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ABSTRACT

Article History Drought and desertification have become global environmental problems, posing new
Received: 20 July 2022 obstacles to plant survival and adaptability. The main objective of this study was to
Revised: 8 October 2022 . . . . . .
Accepted: 21 October 2022 evaluate the effect of drought stress on the morphological and physiological traits
Published: 14 November 2022 of Kochia prostrata. (L.) in greenhouse conditions. In the greenhouse experiment,
K d drought stress was conducted in four levels of water regime treatment: 25, 50, 75, and
Bi;{l‘:or S 100 percent field capacity (FC). The experimental design consisted of a completely
Drought stress random design with three replications and 25 seeds per pot for every replication. In the
Field capacity greenhouse, seeds were planted in the soil using plastic containers. Then, 120 days of
Kochia Prostrata d h dmini d d holowical d physiological
Photosynthesis rought stress were administered, and morphological and physiological parameters
Water deficit were examined. The data were processed, and comparisons of means using the Duncan

Water potential. test (P0.05) were performed. Results demonstrated that when drought stress increased,

the morphological and physiological features of K. prostrata decreased significantly. The
highest plant dry weight was observed in drought stress of 25% IFFC and 100% IFC
with171.45 cm and 282.7 mg, respectively. The lowest rates of photosynthesis, stomatal
conductance, transpiration, and mesophyll were observed in 25%FC stress treatments
with 0.44 mmol m-1s-1, 0.070 mmol m-1s-1, 1.70 mmol-2s-1, 394.13 respectively. Plant
length and Root dry weight are variables that decreased significantly with increasing
drought stress. However, the decrease in the values of these variables was not
significant at 50, 75, and 100%I'Clevels but was significant at the most severe drought
level (25%FC). Based on the results of this study, it can be suggested that the K.
prostrata species can be used in the sustainable development of ecological rehabilitation
areas.

Contribution/Originality: Kochia prostrata is one of the essential rangeland species that play a vital role in
fodder production and rehabilitation of degraded rangelands. However, few studies have been conducted on this
Dormancy -breaking method, which is the most crucial target. This research examines this species's Dormancy -

breaking method and the effect of drought stress on it.

1. INTRODUCTION

Drought stress is one of the most critical environmental stresses that disrupt plants' physiological and
biochemical processes and causes a decrease in plant growth and yield [17]. Water scarcity has become one of the
most detrimental environmental circumstances for plant growth and production, threatening plant species' survival
and dispersal [2-47]. The lack of optimal environmental conditions in plants is stress; these stresses affect fertility

and plant growth. In addition, drought stress is one of the most important abiotic stresses that usually leads to
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morphological responses such as increased root growth, decreased stem growth, leaf area, and plant growth rate
[5]. Drought stress significantly affects plant reproduction, which is a sensitive stage that determines performance
for most plants [67. The physiological, biochemical, and molecular mechanisms that plants use to adapt to these
environments are insufficient to produce the required results [7, 87. Therefore, plant responses to drought stress
are usually studied based on physiological parameters such as water potential, relative water content, stomatal
reactions, photosynthesis, or osmotic regulation [9, 107. Recent studies have suggested reactive oxygen species and
enzyme-based antioxidant responses as appropriate indicators for plant response to drought stress [117]. All
countries are expected to suffer at least one type of drought by the end of the 21st century. Droughts are now
occurring and rising in all regions of the globe [127. Due to its location in the world's dry and semi-arid regions,
Iran is susceptible to the most severe drought effects [137]. Drought generally causes greater devastation in
underdeveloped nations than in industrialized nations [12, 14-177.

Drought and climate change have long been critical concerns in rangeland studies because they deplete water
resources and stifle forage growth while worsening other problems (such as human health and financial strains)
[187. At the same time, reducing water content in plant tissues, persistent droughts, and drought stress limit
morphological growth, physiological changes, and yield [197.

