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Extended Abstract

Background and Objective: This study aims to explore the effects of humic acid and the
growth-promoting bacterium Pseudomonas putida on specific morphological characteristics of
Iranian oak (Quercus brantii) seedlings under drought stress. Oak trees are vital for maintaining
biodiversity, stabilizing soils, and providing ecological resources. By offering shade and
retaining moisture, they help sustain plant and animal diversity. Drought stress is a major
limiting factor for the growth and development of these trees, leading to adverse consequences.
In drought conditions, plants experience a reduced ability to absorb water and nutrients,
resulting in stunted growth and decreased productivity. Therefore, it is crucial to adopt
innovative and effective approaches to improve the drought resilience of oak seedlings. Humic
acid, an organic substance known for its soil-enhancing properties, and growth-promoting
bacteria such as Pseudomonas putida, can significantly mitigate the detrimental effects of
drought by enhancing nutrient absorption and plant growth. Humic acid improves soil structure
and boosts its water retention capacity, thus alleviating the negative impacts of drought.
Additionally, Pseudomonas putida enhances plant stress resistance by producing growth
hormones and boosting enzymatic activities within the plant.

Material and Methods: This study was conducted as a factorial experiment within a completely
randomized block design, featuring three replications and four treatments, under greenhouse
conditions. The treatments consisted of two levels of humic acid (0 and 2.5 grams per kilogram
of soil) and two levels of Pseudomonas putida (with and without inoculation). Humic acid, an
organic substance known for its soil-enhancing properties, was incorporated into the soil, while
Pseudomonas putida was applied to the seedling roots as an inoculant. Drought stress was
induced by implementing three irrigation regimes (control, irrigation every four days, and
irrigation every eight days). After a three-month vegetative growth period, various
morphological traits, including seedling height, root length, leaf count, and dry weight of both
aerial parts and roots, were measured and recorded. Data analysis was conducted using
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statistical software, with analysis of variance (ANOVA) to examine the independent and
interactive effects of each treatment on the measured traits.

Results: The findings of this study revealed that drought stress had a significant negative impact
on all evaluated traits. As drought severity increased, seedling height, root length, leaf count,
and the dry weight of both aerial and root parts declined. This decline resulted from reduced
water and nutrient uptake under drought conditions, ultimately restricting plant growth.
Conversely, the application of humic acid and Pseudomonas putida bacteria markedly enhanced
seedling morphology. Seedlings treated with Pseudomonas putida and humic acid exhibited the
greatest improvements in height, root length, and leaf number compared to the control group.
Those treated with humic acid also showed a substantial increase in the dry weight of aerial and
root biomass, indicating enhanced growth and improved drought tolerance. Furthermore,
inoculation with Pseudomonas putida alone significantly improved all measured traits. These
beneficial effects were attributed to increased nutrient uptake, enhanced enzymatic activity, and
a more robust root system. The combination of humic acid and Pseudomonas putida produced
the most favorable outcomes, with treated seedlings displaying the highest level of drought
resilience. Humic acid supports plant growth by enhancing water retention and improving the
soil’s physical and chemical properties. This organic compound contributes to better soil
structure and stimulates microbial activity, ultimately facilitating nutrient absorption and
strengthening plant resistance.

Conclusion: The results of this study revealed that the application of humic acid and
Pseudomonas putida significantly improved the morphological traits of Iranian oak seedlings
under drought stress. These beneficial effects were attributed to enhanced nutrient absorption,
increased enzymatic activity, and strengthened root systems. The combination of humic acid
and Pseudomonas putida produced the most favorable outcomes, effectively boosting the
drought resistance of oak seedlings. Future studies are recommended to explore the long-term
impacts of these compounds on the physiological and biochemical processes of oak seedlings.
Additionally, evaluating their effects under field conditions would provide more comprehensive
insights into the practical efficacy of these treatments. Further research on the influence of these
treatments on other aspects of seedling growth and development could enhance forest
management strategies and yield more practical applications.
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Table 1. The combination of treatments and the number of repetitions and pots used

€ olus BN P. putida (cSAS 225 Senzed A Sl sk
Total Flower pot  Repetition Humic acid (A. H75)* (gr/kg) Irrigation levels
eslae! r.,\.ﬁ Jald
6 2 3 Non-use 0 Control
a:u:w«\
6 2 3 Use
oalaial r.Lp 0
6 2 3 Non-use BTV E
oslizul Every four days
6 2 3 Use
oalai! r.\.p 25
6 2 3 Non-use
a:u:w«\
6 2 3 Use
el rJ& 0
6 2 3 Non-use BRI I
osli] Every eight days
6 2 3 Use
oslaial r.Lc 25
6 2 3 Non-use
* A. H75: FERTI ONE AH75
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Table 2. Some physicochemical properties of soil used in the experiment
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L A Sos S olse o o R N
= S (4 ys) (ops)  (awys) )Ly
pH Sand _ Texture
EC (dSm™) 0C (%) OM (%)  Clay (%) g Silt (%)
s e s
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L c N " O35,
5 5K b s e S0 e
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Table 4. Variance analysis for morphological traits of oak seedlings planted under drought stress
Sla e Sl
Mean squares

B sk ., R el S slos
- & ey o A &y ¢ -
< () > (5 S S (L a0 Sources of variations
Number of £5) S Fes
(e Root umber o Leaf .
leav Leaf dry ; Height
length eaves . weight
Droplet (cm) weight (gr) @) (cm)
(cm) g
FES
2.503™ 0.2930" 709.37" 0.054 " 0.085* 27.39m 2 .
Repetition
1.077ms 106.912* 1868.08™ 0.070 ™ 0.07* 599.91™ 2 e o
Drought stress
§ P ERED 4 \ -
0.794ns 9.3339" 550.64" 0.012 "M 0.02 ns 250.54™ 4 oY Jg
Drought Stressx Repetition
st
0.0028"s 4.4926" 1462.81™ 0.003 M 0.03 s 166.58" 1
Bacteria
- . Aol Sn 500
0.984ns 32.9562 21.00m™ 0.006 "™ 0.04 ns 685.54 1 ) T
Humic acid
Al s :SL
0.285™ 395878 6153 0.010 ™ 0.00™ 20880 1 el S s 5L
BacteriaxHumic acid
5% ¢ 5SU
0.0042"s 1.4035M 195.79m 0.0006 " 0.00m™ 20.59m 1 S
BacteriaxDrought Stress
oRX el S 5
0.4159™  37.9919"  107642%  0.0240" 001"  32083° 1 Humic acid x Drought
Stress
ol S gox 5 S Ux 25
0.0522"  127.6225" 4455.102" 0.062 " 0.12** 541.59" 1 Drought
StressxBacteriaxHumic
acid
ol .
16.17 10.56 278 0.017 0.01 27.19 G
CVv
(1P
84.686 10.7394 6161.36 29.72 22.27 113161 12
Error

Aoy 44 Jla| Cla..d 23 Suls e 5 Aoy 40 Jlez| Clz.d 3,3 gme g ols sme 8 LS4y ke 5 % NS
ns, * and **: non-significant and significant at the 95% probability level and significant at the 99% probability level,
respectively.
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Figure 1. Comparison of the average interaction effect of drought stress, humic acid and Putida
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