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Abstract 

Paclobutrazol is a plant growth retardant and is antagonist of gibberellins. Paclobutrazol is used to alter 

growth, chlorophyll content, photosynthesis, transpiration, stomatal conductance and uptake of nutrient 

in different temperate fruit crops. It also improves plant resistance to drought stress, has darker green 

leaves, higher resistance against fungi and bacteria, and enhanced development of roots. 
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Introduction 

Paclobutrazol (PP333) (trade name: Cultar, Bonzi, Clipper, Parlay) is a plant growth retardant 

and belongs to triazole group of fungicides. It is an antagonist of gibberellin and hence is 

referred as ‘antigibberellin’. Accordingly, many of paclobutrazol induced phenomenon in 

plants can be reversed by GA3 (Davis, 1986) [17]. Chemical formula of paclobutrazol is 

C15H20ClN3O and chemical structure of paclobutrazol is [{2RS, 3RS} -1-(4 chlorophenyl)-4, 

4- dimethyl -2-(1, 2, 4- triazol-1-yl)-pentan-3-ol]. Paclobutrazol causes reduction in cell 

division and overall vegetative growth which results a tree with more compact structure 

(Grochowska et al. 2004) [24]. It improves resistance to drought stress, has darker green leaves, 

higher resistance against fungi and bacteria, and enhanced development of roots. Among many 

plant growth retardants, paclobutrazol is commonly practiced by the horticultural growers. It 

can be applied through foliage or soil however, the application of paclobutrazol to soil as a 

drench around tree trunk (collar drench) is the most effective method. The required quantity is 

mixed with water and poured onto the soil around the trunk in a circular band. Therefore the 

use of paclobutrazol is increasing day by day in different fruit crops to influence different plant 

responses. Presently its use is also picking up in temperate fruit crops. Therefore the present 

review covers the influence of paclobutrazol on plant growth, water relations, physiology and 

leaf nutrient status in different temperate fruit crops. 

 

Plant growth and vigour: Paclobutrazol prevents stem elongation (Hedden and Martin, 

1985). PP333 decreased the elongation of new shoots in peach and the effect increased with 

increasing concentration from 500 to 1500 ppm (Zhang, 1990) [53]. Chen et al. (1995) [12] also 

noted that foliar sprays of PP333 at 1000 or 2000 mg a.i. per litre suppressed peach seedling 

growth. Shoot extension growth was reduced by 57 per cent at stone hardening and by 47.6 per 

cent at harvest following soil and collar drench of cultar (2.0 g a.i. PP333/tree) applied in 

autumn in peach cv. Flordaprince (George et al. 1995) [21]. Allan et al. (1993) [3] also observed 

significant reduction in competitive early vegetative growth by a soil drench of PP333 in peach 

cv. Flordaprince. Similarly, Biasi et al. (1989) [9] and George et al. (1993) [22] observed 

reduction in growth following PP333 treatment in peach and nectarine, respectively. Lever et 

al. (1982) [33] found more than 50 per cent reduction in shoot growth of Red Delicious apple 

following PP333 foliar spray at the rate of 750 ppm. However, the effectiveness of PP333 

varied with the dose, time and method of application. Irving and Pallesen (1989) [29] found that 

on two year old apple 1000 ppm of PP333 had very little effect on vegetative growth and 

remained effective up to 82 days of application. But Stinchcombe et al. (1984) [45] reported 

that, in Cider apple, PP333 at 2000 ppm remained effective in the following year also. El-

Khoreiby et al. (1990) [20] recorded maximum retardation in growth when PP333 was applied 

21 days after petal fall. Similarly, Xia et al. (1994) [50] observed reduction in diameter, shoot 

and internode length in Fuji and Starking apple with the foliar sprays of 1000 ppm  
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Chengbhuabao (PP333). The reduction in shoot length of Fuji 

apples was also reported by Kim et al. (1990) [30]. Greene 

(1986) [23] observed the growth retardation effect of PP333 

continuously for three years on apple trees when it was 

applied at higher rates of 1500-3000 ppm as foliar sprays. 

