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Extended Abstract

1. Introduction: An experiment in a randomized complete block design with three levels of humic-acid (0
(HAy), 2 (HA,), and 4 (HA4) gr/pot) and four irrigation levels (60 (Lso), 80 (Lgo), 100 (Lioo), 120 (Li20),
percent of soil moisture depletion) with four replications was performed in the research greenhouse at
Faculty of Agriculture of Bojnourd University. To prepare the pots, the soil sample was passed through
a 2 mm sieve, and humic acid was added to the soil sample according to the experimental treatments.
Two bell pepper seedlings were transferred to each pot, and all pots were irrigated according to the
experimental treatments. Eighty days after cultivation, Plants were harvested, and soil samples were air
dried. Soil texture, soil pH, electrical conductivity (ECe), soil organic carbon, total nitrogen, available
phosphorus, total chlorophyll a, b, and carotenoid content, water use efficiency, stomatal conductance,
and yield were determined by conventional methods.

2. Materials and Methods: An experiment in a randomized complete block design with three levels of
humic-acid (0 (HAo), 2 (HA>), and 4 (HA4) gr/pot) and four irrigation levels (60 (Leo), 80 (Lso), 100 (L1oo),
120 (Li2o), percent of soil moisture depletion) with four replications was performed in the research
greenhouse at Faculty of Agriculture of Bojnourd University. To prepare the pots, the soil sample was
passed through a 2 mm sieve, and humic acid was added to the soil sample according to the experimental
treatments. Two bell pepper seedlings were transferred to each pot, and all pots were irrigated according
to the experimental treatments. Eighty days after cultivation, Plants were harvested, and soil samples were
air dried. Soil texture, soil pH, electrical conductivity (ECe), soil organic carbon, total nitrogen, available
phosphorus, total chlorophyll a, b, and carotenoid content, water use efficiency, stomatal conductance,
and yield were determined by conventional methods.

3. Results and Discussion: The results showed that the best bell pepper fruit yield was observed in LgoHao,
LiooHa0, and Li20H4o treatments, respectively, which had no significant difference, while the highest water
use (7136.80 m® ha!) was seen in Li20HAo. Also, the lowest values of yield (14.21 g plant™') and water
use (3584.61 m® ha') were observed in LeoHA¢ and LsoHA4, respectively. Moreover, the results showed
that the maximum value of WUE was obtained in LgoHA4o (7.45 kg m™), while the lowest WUE value
was obtained in LeoHAo (0.80 kg m™) These results can be attributed to the ratio of yield to water use so
that the yield has increased with the increase in water use, but the rate of increase in yield is lower than
the rate of increase in water use. The amount of chlorophyll a, chlorophyll b, total chlorophyll, and
carotenoids of the plant increased significantly with the increase in the application of humic acid and
irrigation levels. Also, according to the results, it can be recommended to use humic acid to reduce the
negative effects of drought stress in bell pepper. The results showed that with the use of the higher amount
of humic acid (HA4) and less irrigation water consumption (80% soil moisture depletion), the fruit yield
of bell peppers incresedand the Water consumption was saved, on the other hand, by improving the
physical and chemical characteristics of soil and improved the plant growth, crop production increased.
Therefore, the application of humic acid can be a sustainable solution to increase the growth of bell pepper
in The conditions of drought stress. According to this study's results, increasing the severity of drought
stress will result in the reduction of the studied traits, However, humic acid fertilizer treatment can protect
the plant against drought stress by increasing growth indicators such as root length, stem length, and
relative water content of leaves, that leads to reduction of damage caused by stress.

4. Conclusion: In general, nutrient absorption, pepper growth, and pepper yield were observed in the HA4o
treatment with an 80% soil moisture level. It seems that the use of humic acid can counteract the
detrimental effects of water deficit in soil. Applying humic acid increased the water efficiency in the
experimental condition. More soil water content (100 and 120 percent of soil moisture discharge) did not
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show any significant effect in increasing bell pepper yield. So, based on the research results, HA
application and less soil water content (Lgo) are valuable strategies for increasing the yield and WUE in
pepper plant production in greenhouse conditions.
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Figure 2- The effect of irrigation levels and humic acid on yield (A), water use (B), and water use
efficiency (C) in bell pepper (Capsicum annuum L). Columns with at least one common letter are

not significantly different at 5% probability level based on the Duncan multiple range test.
Lo Lso L10o, and Li120 are irrigation levels 60, 80, 100, and 120 percent of soil moisture depletion,

respectively, and HAo HA2, and HA4 are levels 0 (control), 2, and 4gr acid humic per kg soil.
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Figure 3- The effect of irrigation levels and humic acid on chlorophyll a (A), chlorophyll b (B),

chlorophyll a+b (C), carotenoids (D), and Stomatal conductance (E) in bell pepper (Capsicum
annuum L). Columns with at least one common letter are not significantly different at 5%

probability level based on the Duncan multiple range test. Leo [Lso (100, and L120 are irrigation
levels 60, 80, 100, and 120 percent of soil moisture depletion, respectively, and HAo HA?, and HA4
are levels 0 (control), 2, and 4gr acid humic per kg soil
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Table 2- The effect of irrigation levels and humic acid on some morphological indicators in bell pepper (Capsicum Annum L.)

Treatments Li2oHao  Li2oH20 Li2oHo  LiooHao LiooHo2o LiooHo LgoHao LgoH2o LgoHo  L60H40 LeoH20 LeoHo
Lo
oLS glis)| 56.86% 54.43b 50.304 57.012 53.01¢ 47.42f 53.9%¢ 48.99¢ 40.868 28.27h 26.031 22.96i
Plant height
@l 5 o) 73.242 67.18° 60.144 72.78% 66.92° 58.21¢ 62.23¢ 58.57¢ 50.04f 42918 39.60" 34.86
Stem fresh
Al Sz 39 18.112 16.47° 14.014 18.422 16.01%° 13.114 18.15% 15.17¢ 11.11¢ 11.08°¢ 9.38f 6.78¢
Stem dry
weight
adoy 5 09 39.96% 36.93b 34.05° 39.332 37.09° 33.08¢d 39.892 36.37° 32.424 22.34¢ 21.43¢ 18.69f
Root fresh
ado, Job 29.53d 27.16f 24.44h 30.49¢ 28.31¢ 25.74¢ 30.37¢ 28.21¢ 25.35¢ 32.93*  31.86° 29.304
Root length

W ylad 6,10 Sro BB (S5 080 b o yo oy Jloas | b 50 (SS18 glasals i OS“’)T bl (S pio Bgym 61510 Gyl (ygsimw & 5O
In each column, means followed by the same letters are not significantly different according to Duncan's multiple range test (P<0.05)
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Figure 4- The main effects of irrigation levels and humic acid on fruit nitrogen (A & B), phosphorus (C &
D) and potassium concentration (E & F) in bell pepper (Caspicum annuum L) Columns with at least one
common letter are not significantly different at 5% probability level based on Duncan multiple range test.

Lo .Lso L10o, and Li20 are irrigation levels 60, 80, 100, and 120 percent of soil moisture depletion,

respectively, and HAo .HA:, and HA4 are levels 0 (control), 2, and 4 gr acid humic per kg of soil.
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