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Abstract 

Excessive hypocotyl growth observed in greenhouse-grown melon (Cucumis 
melo var. saccharinus Naud.) seedlings makes post-planting establishment difficult. 
The objective of this work was to determine the effect of seedling’s chemical or 
physical hardening on its re-establishment, growth, development and production after 
transplanting. Seedlings of melon were transplanted after being chemically or 
physically hardened at phenological stages “expanded cotyledon” (ECS) or “first true 
leaf” (FTLS). Chemical hardening was made by spraying Paclobutrazol (PBZ) at a 
concentration of 10 or 30 mg L-1. Mechanical hardening were performed by brushing 
the seedlings one minute once a day during 10 days at two intensities: 10 or 40 strokes 
min-1. Experiments and evaluations were made on field trials during three consecutive 
years. The two chemical treatments and the 10 strokes min-1 mechanical treatment at 
the ECS had the same effect of improving by 70% seedling establishment in 
comparison to the control. The 40 strokes min-1 mechanical treatment did not show 
any improvement in the transplant response. Growth and yield from mechanically 
hardened plants was similar to those from control plants, whereas chemically 
hardened seedlings sprayed with PBZ produced plants that had a good post-trans-
plant growth and higher fruit yield (25%) compared with to the control. The results 
demonstrated that, in order to improve the quality of melon seedlings and their 
growth after transplanting, a low concentration of PBZ hardening procedure or a low 
intensity brushing at an early growth stage is recommended. 

 
INTRODUCTION 

Horticultural seedlings planted at high density under conditions of optimum 
humidity and nutrient availability can become tall with weak stems. Hardening and 
acclimatization are techniques developed during the seedling production period to off set 
this. Hardening generally promotes the compact development of the seedlings to 
withstand mechanical damage during transplant and resume active growth and produce 
acceptable yields (Latimer, 1998). 

Spraying seedlings with gibberellin biosynthesis inhibitor is a frequent growth 
control technique. Application of Paclobutrazol (PBZ), ((2RS, 3RS)-1-(4-clorofenil)-4,4-
dimetil-2-(1H-1,2,4-triazol-1-il)pentan-3-ol) at low concentrations  (Latimer, 1992; 
Berova and Slatev, 2000) or soaking the seeds of greenhouse-grown species in PBZ 
solutions before sowing may help reduce plant growth (Magnitsky et al., 2006). For 
example in tomato (Solanum lycopersicum L.) and cucumber (Cucumis sativus L.) this 
technique improves seedling re-establishment after transplanting and their further 
development in the field without finding any residual elements of the product in the fruits 
(Magnitsky et al., 2006). 
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Another hardening technique is mechanical conditioning. Brushing can be used to 
control stem growth and quality of seedlings (Latimer, 1998). In this case the effect of 
mechanical perturbations in herbaceous plants varies according to the species and 
cultivar, but causes height reduction in the plant. In some cases, yields of mechanically 
hardened seedlings are similar or lower compared with non mechanical stressed plants 
(Wein, 1996a). 

Few studies have compared field establishment efficiency after chemically or 
mechanically hardening horticultural species. Preliminary trials using cultivars of 
greenhouse-grown melon (Cucumis melo var. saccharinus Naud.) plants showed that the 
seedlings had excessive hypocotyl growth and, when transplanted to the field, they were 
damaged by wind action or abrasive effects of sand, with significant losses in final yield. 

The objective of this work was to determine the effect of two seedling hardening 
techniques, chemical and physical, on the re-establishment, growth, development and 
production of the seedling after transplanting. 

 
MATERIALS AND METHODS 

The experiments were conducted in a field located in the valley of Sauce Chico 
river, Colonia La Merced (38°40’31” S.; 62°28’30” W.), in the northern region of 
Patagonia, Argentina. Seedlings of yellow-type melon, hybrid Dorado (Petoseed Co.), 
were transplanted after being hardened during the nursery period at the phenological 
stages: “expanded cotyledon” (ECS) or “first true leaf” (FTLS), at moment of full 
expanded blade leaf. 