Mavrodiev and Manolov (1989) [35] reported that PP333 was 

less effective in controlling growth during the year of 

application but more effective during the following year. 

Quinlan and Richardson (1986) found that 14C PP333 

translocated acropetally when applied to young stem 

internodes and to a lesser degree, from the youngest unrolled 

leaf, however, there was no label moved from mature leaves. 

Paclobutrazol is also reported to regulate the vegetative 

growth of peach and cherry (Arzani et al. 2009; Brar, 2010) [7, 

11]. Sharma and Joolka (2002a) [38] and Sharma and Joolka 

(2011) [41] recorded reduced extension growth, plant height 

and plant spread with paclobutrazol in Non Pareil almond 

plants. Mir et al. (2015) [36] reported that paclobutrazol 

significantly retarded the shoot growth, shoot diameter and 

trunk cross-sectional of 'Roundel' apricot trees growing under 

low density planting system.  

 

Leaf area: Biasi et al. (1989) [9] applied 0.1 g PP333 per 

seedling as soil drench to Nemaguard peach and noted 

reduction in leaf area. Curry and Williams (1983) [15] found 

reduced leaf size of Well Spur Delicious apple with the 

application of 20 g PP333 per 9.5 m2 as soil drench. Similar 

observations in apple have been made by Stinchcombe et al. 

(1984) [45], Swietlik and Miller (1985) [47], Chogtu (1986) 

Greene (1986) [23], Abod and Webster (1991) [1], Bhatia 

(1992) [8] and Xia et al. (1994) [50]. Val et al. (1999) [48] 

reported 40 per cent reduction in leaf area and 29 per cent 

reduction in dry weight of peach with paclobutrazol 

application. 

 

Root growth: Soil drenching with 0.1 g of PP333 per plant 

resulted in reduced fresh and dry weight of root in 

containerized peach cv. Nemaguard seedlings (Biasi et al. 

1989) [9]. Contrary to this, promotion in the root growth of 

apple trees with PP333 has been reported by Lenz (1984) [32], 

Steffens et al. (1984) [43] and Lehman et al. (1990) [31]. El-

Hodairi et al. (1988) [19] found an increased root: shoot ratio 

and this was associated with a redistribution of 14C-labelled 

assimilates in the plant. Dry matter accumulation in the roots, 

particularly in lateral and fibrous roots, increased with 1.5 g 

a.i. and 0.75 g a.i. PP333 applied in spring as soil drench in 

Aki Fuji apples (Huang et al. 1995) [27]. Similarly, Curry and 

Williams (1990) [16] recorded an increased root dry weight 

with the lower dose of PP333 but not with its higher dose. 

Whereas, Swietlik and Miller (1984) [46] reported that total 

root surface of apple seedling was not affected by PP333. 

Similarly, Abod and Webster (1991) [1] found no effect of 500 

ppm PP333 spray on the root weight of MM106 apple 

rootstock. Bhatia (1992) [8] recorded reduced root length in 

MM109 apple rootstock treated with 1.0 g PP333 as soil 

drench. Similarly, Zeller et al. (1991a) [51] observed decrease 

in root growth of potted plants of Smoothee Golden Delicious 

apple when treated with 1, 10 or 100 mg PP333 per plant. 

Sharma and Joolka (2002a) [38] recorded reduced total root 

length and roots dry weight with paclobutrazol in Non Pareil 

almond plants. 

 

Chlorophyll content: Leaf chlorophyll content in Fuji apple 

increased with foliar sprays of PP333 at 4 or 8 litres/ha (Kim 

et al. 1990) [30] and 1000 ppm (Xia et al. 1994) [50]. However, 

Steffens et al. (1993) [42] did not find any change in leaf 

chlorophyll content in own rooted, 4-year-old Gala apple trees 

in the third season after treatment with PP333. Sharma and 

Joolka (2003) [40] recorded increased leaf chlorophyll content 

with paclobutrazol in Non Pareil almond plants. 

