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ABSTRACT 
 
This study was carried out during two successive seasons of 2018 and 2019 in a private rain-fed almond 
orchard at Marsa Matrouh Governorate, Egypt. Nine years old almond trees cv. "Umm al-Fahm" grafted 
onto Bitter almond rootstock planted at a spacing 7X7 m. to study the effect of naphthalene acetic acid 
(NAA) and salicylic acid (SA) treatments on delay blooming as well as their effects on vegetative 
growth and productivity. The experiment was performed in a randomized completely block design with 
four replications. Almond trees were subjected to five treatments as: control pure water, NAA as foliar 
sprays at 75 mg l-1, NAA as foliar sprays at 150 mgl-1, salicylic acid as foliar sprays at 75 mg l-1, salicylic 
acid as foliar sprays at 150 mg l-1. Foliar sprays were carried out at mid-September before flowering 
while foliage was still green during 2017 and 2018 seasons. The results indicated that the trees treated 
with NAA at 75 and 150 mg l-1 gave the same value in delayed blooming (7 days in first season and 5 
days in second) as compared with the control treatment. Moreover, Salicylic acid at 150 mg l-1 treatment 
delayed blooming (6 days in first season and 4 days in second). Besides, NAA at 150 mg l-1 enhanced 
shoot length and number of leaves per shoots. Also, it improved kernel weight. NAA at 150 mg l-1 and 
salicylic acid at 150 mg l-1 treatments gave similar and high positive effect on fruit set percentage and 
yield of "Umm al-Fahm" almond trees. Application of NAA at 150 mg l-1 delay almond blooming 
moreover, that could be beneficial to avoid frost damage under such conditions. Delayed blooming in 
almonds under this condition needs more study.  
 
Keywords: "Umm al-Fahm" almond tree, late spring frost; bloom delay, NAA; salicylic acid, vegetative   