Numerous efforts have been made to introduce plant species capable of resisting poor soil nutrient conditions,
drought, and soil salinization in recent years [207. One of these species is Kochia prostrata. K. prostrata is a species of
the spinach (Amaranthaceae) family, C4, and tolerant to salinity. Although such species have the necessary
mechanisms for establishment in arid and semi-arid stages, early stages of growth after seeding and planting need
sufficient moisture to survive [217]. Therefore, this species has recently been introduced as a member of the
Amaranthaceous family with physiological dormancy [227. The species K. prostrata has improved and developed
saline and dry-lands in many parts of the world. This species is used to enhance saline pastures and provide forage
off the coast of France [237; dry season forage production in saline lands of the United States [247; and saline and
desert lands of Uzbekistan for fodder production [257; fodder production and rangeland improvement of dry and
saline areas of Maraveh The hill was introduced in Golestan province [267], and the supply of forage is required
for wildlife habitats in the western United States [27]. Drought stress has a negative impact on soil qualities and,
as a result, plant metabolism and growth [28, 297. In this regard, the present study pursues the following
objectives: (i) investigation of the effect of drought stress on some morphological and physiological traits of Kochia
prostrata. According to the objectives, the following questions are considered: (i) which Physiological properties of
the Kochia prostrata are most affected by drought stress? (ii) What drought stress had the greatest impact on the
morpho-physiological traits of the Kochia prostrata? Therefore, it can be assumed that: (i) Water potential is more
affected by drought stress than other plant physiological characteristics. (ii)) Drought stress 25% FC significantly
affects the morpho-physiological traits of Kochia species. The results of this study can increase our understanding
of the selection of species compatible with arid regions and the effect of drought stress on the growth and yield of

rangeland species.

2. MATERIALS AND METHODS
2.1. Seed Collection and Storage

Kochia prostrata seeds were collected from the Hassan Lahash (Amol rangelands) in Mazandaran province,
northern Iran in, 2020. The annual precipitation of the Hassan Lahash is 820 mm, with an average yearly
temperature of about 6.8 °C and the region extends at an altitude range of 1340 m above sea level. These seeds were
air- dried for a few days and stored in paper bags at room temperature; the seeds were immersed in sodium

hypochlorite solution (5%) for 3 minutes to be sterilized, then washed with distilled water, and dried on filter paper.
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2.2. Tetrazolium Test and Breaking Seed Dormancy of Kochia Prostrata

The Tetrazolium test was performed to evaluate the viability of seeds of K. prostrata [307]. Seed viability is
determined using the tetrazolium test and by changing the colour of the seeds. In this experiment, after soaking the
seeds in tetrazolium solution, the seed turns pink when the embryo is healthy, and the viability of the seeds is
determined by counting the seeds with a reddish-pink seed [317]. Before examining seedlings' morphological and
physiological traits, the seeds were disinfected with a 20% sodium hypochlorite solution [327]. Treatments applied
to break the dormancy of Kochia seeds include Control (distilled water, not scarification, not cold stratification),
scarification of the seeds with sandpaper, and cold stratification for 1, 2, 3, 4 weeks at 4° C. At each time, the seeds
were sown in 4 replications of 25 seeds with 5 ml of distilled water in 9 cm Petri dishes on filter paper and placed at
25° C and 60-80% humidity for two weeks in a germinator. Seed dormancy failure was assessed based on

germination percentage every 24 hours after sowing in germinator.

2.3. Experimental Site and Cultivation

This study was carried out under greenhouse conditions. Soil samples were collected from Peshert rangelands,
which are 110 km southeast of Sari city. A composite sample was prepared after mixing and levelling the soil to
determine the physical and chemical properties of the sampled soils. Soil physicochemical properties were measured
Table 1. A 1:2.5 soil to water solution was used to measure the pH of the soil using an Orion lonalyzer Model 901
pH meter. In a 1:2.5 soil: water solution, EC (Electrical Conductivity) was measured using an Orion lonalyzer
Model 901 EC meter [337]. The Walkley-Black method is applied to estimate organic carbon 347, and the Micro-
Kjeldahl method was utilized to determine total nitrogen [357]. The Bouyoucos hydrometer method was used to
measure soil texture [367]. The reference weight, the soil moisture curve used to determine the relationship
between soil moisture potential and moisture, was determined using the formula from Saxton, et al. [377. The soil
texture was loamy, field capacity 21% and a Permanent wilting point of 10.1%. For cultivation in the greenhouse,
seeds were sown in the pot (25 seeds per pot of 15 cm high and 15 cm diameter filled with 2/5 kg of natural habitat
soil and four drought levels of 25, 50, 75, and 100% of field capacity) with three repetitions in greenhouse conditions
after 120 days of irrigation (the amount of water in each irrigation period was based on (PWP (Permanent wilting
point)l, FCZ). First, reference weight was determined, and then irrigation was performed. At the end of the
experiment, photosynthesis, leaf transpiration, stomatal conductance, and leaf temperature were measured using
Exchange Gas + LCP,,* [387. Plant length and root length were measured using a ruler from the base to the apex.
Other morphological traits, including root and biomass dry weight, were measured at the end of the experiment. To
determine the dry root biomass in each pot, the roots were taken out of the pots and washed and then placed in an

incubator at a temperature of 70°C, and their weight was measured as dry root biomass.

