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ABSTRACT 
Research was conducted at the Nubaria Horticultural 

Research Station, El-Bohira Governorate in Egypt s 
calcareous soil to determine the effect of humic acid 
amendments and flood irrigation scheduling on the 
development and growth of Prunus domestica L. (Kelsy 
plum). The research was conducted over a four year 
period beginning in 2005 when the plum fruit trees had 
developed for 2 years having budded on a Mariana 
rootstock. Tests were conducted during 2006- 2009 
growing seasons. 

The main and interacting effects of flood irrigation 
frequency and humic acid amendments were tested using a 
split-plot design experimental set-up. Kelsey plum was 
planted at a spacing of 4 x 5 m under a flood irrigation 
system in calcareous soils. The trees were irrigated under 
three regimes, which were: 5-day (I1), 10-day (I2) and 15-
day (I3) interval. The humic acid treatments (thereafter 
referred to as HA) included: humic acid soil application 
around tree s trunk (T1), foliar application (T2), soil and 
foliar application (T3) and a control (T4) whereby no 
humic acid treatment was made. HA treatments were 
applied on the months of April, May, June and July 
during each of the years (2006-2009). During 2006 and 
2007 vegetative growth measurements and leaf mineral 
contents were measured.  In 2008 and 2009 when the plum 
trees had attained maturation and had reached their 
reproductive stage, the fruit quality and yield were 
determined.  

Each of the humic acid additions in either soil or foliar 
application method increased the physical attributes 
(vegetative) of the trees during the first and second seasons 
of growth relative to the control. The combined foliar and 
soil applications of humic acid (T3) increased tree height 
and Trunk Cross-sectional Area (TCA); shoot number, 
length and diameter during 2006 and 2007 seasons 
compared to all other treatments. The largest combined 
effect of irrigation and humic acid treatments during the 
vegetative seasons (2006 and 2007)on the plum trees was 
observed for the T3 I2 treatment, followed by the T3 I1 and 
T1 I2 in that order. The vegetative growth parameters 
highlighted the importance of humic acid and its 
usefulness in increasing water use efficiency for the 10-day 
irrigation interval as compared to the 5-day interval. 
Foliar and soil humic acid treatment significantly induced 
high leaf contents of both macro- and micro- minerals (N, 
P, K, Fe, Mn and Zn). The soil mode of application T1 was 

inferior to the foliar mode of humic acid application (T2) 
during the growing seasons of 2006 and 2007.  

In the two studied years 2008 and 2009, the highest 
yield with good fruit quality was obtained from trees 
under T3, so it recommended.  

INTRODUCTION 

Prunus domestica (Kelsey plum) is a very popular 
deciduous fruit tree in Egypt. Prunus species with many 
varieties and do well in Egypt s Mediterranean climate. 
The plum trees have shown a lot of promise in Egypt s 
calcareous soils and other areas in Egypt that have been 
newly reclaimed. Calcareous soils are soils of high pH 
and essential nutrients to plants are trapped or 
unavailable to plants due to the excessiveness of 
CaCO3. Calcareous soils are commonly found in 
mediterreanean, arid, semi-arid climates such as in 
Egypt. Over one half of a billion ha of soils in the world 
are calcerous (Laytem and Mikkelsen, 2005). Field 
crops as well as fruits are cultivated on these soils but 
producers are faced with the challenge of plant stress 
induced by the lack of micro-nutrients (Katkat et al., 
2009). The soil fertility of these calcareous soils is 
limited by losses of nitrogen through ammonification 
and insolubility of phosphorus (Katkat et al., 2009). 

In order to improve the quality and quantity of fruit 
from these plum trees, various varieties have been 
introduced that withstand drought and that are highly 
productive such as Kelsey plum. This variety is grown 
for its high market value and, attractiveness and its 
resistance to Plum pox virus (PPV). It has a high 
content of Vitamins A & C. There have been several 
studies conducted  to increase the production of Kelsey 
plums. For example, Eissa, (2003) utilized biostimulants 
to improve the vegetative growth, yield, and fruit 
quality of Kelsey plums. The Total Soluble Content, 
fruit firmness and TSS content increased and the shelf-
life of the fruit increased (Eissa, 2003). 

Humic acid is a constituent of organic matter (Asik 
et al., 2009; Katkat et al., 2009). It is the most active 
fraction of humus coupled with fluvic acid. As early as 
1930 s, work was conducted on humic acid and its 
ability to stimulate plant growth. For example, Burk et 
al., (1931) conducted experiments whereby they 
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concluded that The use of humic acid might permit 
satisfactory or improved growth under substantially 
neutral or alkaline conditions. De Kock (1955) 
focused on iron deficient crops and reported that humic 
acid influences plant growth and development through 
its interaction with iron promoting increased plant 
uptake. 