growth, productivity 

 
1. Introduction 

Almond [Prunus dulcis (Miller) D.A. Webb] belongs to the family Rosaceae which is one of the 
important stone fruits. It became cultivated in Marsa Matrouh Governorate, Egypt, due to the fit climatic 
conditions. The total area of almond trees in Egypt is about 1733 feddans (one feddan =0.42ha), almond 
growers in Marsa Matrouh Governorate produced 1027 tons represented 57.40 % of total almond 
production 1789 tons, according to the statistics of the Ministry of Agriculture, Egypt (2018). Almond 
trees depend on rain-fed irrigation and sometimes need supplementary irrigation if necessary. 
Moreover, almond farmers have benefited from the financial return from the sale of the seed crop. 
Almond cultivated under rain-fed irrigation has not great attention from Egyptian researchers. Although 
the cultivation of almond along with the cultivation of olives helped and supported farmers to stabilize 
in this rain-fed coastal area. Almond trees require lower chilling units for flowering in comparison with 
other temperate fruit trees. The common almond cultivars respond rapidly to short periods of warm 
temperatures following endodormancy (Denisov, 1988). Frost injury is a major limiting factor in 
determining commercial production of almond, since buds begin to swell and mature into blooms occurs 
in the last week of January when frosts are common, they become less resistant to frost injury. Thus, 
late frost in spring is a key limiting factor for almond productivity given that almond trees flower early 
in the spring in comparison with other temperate fruit trees (Samani et al., 2006). Thus, a reduction in 
fruit yield from late spring frost has been a problem in most almond growing regions. Several 
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horticultural practices could be used to delay bloom and increase yield in almond trees. Growth 
regulators could be used as one of these horticultural practices. Naphthalene acetic acid (NAA) and 
Salicylic acid (SA) can be used to delay bloom to avoid frost damage. Delays in bud development 
reduce the risk of freeze damage by delaying the loss of bud hardiness. Chemical treatments that would 
delay senescence during the critical autumn hardening period could increase the winter hardiness of 
flower buds. Plant growth regulators such as NAA and salicylic acid affect leaf senescence and 
subsequent bud development. Naphthalene acetic acid, commonly abbreviated as NAA is an organic 
compound, which is a synthetic plant hormone of auxin group and is an ingredient in many commercial 
horticultural products. Moreover, NAA significantly reduced fruit drop, increased yield, and improved 
fruit quality. Auxin maintains protein levels and delays senescence in leaves of Prunus and other species 
(Osborne & Hallaway, 1960, 1964 and Schuyler et al., 1992). Auxin applications in late summer delay 
flowering in peach (Hitchcock and Zimmerman, 1943). Moreover, Patterson and Howell (1995) 
reported that 400 ppm NAA treatment in September delayed "Concord" grapevines bud break. Also, 
Qrunfleh (2010) found that NAA at 1000 mg/l treatment significantly delayed bud break 2-6 days as 
compared with the control of "Edelweiss" grapevines. Salicylic acid (SA) is an endogenous growth 
regulator of phenolic nature; SA plays a beneficial role during plant response to several abiotic stresses, 
such as chilling, freezing stresses, heat, drought, salt, and ultraviolet radiation, salicylic acid participates 
in the regulation of physiological processes in plants (Raskin, 1992; Bergmann et al., 1994 and Van 
Breusegem et al., 2001). Salicylic acids play a role in plant water relations, photosynthesis, ethylene 
biosynthesis, stomatal movement, and reversing the effect of ABA on leaf abscission (Arfan et al., 
2007). The proposed functions of salicylic acid antagonized the growth inhibitory effect of ABA. Thus 
it reduces stress-induced inhibition of plant growth (Ding et al., 2001). Furthermore, Noghondar et al., 
(2013) reported that salicylic acid alleviates the negative effect of cold stress on flower organ damages 
in apricot. In this respect, Mohammadi et al., (2015) point out salicylic acid at 150 and 300 mg l-1 
applied at the swollen bud and green tip stages of peach buds delayed blooming for 3 and 4 days, and 
it induced positive effects on tree yield and fruit quality parameters.  

The objectives of this study were to evaluate the effect of foliar spray of NAA and salicylic acid 
in delaying bloom and the effect of tested treatments on the vegetative growth, yield and fruit physical 
quality of "Umm al-Fahm" almond trees. 
 
2. Material and Methods 
 

This experiment was conducted during two successive seasons of 2018 and 2019 on almond trees 
cv. "Umm al-Fahm" grafted onto Bitter almond rootstock. The trees were planted in a private rain-fed 
almond orchard at northwestern Coast, Marsa Matrouh Governorate, Egypt. Maximum and minimum 
temperature, the relative humidity, and the amount of rainfall during January, February, and March 
2018 and 2019 seasons shown in Table 1, from Central Laboratory for Agriculture Climate, Agricultural 
Research Center, Egypt.  
 
Table 1: Maximum and minimum temperature, the relative humidity, and the amount of rainfall (2018 

and 2019 seasons). 
 Temp. Max. 

(°C) 
Temp. min.  

(°C) 
Relative Humidity 

(%) 
Rain total  

(mm) 
Months 2018 2019 2018 2019 2018 2019 2018 2019 
January  18.70 17.30 10.30 7.90 65.0 53.0 24.80 10.20 
February  21.50 18.30 11.90 8.60 61.0 57.0 3.20 15.80 
March  23.80 19.40 12.70 10.40 58.0 63.0 0.00 18.70 
Total 64 55 34.9 26.9 184 174 28 44.7 

Central Laboratory for Agriculture Climate, Agricultural Research Center, Egypt. 

