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This study was carried out to evaluate the effect of soil application of humic acid on growth
and physiological indices of pistachio seedlings ("Badami Zarand" rootstock) under drought
stress. This experiment was arranged as a completely randomized design with three
replications in greenhouse conditions. The experimental treatments consisted of humic acid (0,
30 and 60 gr in 4 kg™ soil in pot) and irrigation intervals (7, 20 and 30 days). The studied
growth parameters included of stem height, leaf number, leaf area, stem diameter, biomass of
root and shoot and physiological indices in leaves such as relative water content (RWC),
relative water loss (RWL), leaf water content (LWC), excised leaf water retention (ELWR),
excised leaf water loss (ELWL) and relative water protection (RWP). In this experiment, the
results showed that relative water content reduced and relative water loss increased in leaf in
irrigation interval of 30 days. The results indicated that the application of humic acid increased
the vegetative growth of pistachio seedling in comparison with the control under high
irrigation interval (p<0.05). The results also showed that relative water content and relative
water protection significantly increased with the application of humic acid (p<0.05). These
results indicated that the pistachio seedlings were sensitive to water stress and the application
of humic acid under drought stress could be an appropriate management strategy to improve
the growth of seedlings in pistachio orchards in arid and semi-arid areas of Iran.

Introduction

About 90 percent of Iran is categorized as arid and
semi-arid areas. Iran especially Kerman, as the main
origin of pistachio, has always the largest cultivation
area (450000 ha) with a high genetic diversity of
pistachio orchards in the world (Mirzavand et al.,
2017). Pistachio (Pistacia vera L.) a member of the
Anacardiaceae family, is very important in the
economic aspect of agricultural production in Iran.
Drought tolerance of pistachio species could be
related to high water conservation ability by deep
taproot, leaf characteristics, stomatal adjustment,
stomatal features, leaf shedding (Fardooei, 2001).

Although pistachio has a high level of tolerance to

drought, studies showed that there must be adequate
soil moisture during late winter, spring and early
summer for commercial crop production (Picchioni
and Myamota, 1990, Ferguson et al., 2002). Irrigation
plays an important role in yield, but particularly in
pistachio, it also improves the nut quality and
regulates the normal alternate bearing pattern
(Sedaghati and Hokmabadi, 2015). In recent years,
droughts with increasing severity and frequency have
been experienced around the world due to climate
change effects, especially in Iran. High irrigation
intervals are one of the most important problems of

pistachio orchards in arid and semi-arid regions. In the
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water crisis, the growth of trees only happens to
survive without yield. Under such circumstances,
water reservation plays an important role in drought
mitigation. Therefore the development of methods of
reserving in drought periods could help to decrease
the drought impacts by reducing the expected water
shortage. Natural and technological methods have
been studied in recent years to improve water use
efficiency in agricultural products (Walker and
Bernal, 2008). Until now, the beneficial effects of
humic substances have been mentioned (Abootalebi
Jahromi and Hassanzadeh Khankahdani, 2016;
Barzegar et al., 2016; Fallahi et al., 2016; Abdipour et
al.,, 2019). Recent literature showed that humic
substances as the major component of soil organic
matter could be used as a growth regulator to regulate
hormone levels, improve plant growth, micronutrient
uptake, biochemical processes in plants (respiration,
photosynthesis and chlorophyll content) and enhance
stress tolerance (Cimrin et al., 2010; Khaled and
Fawy, 2011). Also Accumulation of low molecular
weight  organic  solutes  compounds, like
osmoregulations, are an important tolerance
mechanism, which lets the retention of cellular turgor
and favors the absorption of water (Chaves et al.,
2003) under drought stress. Although, the favorable
effect of these products depends on the origin of the
material, extraction method and concentration and
composition of the humic extract (Burdon, 2001).
Humic substances are heterogeneous, flexible,
polyelectrolytes and relatively large stable organic
complexes. They improve soil structure, porosity,
water holding capacity, cation, and anion exchange,
and are involved in the chelation of mineral elements
(Davies et al., 2001; Cavani, 2003). Therefore, the
present investigation was conducted to evaluate the
effects of soil application of humic acid on the growth
and physiological parameters in pistachio seedlings

("Badami Zarand" rootstock) under drought stress.
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Materials and Methods
Plant material and experiment design