Chemical hardening was made by spraying Paclobutrazol (PBZ) at a concentration 
of 10 or 30 mg L-1. Mechanical hardening was performed by brushing the seedlings once 
a day during 10 days at two intensities: 10 or 40 strokes (1 stroke: a brush applied back 
and forth) in a minute. Control seedlings were transplanted without being treated with 
some of the hardening techniques previously described.  

On the first week of December, seedlings were hand transplanted in the field at 1.5 
m between rows and 0.80 m between seedlings (planting density: 8.330 plant ha-1) Each 
row was drip irrigated and covered by black polyethylene sheet (40 µ thickness) of 0.60 
m width. The distribution of the treatments was done in three randomized complete block 
design.  

The experiments were conducted during three consecutive years, defined in this 
work as experiments I, II and III. In experiment I a total of 9 treatments, the two hardening 
techniques and the control, were evaluated. To improve establishment and further 
development of the plants, each hardening technique was separated in two successive 
years, experiment II (brushing) and experiment III (PBZ), with 5 treatments each.  

For all treatments, transplanted seedlings that failed to establish were not replaced. 
Twenty five days after transplanting, the percentage of plants fully established and the 
percentage of seedlings lost during the post-transplanting period were determined. The 
length and diameter of the main stem at 6 cm from cotyledonary node, the number of 
leaves and the leaf area were measured on 3 plants per treatment and repetition using a 
leaf area meter LI-COR, mod. LI-3000 A. Also, the numbers of male and hermaphrodites 
flowers were counted. The dry weight of the aerial part was obtained after oven-drying 
the leaves and stems at 60°C for 3 days.  

At harvest time (75 days after transplanting), the number of fruits per plant, the 
fresh weight per plant and the average fresh weight of the fruits were obtained.  

The actual yield (emerging from established plants), the lost yield (taking in 
account seedling loss that potentially could produce fruits) and the potential yield 
(assuming 100% of seedlings establishment) were calculated for each hardening treatment 
and controls.  

Data were evaluated using the variance analysis nested in single blocks for 
establishment and morphological variables, while for the yield components evaluation 
was done in single blocks. The mean values of the treatments were compared using the 
Fisher’s LSD test protected at 5% (InfoStat, U.N. de Córdoba, Argentina).  
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RESULTS AND DISCUSSION  
 
Seedling Establishment 
1. Control. In experiments I and III high losses of control plants (50%), mostly caused by 
wind, were observed. In experiment II control plant loss was of 25% (Fig. 1). Values of 
temperature and wind speed are shown in Table 1.  
2. Paclobutrazol. The treatment improved seedling establishment (75 and 60%) at both 
concentrations at ECS and 30 mg L-1 at FTLS, compared to the controls for experiments I 
and III, respectively (Figs. 1c-d). Paclobutrazol would provide the plant enough tolerance 
to water stress because it induces morphological adaptations such as an increase root to 
shoot ratio and a decrease leaf in area reduction (Fernández et al., 2006). Also, an increase 
in leaf stomatal density of tomato seedlings (Berova and Slatev, 2000) and an increase in 
the epicuticular waxes content in potato (Solanum tuberosum L.) leaves (Tsegaw et al., 
2005) were observed. Latimer (1992) reported an increase in the temperature of the leaves 
of transplanted seedlings of tomato, suggesting that PBZ reduces foliar transpiration.    
3. Brushing. The treatment was effective in experiments I and II when it was applied at 
low intensity in ECS, increasing implantation in 74 and 40%, respectively (Figs. 1a-b). 
Brushing 40 strokes min-1 at FTLS in experiment II caused seedling mortality after 
transplanting (Fig. 1b). Although mortality was not significant (29%) it suggested that 
high intensity brushing was a risky practice. Brushing positively affects resistance to post-
transplanting adverse factors such as wind in tomato seedlings, which resist wind speeds 
higher than 4.4 km h-1 (Garner and Björkman, 1999). In a numerical model of the melon 
stem Hernández et al. (2006) found that flexion reduces length and increases rigidity and 
strengthens hypocotyl since mechanical stimuli act on the surface but can reach the 
vascular tissue. Adaptation to flexion achieved by brushing would reduce the lack of 
control of water loss through cuticle (Latimer and Beverly, 1994).  