 
The trees were nine years old at the initiation of the experiment; planted at spacing 7X7m growing 

in sandy loam soil texture, with 0.14 % organic matter and 8.7 pH (1:2.5). Trees were similar in vigor 
and size. The fertilization program and other horticulture practices were the same for all trees. Twenty 
trees healthy, nearly uniform in shape and size and productivity and received the same horticulture 
practices, were subjected to five treatments: 1) control pure water, 2) NAA as foliar sprays at 75 mg l-1, 
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3) NAA as foliar sprays at 150 mg l-1, 4) salicylic acid as foliar sprays at 75 mg l-1, 5) salicylic acid as 
foliar sprays at 150 mg l-1. The tested treatments were conducted in mid-September before flowering 
while foliage was still green during 2017 and 2018 seasons. Thereupon the treated trees are going to 
2018 and 2019 seasons. And the control trees were sprayed with pure water at the previously mentioned 
time. This study was designed as a randomized complete block design with four replicates for each 
treatment and each replicate was represented by one tree. The response of almond trees to the tested 
NAA and salicylic acid treatments was evaluated through the following determinations: 

 
2.1. Vegetative growth characteristics 

Five uniform shoots were randomly selected on four main branches of each tree and labeled to 
record Shoot length increase, No. of shoots/branch, and No. of leaves/shoot. 

 
2.1.1. Shoot length increase (cm), No. of shoots/branch, and No. of leaves/shoot 

In early of both seasons, four branches, nearly uniform in diameter and length were labeled on 
different treated tree directions. Forty developing vegetative shoots per tree (ten shoots on every branch) 
were tagged to determine the mean increase in shoot length. The average number of new shoots per 
branch were counted and recorded. Moreover, leaves of tagged shoots were counted and the increase in 
their number was determined and recorded. 

 
2.1.2. Flower bud opening date and Number of delayed days of blooming 

This was recorded when 5-10% of the terminal buds reached the burst stage. The number of 
flowering (days) delay relative to control was counted. 

 
2.2. Tree fruiting parameters 
2.2.1. Fruit set (%) 

The number of fruitlets per fluorescence was counted after 3 weeks of full bloom to determine 
the initial number of set fruitlets. The initial fruit set was calculated as a percentage.  

 
2.2.2. Yield kg/tree 

In each season, at the harvest time first week of July, yield (kg/tree) was weighed and recorded. 
  

2.3. Fruit quality parameters 
Twenty ripen fruits were taken at harvest when the almonds were found to be ripe, at least 80% 

open hull from each treated tree. The fruit separated to obtain the almond kernels then the determination 
of the following physical properties i.e. kernel weight (g), inshell (%), kernel length (cm), and kernel 
width (cm).  

 
2.4. Statistical analysis  

The obtained data in 2018 and 2019 seasons were subjected to analysis of variance according to 
Clarke and Kempson (1997). Means were differentiated using the Range test at the 0.05 level (Duncan, 
1955) 

 
3. Results and Discussion 
 
3.1. Vegetative growth characteristics 
3.1.1. Shoot length increase (cm) 

Table, 2 demonstrates that in the first season NAA at 150 mg l-1 treatment gave a high positive 
effect on shoot length as compared with the control treatment. However, NAA at 150 mg l-1 also, 
salicylic acid at 75 and 150 mg l-1 treatments produced a similar and high positive effect on shoot length 
as compared with the control treatment in the second season in this study.  

 
3.1.2. No. of shoots/branch 

Table, 2 mentions that all NAA and salicylic acid treatments gave a similar and higher significant 
effect on the number of shoots than the control treatment in the both seasons. 
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3.1.3. No. of leaves/shoot 
Table, 2 indicates that NAA at 75 or 150 mg l-1 and salicylic acid at 150 mg l-1 treatments 

produced a similar positive effect on the number of leaves/shoot as compared with the control treatment 
in the first season. However, NAA at both concentrations and salicylic acid at 150 mg l-1 concentration 
gave a high positive effect on the number of leaves/shoot as compared with the control treatment in the 
second season. 