Table 1. Some chemical and physical traits of the soil used.

g 0 Aggregate | Water
Soil Clay | Silt | Sand | N s Ec .
Parameters | (%) | (%) | (%) | (%) sta(lz;l)lty cozl(;e)ct (nS/cm) Bd(g/cm’) | pH
0 0
26 30 44 0.05 0.614 2.94 137.7 1.36 8.39

2.4. Statistical Analysis
The experiment was conducted with a completely randomized design, and the data were statistically analyzed
using SPSS,.22 Statistical package for social science software. The first, the condition of data normality, was tested

by the Shapiro-Wilk test, and Levene’s test was used to examine the equality of the variances. To compare the

! Permanent wilting point.

2 Field capacity
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means, the Duncan test was used in the case of homogeneity of variance. Next, the effects of four water supply

treatments were tested via one-way analysis ANOVA (Analysis of Variance).

3. RESULTS

3.1. Tetrazolium Test and Breaking Seed Dormancy of Kochia Prostrata

Based on the seed viability test (Tetrazolium chloride), the seeds Kochia prostrata are 89% viable and have

potency Figure 1. Vivid textures in bright pink to red, uniform texture colouring and Non-living tissues are

reddish-brown, and the tissue is stained. The vigour of the seed indicates how healthy and vigorous it is. As a result

of this test, it is feasible to estimate how much the plant will produce in response to certain pests and weather

circumstances.
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Figure 1. Viability testing.
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The results showed that distilled water (control, not scarification, not cold stratification) treatment had a

significant effect on germination percentage and other germination indices that the highest germination percentage

(54%) was related to distilled water treatment Table 2, Figure 2.

Table 2. Analysis of variance of seed germination traits of Kochia prostrata under different treatments.

Distilled Scarification Cold Cold Cold Cold
water Stratification | Stratification | Stratification | Stratificatio
Traits of the for 1 week for 2 Week for 3 Week n
measured item For 4 Week
F pP- F pP- F pP- F p- F pP- F P-
value value value value value value
Germination 7.83 0.01 1.54 0.227 5.76 0.025 0.01 0.89 0.66 0.425 0.28 0.596
percent(%)
Mean 0.154 0.698 3.38 0.079 4.04 0.0570 0.09 0.763 0.88 0.358 0.000 0.930
Germination
Time(%)
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Figure 2. Germination percentage of Kochia prostrata under different treatments of seed dormancy failure.

3.2. The Effect of Drought Stress on the Physiological and Morphological Traits

The study results of drought stress on plant physiological features show that drought stress's effect on the
analyzed species' physiological traits differs statistically significantly. The lowest rates of photosynthesis, stomatal
conductance, transpiration, and mesophyll were observed in the 25% stress treatment (0.8 mmol m-'s’!, 0.070
mmol m-'s”!, 1.70 mmol-?s-!, and 894.13, respectively) Figure 3. All traits except the plant water potential parameter
under drought stress (drought stress did not significantly affect this parameter) have a statistically significant
difference Table 3. According to the findings, the analysis of the effect of drought stress treatment on the
physiological traits of the plant showed that this treatment, respectively, the amount of I drought stress (F =
981.30; P = 0.000), had the most significant effect on the amount of plant photosynthesis (The minimum rate of
photosynthesis was 0.38 in 25% stress and the maximum rate of photosynthesis was 0.85 mmol m-'s! in 100%
stress Figure 3). In measuring the plant water potential parameter, the stress effect did not significantly impact
plant water potential Figure 3. The analysis results for plant transpiration showed that drought treatment (F =
24.78; P = 0.001) was significantly affected at a 1% level. They showed a significant effect on the drought stress
orifice conductance parameter (F = 22.08; P = 0.016 Figure 3) at a 1% level. Analysis of the effect of stress
treatment on mesophilic traits showed: that drought stress (F = 7.31; P = 0.0001) was significant at a 1% level
(Table 3, Figure 3). The highest photosynthesis values, stomach conductance, and transpiration are related to non-
selective treatment (0.85 mmol m-'s”!, 0.085 mmol m's?!, 1.91 mmol ms-> respectively), and the lowest water

potential was observed in the treatment of 75% water stress (-14.21 M pa).