 
Growth and Development of Established Plants 
1. Paclobutrazol. Plants obtained from seedlings hardened with PBZ were more compact 
and robust, achieving a high degree of land covering and a good production of flowers 
(Figs. 2C and A). The length and width of the main stem had an increase of approximately 
20 and 40%, respectively. In experiment I, the number of leaves and leaf area were 40 and 
130%, respectively higher than control plants. In experiment III, these variables showed 
an increase of 30% compared with the control, but they were 50% lower than those 
observed in Experiment I. Twenty five days after transplanting, the number of 
hermaphrodite flowers increased 30% in all the treatments with PBZ both years. The dry 
weight of the aerial biomass of these plants were between 50 and 25% higher compared 
with the control plants in experiment I and III, respectively (Table 2). Wang et al. (1985) 
determined that PBZ induces higher levels of chlorophyll content, soluble proteins and 
mineral elements in apple (Malus domestica Borkh.) seedlings. Also, the development of 
an additional layer of the palisade parenchyma observed in leaves of melon seedlings 
treated with PBZ (Ayastuy, unpublished data), suggested that photosynthetic activity and 
the ability of recovering their own water balance might be increased (Berova and Slatev, 
2000). In andromonoic melons it has been found that the increase in hermaphrodite 
flowers was caused by the inhibiting effect of PBZ on the gibberellin biosynthesis (Wien, 
1997b).  
2. Brushing. The treatment did not affect appearance and development of established 
plants (Figs. 2B and A). A widening (20%) of the main stem was observed in both 
experiments (I and II) (Table 2). Garner and Björkman (1999) determined that after 
transplanting mechanically treated tomato plants they resume growth and bloom at the 
same time of the controls. In similar trials carried out with broccoli (Brassica oleracea 
var. italica L.) plants, 14 or 21 days after transplanting the weight of the aerial part had 
higher regrowth rate than the non-treated plants (Latimer, 1990). 
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Yield 
1. Paclobutrazol. When applied in ECS (experiment I and III), it lead to an increase of 
24% in the fresh weight of fruits per plant compared to controls. The number of fruits per 
plant had an increase of 20 and 30% compared to the control with the two PBZ 
concentrations applied in FTLS and to ECS, respectively. The mean fruit fresh weight 
was similar to that of the control (Table 3). Magnitskiy et al. (2006) observed in cucumber 
plants treated with PBZ that the average weight of the fruits was lower due to a reduction 
of 40% in their length, while no variations were observed in tomato fruits. In this species, 
application of PBZ accelerates the formation of fruits and increases their early production 
(Berova and Zlatev, 2000). Our results are in agreement with a report by Dikshit et al. 
(2004) who found that after 30 days from transplanting tomato seedlings showed 40% 
more of fruits in the first cluster and a higher number of flowers in the second cluster. 
Tomato seedlings sprayed with 14 mg L-1 of PBZ did not show yield changes in while 
with concentrations of 60 and 90 mg L-1 of PBZ the plant dry weight showed a yield 
reduction of 40 and 60% after 90 days compared with the controls (Latimer, 1992). Yield 
loss, considering the establishment, was lower in all the plants from seedlings hardened 
with PBZ, compared to those of the control ones, producing higher values for potential 
and actual yield when PBZ was applied to ECS (Table 3).  
2. Brushing. Applied at ECS with an intensity of 10 strokes min-1, fresh weight and fruit 
number in the established plants was similar to those of the controls. In the rest of the 
brushing treatments a reduction of 27 and 38% in these variables compared to the 
controls, in experiments I and II, respectively was observed. The treatments that produced 
a reduction in the number of fruits per plant showed a mean fresh weight 25% higher 
(Table 3). In experiment I, yield loss was lower in plants from brushed seedlings at low 
intensities at ECS compared to controls. In this experiment the highest actual yield was 
achieved. In experiment II the actual yield was similar to the control (Table 3). In general, 
no yield changes have been observed in crop plants when brushing was applied during 
seedling production (Latimer, 1998). Brushing did not affect the weight of broccoli 
inflorescences (Latimer, 1990), the yield of cucumber, water-melon (Citrullus lanatus 
Schurb.) or summer squash (Cucurbita pepo L.) (Latimer and Beverly, 1994). Brushing 
on tomato seedlings did not affect early production or the first fruits developed in the 
plant (Garner and Bjorkman, 1999), while in eggplant (Solanum melogena L.) brushing 
caused a 20% reduction in the mean fruit weight (Beverly and Latimer, 1994). 