 
Table 2: Effect of NAA and salicylic acid foliar sprays on shoot length, number of shoots, and number 

of leaves/shoot of Almond trees during 2018 and 2019 seasons. 
Treatments 
 Conc. mg l-1 

Shoot length (cm) Number of shoots Number of leaves/shoot 
2018 2019 2018 2019 2018 2019 

Control 30.0 D 29.0 B 12 B 9 B 16 B 13 C 
75  NAA  37.0 BC 35.0 AB 17 A 13 A 22 A 19 AB 
150 NAA  42.6 A 41.0 A 18 A 14 A 25 A 23 A 
75  SA  36.0 C 36.0 A 14 AB 12 A 20 B 17 BC 
150 SA  41.0 AB 41.0 A 16 AB 13 A 25 A 20 AB 

Means followed by the same letter (s) within each column are not significantly different at 5% level. 

 
The enhancement effect of NAA on vegetative growth might be attributed to the stimulation of 

vegetative growth that leads to an increasing in shoot length, the number of shoots, and the number of 
leaves/shoot. NAA are important growth regulators for the plant, since they are playing an important 
role in cell division and cell wall elongation and leads to increase shoot length (Crosier et al., 2000). 
The obtained results regarding the effect of NAA on vegetative growth are in harmony with the findings 
of Hifny et al., (2017).They mentioned that NAA treatment enhanced the vegetative growth of orange 
trees. The effect of salicylic acid on vegetative growth may be attributed that salicylic acid is a growth 
regulator that participates in the regulation of physiological processes in plants. Salicylic acid plays a 
beneficial role during plant response to several abiotic stresses, such as chilling and freezing stresses. 
Salicylic acid participates in the regulation of physiological processes in plants (Raskin, 1992; 
Bergmann et al., 1994 & Van Breusegem et al., 2001). Salicylic acid showed a synergetic effect like 
auxin and gibberellins (Sanaa et al., 2006). Salicylic acids have a direct effect on plant growth and ions 
uptake (Romani et al., 1989). It was found also to accelerate the photosynthetic rate, modify the activity 
of important enzymes, increase the leaf area and dry mass production, and exhibit a rapid rate of root 
differentiation, (Hayat and Ahmed, 2007). That reflected on enhanced vegetative growth. The obtained 
results regarding the effect of salicylic acid on vegetative growth are in harmony with the findings of 
Abd El- Aziz et al., (2017) on pomegranate. 

 
3.2. Flower bud opening date and Number of delayed days of blooming 
3.2.1. Flower bud opening date 

Table, 3 indicates that all the treatments at all concentrations affected on the date of the beginning 
of flowering. Furthermore, NAA at 75 and 150 mg l-1 recorded the same date of flower bud opening on 
(Feb., 2nd) in the first season and (Jan., 28th) in the second season, as compared with control (Jan., 26th 
and Jan., 23th) in both seasons, respectively. Salicylic acid at 150 mg l-1 treatment records the date bud 
opening on (Feb., 1st and Jan., 27th) in both seasons, respectively. NAA at 75 mg l-1 and 150 mg l-1 
treatments showed superiority in retarding the blooming date. 

 
Table 3: Effect of NAA and salicylic acid foliar sprays on flower delay of Almond trees during 2018 

and 2019 seasons. 

Treatments  
Conc. mg l-1 

Date of flower bud opening Number of delaying days of begging 
flower 

2018 2019 2018 2019 
Control 26- Jan 23- Jan 0 C 0 C 
75  NAA  2- Feb 28- Jan 7 A 5 A 
150 NAA  2- Feb 28- Jan 7 A 5 A 
75  SA  30- Jan 26- Jan 4 B 3 B 
150 SA  1- Feb 27- Jan 6 A 4 AB 

Means followed by the same letter (s) within each column are not significantly different at 5% level. 
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3.2.2. A number of delayed days of blooming 
Table, 3 shows that all tested NAA and salicylic acid treatments retarded blooming date as 

compared with the control (the basic comparison) in both seasons. Generally, NAA treatments 
surpassed salicylic acid treatments in delayed blooming days. Briefly, NAA spray at 75 and 150 mg l-1 
treatments gave the same value in delayed blooming (7 days in the first season and 5 days in the second 
season) as compared with the control. Furthermore, NAA at two concentrations showed superiority in 
retarding the blooming date.  