Later in the 20th century, increased work on humic 
acid shows that it promotes soil aggregation, water 
holding capacity of soils, nutrient availability to plant 
roots and helps in root development and growth 
(Lobartini, et al.,1997; Tan, 1998 and 2003; Nardi, et 
al.,2002, Chen et al., 2004)a . Humic substances have 
also been documented to improve micronutrient uptake 
of zinc and iron by plants (Chen et al., 2004a, 2004b; 
Elena et al., 2009). Additionally, humic acid forms 
complexes with some metals enhancing the availability 
of these micronutrients to root plants and improving 
their uptake (Chen et al., 2004a; Garcia-Mina et al., 
2004). It improves water infiltration in soils that are 
clayey (Tan, 2003; Katkat et al., 2009).   

Humic acids have been reported to improve the 
physical structure of soils, increase the cation exchange 
capacity, soil microbial activity and reduced losses of 
nutrients through leaching (Tan, 2003; Katkat et al., 
2009).  Additionally, humic acid has been utilized to 
remediate soils that are polluted (Kulikova et al., 2005) 
and reduce the effect of soil salinity on plant growth 
and development (Masciandaro et al., 2002). Several 
researchers have determined the positive impacts of 
humic acid on calcerous soils. For example(Katkat et 
al., 2009). reported that humic acid increased nitrogen, 
phosphorus, potassium, iron, manganese and zinc 
uptake. Additionally, humic acid stimulated an increase 
in wheat dry weight.  

The main objective of this study was to evaluate the 
increased water use efficiency of plum trees subjected 
to different flood irrigation regimes and modes of humic 
acid application using vegetative growth and fruit 
quality parameters. The research attempts to determine 
whether humic acid can reduce irrigation frequencies 
while at the same time maintain and/or improving fruit 
quality and yield through deficit irrigation and humic 
acid soil amendments. 

MATERIALS AND METHODS 

Study Site: 

The study was conducted at Nubaria Horticultural 
Research Station, El-Bohira Governorate, over four 
consecutive growth seasons beginning in 2006 to 2009. 

Plant Description:   

Prunus domestica L. (Kelsy plum) trees that had 
been grafted on Mariana rootstock were  2-years-old 
when they were transplanted to a field at a spacing of 4 
x 5 meters apart. The trees were disease-free and have 
similar vigor. Normal agricultural practices 
recommended for Kelsy plum were applied throughout 
the experimental duration. The trees were treated with 
actosol®.  a fertilizer whose NPK ratio is 10-10-10 and 
a Humic acid concentration of 2.9%. Humic acid is 
manufactured by ARCTECH Inc. in USA.  

Experimental Design:  

A total of 48 trees were planted to determine the 
main effects and interaction of two growth variables, 
namely, humic acid addition and irrigation frequency. 
Four modes of humic acid additions and three flood 
irrigation regimes were tested within a split plot 
experimental design replicated 4 times. Flood irrigation 
is commonly employed for horticultural field crops and 
fruit trees. Three watering regimes were tested and 
included:  5-, 10- and 15- day intervals between flood 
irrigation.   

The modes of humic acid amendment application 
included:1) Direct soil application of the humic product 
at the rate of 40 ml per tree (T1) 2) Foliar application of 
solution (250ml/100 liters of water) (T2) 3) Direct soil 
and foliar application (40 ml per tree and application of 
250 ml/100 liters of water) (T3)and  4) Control (T4). 

Vegetative Growth:  

Four uniform branches were selected and tagged at 
their cardinal points. The average number of new shoots 
in each of the branches was counted. The length and 
diameters of each of the shoots was measured in mid-
November. Tree height and canopy diameter was 
measured late in November for the first and second 
seasons of the experimental duration  (2006 and 2007). 
The trunk cross-sectional area (TCA) was calculated 
based on the two aforementioned seasons following the 
method described by Westwood (1988). The trunk 
diameter for each tree was measured 10 cm above the 
scion and rootstock union, on the first of March and late 
November during the two vegetative seasons.  

Fruit quality and Yield:  

During the month of July when the fruits matured, 
they were harvested. Harvesting was conducted during 
the first week of July (2008 and 2009). 

Table A. Physical and Chemical Properties of  the Experimental Calcareous soil* 
Texture pH Total CaCO3 (%) EC (dS/m) Organic Matter (%) 

Sandy loam 8.5 32.55 2.12 0.52 
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*None saline soil (2.12ds/m) of low organic matter(0.52%) and high CaCo3 content(32.55%). 

