
ABSTRACT: This study aimed to evaluate the effect of two semi-mechanized pruning systems and a tree thinning method on the quality of 

pecan fruit grown in a mature pecan orchard at high density. The experiment was carried out in a commercial pecan orchard composed of 

‘Pitol 1’ trees at the density of 204 trees per hectare. A completely randomized block design with four treatments—hedge pruning, central 

pruning, tree thinning, and control (neither pruning nor thinning)—was used. Variables under evaluation were fruit per kilo, fruit mass, kernel 

mass, shell mass, percent kernel, fruit length, kernel length, fruit diameter, kernel diameter, classification of fruit size, shell thickness, kernel 

color, kernel lightness (L*), and commercial kernels. Pruning and thinning treatments significantly increased pecan quality by increasing 

fruit and kernel size and weight. Hedge and central pruning decreased the number of fruits per kilogram by 14 and 15, respectively, while 

thinning reduced it by 23, by comparison with the control. Moreover, the treatments under study led to a high ratio of extra-large and oversize 

pecans. Semi-mechanized pruning and tree thinning are cultural practices which improve fruit quality by increasing pecan size and weight 

in 10–15-year-old ‘Pitol 1’ trees grown with no irrigation.  
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INTRODUCTION

Pecan is a fruit tree that was introduced in subtropical areas in southern and southeastern Brazil in the 1870’s (Poletto 
et al. 2020). Even though Brazil’s production is much lower than the ones of the main world producers, i.e., Mexico and 
the United States of America (USA), the country ranks fifth among the largest pecan producers globally. In the 2023/24 
cycle, Mexico, USA, South Africa, China, and Brazil recorded 70,925, 69,571, 11,500, 3,000 and 2,200 ton, respectively (INC 
2024). It should be highlighted that the 2023/24 cycle was harmed by floods in production sites. Thus, pecan production 
and harvest were affected. Regarding the consumer market, 300,000 kg out of 4,300 ton was exported in 2021 (Casagranda 
et al. 2025). Concerning the area, there are no official data, but the estimate is that pecan is raised in about 8–12 thousand 
ha in Brazil (Martins et al. 2024). The expansion of the culture in the country has been driven by several factors, such as 
increasing demand for healthy food, which include pecan (Tong et al. 2022, Wu et al. 2022), and their production longevity 
(Fronza et al. 2018).

Pecan density practiced by producers varies a lot. According to Wells (2017), it ranges from 6 m × 6 m (278 trees/ha) 
to 30 m × 30 m (11 trees/ha) in the USA. However, the most common spacing in Brazil is 10 m × 10 m (100 trees/ha), 
which is an intermediate density, since high density means a larger number of trees (Hellwig et al. 2025b). Therefore, some 
spacings, such as 9 m × 7 m (158 trees), 7 m × 7 m (204 trees), and 5 m × 7.5 m (267 trees), are classified into high density 
(Zhu and Stafne 2019, Fernández-Chávez et al. 2021).  
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Several high-density pecan orchards have been established in Brazil over the last 20 years to maximize area-based production. 
However, unlike other fruit trees, such as apple and olive trees, whose dwarf cultivars and rootstocks facilitate high-density planting 
(Rallo et al. 2013, Díez et al. 2016, Reig et al. 2020), there are neither dwarf cultivars nor dwarfing rootstocks for pecan trees, 
a factor that hinders the use of high-density planting (Zhu and Stafne 2019). In addition, the lack of proper pruning practices 
has resulted in orchards with excessive shading, which decreases their production potential and fruit quality and causes basal 
branch dieback (Hellwig et al. 2022). It occurs because photosynthesis is primarily restricted to the lowest branches (Arreola 
Ávila et al. 2010). Considering these problems, such as low productivity, deformation in tree structures due to branch drying 
and low-quality fruit due to competition among trees and to difficult phytosanitary control, alternatives must be proposed.    