The enhancement effect of NAA on delayed blooming may be attributed that Auxin applications 
in late summer delay flowering in peach (Hitchcock and Zimmerman, 1943). The obtained results 
regarding the effect of NAA on delayed blooming go in line with the findings of Patterson and Howell 
(1995) they mentioned that 400 ppm NAA treatment in September delayed "Concord" bud break. In 
addition, Qrunfleh (2010) found that NAA at 1000 mg/l significantly delayed bud break 2-6 days as 
compared with the control. The effect of salicylic acid on delayed blooming may be attributed that 
salicylic acid application, perhaps the accumulation of ABA in peach, might have caused a reduction 
of growth buds and created bloom delay (Raskin, 1992). The obtained results regarding the effect of 
salicylic acid on delayed blooming go in line with the findings of Noghondar et al., (2013) on apricot 
and Mohammadi et al., (2015) on peach. They indicated that the salicylic acid application delayed the 
blooming of the aforementioned fruit species. 

 
3.3. Tree fruiting parameters  
3.3.1. Fruit set (%) 

Table, 4 demonstrates that all tested NAA and salicylic acid treatments produced a statistically 
similar and higher positive effects on fruit set percentage of almond trees as compared with control 
treatment in both seasons. Anyhow, 150 mg l-1 NAA and 150 mg l-1 salicylic acid treatments showed 
superiority in this respect. Other concentrations gave intermediate values in this respect. 
 
Table 4: Effect of NAA and salicylic acid foliar sprays on fruit set percentage and yield of Almond 

trees during 2018 and 2019 seasons. 
Treatments  Fruit set (%) Yield (Kg/tree) 
Conc. mg l-1 2018 2019 2018 2019 
Control 21.52  C 22.76 C 3.81  C 4.07  C 
75  NAA 24.17  B 27.61 AB 4.27 AB 4.62  B 
150 NAA 31.56 A 32.15 A 4.80 A 5.47 A 
75  SA 23.74  B 26.03 AB 4.03  B 4.51  BC 
150 SA 28.77 A 31.72 A 4.69 A 5.36 A 

Means followed by the same letter (s) within each column are not significantly different at 5% level. 

 
3.3.2. Yield (kg/tree) 

Table, 4 illustrates that all tested treatments except salicylic acid at 75 mg/L-1 at second season 
induced a high positive effect on yield as compared with the control treatment in both seasons. 
Generally, 150 mg l-1 NAA and 150 mg l-1 salicylic acid treatments proved to be the superior treatments 
as compared with control in both seasons. Other treatments gave intermediate values in this respect.  

 
3.4. Fruit quality parameters 
3.4.1. Kernel weight (g) 

Table, 5 illustrates that the tested NAA and salicylic acid treatments exerted a positive improving 
effect on the kernel weight of almond trees as compared with the control in both seasons. Generally, 
NAA acid at 150 mg l-1 produced high values of fruit kernel weight in both seasons. Other treatments 
gave intermediate value in concern.  

 
3.4.2. Inshell (%) 

Table, 5 demonstrates that NAA and salicylic acid treatments produced statistically similar 
effects on the inshell percentage of Almond fruits as compared with the control in the first season. In 
the second season, all tested treatments had no significant effect on the inshell percentage of Almond 
trees.  
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Table 5: Effect of NAA and salicylic acid foliar sprays on fruit kernel weight and fruit inshell 
percentage of Almond trees during 2018 and 2019 seasons. 