Table 8. Analysis of variance of physiological traits of kochia prostrata under drought stress.

Physiological properties Water supply

F- value p-value
photosynthesis 981.30 0.000
water potential 2.09 0.104
leaf transpiration 24/18 0.000
Stomatal conductance 22.08 0.000
Mesophylle 7.31 0.000

A value of f indicates the magnitude of the impact as well as a significant level at the 95% confidence level.
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Figure 3. The mean of gas exchanges and leaf water potential parameters under the water supply.
Values are mean * SE (Std.Error).

The variance of morphological traits of K. prostrata species under drought stress treatment indicates the
significant effect of drought stress on the mentioned traits. Analysis of the effect of treatment at different
concentrations on plant biomass traits in order of I value showed that stress (FF = 102.0; P < 0.0001 Figure 4) had
the most significant effect. The analysis results for root biomass showed that stress treatment (F = 37.38; P <
0.0001

Figure 4) after plant biomass had the most significant effect. Measuring the effect of drought on root length
characteristics showed that stress (F = 6.60; P < 0.0001 Figure 4) had the most significant impact. In the parameter
of plant height, stress (I = 19.398; P < 0.0001 Figure 4) showed the most significant effect on this trait Table 4.
The effect of drought stress also showed that the highest level of morphological traits of Plant length, Root length,
Plant dry weight and root dry weight were observed in the 100% stress treatment (14.77mm, 8.84mm, 282.70mg,
20.95 mg, respectively). But as water stress goes up to 25%, the values of all morphological variables go down
Plant length, Root length, Plant dry weight and Root dry weight (10.67mm, 7.41mm, 171.45mg, 11.02mg,

respectively) and stress treatment has a big effect on all of them.

Table 4. Analysis of variance of morphological traits of kochia prostrata under drought stress.

Morphological properties Water supply

F- value p-value
Plant length 19.398 0.000
Root length 6.60 0.000
Plant dry weight 102.09 0.000
Root dry weight 37/38 0.000
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Figure 4. The mean of weight and height growth of the seedlings of k.prostrata under different
water supplies (100, 75, 50 and 25% of FC). Values are mean + SD.
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4. DISCUSSION
4.1. Seed Dormancy

This study indicated that K.prostrata displayed physiological seed dormancy. In this study, distilled water
treatment (control, not scarification, not cold stratification) and scratching treatment proved to be the most
effective method to break dormancy. Kildisheva (897 Stated that cold stratification is one of the most effective ways
to break the physiological dormancy of seeds, and our results did not match the results of studies. In a study by
Yazdanshenas [407, it was shown that The use of (distilled water) soaking the seeds of Amaranthus cruentus species
has improved germination and Scarification treatment could have a positive effect on seed germination percentage
of Amaranthus cruentus, this study is consistent with our study. Considering that treatments such as distilled water
and Scarification have improved the seed germination of the tested species, it shows that this plant's seeds have

physiological dormancy caused by external and internal factors [227].

4.2. Physiology and Morphology Traits

Plants use morphological, physiological, and metabolic changes to mitigate drought's harmful consequences
and respond to stress Babaeli, et al. [417. Ivania, et al. [427] discovered that water restriction substantially impacts
the growth of parsley aerial parts. The degree of stomatal resistance, water potential, transpiration, and relative
moisture content is essential to plant physiology variables influencing plant water relationships [437. By reducing
the water available in the soil, the first option for plants is to close the pores against stress. Closure of the pores
leads to disruption of the carbon dioxide uptake process and damage to the Calvin cycle, followed by a reduction in
photosynthesis [447]. Hence, our results support previous findings, showing that increasing drought stress reduces
photosynthesis. Drought and dehydration cause chloroplasts to break down and chlorophyll to decrease, which
reduces plant photosynthesis [45, 467]. The stomatal often responds to drought immediately after any significant
change in leaf water potential and relative leaf moisture [477]. Therefore, the decrease in relative leaf moisture can
be considered an indicator of drought stress. This study indicates that with increasing drought stress, the
physiological traits of the plant, such as photosynthesis, transpiration, and stomatal conduction, showed a
significant decrease that indicates a high correlation of these variables with drought stress. The high sensitivity of
photosynthesis to drought is due to the closure of pores and reduced access of chloroplasts to carbon dioxide. Low
cell water potential directly affects the structure of components involved in cellular photosynthesis Sadati, et al.