 

Photosynthesis, transpiration and stomatal conductance: 

Foliar sprays of PP333 increased photosynthetic activity in 

Fuji (Kim et al. 1990) [30] and Starking apples (Xia et al. 

1994) [50]. In Leccino olive also, foliar spray of 1000 ppm 

PP333 lowered photosynthetic rate (Antognozzi et al. 1987) 
[6]. However, Antognozzi and Romani (1989) [5] did not found 

any effect of 2000 ppm PP333 on the photosynthetic activity 

of Golden Delicious apples. Similarly, Steffens et al. (1993) 
[42] did not record any effect of PP333 on the net 

photosynthesis of own rooted, 4-year-old Gala apples in the 

third season after the treatment. Leaf transpiration and CO2 

uptake were higher in Golden Delicious apple sprayed with 

100 mg PP333 per tree in the first part of growing season and 

dropped to the level of control about 50 days following 

treatment (Bonomo et al. 1989) [10]. Stomatal conductance in 

Nemaguard peach seedlings reduced with the drenching of 

container soil with 0.1 g PP333 per plant (Biasi et al. 1989) [9]. 

While in strawberry, Deyton et al. (1991) recorded 

significantly higher leaf stomatal conductance with the foliar 

sprays of 75 to 1200 ppm PP333. However, Steffens et al. 

(1993) [42] did not find any effect of PP333 on the stomatal 

conductance of own rooted, 4-year-old Gala apple trees in the 

third season after treatment. Drenching the soil with 1.0 g 

PP333 per plant increased stomatal density in Vance 

Delicious and Red Spur Delicious apples (Bhatia, 1992) [8]. 

Sharma and Joolka (2002b) [39] recorded reduced the rate of 

photosynthesis and transpiration and stomatal conductance 

with paclobutrazol in Non Pareil almond plants. 

 

Proline and abscisic acid contents: PP333 treatment 

increased the proline content in peach (Hu and Ding, 1993) 
[26]. Higher ABA content in the leaves of Vance Delicious and 

Red Spur Delicious apples was observed when plant soil was 

drenched with 1.0 g PP333 (Bhatia, 1992) [8]. Similarly, foliar 

sprays of 1000 ppm Chenghuabao (PP333) combined with 

girdling resulted in maximum ABA content in Fuji and 

Starking apple leaves (Xia et al. 1994) [50]. Sharma and Joolka 

(2003) [40] recorded more leaf proline and abscisic acid 

content with paclobutrazol in Non Pareil almond plants. 

 

Carbohydrate content: PP333 influences the carbohydrate 

contents in plants. Pith and xylem starch deposits in Sudanell-

1 peach increased with PP333 (Aguirre and Blanco, 1992) [2]. 

Vance Delicious and Red Spur Delicious apples had more leaf 

total sugar with 0.5 g PP333 and leaf starch with 1.0 g PP333 

per plant applied as soil drench (Bhatia, 1992) [8]. However, 

Xia et al. (1994) [50] recorded increased leaf sugar and starch 

contents in Fuji and Starking apples on treatment with 1000 

ppm Chenghuabao (PP333). In Spartan apples treated with 

PP333, Steffens et al. (1985) [44] found higher leaf starch and 

static sugar contents. Whereas in Top Red Delicious plants 

treated with PP333, Wieland and Wample (1985) [49] observed 

reduction in reducing sugars with 150 mg, increase in starch 

with 25 and 50 mg than those with 150 mg dose of PP333. In 

apple plants PP333 treatments resulted in the depletion of 

carbohydrates (Curry, 1988) [14] and starch in shoots (Bonomo 

et al. 1989) [10]. Zeller et al. (1991b) [52] observed the effect of 

PP333 in altering the levels of carbohydrates in apple plants 

grafted on M7A but not in plants on MM111 rootstock. On 
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the other hand, Antognozzi and Romani (1989) [5] could not 

find any effect of 2000 ppm PP333 on the sugar and starch 

contents of Golden Delicious apple leaves. However, Sharma 

and Joolka (2003) [40] observed increased leaf total 

carbohydrates content with paclobutrazol in Non Pareil 

almond plants. 