Treatments Kernel weight (g) Inshell (%) 
 Conc. mg l-1 2018 2019 2018 2019 
Control 1.18 C 1.20 C 63.25 B 70.32 A 
75  NAA  1.25 AB 1.30 AB 67.93 A 71.61 A 
150 NAA  1.28 A 1.33 A 69.51 A 71.87 A 
75  SA  1.23 B 1.25 BC 70.32 A 72.77 A 
150 SA  1.26 AB 1.26 B 70.97 A 72.96 A 

Means followed by the same letter (s) within each column is not significantly different at 5% level. 
 

3.4.3. Kernel length (mm) 
Table, 6 illustrates that the tested concentrations (75 and 150 mg l-1) of NAA or salicylic acid 

treatments exerted a positive enhancing effect on kernel length of almond trees as compared with the 
control in the first seasons moreover, 150 mg l-1 of NAA showed superiority in this respect. In the 
second season NAA, salicylic acid, and control treatments had no significant effect on fruit kernel length 
of Almond trees.  

 
Table 6: Effect of NAA and salicylic acid foliar sprays on fruit kernel length and width of Almond 

trees during 2018 and 2019seasons. 
Treatments  Kernel length (mm) Kernel width (mm) 
 Conc. mg l-1 2018 2019 2018 2019 
Control 14.88  C 13.36 A 3.59 A 3.16 C 
75  NAA  16.05  BC 16.85 A 3.78 A 3.28 BC 
150 NAA  18.85 A 17.30 A 3.97 A 3.80 A 
75  SA  17.88 AB 16.49 A 3.54 A 3.65 AB 
150 SA  18.40 AB 17.18 A 3.91 A 3.79 A 

Means followed by the same letter (s) within each column is not significantly different at 5% level. 

 
3.4.4. Kernel width (mm) 

Table, 6 indicates that all treatments had no significant effect on kernel width in the first season. 
Generally, 150 mg l-1 NAA or 150 mg l-1 salicylic acid treatments proved to be the superior treatments 
as compared with control in the second season. 

The enhancement effect of NAA on fruit set, yield, and some fruit properties may be attributed 
that firstly, the promotion effect of NAA on improving growth characteristics. Secondly, it delayed 
blooming, and it avoiding frost damage that reflected on good flowering, fruit set, and productivity. 
Thirdly, NAA plays an important role in increased the mobilization of food and minerals from other 
parts of the plant towards developing fruits and this reflected in increasing weight and volume (Arora 
and Singh, 2014). So that increased yield and improved fruit quality. The obtained results regarding the 
effect of NAA on fruit set, yield and some fruit properties go in line with the findings of Abd El-Naby 
et al., (2019) on apricot; Agrawal and Dikshit (2008) on sapota trees and by Nkansah et al., (2012) on 
mangoes trees. The enhancement effect of salicylic acid foliar spray on fruit set, yield, and some fruit 
properties may be attributed that the salicylic acid plays a vital role in plant growth, and ion uptake and 
transport (Hayat et al., 2010). Salicylic acid can also play a role in plant water relations, photosynthesis, 
and ethylene biosynthesis (Arfan et al., 2007). It enhanced the activities of antioxidant enzymes to the 
drought and salinity stress in plants (Hayat et al., 2008 and Yusuf et al., 2008). Furthermore, salicylic 
acid increased the leaf chlorophyll content (Abd El- Aziz et al., 2017). These lead to more carbohydrate 
production reflected in increasing fruit set percentage and consequently improved fruit set. Thus, it 
enhanced yield and kernel weight. Although in this research trees treated with salicylic acid escaped 
from frost damage. The obtained results regarding the effect of salicylic acid on fruit set, yield and some 
fruit properties go in line with the findings of Mohammadi et al., (2015) on peach. Moreover, Khedr 
(2018) on pear and Abd El-Razek et al., (2013) on olive trees. 

The results mentioned that NAA or salicylic acid at 75 and 150 mg l-1 applied on September 15th 
can be recommended to delay bloom in almond under this condition. NAA or salicylic acid at 150 mg 
l-1 treatments enhanced tree growth, yield, and fruit physical traits. 
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