Pruning and tree thinning have been investigated as management alternatives to be used in high density and excessively 
shaded pecan orchards. The most common pruning method in the USA is mechanical pruning, called hedge pruning, which 
consists in cutting sides of the canopy (Wood 2009, Wells 2018, Toledo et al. 2024). Another type of pruning is the central 
one, which aims at removing whole branches from the interior of canopies to favor air circulation and increase sunlight 
within them (Lombardini 2006). Some studies have shown that pruning results in variable outcomes in the years under 
evaluation and depends on the cultivars (Worley 1985, Lombardini 2006), a fact that emphasizes the importance of studies 
of pruning applied to different cultivars. Pitol 1 is one of the most common cultivars in Brazilian orchards (Martins et al. 
2023), but, due to its vegetative characteristics—vigorous appearance and large and compact leaflets—, it is subject to severe 
problems related to shading in the vegetative canopy and among trees (Hellwig et al. 2022).

In addition to pruning, the tree thinning method or tree removal is a drastic management technique which aims at removing 
trees from the orchard. It may be carried out by suppression or transplant to a new area and results in decrease in yield in the 
following years (Gong et al. 2020). By comparison with the pruning management, tree thinning has the advantage of being 
performed in a single step, which enables better development of the remaining plants in the area (Arreola Ávila et al. 2010). 

Strategies to avoid shading may affect pecan quality, mainly some factors, such as percent kernel, fruit size, fruit mass 
and defects, which influence price paid to its producers (Martins et al. 2023). Therefore, this study aimed to evaluate the 
effect of two semi-mechanized pruning systems and a tree thinning method on the quality of ‘Pitol 1’ pecan fruit grown in 
a mature pecan orchard at high density. 

MATERIAL AND METHODS

The experiment was carried out in a commercial pecan orchard in Santa Rosa (RS), Brazil (27°55’15’’S; 54°32’37’’W 
and altitude 330 m). The climate is Cfa, according to the Köppen-Geiger classification (Alvares et al. 2013). The soil of the 
orchard is classified into typic dystroferric red latosol (Santos et al. 2018) (equivalent to typic hapludox in the soil taxonomy). 
Data on monthly rainfall and maximum and minimum air temperatures in the five production cycles under evaluation 
were provided by the meteorological station Santa Rosa—TRMM.291/Agritempo (Fig. 1).

The orchard was established in 2008 with the density of 204 trees per hectare (7 m × 7 m spacing). Seedlings were grafted on non-
identified rootstocks. In the experimental area, the orchard consists of 66.6% ‘Pitol 1’ trees and 33.3% ‘Barton’ trees. Trees are disposed 
in rows in which there are two ‘Pitol 1’ trees for a ‘Barton’ tree. This ratio was kept after tree thinning, the method that is detailed 
below. In other areas of the orchard, there were some ‘Shawnee’ and ‘Success’ trees. Only ‘Pitol 1’ was used in the experiment. The 
orchard, which lacks an irrigation system, had its fertilization management conducted in agreement with technical recommendations, 
following soil and foliar analyses. Phytosanitary control was carried out by five or six fungicide applications per cycle. 

At the beginning of the experiment, 10-year-old trees were used. Five production cycles were evaluated: 2018/2019, 
2019/2020, 2020/2021, 2021/2022, and 2022/2023. The experiment had a randomized block design with four treatments 
with three blocks and five trees per parcel, resulting in 60 trees under evaluation. Treatments in the orchard were hedge 
pruning, central pruning, tree thinning, and neither pruning nor thinning (control). Control trees, just like the whole orchard, 
had not been pruned after they were 5 years old. Thus, it resulted in excessive shading under tree canopies, overlapping of 
branches from adjacent trees leading to dry branches in the basal part, low production, low-quality fruit, and difficulty in 
phytosanitary management. Consequently, it triggered studies of pruning and tree thinning methods.   
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Source: Agrometeorological Monitoring System (Agritempo).
Figure 1. Monthly rainfall and mean minimum and maximum air temperatures in Santa Rosa, RS, Brazil, from August 2018 to May 2023. 

Hedge pruning was done in two years: one side was pruned in August 2018, while the other side was pruned in August 
2019. Both sides were pruned again in 2021 and 2022. It consisted in lateral pruning of trees, 2.5 m from the trunk, East-
West orientation in rows. It enabled light to penetrate between rows since pruning was also carried out on the borders. 
Central pruning was only carried out in August 2018, when whole secondary branches were removed from the interior of 
canopies. Both pruning systems were semi-mechanized with the use of a pole saw and a tractor with a coupled hoisting 
platform (or adapted trailer) to reach the branches that were pruned. Tree thinning comprised the removal of trees with a 
chainsaw in August 2018, when trees were 10 years old. It was carried out alternately in the row, with staggered removal in 
the adjacent row. Thus, 102 out of 204 trees per hectare were thinned out. 