This experiment was conducted in the Pistachio
Research Center (PRC) in Rafsanjan, Iran during
2018 and 2019. The climate in this region is classified
as arid and semi-arid with a mean annual rainfall of
100 mm and the annual temperature range is between
17°C to 42°C (Hasheminasab et al., 2012). The
present study has investigated the effect of different
levels of humic acid applied in soil on the growth and
physiological indices of pistachio seedling ("Badami
Zarand" rootstock) under drought stress. This
experiment was carried out in a factorial arrangement
of 3 x 3 x 3 in a randomized complete block design
with 3 replications. The experimental treatments
consisted of humic acid (0, 30 and 60 gr in 4 kg™ soil
in pot) and irrigation intervals (7, 20 and 30 days).
The application of treatments was performed on one-
year-old seedlings. The soil used for this study was
collected from 0-30 cm depth of the pistachio
orchards located in Rafsanjan. The soil properties in
this study included sandy loam texture with pH: 8.4
and EC: 1.8 dS m™ and the sufficient nutrient
elements. The soil was air-dried and passed through 4
mm sieve and four kg were used for each pot. Before
planting, pistachio seeds were sterilized with 10%
sodium hypochlorite three times for 10-12 minutes,
washed in each stage and were soaked in distilled
water for 24 hours. Prepared seeds of Pistachio were
sown in pots. After germination, one seedling was
kept in each pot. Various concentrations of humic acid
(the substance of coal mine oxide from Tabas with
humic purity of 60%) (0, 30 and 60gr) (determined
based on the product label) were added in the pots and
mixed into the soil. Drought stress due to irrigation
intervals in 3 levels included irrigation intervals of 7
days (control), 20 and 30 days based on the soil
weight moisture content at field capacity (FC).
Therefore, the weight of pot in each treatment was
measurement every 2 days and in the irrigation time

(7, 20 and 30 days) was balanced to be at soil weight
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moisture in FC. After six months of vegetative

growth, the plants were harvested.

Measured parameters
Growth parameter

The height of seedlings (by a ruler with 2mm
scale), leaf number, and stem diameter (by the digital
caliper) were recorded in two periods during six

months of the growing season.
Leaf area (LA)

Leaf area was measured by leaf area meter (Leaf
Area Meter England Company). To measure the leaf
area, the mean of 10 leaves without petiole was
calculated

Dry weight of root and shoot

At the end of the experiment, plants were
harvested early in the morning. The plant samples
were placed in plastic bags, labeled carefully and
brought to the laboratory. Each plant was rinsed,
catted, and subdivided into shoot and root. Each part
was dried in the oven at 70°C for 72 hours and fresh

and dry weight was recorded.
Physiological traits

Samples of 10 leaves were taken randomly and
weighed for the assessment of physiological traits.
Fresh weight (WF) measured and after 2, 4, 6 hours
was repeated. Then, samples were placed in distilled
water for 24h and reweighed to obtain turgid weight
(WT). Then, samples were placed in distilled water
for 24h and reweighed to obtain turgid weight (WT).
Leaf samples were dried in oven and weight recorded
at 70°C for 72h (WD). Physiological traits were
calculated using the following formula:
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Relative Water Content (RWC) = xi:‘xg
(Clark and McCaig, 1982)

Relative Water Loss (RWL)

_ (WF-W1)+(W1-W2)+ (W2-W3)

- 3WD (T2-T1)

(Clark and McCaig, 1982)

Leaf Water Content (LWC) = Wi;:m

(Clark and McCaig, 1982)

WF-W3
WF

Excised Leaf Water Retention (ELWR) = 1- ( )

(Clark and McCaig, 1982)

WF-W3
WF-WD

Excised Leaf Water Loss (ELWL) =
(Mint et al., 1988)

W3-WD

Relative Water Protection (RWP) = WF—WD

(Hasheminasab et al., 2012)