 

Nutrient uptake 

PP333 influence the leaf nutrient status of various temperate 

fruit crops. 

 

Nitrogen: PP333 treatment reduced foliar N concentration in 

Nemaguard (Rieger, 1990) [37], Flordaprince (Allan et al. 

1993, 1995) [3], Flordaprince and Flordagold peach cultivars 

(Huett et al. 1997) [28] and Red Spur Delicious and Vance 

Delicious apples (Bhatia, 1992) [8]. However, Atikson and 

Crisp (1983) found increased foliar N concentration in apple 

plants treated with PP333. But Swietlik and Miller (1985) [47] 

could not find any effect of PP333 on the foliar N levels of 

Golden Delicious apples. However, Sharma and Joolka 

(2011) [41] recorded reduced leaf N content with paclobutrazol 

in Non Pareil almond plants. 

 

Phosphorus: PP333 treatment reduced foliar P concentration 

in Nemaguard, (Rieger, 1990) [37], Flordaprince (Allan et al. 

1993, 1995) [3], Flordaprince and Flordagold peach cultivars 

(Huett et al. 1997) [28] and Red Spur Delicious and Vance 

Delicious apples (Bhatia, 1992) [8]. Increased foliar P 

concentration in apple plants treated with PP333 has been 

reported by Atikson and Crisp (1983) and Curry (1988) [14]. 

However, Sharma and Joolka (2011) [41] recorded reduced leaf 

P content with paclobutrazol in Non Pareil almond plants. 

 

Potassium: PP333 treatment reduced foliar K contents in 

Nemaguard (Rieger, 1990) [37], Flordaprince peach (Allan et 

al. 1993, 1995) [3], stone fruits (Lichou et al. 1988) [34], Red 

Spur Delicious, Vance Delicious (Bhatia, 1992) [8] and Ace 

Delicious apple (Curry, 1988) [14]. Contrary to this, Swietlik 

and Miller (1984) [46] 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 (2011) [41] recorded reduced leaf K content with 

paclobutrazol in Non Pareil almond plants. 

 

Calcium: Increased concentration of foliar Ca with PP333 

treatment was observed in Nemaguard (Rieger, 1990) [37], 

Flordaprince (Allan et al. 1993, 1995) [3], Flordaprince and 

Flordagold peach cultivars (Huett et al. 1997) [28] and Red 

Spur Delicious and Vance Delicious apples (Bhatia, 1992) [8]. 

Similar observations regarding the increase in foliar Ca 

concentrations in various apple cultivars were made by 

Atikson and Crisp (1983), Swietlik and Miller (1984) [46], 

Curry (1988) [14] and Bonomo et al. (1989) [10]. Swietlik and 

Miller (1985) [47] further reported that Ca content in Golden 

Delicious increased in proportion to the increasing doses of 

PP333. Sharma and Joolka (2011) [41] also recorded increased 

leaf Ca content with paclobutrazol in Non Pareil almond 

plants. 

 

Magnesium: Foliar Mg content has been reported to increase 

with PP333 treatment in Nemaguard (Rieger, 1990) [37], 

Flordaprince (Allan et al. 1993, 1995) [3], Flordaprince and 

Flordagold peach cultivars (Huett et al. 1997) [28], Red Spur 

Delicious and Vance Delicious apples (Bhatia, 1992) [8] and 

apple plants (Bonomo et al. 1989) [10]. But Curry (1988) [14] 

found reduced levels of foliar Mg in apple plants treated with 

PP333. However, Sharma and Joolka (2011) [41] also recorded 

increased leaf Mg content with paclobutrazol in Non Pareil 

almond plants. 
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