Harvest was conducted in accordance with the producer’s recommendations when more than 75% of fruit shucks were 
open in the plants. It was carried out with a tractor equipped with a shaker from May 26 to 29, 2019, June 2 to 4, 2020, 
June 15 to 18, 2021, May 20 to 25, 2022, and May 23 to 26, 2023. Fruit production per tree and productivity per hectare 
were evaluated, and results have already been published (Hellwig et al. 2025b). After harvest, pecan samples—about  
1.4 kg per plant—were dried by a Rovler® (Brazil) forced air oven to reach about 4% moisture. After drying, the number of 
fruit correspondent to 1 kg was evaluated by a high-precision digital scale (Gehaka®, Brazil). Fruit length, fruit diameter, 
kernel length, kernel diameter, shell thickness, fruit mass, kernel mass, shell mass, percent kernel, color, and commercial 
classification of kernel (excluding defective kernel) were evaluated. Evaluations were carried out in a 25-fruit sample in 
agreement with the method proposed by Poletto et al. (2018). 

Fruit length, fruit diameter, kernel length, kernel diameter, and shell thickness were evaluated by an MTX® digital 
caliper (China). Fruits were classified into size in agreement with the adapted Mexican norm (Hellwig et al. 2025a). Mass 
of all fruit evaluated in the five cycles was used to assess the percentage of fruit distributed in the following categories: small  
(< 4.76 g), medium (4.76 to 5.84 g), large (5.85 to 7.14 g), extra-large (7.15 to 8.13 g), and oversize (> 8.13 g). Average fruit, 
kernel, and shell masses were determined by a high-precision digital scale. To separate parts of the fruit, they were shelled 
by a manual KeHome® nutcracker (Brazil). Percent kernel was determined by Eq. 1: 

			   Percent kernel (%) = [kernel mass (g) / fruit mass (g)] × 100	�  (1)
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Kernel color (°Hue) and kernel lightness (L*) were evaluated by a Konica Minolta CR 410 colorimeter with a D65 light 
source. Evaluation of commercial kernels consisted in analyzing them visually, counting the ones that had no defects (neither 
oxidated, strained by insects, shriveled) and expressing it as percentage. 

Results were subject to the analysis of variance, and averages were compared by the Tukey’s test at 5% significance level 
by the Sisvar program version 5.6 (Ferreira 2014).          

RESULTS AND DISCUSSION

The statistical analysis of pruning and thinning treatments evaluated by this study showed that hedge and central pruning, 
as well as tree thinning, increased fruit size (Table 1) and weight (Table 2), reduced the number of fruits per kilogram (Fig. 2)  
and increased the percentage of fruit in the largest size categories (Fig. 3). 

Table 1. Size of pecan fruit and kernels under pruning and thinning treatments*.

Cycle Treatment Fruit length  
(mm)

Fruit diameter 
(mm)

Kernel length  
(mm)

Fruit diameter 
(mm)

2018/2019

No pruning and thinning 48.21 ± 0.94 b 23.48 ± 0.30 b 37.73 ± 0.63 ns 18.25 ± 0.71 b

Hedge pruning 48.92 ± 1.14 ab 23.43 ± 0.61 b 37.90 ± 1.39 18.47 ± 0.23 ab

Central pruning 49.70 ± 0.79 a 24.02 ± 0.56 ab 38.92 ± 0.97 18.52 ± 0.38 ab

Tree thinning 49.60 ± 1.03 a 24.27 ± 0.49 a 38.72 ± 1.52 19.12 ± 0.76 a

p-value 0.0169 0.0012 0.0958 0.0253

2019/2020

No pruning and thinning 43.46 ± 1.00 ns 23.23 ± 0.46 ns 34.35 ± 1.19 ns 19.17 ± 0.47 b

Hedge pruning 43.88 ± 1.90 23.12 ± 0.66 35.18 ± 1.92 19.54 ± 0.53 ab

Central pruning 44.04 ± 0.84 23.17 ± 0.48 35.28 ± 0.76 19.39 ± 0.29 ab

Tree thinning 44.02 ± 0.60 23.56 ± 0.21 35.55 ± 0.78 19.82 ± 0.47 a

p-value 0.6893 0.0684 0.1659 0.0147

2020/2021

No pruning and thinning 43.87 ± 0.78 b 24.00 ± 0.24 c 34.46 ± 0.32 c 20.71 ± 0.23 b