[487. Zoghi, et al. [497] investigated photosynthesis, transpiration, and stomatal conductance Seedlings of Quercus
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castaneifolia  decreased significantly when they were under severe water deficit (40 percent FFC). In our study, under
severe water deficit (25 percent FC), the physiology traits of Kochia prostrata decreased significantly. The analysis of
the data revealed that drought stress has a substantial effect on the morphological traits of Kochia prostrata species.
As drought stress increased, the average weight of shoots decreased, indicating a significant difference between land
treatments, with the maximum average weight of plants weighing about 282.70, associated with 100% treatment.
which is consistent with many results of previous research [41, 507. As drought stress increased, the average
weight of shoots decreased, indicating a significant difference between land treatments, with the maximum average
weight of plants having a weight of about 282.70, associated with 100% treatment. Since vegetative growth in
plants is affected by various factors, one of these critical factors is the amount of water available to the plant [517.
This theory showed that it is a suitable strategy, and using this method, the plant can continue to absorb nutrients
with minimal energy expenditure [527. This study showed that plant height was also affected by different levels of
drought stress. With increasing drought stress, the average length of aerial parts showed a decreasing trend, which
caused a significant difference between treatments. It became dry. The highest mean shoot length was related to the
treatment of 100% of field capacity with 14.77 cm, and the lowest value of plant length was associated with the
treatment of 25% of field capacity with 10.67 cm (Figure 4) which is the first noticeable effect that drought stress
has on plants. We can point to the decrease in plant height and smaller leaf size, which our studies are consistent
with the investigation. According to the results, drought stress significantly affects root length characteristics.
Therefore, the highest average root length, 8.84: cm, is related to drought stress treatment of 100% of field capacity.
Alternatively, the lowest value of root length, 7.41 cm, is associated with applying 25% of field capacity. In a 2010
study by Rodriguez-Gamir, et al. [537. The reduced yield of safflower species under water stress was attributable to
reduced leaf area under various salinity treatments, which decreased light absorption by plants and, as a result,
reduced dry matter in follows, However, in the present study, although the morphological characteristics of the
plant decreased with increasing drought stress, moderate to severe drought stress of 50-75% did not have a
significant effect on the morphological characteristics of the plant. A study by Rassam [54] examined the effects of
four levels of drought stress on Hyssopus officinalis medicinal plants. This study showed that although drought
stress harmed the morphological characteristics of the studied species, the lack of significant differences between
mild stress and control treatment of the studied traits shows that Hyssopus has relative resistance to drought stress.

This study's results were consistent with those of the current study.

5. CONCLUSION

Although plants under drought stress conditions try to keep themselves in the ideal situation, this trend in the
early days of stress can only prevent profound changes in plant composition. After some time, the plant is strongly
affected by applied stresses and shows significant differences in quantity and quality with non-stress conditions.
According to this study, drought stress influenced the morpho-physiological traits of the plant, reducing the dry
weight of roots and plant organs, root length, plant biomass, and physiological features. Among the physiological
characteristics of the studied species, drought stress did not have a significant effect on the water potential of the
plant, the results of which do not confirm the first hypothesis of our study. Drought stress at the level of 25% FC
showed a significant effect on all morphological characteristics of the studied species, so with increasing the
intensity of stress, these variables decreased, so the second hypothesis of our study was confirmed. To summarize,
the current study demonstrated that rangeland planting with the K.prostrata species is a good option for forage in
arid and semi-arid rangelands because drought stress of 50 to 75% does not significantly reduce the morphological
characteristics of this species. And this species can be introduced as one of the drought-tolerant species in arid and
semi-arid regions. It could also be concluded that the establishment of Kochia prostrata seedlings may be more

successful in the degraded regions for rehabilitating of rangelands in arid and semi-arid areas.
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