 
CONCLUSIONS 

Hardening melon seedling at ECS with PBZ (10 mg L-1) or by brushing at a rate of 
10 strokes min-1 during 10 days, results in an appropriate plant re-establishment after 
transplanting compared to non-hardened seedlings. Plants from seedlings hardened by 
brushing showed similar growth and yield response to those which had not been 
mechanically treated. Seedlings hardened with PBZ showed a good post-transplanting 
growth which was reflected in a higher crop yield compared to the control.  
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Tables 
 
 
 
 
Table 1. Higher, mean and lower wind speeds and higher, mean and lower temperatures 

from transplanting until after 25 days transplanting, in the three experiments. 
 

Wind speed (km h-1) Temperature  (°C)  
Maximum Mean Minimum Maximum Mean Minimum 

Experiment I 24.1 11.4 5.7 28.2 22.3 11.5 
Experiment II 21.4 13.0 8.5 28.3 22.5 14.7 
Experiment III 25.4 12.2 5.8 29.0 22.3 12.6 
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Table 2. Effect of hardening methods on morphological and reproductive variables of melon plants in three experiments. Abbreviations: 

EC: expanded cotyledons; FTL: first true leaf. 
 

 Brushing Paclobutrazol 
Treatment 0 strokes min-1 10 strokes min-1 40 strokes min-1 0 mg L-1 10 mg L-1 30 mg L-1 
Stages of hardening  EC FTL EC FTL  EC FTL EC FTL 
 EXPERIMENT I 
Stem length (cm) 32.45 1 ab 30.48 a 32.19 ab 32.53 ab 31.91 ab 32.45 1 ab 43.38 d 36.48 c 45.44 d 34.98 bc 
Stem diameter (cm) 0.46 a 0.56 b 0.46 a 0.57 bc 0.53 ab 0.46 a 0.65 d 0.57 bc 0.75 c 0.64 cd 
Leaf number 24.96 a 27.42 ab 27.25 ab 27.83 ab 29.58 abc 24.96 a 37.33 d 32.08 abcd 36.75 cd 34.08 bcd 
Leaf area (cm2) 474 a 703 abc 636 ab 813 abcd 694 abc 474 a 1.22 e 918 bcde 1.15 de 1.04 cde 
Male flowers number 20.04 a 20.58 a 21.92 ab 18.42 a 22.00 abc 20.04 a 31.50 d 28.50 bcd 29.50 cd 30.00 d 
Perfect flowers number 5.95 a 6.92 ab 7.08 abc 6.08 a 7.75 abc 5.95 a 9.00 c 8.33 bc 13.00 d 8.33 bc 
Aerial dry weight (g) 5.03 a 6.55 ab 6.05 a 7.38 ab 6.65 ab 5.03 a 11.90 c 8.71 abc 11.8 c 9.93 bc 
 EXPERIMENT II EXPERIMENT III 
Stem length (cm) 51.38 1 a 52.28 a 55.50 a 51.20 a 51.63 a 44.97 1 a 57.37 c 53.52 b 65.12 d 53.05 b 
Stem diameter (cm) 0.52 a 0.57 ab 0.58 b 0.65 c 0.62 bc 0.71 a 0.91 c 0.79 b 0.90 c 0.82 b 
Leaf number 36.42 a 35.83 a 37.17 a 34.33 a 33.42 a 36.75 a 44.08 b 43.08 b 46.33 b 45.08 b 
Leaf area (cm2) 1.22 a 1.23 a 1.37 a 1.26 a 1.14 a 2.08 a 2.78  b 2.77  b 3.08 b 2.87 b 
Male flowers number 30.83 a 30.75 a 29.83 a 32.00 a 33.92 a 42.00 a 60.08 bc 53.42 b 67.33 c 62.50 c 
Perfect flowers number 9.83 a 11.33 a 10.08 a 12.25 a 12.00 a 16.33 a 23.75 c 20.66 b 28.08 d 23.42 c 
Aerial dry weight (g) 12.78 a 13.45 a 14.10 a 13.86 a 12.34 a 17.38 a 24.07 c 19.30 ab 25.30 c 20.45 b 
1In a row, between  hardening  treatments within each experiment,  means followed  by the same letter are not significantly different at P>0.05. 
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Table 3. Effect of hardening methods on yield components and real yield of melon plants in three experiments. Abbreviations: EC: 

