Acta Horticulturae. 
1989;(239):221-228

[49] Wolstenholme N, Whiley W, 
Saranah JB. Manipulating vegetative and 
reproductive growth in avocado (Persea 
americana mill.) with paclobutrazol 
foliar sprays. Scientia Horticulturae. 
1990;41:315-327

[50] Jindal KK, Chandel JS. Effect of 
triacontanol and paclobutrazol on 
fruit set, growth and quality of Prunus 
saliciana. Indian Journal of Horticulture. 
1996;53(4):262-268

[51] Arzani K, Wood DES, Lawes GS. 
Influence of first season application 
of paclobutrazol, root-pruning and 
regulated deficit irrigation on second 
season flowering and fruiting of 
mature Sundrop apricot trees. Acta 
Horticulturae. 2000;516:75-82

[52] Davenport TL. Reproductive 
physiology of mango. Brazilian Journal 
of Plant Physiology. 2007;19(4):363-376

[53] Yadav RK, Rai N, Yadav DS,  
Asati BS. Use of paclobutrazol 
in horticultural crops—A 
review. Agricultural Reviews. 
2005;26(2):124-132

[54] Abdel Rahim AOS, Elamin OM, 
Bangerth FK. Effects of paclobutrazol 
(pbz) on floral induction and associated 
hormonal and metabolic changes of 
biennially bearing mango (Mangifera 
indica L.) cultivars during off year. 
Journal of Agricultural and Biological 
Science. 2011;6(2):55-67

[55] Abdel Rahim AOS, Elamin OM, 
Bangerth FK. Effects of paclobutrazol 
on floral induction and correlated 
phyto-hormonal changes in grafted 
seedlings of different mango (Mangifera 
indica L.) cultivars. Sudan Journal of 
Agricultural Research. 2008;11:111-120

[56] Blaikie SJ, Kulkarni VJ, Muller WJ. 
Effects of morphactin and paclobutrazol 
flowering treatments on shoot and root 
phenology in mango cv. Kensington 
pride. Scientia Horticulturae. 
2004;101:51-68

[57] Jose ARS, Reboucas TNH. Use of 
paclobutrazol in mango orchard in 
southwest region, Bahia state, Brazil. 
Acta Horticulturae. 2000;509:713-715

[58] Carreno J, Oncina R, Carreno I, 
Tornel M. Effect of paclobutrazol on 
vegetative growth, grape quality and 
yield of Napoleon table grape variety. 
Acta Horticulturae. 2007;754:179-182

[59] Gaurang PD, Patel BN, Desai KD,  
Patel NK, Patel BB. Influence of 
paclobutrazol for earliness in mango 
cv. Alphonso. International Journal of 
Science, Environment and Technology. 
2016;5(5):2713-2718

[60] Huang WD, Shen T, Han ZH, 
Liu S. Influence of paclobutrazol on 
photosynthesis rate and dry matter 
partitioning in the apple tree. Journal of 
Plant Nutrition. 1995;18:901-910

[61] Kumar A, Singh СР, Ram S. 
Paclobutrazol influences post harvest 
life of mango Cvs. Dashehari, Langra, 
Chausa and Fazri. Journal of Plant and 
Environmental Research. 2019;3:13 
(1-11)

[62] George AP, Nissen RJ. Effects of 
water stress, nitrogen and paclobutrazol 
on flowering, yield and fruit quality 
of the low-chill peach cultivar, 
‘Flordaprince’. Scientia Horticulturae. 
1992;49(3):197-209



Prunus

14

[63] Asin L, Vilardell P, Carrera M. 
Opciones de la combinacion de poda de 
raices con Paclobutrazol o Prohexadiona 
de Calcio en la reduccion del vigor 
de plantaciones de pera Blaquilla y 
Conference. Actas Portuguesas de 
Horticultura. 2005;6(2):36-41

[64] Wani AM, Peer FA, Lone IA. Effect 
of paclobutrazol on growth, picking 
maturity and storage behaviour of Red 
Delicious apples. The Asian Journal of 
Horticulture. 2007;2(1):171-175

[65] Bill M. Advancing harvest maturity 
and improving storability of ‘Triumph’ 
Persimmons [M.Sc. thesis]. Stellenbosch 
University; 2012. pp. 119

[66] Loreti F, Scalabrelli G, Musso O. 
Effect of paclobutrazol on productive 
behaviour of peach under protected 
cultivation. Acta Horticulturae. 
1989;239:285-288

[67] Costa G, Sabatini E, Spinelli F,  
Andreotti C, Bomben C, Vizzotto G.  
Two years of application of 
Prohexadione-Ca on apple. Effect on 
vegetative and cropping performance, 
fruit quality, return bloom and 
residual effect. Acta Horticulturae. 
2004;653:35-40

[68] Khader SESA. Orchard application 
of paclobutrazol on ripening, quality 
and storage of mango fruits. Scientia 
Horticulturae. 1990;41(4):329-335

[69] Ben-Arie R, Zhou HW, Sonego L, 
Zutkhi Y. Plant growth regulator effects 
on the storage and shelf life of ‘Triumph’ 
persimmon. Acta Horticulturae. 
1997;436:243-250

[70] Erez A. Dwarfing peaches by 
pruning and by paclobutrazol. Acta 
Horticulturae. 1984;146:235-241