Twenty mature fruits were picked at random from each 
tree to determine fruit quality.  The average fruit weight 
was recorded (gm),firmness was determined according 
to Magness &Taylor.1925 pressure tester using a 5/16" 
plunger. Additionally flesh thickness, %Total Soluble 
Solids (TSS) content was measured using a hand-held 
refractometer. Titratable acidity (TA) was determined as 
a percent of malic acid using the method outlined in 
AOAC, (1980).  

Leaf Mineral Composition:  

The effects of flood irrigation intervals and humic 
acid application on leaf mineral status were tested 
during the first and second seasons of the experiment 
when vegetative development was occurring. Tmenty 
mature leaves were collected at random from each tree 
at the beginning of June during the 2006 and 2007 
growing seasons. The leaves were rinsed thoroughly 
with tap water, thereafter with distilled water and dried 
under a constant temperature range of 70-80 C in an 
electric air-drying oven. Each sample of dried leaves 
was ground to powder using a porcelain mortar to avoid 
contamination. A smaller sample of ground leaves of 
0.3 gm was digested using H2O2 and H2SO4 following 
Evenhuis and Dewaard (1980). Aliquots were then 
taken for mineral determination. Total nitrogen(N) and 
phosphorus (P) were determined colorimetrically 
following Evenhuis(1976) and Murphy and Riley 
(1962), respectively. Potassium (K) was determined 
against a standard using air propane flame photometer 
following Chapman and Pratt, (1961). Iron (Fe), 
Manganese  (Mn)  and Zinc (Zn) were measured using a 
Perkin-Elmer Analyst Atomic Absorption 
Spectrophotometer Model 305_B. The concentrations 
of N, P and K were expressed as a percentage while 
those of Fe, Mn and Zn were expressed in parts per 
million (ppm) on a dry weight basis.     

Statistical Analysis:   

Data collected from each season were analyzed 
separately, the Least Significant Difference tests were 
conducted at 0.05 probability level to compare 
treatments averages (according to Snedecor &Cochran, 
1990).  

RESULTS AND DISCUSSIONS 

Vegetative Growth: 

The results reported here increase the evidence that 
points to the positive effects of humic acid on 
vegetative growth of plants (Table1). Each of the humic 
acid additions in either soil or foliar application method 
increased the physical attributes (vegetative) of the trees 
during the first and second seasons of growth relative to 
the control. The combined foliar and soil applications of 

humic acid (T3) increased tree height and Trunk Cross-
sectional Area (TCA); shoot number, length and 
diameter during the 2005 and 2006 seasons compared to 
all the other treatments. Noticeable tree diameter 
increment was recorded during the second year of study 
(2007). The soil application of humic acid (T1) 
outperformed the foliar application (T2). 

Trees grown under the 10-day flood irrigation 
regime (I2) were significantly superior to those of the 5-
day (I1) and 15-day (I3) irrigation regimes. Superiority 
was based on the vegetative growth parameters during 
the two seasons of study. The largest combined effect of 
irrigation and humic acid treatments during the 
vegetative seasons (2006 and 2007)on the plum tree 
height  was observed for the T3 I2 treatment, followed 
by the T3 I1 and T1 I2 in that order (Table 2). Rapid tree 
height (cm) increase was limited by water availability in 
all of the treatments. The highest shoot count, diameter 
and length were recorded for trees that received soil and 
foliar HA application together with a 10-day flood 
irrigation interval (Table 3). The shoot count for the T3x 
I2 treatment was almost twice that of the control.  These 
results are similar to those of Fern?ndez-Escobar et al. 
(1996) who reported that olive trees growing in the field 
and treated with a foliar application of humic substances 
exhibited increased Fe content and increased shoot 
growth. 

Leaf Macro and Micro Nutrients: 

Several studies have been conducted to evaluate the 
effect of humic acid on plant nutrient uptake, have 
shown the positive benefits of humic acid. For example, 
Asik et al., (2009) in their study working with wheat, 
showed that the uptake of N increased with soil 
application. Foliar application increased, P, K, Mg, Na, 
Cu and Zn in saline soils. In this study, the leaf content 
of N, P, K, Mn, Zn and Fe increased when compared to 
the control and this had a direct effect on the fruit size 
and quality.  