Hedge pruning 45.40 ± 1.48 a 24.50 ± 0.43 b 35.61 ± 1.27 b 20.85 ± 0.27 b

Central pruning 45.27 ± 0.98 a 24.55 ± 0.25 b 35.94 ± 0.64 ab 20.88 ± 0.34 b

Tree thinning 45.91 ± 0.66 a 25.16 ± 0.16 a 36.60 ± 0.43 a 21.26 ± 0.24 a

p-value 0.0023 < 0.0001 < 0.0001 0.0009

2021/2022

No pruning and thinning 34.22 ± 0.97 b 19.08 ± 0.50 b 26.32 ± 0.85 b 17.17 ± 0.41 b

Hedge pruning 39.60 ± 1.82 a 21.06 ± 0.87 a 30.40 ± 1.71 a 18.48 ± 0.53 a

Central pruning 39.05 ± 2.06 a 21.55 ± 0.80 a 30.13 ± 1.89 a 18.56 ± 0.50 a

Tree thinning 38.46 ± 1.35 a 21.36 ± 0.36 a 29.87 ± 1.14 a 18.58 ± 0.39 a

p-value 0.0001 < 0.0001 < 0.0001 < 0.0001

2022/2023

No pruning and thinning 36.73 ± 0.98 b 20.25 ± 0.53 b 29.84 ± 0.64 b 17.17 ± 0.53 b

Hedge pruning 40.51 ± 1.37 a 21.15 ± 0.74 a 32.84 ± 1.33 a 18.12 ± 0.64 a

Central pruning 40.94 ± 1.25 a 21.27 ± 0.80 a 33.35 ± 0.87 a 18.19 ± 0.67 a

Tree thinning 41.65 ± 0.97 a 21.73 ± 0.41 a 33.89 ± 0.72 a 18.75 ± 0.27 a

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

2019–2023

No pruning and thinning 41.30 ± 0.38 b 22.01 ± 0.23 c 32.54 ± 0.20 b 18.49 ± 0.20 c

Hedge pruning 43.66 ± 1.23 a 22.65 ± 0.54 b 34.39 ± 1.31 a 19.09 ± 0.34 b

Central pruning 43.80 ± 0.80 a 22.91 ± 0.46 ab 34.72 ± 0.51 a 19.11 ± 0.29 b

Tree thinning 43.93 ± 0.73 a 23.21 ± 0.09 a 34.93 ± 0.63 a 19.50 ± 0.21 a

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

*Means followed by the same letter in the column do not differ by the Tukey’s test at 5% significance; ns: non-significant.
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Table 2. Shell thickness, fruit mass, kernel mass, and shell mass of pecan under pruning and thinning treatments*.

Cycle Treatment Shell thickness 
(mm)

Fruit mass 
(g)

Kernel mass  
(g)

Shell mass 
(g)