[71] Blanco A. Effects of paclobutrazol 
and ethephon on cropping and 
vegetative growth of ‘crimson gold’ 

nectarine trees. Scientia Horticulturae. 
1990;42:68-73

[72] Greene DW. Reduced rate and 
multiple sprays of paclobutrazol 
control growth and improve fruit 
quality of delicious apples. Journal of 
the American Society for Horticultural 
Science. 1991;116:807-812

[73] Shakeri F, Baninasab B,  
Ghobadi C, Mobli M. Effect of 
paclobutrazol concentration and 
application methods on vegetative and 
reproductive growth of strawberry 
(Fragaria x ananassa Duch. cv. Selva). 
Journal of Horticultural Science. 
2009;23:18-24

[74] Elfving DC, Lougheed EC, Chu CL, 
Cline RA. Effects of diaminozide, 
paclobutrazol and uniconazole 
treatments on ‘McIntosh’ apples at 
harvest and following storage. Journal of 
the American Society for Horticultural 
Science. 1990;115:750-756

[75] Sarker BC, Rahim MA, 
Archbold DD. Combined effects of 
fertilizer, irrigation and paclobutrazol 
on yield and fruit quality of mango. 
Horticulturae. 2016;2(4):14

[76] Burondkar MM, Jadhav BB, 
Chetti MB. Effect of plant growth 
regulators, polyamine and nutrients 
on fruit quality and occurrence of 
spongy tissue in alphonso mango. 
Proceedings of the VIIIth International 
Mango Symposium. Acta Horticulturae. 
2009;820:689-696

[77] Rebolledo-Martinez A, del 
Angel-Perez AL, Moreno JR. Effects 
of paclobutrazol and KNO3 over 
flowering and fruit quality in two 
cultivars of mango manila. Interciencia. 
2008;33(7):518-522

[78] Ashraf N, Ashraf M, Bhat MY, 
Sharma MK. Paclobutrazol and summer 
pruning influences fruit quality of Red 



15

Response of Growth Inhibitor Paclobutrazol in Fruit Crops
DOI: http://dx.doi.org/10.5772/intechopen.92883

Delicious apple. International Journal 
of Agriculture, Environment and 
Biotechnology. 2017;10(3):349-356

[79] Nilsson T, Gustavsson KH. 
Postharvest physiology of aroma apples 
in relation to position on the tree. 
Postharvest Biology and Technology. 
2007;43:36-46

[80] Elfving DC, Chu CL, Lougheed EC, 
Cline RA. Effects of diaminozide 
and paclobutrazol treatments on 
fruit ripening and storage behaviour 
of ‘McIntosh’ apple. Journal of the 
American Society for Horticultural 
Science. 1987;112:910-915

[81] Luo Y, Yainwright H, Morre KG. 
Effects of orchard application of 
Paclobutrazol on the composition and 
firmness of apple fruits. Scientia Hori. 
1987;39:301-309

[82] Huder DM. The use of fertilizers 
and organic amendments in the control 
of plant disease. In: Pimentel D, editor. 
Handbook of Pest Management in 
Agriculture. Vol. 1. Boca Raton, FL: CRC 
Press; 1981. pp. 357-394

[83] Bangerth F, Dilley DR, 
Dewey DH. Effect of postharvest 
calcium treatments on internal 
breakdown and respiration of apple 
fruits. Journal of the American 
Society for Horticultural Science. 
1972;97:679-682

[84] Rieger M. Paclobutrazol, root 
growth, hydraulic conductivity and 
nutrient uptake of ‘Nemaguard’ peach. 
Horticultural Science. 1990;25(1):95-98

[85] Allan P, George AP, Nissen RJ, 
Rasmussen TS, Shaltout AD. Phenology 
and management practices of 
‘Flordaprince’ peach. Acta 
Horticulturae. 1995;409:19-24

[86] Huett DO, George AP, Slack JM, 
Morris SC. Diagnostic leaf nutrient 

standards for low-chill peaches in 
subtropical Australia. Australian 
Journal of Experimental Agriculture. 
1997;37(1):119-126

[87] Bhatia SK. Effect of paclobutrazol, 
daminozide and rootstocks on the 
growth and chemical composition of 
apple plant [PhD thesis]. Nauni, Solan, 
India: Dr. Y.S. Parmar University of 
Horticulture and Forestry; 1992

[88] Curry EA. Chemical control of 
vegetative growth of deciduous fruit 
trees with paclobutrazol and RSWO 411. 
Horticultural Science. 1988;23:470-473

[89] Lichou J, Devlavnay V, Garcin A,  
Vidaud J, Jay M. Application of 
paclobutrazol to stone fruit trees. In: 
Effects on Vegetative Growth and 
Fruiting. France: CTIFL-INRA; 1988. 
pp. 215-217

[90] Swietlik D, Miller SS. The effect of 
paclobutrazol on the growth and uptake 
of Ca and K by apple seedlings. Journal 
of Plant Nutrition. 1984;7:1555-1556

[91] Bonomo R, Neri D, Sansavini S. Dry 
matter and nutrient partioning, seasonal 
water consumption and gas exchange of 
paclobutrazol growth-controlled apple 
trees. Acta Horticulturae. 1989:239, 
159-166

[92] Swietlik D, Miller SS. The effect 
of paclobutrazol on mineral nutrition 
of apple seedlings. Journal of Plant 
Nutrition. 1985;8:369-382