Leaf Macro Mineral Contents : 

Nitrogen (%):  

The effect of foliar application of HA (T2) was 
more noticeable on the nitrogen content of fruit tree 
leaves than trees subjected to a soil application of HA 
(T1).  A combined application of HA to soil and foliage 
(T3) produced results which were not significantly 
different than those of similar to that of (T2) for both 
growing seasons.  Foliage nutrient uptake was more 
pronounced for the trees with a rise as high as 0.11% in 
the (T3) treatment that received flood irrigation water 
every 15 days (I3).  
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Phosphorus (P %):  

Whenever P fertilizer is applied to calcareous soil, it 
results in the precipitation of Ca phosphates which 
inhibits plants from acquiring the nutrient (Sample et 
al., 1980). However, the results of the experiment show 
that treatment of plum Kelsey trees and soils increased 
P uptake. The phosphorus content of fruit tree leaves 
(%) that were treated with HA applied in the soil (T1) 
was higher than that applied to the foliage. A combined 
application of HA to soil and foliage (T3) produced the 
highest phosphorus content in both the growing seasons 
(2006 and 2007). Root nutrient uptake of phosphorus is 
higher for fruit trees. As shown below, the reduced rate 
of irrigation impacted the leaf phosphorus content 
especially for irrigation treatment I3. This positive 
impact of humic acid on calcareous soils in increasing P 
availability has also been documented by Delgado et al., 
(2002) who expounded that organic matter slows the 
precipitation of poorly soluble Ca phosphates and a 
mixture of Humic-Fulvic Acid increases the efficiency 
of P fertilizers. Additionally, Fixen et al., (1983) and 
Havlin and Westfall (1984) noted that fluvic and humic 
organic amendments increased the efficiency of P 
fertilizers and the availability of soluble Ca phosphates.  

Potassium (K%):  

The effect of HA treatments on the potassium 
content of leaves was very similar to that in Nitrogen 
(discussed above). T1 and T2 were not significantly 
different in terms of the K% in leaves. The combined 
effect of HA on both foliage and soils, increased the 
K% content compared to the rest of the treatments for 
the 2006 and 2007 growing seasons. Water availability 
decreased the K content in leaves especially for  the I3 

flood irrigation frequency. 

Leaf Micro Mineral Contents: 

Soil application (T1) proved to be beneficial for root 
uptake of Iron, Manganese and Zinc during the 2 
growing seasons. The combined application (T3) 
induced the highest micro-nutrient content in leaves. It 
was evident also that the best irrigation rate for micro-
mineral uptake as evidenced in micro-nutrient leaf 
content was I2 (10-day interval) for all HA treatments. 
The leaf iron content increase can be explained by the 
fact that humic acid decreases the pH of soils thereby 
releasing inorganic and organic iron compounds which 
would otherwise have precipitated with high pH (Burk 
et al, 1931). Humic-metal complexes are very 
instrumental in increasing availability of micronutrients 
to plants (Pinto et al., 1999; Chen et al. 2004a, Chen et 
al. 2004b; Garcia-Mina, 2006; Elena et al. 2009). 
According to Burk et al. (1931), natural humic acid 
increases growth through the iron it contains. Burk et al, 

(1931) reported that humic acid may be classified as a 
stimulant that provides iron for nutrient and growth 
such that iron is more available when compared to other 
media. Adani et al., (1998) studying tomatoes, 
attributed stimulated growth and uptake of iron to the 
possibility of humic acid playing a major role in the 
reduction of Fe3+ to Fe2+ . Iron contained in humic acid 
may promote plant cell processes such as respiration, 
nitrification, catalase activity (Burk et al, 1931). 

Additionally, Ozaki et al., (2003) conducting 
experiments with rice to determine how humic acid 
affects the uptake of radionuclides by rice plants. They 
determined that the humic acid that was adsorbed on the 
rice root surface attracted Mn and Zn such as that there 
were increased micro-nutrient amounts readily available 
for uptake by rice plants. They also discovered that the 
pH of the culture medium and the addition of humic 
acid, had an influence of  Mn and Zn uptake such that 
uptake increased at pH 4.3 while uptake decreased at 
pH 5.3 (Ozaki et al., 2003). This is in agreement with 
results in this study where the Mn and Zn leaf contents 
were always lower for the control (no amendment) 
whose soils had high pH.   

Tree Yield (kg):  

During the first harvest season (2008), the average 
fruit tree yield  values, were similar in the treatments 
where HA was applied to the soil (T1) (2.224 kg) and 
when HA was applied to the foliage (T2) (2.220 kg) 
(Table 4). The combined application of HA to both 
foliage and soil (T3) resulted in the highest yield of 2.48 
kg. In the following year, (2009), the yields for either 
soil or foliar HA application had increased by a factor 
of 1.9 while that of the combined application (T3) had 
increased by a factor of 2.28. The tree yield of the 
control (no HA application) increased by a factor of 
1.52. Several researchers have also determined the 
positive impact on HA on crop yield. Sangeetha et al., 
(2006) reported an increase in onion yields. 
Additionally Adani et al., (1998) and David et al., 
(1994), noted higher yields for tomatoes and nutrient 
uptake respectively. Govindasmy and Chandrasekaran, 
(1992) likewise determined that humic acid increased 
the growth rate, yields and sugar content of sugarcane. 