In the above formula, WF, WD, WT, W1, W2 and
W3 are fresh leaf weight (at the time of sampling), dry
weight (by placing leaves in oven at 70 °C for 24
hours), turgid weight (by placing Leaves in distilled
water about 18-20 h), leaf weight after two hours (at
25 °C), after four hours and after six hours,

respectively.
Data analyses

The experiment was conducted in a factorial
design in RCBD with three replications. Data were
analyzed using SPSS software. Mean comparisons

were made using Duncan's multiple range test.
Results

The interaction effect of humic acid and irrigation

interval on the growth of pistachio seedlings

In this study, high irrigation intervals had negative
effects on the growth indicates. The results showed
that the interaction effect of humic acid and irrigation
interval on height, leaf number, leaf area, and stem

diameter were statistically significant at 5% level
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(Tablel). The comparison of means by Duncan's
method showed that the seedling height significantly
decreased in high irrigation intervals. The application
of humic acid significantly increased height under
drought stress, and the maximum was in 30gr in
irrigation interval 30 days. However, the different
concentrations of humic acid treatments didn’t show
any significant differences. The interaction effect of
humic acid and irrigation interval on height for two
periods (three months) showed in Fig. 1. The effect of
humic acid treatments on leaf number was significant
under drought stress (Fig.2). The application of humic
acid significantly increased leaf number compare to
control (without humic acid in the same irrigation
interval) under drought stress. However, the
maximum leaf number was observed in the irrigation
interval 7 days (Fig.2). The application of humic acid
significantly increased stem diameter, especially
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under drought stress. The maximum diameter was in
60 gr in irrigation interval 30 days (Fig.3). The
comparison of means by Duncan's method showed
that humic acid improved the leaf area under drought
stress. However, humic acid treatments didn’t show
any significant differences in irrigation interval 20
days (Fig. 4). Also, the results showed that the dry
weight of shoot significantly increased by increasing
the humic acid under drought stress (Fig. 5 and 6).
Humic acid treatments of 30 and 60 gr significantly
increased the dry weight of shoot compared to control
(without humic acid in the same irrigation interval) in
irrigation interval 30 days (Fig. 5). But there wasn’t
any significant effect on the dry weight of root in
irrigation interval 20 days (Fig. 6). Treatment without
humic acid in irrigation interval 30 days significantly
increased the dry weight of root compared to all
treatments (Fig. 6).

Table 1. Analysis of variance for the effect of humic acid on growth parameters of pistachio seedlings

Means Square

Source of variance df  Height of seedling Stem diameter Leaf number Lf:r:ga Root biomass (g)  Shoot biomass (g)
Irrigation interval (A) 2 200.7" 0.398" 175" 53676298.55™" 20.129" 104.69™
Humic acid(B) 2 51.06 14.108* 4.36% 80783612.89 " 13.467"™ 7.443"™
(AxB) 4 95. 6" 1.272* 23.26% 3699151.15™ 6.79" 7.66"

Error 9 57.25 1.581 10.9 5780424.95 4.3 6.2

CV% - 9.16 11.39 15.01 14.01 13.43 12.38

Significant F-test at **P < 0.01, at *P < 0.05 and non-significant (NS)
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Fig. 1. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on height of pistachio seedlings in cm (height of plants in 3 and 6
months after treatment showed by number 1 and 2, respectively)
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 2. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on leaf number in pistachio seedlings (leaf number in 3 and 6
months after treatment showed by number 1 and 2 , respectively)(Means followed by same letter are not significantly different at 5% probability
using Duncan’s test)
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Fig. 3. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on stem diameter (mm) in pistachio seedling (stem diameter in 3
and 6 months after treatment showed by number 1 and 2, respectively)(Means followed by same letter are not significantly different at 5% probability
using Duncan's test)
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Fig. 4. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on leaf area (mm?) in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 5. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on shoot biomass (g) in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 6. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on root biomass (g) in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)

The effect of humic acid and irrigation interval on

physiological traits of pistachio seedlings

The results from the analysis of variance showed
that the interaction effect of humic acid and irrigation
interval treatments on physiological traits were
statistically significant at 5% (Table 2). The
comparison of means by Duncan's method showed
that with increasing the irrigation interval, the relative
water content in leaves significantly increased. The
maximum relative water content was observed in
irrigation intervals 30, 20 and 7 days, respectively.
Humic acid treatments had a significant increase in
relative water content in irrigation interval 30 days
compared to irrigation interval 7 days. But between
different concentrations of humic acid didn’t show
any significant effects on the relative water content in
irrigation interval 30 days (Fig. 7). The interaction
effect of humic acid and irrigation interval in leaf
water content were statistically significant at 5%
(Table 2). The comparison of means by Duncan's
method showed that the maximum of relative water
content was observed in irrigation interval 20 days. In
irrigation interval 30 days, relative water content