2018/2019

No pruning and thinning 1.08 ± 0.10 a 8.96 ± 0.44 b 4.76 ± 0.23 ab 4.19 ± 0.25 b

Hedge pruning 0.88 ± 0.08 b 8.70 ± 0.40 b 4.61 ± 0.34 b 4.08 ± 0.21 b

Central pruning 0.91 ± 0.16 b 9.10 ± 0.63 ab 4.80 ± 0.43 ab 4.25 ± 0.20 b

Tree thinning 0.94 ± 0.07 ab 9.76 ± 0.65 a 5.17 ± 0.49 a 4.58 ± 0.21 a

p-value 0.0027 0.0021 0.021 0.0001

2019/2020

No pruning and thinning 0.99 ± 0.03 ns 8.42 ± 0.57 b 4.66 ± 0.36 b 3.75 ± 0.24 b

Hedge pruning 0.92 ± 0.03 8.77 ± 0.93 ab 4.94 ± 0.59 ab 3.83 ± 0.35 ab

Central pruning 0.90 ± 0.04 8.72 ± 0.40 ab 4.85 ± 0.24 ab 3.87 ± 0.18 ab

Tree thinning 0.90 ± 0.03 9.28 ± 0.45 a 5.19 ± 0.25 a 4.08 ± 0.22 a

p-value 0.7258 0.0120 0.0114 0.0284

2020/2021

No pruning and thinning 0.84 ± 0.02 ns 8.55 ± 0.27 c 4.65 ± 0.19 b 3.91 ± 0.10 c

Hedge pruning 0.87 ± 0.04 8.91 ± 0.58 bc 4.72 ± 0.29 b 4.19 ± 0.33 b

Central pruning 0.86 ± 0.03 9.29 ± 0.40 b 4.91 ± 0.27 b 4.38 ± 0.21 b

Tree thinning 0.87 ± 0.04 9.96 ± 0.26 a 5.28 ± 0.17 a 4.67 ± 0.16 a

p-value 0.3420 < 0.0001 < 0.0001 < 0.0001

2021/2022

No pruning and thinning 0.72 ± 0.03 b 5.24 ± 0.32 b 2.88 ± 0.19 b 2.36 ± 0.13 b

Hedge pruning 0.79 ± 0.03 a 7.07 ± 0.72 a 3.89 ± 0.47 a 3.18 ± 0.26 a

Central pruning 0.82 ± 0.04 a 6.98 ± 0.87 a 3.83 ± 0.48 a 3.14 ± 0.39 a

Tree thinning 0.82 ± 0.03 a 6.92 ± 0.46 a 3.84 ± 0.29 a 3.08 ± 0.18 a

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

2022/2023

No pruning and thinning 0.66 ± 0.02 c 6.23 ± 0.33 c 3.63 ± 0.24 c 2.60 ± 0.14 c

Hedge pruning 0.72 ± 0.03 b 7.40 ± 0.76 b 4.27 ± 0.50 b 3.14 ± 0.28 b

Central pruning 0.77 ± 0.02 a 7.53 ± 0.56 b 4.31 ± 0.31 b 3.22 ± 0.28 b

Tree thinning 0.78 ± 0.02 a 8.21 ± 0.18 a 4.73 ± 0.10 a 3.47 ± 0.10 a

p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

2019–2023

No pruning and thinning 0.86 ± 0.01 ns 7.48 ± 0.15 c 4.12 ± 0.10 c 3.36 ± 0.07 c

Hedge pruning 0.84 ± 0.02 8.17 ± 0.48 b 4.49 ± 0.26 b 3.68 ± 0.23 b

Central pruning 0.85 ± 0.04 8.32 ± 0.36 b 4.54 ± 0.20 b 3.77 ± 0.19 b

Tree thinning 0.86 ± 0.02 8.82 ± 0.16 a 4.84 ± 0.12 a 3.98 ± 0.07 a

p-value 0.5376 < 0.0001 < 0.0001 < 0.0001
*Means followed by the same letter in the column do not differ by the Tukey’s test at 5% significance; ns: non-significant.

Fruit length increased over the five-year period after hedge and central pruning and tree thinning, by comparison with 
the control (Table 1). As an exception, in the first year, only central pruning and thinning showed significant differences 
and, in the second year, there were no differences among treatments. Although there was no difference in diameter in the 
second cycle, in the remaining years, tree thinning outperformed the other treatments. Central pruning and tree thinning 
resulted in larger diameters than unmanaged plants in harvest conducted in 2020/2021, 2021/2022, and 2022/2023. On 
average, in the five-year period, thinning outperformed the other treatments, followed by central and hedge pruning.

Regarding kernel length, results indicated that the pruning and tree thinning methods positively influenced fruit size 
only from the third cycle onwards (Table 1). Kernel diameter was larger after tree thinning, by comparison with the control 
in the first two cycles, and larger by comparison with results of pruning treatments in the third cycle. In the 2021/2022 
and 2022/2023 cycles, both pruning and thinning treatments resulted in larger diameters by comparison with the ones of 
unmanaged trees. On average, thinning produced kernels with the largest diameters, followed by central and hedge pruning. 
Removal of biomass as the result of pruning may have affected carbohydrate reserves in trees; it also affected fruit size and 
levels of plant hormones (Liu et al. 2024). In the case of tree thinning, low competition for nutrients, water and light allowed 
for greater tree development and allocation of photoassimilates to fruit (Hoffmann et al. 2024). 
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*Means followed by the same letter for the treatments do not differ by the Tukey’s test at 5% significance; ns: non-significant. Each value indicates treatment 
mean ± standard deviation.
Figure 2. Evaluation of fruit quality based on (a) the number of fruits per kg, and (b) percent kernel of fruit borne by ‘Pitol 1’ pecan trees 
grown at high density and subject to hedge and central pruning, tree thinning, and no pruning and thinning in the 2018/2019, 2019/2020, 
2020/2021, 2021/2022, and 2022/2023 cycles*. 
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Figure 3. Classification of pecans borne by ‘Pitol 1’ pecan trees grown at high density and subject to hedge pruning (HP), central pruning 
(CP), tree thinning (TT), and no pruning and thinning (NPT). 