Fruit weight (gm):   

Data in (Table 4) indicates that (T3) treatments 
recorded the highest mean fruit weight of 90.6 and 
103.7 gm during the 2008 and 2009 harvest seasons 
respectively. Fruits grown under one mode of HA 
application (T1) and (T2), weighed 4.2 and 5.3 gm less 
than fruits grown under the combined treatment (T3) in 
2008. The difference in weight was more pronounced in 
2009, when the fruits grown under (T1) and (T2) 
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weighed an average of 12.1 and 13.0 gm less than those of (T3) in 2009.  

 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.31, No.1JANUARY-MARCH 46

   



           S. El-Shall et al.,: The Influence of Humic Acid Treatment on The Performance and Water Requirements of Plum

 
47

  
Fruits grown under (T4) were consistently smaller and 
weighed 14.5% and 18.6% less than those of (T3) in the 
2008 and 2009 harvest seasons, respectively. 

Fruit polar and equatorial diameters (cm):  

A soil and foliar application of HA (T3) was 
superior to either the foliage application of HA (T2) or 
the soil application (T1) resulting in both longer fruit 
polar and equatorial diameter. The fruits grown under 
control treatment (no HA application) were always 
shorter  by as much as 0.7 to 1.2 cm during the 2008 
and 2009harvest seasons, when compared to those 
treated with HA. 

Acidity %:  

Acidity increases with decreased water availability 
(Table 5). There was a negligible increase in fruit 
acidity over the two harvest seasons, which was not 
significant (0.01%). Fruit acidity decreased slightly 
(0.01%) for the combined HA application irrigated at a 
10-day interval. Additionally, fruits grown without any 
HA addition (the control), had a slight decrease in % 
acidity (0.01%).  

Total Soluble Solutes (%):  

The % of TSS of the fruit decreased with reduced 
flood irrigation water availability. It was noticeable that 
during the 2009 harvest season, the more frequent flood 
irrigation (5-day interval) resulted in a decrease in 
%TSS relative to that of the 2008 harvest season.   

Flesh Thickness (cm):  

Fruits that are irrigated every 15 days were generally 
less fleshy than those that were irrigated every 5 days. 
A HA application to both tree foliage and soil produced 
fruits that were more fleshy. During the 2009 harvest 
season, the flesh thickness of the fruits growing under 
combined tree foliage and soil HA application, 
increased between 10.65 

 

17.26% when compared to 
those grown under a control that exhibited an increase 
ranging from 0.58-9.71% of that of the previous harvest 
season. 

Fruit Firmness (Ib/I2):  

Reduced irrigation frequency yielded the highest 
fruit firmness for all the treatments. Control treatments 
exhibited the highest fruit firmness with each irrigation 
regime. However, HA application (T3) and least water 
application (I3) induced the highest increase in fruit 
firmness for 2008 and 2009 harvests as compared to the 
other treatments. 

CONCLUSION 

Vegetative Growth:   

The results of this study indicate that soil application 
of HA (T1) and foliar application (T2) modes of HA 

increased the vegetative growth of the trees. However, 
the soil application was superior to the foliar 
application. The combined amendments, T3 (soil and 
foliar application of humic acid) significantly increased 
the height and TCA of the trees and the number, length 
and diameter of the shoots during the 2006 and 2007 
vegetative seasons. The effect of T3 on tree diameter 
was observable during the second season.  

Irrigation:  

It was noticeable from the results that flood 
irrigation after 10 days was more effective than both the 
5- (I1) and 15-day (I3) interval. The 15-day interval was 
detrimental to vegetative growth than the 5-day interval 
as shown by the results during the two tested seasons. 
The differences between treatments were significant. 

Fruit Quality and Yield:  

Fruit yield per tree reveals that the highest 
significant average fruit yield (kg) was obtained from 
trees grown under T3 followed by those trees grown 
under T1, T2 and the control in that order. The 
differences between T1 and T2 were not significant. The 
data also clearly show that trees grown under I1 and I2 

produced yields that were significantly higher than 
those grown under I3 in 2008. In 2009, the differences 
between the irrigation regimes (I1, I2 and I3) were not 
significant.  
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