increased in humic acid treatments compared to

control (without humic acid in the same irrigation
interval) (Fig. 8). The maximum relative water
content in irrigation interval 7 days was observed in
humic acid 60, 30 and 0 g, respectively (Fig. 8). The
interaction effect of humic acid and irrigation interval
in excised leaf water retention showed that in
irrigation interval 7 days, the maximum was observed
in control (without humic acid in the same irrigation
interval) and in irrigation interval 20 and 30 days was
observed in humic acid treatments. There wasn’t any
significant difference between the concentrations of
humic acid (Fig. 9). The interaction effect of humic
acid and irrigation interval in excised leaf water loss
showed that in irrigation interval 7 days, the
maximum was observed in humic acid treatments and
irrigation interval 20 and 30 days was observed in
control (without humic acid in same irrigation
interval) (Fig. 10). The comparison of means by
Duncan's method showed that leaf water protection
increased in humic acid treatments in high irrigation
intervals. In irrigation interval 7 days, the maximum
was observed in control (without humic acid in the
same irrigation interval). This trend was the same as

the excised leaf water retention parameter (Fig.11).
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Table 2. Analysis of variance for the effect of humic acid and irrigation interval on physiological parameters of pistachio seedlings
Means Square

Source of variance df RWC Lwc ELWR ELWL RWP
irrigation Interval (A) 2 0.055"" 0.042" 0.009™ 0.022" 0.030™
Humic acid(B) 2 0.006™ 0.004™ 0.007" 0.018"™ 0.017
(A*B) 4 0.003" 0.005" 0.046" 0.085" 0.090"
Error 9 0.0011 0.0010 0.0009 0.0019 0.0009
CV% - 3.783 5.658 4.550 3.246 5.774

Significant F-test at **P < 0.01, at *P < 0.05 and non-significant (NS)
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Fig 7. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on relative water content in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 8. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on leaf water content in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 9. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on excised leaf water retention in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 10. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on excised leaf water loss in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)
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Fig. 11. The interaction effect of humic acid and irrigation interval (7, 20, 30 days) on relative water protection in pistachio seedling
(Means followed by same letter are not significantly different at 5% probability using Duncan's test)

Discussion

The responses of plants to drought stress have
been observed in many physiological and biochemical
parameters include, leaf wilting, reduction in leaf
area, stimulation of root growth, changes in relative
water content and membrane structure, excessive
generation of ROS, and antioxidants and osmolytes,
and transcriptional activation of drought-responsive
genes (Miller et al., 2010; Kang et al., 2011; Lata and
Prasad, 2011). In these circumstances, some plants
effectively tolerance drought stress by reducing
transcriptional water loss, which conserves an
adequate water status to sustain critical physiological
and biochemical processes in the plant (Yoo et al.,
2010). In this research, the comparison of means by
Duncan's method showed that the plant height
decreased in control (without humic acid in different
irrigation interval) under drought stress. Humic acid
treatments significantly increased seedling height
compared to control (without humic acid in the same

irrigation interval) (Fig. 1). Similar observations were

also reported in different plants (Eyheraguibel et al.,
2008; Mora et al., 2010; Tahir et al., 2011). The
literature showed that humic acid improves plant
growth, micronutrient uptake, hormone levels,
biochemical processes in plants (respiration,
photosynthesis and chlorophyll content) and enhance
stress tolerance (Wang et al., 2001; Pena-Mendez et
al., 2005; Cimrin et al., 2010; Khaled and Fawy,
2011). The comparison of means by Duncan's method
showed that humic acid improved the growth
indicates under drought stress (Figs. 1, 2, 3 and 4).
Similar observations were also reported zucchini
(Moraet al., 2010), wheat (Tahir et al., 2011), corn
(Eyheraguibel et al., 2008) and pepper (Cimrin et
al., 2010). Also, the results showed that dry weight of
root and shoot significantly increased by increasing
the humic acid compared to control (without humic
acid in the same irrigation interval) under irrigation
interval 30 days (Figs. 5 and 6). Also, there was a