Shell thickness exhibited variability among treatments and across cycles (Table 2). In the 2018/2019 cycle, the control 
treatment led to significantly thicker shells than the ones resulting from central and hedge pruning. From 2021/2022 
onwards, both pruning and thinning treatments resulted in thicker shells by comparison with the control, while in 2022/2023, 
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thinning and central pruning led to thicker shells than hedge pruning and the control. The 2019/2020, 2020/2021, and 
average cycles did not show significant differences among treatments. Interestingly, in the last two years, shell thickness 
followed the same trend as fruit length and diameter, i.e., thinning and pruning treatments resulted in thicker shells than 
the control. Shell thickness may be evaluated from two perspectives: on one hand, thinner shells facilitate kernel extraction 
and are associated with higher kernel yields, as observed by Conner (2014). On the other hand, as also noted in Juglans 
regia L., thicker shells, which contain more lignin, provide higher mechanical resistance to fruit (Zhao et al. 2019) and may 
enhance quality during harvest, transportation, and storage.

Fruit and shell mass were significantly higher in trees subject to thinning by comparison with unpruned and non-thinned 
trees in all cycles under evaluation (Table 2). Kernel mass was significantly higher only from the second cycle onwards. 
Hedge and central pruning showed variable results across cycles, surpassing the control only from the third cycle onwards 
in terms of fruit mass. Wells (2018) observed that hedge pruning only resulted in heavier pecans in the third cycle under 
investigation. Worley (1991) evaluated different intensities of selective pruning and observed that removal of two or three 
branches significantly increased nut size. Therefore, results of this study are consistent with those reported by those authors. 
Increases in fruit mass, by comparison with the control, were 17.91, 11.23, and 9.22% for tree thinning, central pruning, 
and hedge pruning, respectively. Similar results were observed in kernels and shells. 

Fruit per kilogram was significantly influenced by pruning and thinning treatments (Fig. 2). Thinning consistently 
reduced the number of fruits per kilogram across all cycles under evaluation by comparison with control trees. Pruning 
treatments, in turn, had more gradual effects, with significant differences from the control starting in the third cycle, 
mainly after central pruning. In 2021/2022, both thinning and pruning resulted in a significantly lower number of fruits 
per kilogram than the control. This trend persisted in the last cycle, when thinning and pruning treatments showed the 
lowest values. On average across cycles, thinning reduced the fruit count to 23, central pruning to 15, and hedge pruning 
to 14 per kilogram by comparison with the control, due to increase in fruit size and weight. These results demonstrated that 
thinning induced a more rapid increase in nut size and weight than pruning. While pruning promotes the development 
of productive structures, its effects on fruit size and weight are more evident in the long term, suggesting an adaptation 
period for trees to pruning treatments.

It should be highlighted that this study was conducted in an orchard with no irrigation system. In the 2021/2022 and 
2022/2023 cycles, rainfall during the critical months of nut growth and filling was below that of the first three cycles (Fig. 1) 
and affected fruit size and weight. Additionally, control trees were more adversely affected by the drought than by the other 
treatments. In 2021/2022, when the rainfall volume was only 42.80 mm between December and April, 191 fruit were required 
per kilogram, while tree thinning, central pruning, and hedge pruning needed 145, 145, and 143 fruit, respectively. These 
results suggested that both water deficit and excessive shading contribute to a low-quality fruit. They also demonstrated the 
importance of irrigation, especially in years when the requirement of water needed by the crop is not met (Saretta 2021). 