expanded cotyledons; FTL: first true leaf. 
 
 Brushing Paclobutrazol 

Treatment 0 strokes min-1 10 strokes min-1 40 strokes min-1 0 mg L-1 10 mg L-1 30 mg L-1 
States of hardening  EC FTL EC FTL  EC FTL EC FTL 

 EXPERIMENT I 

Fruit fresh weight (kg plant-1) 5.07 1 bcd 5.15 cd 4.45 b 4.56 bc 3.65 a 5.07 1 bcd 6.66 e 5.58 d 6.67 e 5.68 d 
Fruit number per plant 3.09 b 2.82 b 2.08 a 1.88 a 1.72 a 3.09 b 4.13 cd 3.88 cd 4.31 d 3.71 c 
Mean fruit fresh weight (kg plant-1) 1.66 ab 1.85 b 2.17 c 2.30 c 2.15 c 1.66 ab 1.62 ab 1.46 a 1.56 a 1.53 a 
Potential yield (t ha-1) 42.25 bcd 42.94 cd 37.10 b 37.97 bc 30.41 a 42.25 bcd 55.53 e 46.52 d 55.56 e 47.31 d 
Lost yield (t ha-1) 21.13 c 6.01 a 13.36 bc 10.63 abc 7.60 abc 21.13 c 6.11 a 14.42 abc 6.11 a 8.04 a 
Actual yield (t ha-1) 21.13 a 36.93 d 23.74 ab 27.34 bc 22.81 a 21.13 a 49.42 e 32.09 cd 49.45 e 39.26 d 
 EXPERIMENT II EXPERIMENT III 

Fruit fresh weight (kg plant-1) 5.03 1 c 5.26 c 3.64 ab 4.11 b 3.29 a 5.25 1 a 6.88 b 6.31 ab 6.85 b 5.96 ab 
Fruit number per plant 2.90 d 2.47 c 1.80 b 2.08 b 1.60 a 2.93 a 4.38 c 3.68 b 4.25 bc 3.65 b 
Mean fruit fresh weight (kg plant-1) 1.74 a 2.13 b 2.04 b 1.99 ab 2.09 b 1.80 a 1.58 a 1.72 a 1.60 a 1.64 a 
Potential yield (t ha-1) 41.90 c 43.82 c 30.32 ab 34.26 b 27.44 a 43.77 a 57.31 b 52.58 ab 57.05 b 49.62 ab 
Lost yield (t ha-1) 10.48 b 6.57 a 6.97 ab 7.19 ab 7.96 b 22.57 c 13.18 a 19.98 b 9.70 a 8.93 a 
Actual yield (t ha-1) 31.42 c 37.25 c 23.34 ab 27.06 b 19.48 a 23.20 a 44.13 b 32.60 ab 47.35 b 40.69 ab 
1In a row, between hardening treatments within each experiment, means followed by the same letter are not significantly different at P>0.05. 
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Figurese 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Effect of hardening techniques on the total loss of plants at 25 days after 

transplanting in the three experiments. In each experiment, hardening was applied 
at expanded cotyledon (ECS) correspond columns at left and at first true leaf 
(FTLS) correspond columns at right. Black columns are control. Within each 
experiment, columns with same letters were not different at P>0.05 level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Twenty-five-day melon plants after transplanting where size and covering are 

observed on the black polyethylene mulching A- Plants from non-hardened 
seedlings; B- Plants from hardened seedlings by brushing and C- Plants from 
hardened seedlings by Paclobutrazol.   
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