significant effect on the dry weight of root and shoot
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in irrigation interval 20 days in control compared to
humic acid treatment and significantly increased (Fig.
5 and 6). The literature showed that the root
developmental habit is phreatophyte in pistachio trees,
which allows the root system to penetrate deeply into
the soil (Javanshah and afrousheh, 2018). Therefore,
the results of this research on increasing root growth
in irrigation interval 20 days related to the tolerant
one-year-old seedlings due to absorbing more water
from lower parts of soil. In general, the reaction of
plants to humic acid has different. In some plants, the
humic acid treatments increase root length, while
others are increasing root density. Root growth
significantly related to the hydrophobic humic acids
and these features, especially for plant adaptation to
various conditions, including salinity of the soil is
important (Rémheld and Neumann, 2006). In the
same research by Ghorbani et al., (2010) observed
humic acid (3500 and 4500g ha™) increased
durability, leaf area and economic performance on the
corn. Also, Albayrak and Camas (2005) reported that
treatment with 1200 mgl™ increased the leaf area. The
deficiency of water was found to decrease the relative
water content (RWC) in plant leaves, and also
reported that this cause block stomata and reduce
photosynthesis rate (Cornic, 2000). Water stress is
directly related to the amount of water available in the
soil and indirectly saving water in the plant. Some
studies report the measurement of water status in the
plant could help to understand physiological changes
in the plant during drought stress (Blum, 2005). Water
retention in plants play an important role in drought
stress, so the application of methods for reserving in
drought period could help to increase the drought
impacts. Relative water content has been the most
commonly used method in the plant (Alizade, 2002).
Therefore, relative water content and excised leaf
water loss have been suggested as important
indicators of water status (ElTayeb, 2006,
Hasheminasab et al., 2014). The results of this study
showed that the relative water content (RWC)

increased during high irrigation intervals that were
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considered drought tolerant in pistachio seedlings
(Fig. 7). Hasheminasab et al. (2014) were reported
that Badami was a tolerant cultivar with the highest
RWP. A similar study showed that the relative water
content (RWC) is high in the tolerant plant (Liu et al.,
2002). This index is related to the water content
imported into the leaves. It reflects the balance
between the water content of the leaf tissue and the
transpiration rate (Lugojan and Ciulca, 2011). So, a
decrease in the relative water content (RWC) of
leaves is one of the best-documented symptoms of
drought stress. In this research, the results also
showed that the relative water content decreased in
humic treatments in irrigation interval 30 days
compared to control (without humic acid in the same
irrigation interval) (Fig. 7). Consequently, it could be
concluded that the relative water content decreased in
humic acid treatments under drought stress due to
changes in cell membrane such as penetrability and
the openness of the stomata (Blokhina et al., 2003). In
this experiment, water deficiency in irrigation interval
30 days was found to reduce relative water content
(RWC) and increase relative water loss (RWL) in
pistachio seedlings (Fig. 8). Similar observation
reported drought-tolerant variety exhibited lower
relative water loss and higher LWC than drought-
sensitive variety under drought stress (Shi et al.,
2012a). Low excised-leaf water loss (ELWL) and
high excised leaf water retention have been commonly
associated with improved growth under drought stress
(Chandra and Islam, 2003; David, 2010). The results
of this study showed similar observation in high
irrigation intervals 20 and 30 days in experimental
treatments in the same irrigation interval (Fig. 9 and
10). The results of this study indicated that humic acid
treatments increased relative water protection (RWP)
in high irrigation intervals in pistachio seedlings and
reduce the adverse effects of drought stress (Fig. 11).
Relative water protection (RWP) is an important
indicator of water status in plants separated
susceptible cultivars from tolerant and intermediate,

but can't able separated tolerance from intermediate



M. Afrousheh & A. Javanshah

(Hasheminasab et al., 2014). Application of humic
acid had a significant effect on the plant growth
parameters, including shoot dry weight, height and
diameter, number leaf and leaf area and cause them to
increase. Humic acid significantly reduced excised
leaf water loss and showed a significant effect of
absorbed water content in the plant. In this
experiment, there were no significant differences
between humic acid treatment 30 and 60 g. In Iran,
decreased the availability of underground water
resources and prolonged drought periods during the
last two decades are the major problem for the
pistachio producers (Bagheri et al., 2012). Thus,
improvement of the growth under drought stress can
increase tolerance in pistachio seedlings base on the
results of this research. Therefore, it is recommended
that the application of humic acid looking at the
appropriate method in the improvement of plant

conditions under drought stress.
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