Pruning and tree thinning did not increase average percent kernel over the five experimental years (Fig. 2). In the 
2020/2021 cycle, unpruned trees reached higher percent kernel than trees that were subject to hedge and central pruning. 
It may be explained by a larger number of poorly filled fruit (shriveled) in samples evaluated after both pruning treatments. 

Percent kernel is one of the criteria used for evaluating pecans in the industry; it must be above 50% to be well evaluated, 
which was observed in all treatments and cycles. Lombardini (2006), Wood (2009), and Wells (2018) reported increase in 
kernel yield in ‘Desirable’ with hedge pruning. Lombardini (2006) did not find any benefit to cultivars Cape Fear and Kiowa. 
Therefore, responses to pruning, in terms of percentage of kernel, depend on the cultivar used in the orchard. 

In the fruit size classification, there was significant increase in the ratio of extra-large and oversize nuts (Fig. 3). While 
the control trees had 54.63% of fruit in these categories, hedge pruning, and central pruning yielded 73.81 and 77.09%, 
respectively. Tree thinning was the most effective treatment, with 83.09% of fruit classified into extra-large and oversize. In 
practice, increase in the percentage of larger fruit classified into higher categories represents increase in competitiveness in 
the international market and higher economic value. Kernel lightness was affected in harvests following the initial pruning 
in 2018/2019. After hedge pruning on one side of the tree and central pruning, trees produced darker kernels than thinning 
and control treatments (Table 3). In the following cycle, only hedge pruning was performed on the other side of the trees, 
and kernels resulting from this treatment, along with unpruned and non-thinned trees, were darker than those from central 
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pruning. Reduction in kernel lightness after pruning may be justified by reduction in plant reserves immediately after 
management practices. However, in subsequent cycles, with the growth of productive branches, trees no longer exhibited 
this characteristic. On average, tree thinning resulted in lighter kernels than laterally pruned trees. 

Table 3. Kernel characteristics of pecan under pruning and thinning treatments*.

Cycle Treatment Lightness 
(L*)

Hue angle 
(Hue°)

Commercial kernels 
(%)

2018/2019

No pruning and thinning 43.09 ± 0.78 a 66.58 ± 0.82 ns 89.44 ± 6.62 ns

Hedge pruning 41.26 ± 1.73 b 66.14 ± 1.00 91.11 ± 5.21

Central pruning 41.48 ± 1.17 b 66.20 ± 0.82 91.11 ± 7.15

Tree thinning 43.40 ± 1.43 a 66.61 ± 1.02 91.44 ± 7.60

p-value 0.0001 0.5497 0.9266

2019/2020

No pruning and thinning 46.31 ± 1.61 b 71.59 ± 0.91 ab 92.00 ± 4.47 ns

Hedge pruning 45.94 ± 1.68 b 70.60 ± 2.15 bc 91.55 ± 2.40

Central pruning 48.65 ± 0.97 a 73.17 ± 0.82 a 94.22 ± 5.33

Tree thinning 46.74 ± 2.42 ab 69.43 ± 1.99 c 95.11 ± 3.33

p-value 0.0059 < 0.0001 0.2334

2020/2021

No pruning and thinning 40.73 ± 1.57 ns 68.47 ± 0.66 a 88.00 ± 6.92 ns

Hedge pruning 41.56 ± 1.17 67.30 ± 0.99 b 88.44 ± 7.05

Central pruning 41.17 ± 1.19 68.74 ± 0.65 a 89.33 ± 5.66

Tree thinning 42.14 ± 0.97 68.58 ± 0.76 a 87.55 ± 4.67

p-value 0.1579 0.0011 0.9447

2021/2022

No pruning and thinning 43.11 ± 0.42 ns 70.51 ± 0.56 ns 97.33 ± 2.82 ns

Hedge pruning 42.43 ± 1.31 70.34 ± 1.54 96.44 ± 3.71

Central pruning 42.68 ± 1.33 70.61 ± 1.43 96.89 ± 3.89

Tree thinning 43.36 ± 1.65 70.89 ± 1.71 99.55 ± 1.33

p-value 0.3519 0.8653 0.1770

2022/2023

No pruning and thinning 47.21 ± 1.40 ns 68.15 ± 0.73 ns 93.78 ± 5.70 b

Hedge pruning 46.58 ± 1.18 68.39 ± 0.76 99.11 ± 1.76 a

Central pruning 46.18 ± 2.19 67.89 ± 0.67 98.22 ± 2.11 a

Tree thinning 47.44 ± 2.27 67.93 ± 1.12 98.66 ± 2.00 a

p-value 0.5129 0.6004 0.0072

2019–2023

No pruning and thinning 43.09 ± 0.39 ab 68.06 ± 0.22 ab 92.11 ± 2.29 ns

Hedge pruning 42.55 ± 0.90 b 67.55 ± 0.86 b 93.33 ± 2.19

Central pruning 43.03 ± 0.86 ab 68.32 ± 0.53 a 93.95 ± 2.97

Tree thinning 43.61 ± 0.82 a 67.69 ± 0.81 ab 94.47 ± 2.24

p-value 0.0194 0.0160 0.2703

*Means followed by the same letter in the column do not differ by the Tukey’s test at 5% significance; ns: non-significant.

Kernel color showed significant differences in only two out of five cycles (Table 3). In the second cycle, central pruning 
resulted in lighter kernels, by comparison with tree thinning and hedge pruning, whereas in the following cycle, hedge 
pruning led to darker kernels than the other treatments. On average across cycles, central pruning outperformed hedge 
pruning in this variable. Like lightness, kernels resulting from the hedge pruning treatment had the lowest scores. However, 
while lightness evaluates how light or dark kernels are, color evaluation measures the yellowness of kernels, i.e., high values 
indicate yellower kernels, while low values indicate redder ones.

High values are expected from color and lightness, which means clearer and yellowish kernels, rather than dark and 
brown-reddish ones. Light colors show freshness whereas dark ones show old age, rancidity and may be associated with 
the Maillard reaction, in which sugar and protein are primary reagents (Prabhakar et al. 2022). 
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Regarding the percentage of commercial fruit, significant differences were observed only in the 2022/2023 cycle (Table 3).  
In this cycle, hedge pruning, central pruning, and tree thinning resulted in 4.88, 4.44, and 5.33% more defect-free fruit, 
respectively, by comparison with the control. No significant differences were found among treatments in other cycles. The 
2022/2023 cycle experienced water deficit due to a drought in the orchard coupled with shading issues and resulted in 
lower commercial quality kernels in control trees. Fruit quality characteristics, such as weight, size, kernel percentage, and 
appearance, are crucial for market acceptance and value. 

‘Pitol 1’, characterized by its vigorous growth and compact leaflets (Hellwig et al. 2022), responded well to pruning and 
to increase in spacing provided by thinning. Despite variable effects across the cycles, tree thinning was the most prominent 
management practice to decrease resource competition and improve nut quality. The evaluation of production per tree 
(previously published data) showed that tree thinning stood out, by comparison with the other treatments, and resulted in 
the highest accumulation of production per tree (45 kg), followed by central pruning (35.29), and hedge pruning (34.61 kg), 
while the control exhibited 25.23 kg (Hellwig et al. 2025b). Central and hedge pruning, which also improved quality and 
accumulated production of trees, stood out due to their average productivity, which was higher than the one of the control, 
since it increased 39.85 and 37.20%, respectively. On the other hand, tree thinning led to statistically similar productivity 
to the area with no pruning at high density (control) because 50% of trees was removed (Hellwig et al. 2025b). 

Therefore, since hedge and central pruning led to increase in productivity and fruit quality, they have proven to be 
producers’ more immediate alternatives. However, tree thinning, which decreases competition among trees and favors 
development to enable better fruit quality (as shown by this study), is the management practice that must be considered to 
reach sustainable production in the medium and long terms.  

CONCLUSION

‘Pitol 1’ pecan trees grown at high density, when subject to hedge and central pruning and tree thinning, bear fruit of 
larger size and mass. Thus, fewer fruit are needed per kg, and the percentage of fruit classified into the largest size categories 
increases. 

Information on fruit quality introduced by this study and previously published data on production show that both 
pruning practices are recommended because they increase productivity and fruit quality; thus, good results are reached in 
the short term. Tree thinning, by means of suppression, is a more radical management practice whose disadvantage is that 
it only equals productivity per hectare to high-density areas with no pruning after five cycles. However, because it increases 
fruit size and weight, it enables producers to achieve higher added value and better vegetative development, thus becoming 
a promising management practice in the medium and long terms.      
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