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Drought is one of the most harmful abiotic stresses affecting the development and yield of the
common bean (Phaseolus vulgaris L.). The current climate change and the resulting increased
drought will worsen the negative impact of water stress on the plant. The powder of orange peel
and cauliflower waste were added as soil supplementation at rates of 7 and 15 g/pot to pots of
Phaseolus vulgaris L. under different drought conditions. The growth and physiological analysis
were estimated after flowering period of common bean. In the pots where drought will be applied,
irrigation was stopped for 2, 4, 6, 8 and 10 days during the flowering period and irrigation was
performed again after water stress application. To measure moisture percentage of pots, first dry
pots were weighed and after irrigation, their moisture variation in terms of percent was measured
during stress from 2 to 10 days. The highest plant height was obtained from control. Leaf area
decreased significantly despite the application of different powder, especially after 4 days of
drought conditions. The highest root fresh and dry weight, raw ash were observed under control
with the application of 7.5 g orange peel powder. Shoot dry weight decreased as the number of days
exposed to drought increased, and the application of 15 g orange peel and cauliflower powder gave
the highest results compared to control conditions. The highest dry matter was obtained from the
application of 7.5 g and 15 cauliflower powder in the absence of drought. It has been revealed that
as the duration of exposure to drought increases, the value decreases and plant powders are effective
in increasing this value. Chlorophyll a, chlorophyll b and total chlorophyll values decreased
significantly with drought, and the highest value was obtained from control conditions, followed by
15 cauliflower powder applications.
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Introduction

One of the most important factors limiting plant growth
and yield is water. It causes reductions of up to 60% in seed
yield worldwide. With the changing climatic conditions, it
is estimated that heat and drought stress will cause
problems in production, especially in regions where high
temperature and water are limited. Therefore, considering
the increased input costs, drought resistance becomes even
more important in the selection of common bean
production in regions prone to drought stress (Hussaini et
al. 2021; Singh et al., 2022).

Drought is one of the main abiotic stress factors that
prevent the growth, development and yield of plants all
over the world and it affects germination, vegetative and
generative growth differently depending on the frequency
and duration of the stress (Anjum et al., 2017). At the
germination and seedling stage, it has a negative effect on
plant growth by affecting morphological (seedling height
and seedling biomass), physiological (water content),

This work is licensed under Creative Commons Attribution 4.0 International License

biochemical (amylase, protease and lipase activities) and
molecular (stress proteins, aquaporins and dehydrins)
properties (Yigit et al., 2016; Hura et al., 2022). Drought in
the vegetative period affects important plant processes
such as photosynthesis, mineral nutrition, metabolism,
translocation, phytohormone, transpiration (Fathi and Tari,
2016; Okunlola et al., 2017; Jyoti et al., 2017). In the
generative period, it significantly reduces grain
development, grain number, grain weight, yield and yield
components and quality (Liu et al., 2018; Kuwayama et al.,
2019). In the case of water deficiency in plant cells,
morphological changes including limited growth and
development, decreased photosynthesis efficiency and
yield, and disorders in primary and secondary plant
metabolism are observed (Grzesiak et al., 2002; Hura et al.,
2016; Gupta et al., 2020; Wojcik. -Jagta et al., 2020). Plants
prevent dehydration by performing an effective water
uptake with a well-developed root system. They exposed
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to water stress synthesize and accumulate preservatives
such as dehydrins or carbohydrates that stabilize the
phospholipids of their cell membranes (Larcher, 2003).
Drought, associated with abscisic acid (ABA) content,
decreases transpiration rate, stomatal conductivity by
stomatal closure and causes a sudden decrease in
photosynthesis and CO; assimilation, significantly
reducing growth and yield (Aghaee and Rahmani, 2020).
Fruit peel waste accumulates daily in significant
amounts at domestic and industrial levels. They are
important mineral nutrients such as calcium, iron,
potassium, zinc, and are used as natural fertilizers, and also
regulate the pH of the soil (Jariwala and Syed, 2016).
Banana peel is a source of essential amino acids, fiber,
polyunsaturated fatty acids and potassium (Qader, 2019).
Citrus peels, like orange peel contain important
components such as sugar and acids that affect soil acidity,
photosynthesis and plant growth (Shed, 2005). Jariwala
and Syed (2016) emphasized that fruit peels (sweet lime
peel, orange peel, banana peel, pomegranate peel, citrate
peel powder, alkaline peel powder) are effective in
regulating the pH of the soil while citrate peel powder is
used to reduce the phosphorus content of the soil. In
addition, these fruit peels contain high amounts of nutrients
such as N, P, K as a natural fertilizer (Jariwala and Syed,
2016). Apart from reducing pollution, banana peels contain
nutrients such as potassium, calcium, magnesium, sulfur,
phosphate and sodium for plants, increase soil fertility and
the number of branches, and help plants to be resistant to
diseases (Panwar, 2015; Qader, 2019). Cytokinins in fruit
peels cause an increase in root length (Singh and Prasad,
2014). It was observed that the application of banana peels
to the okra and the fruit peel to the Solanum scabrum
positively affected the root length (Sakpere et al., 2018). It
has been reported that fruit peel powder applications cause
an increase in fenugreek plant height (Mercy et al., 2014),
shoot height in Solanum scabrum (Kadir et al., 2016) and
banana peel plant height in basil (Tan and So, 2018). Altaee
(2019) emphasized that 10 g of banana peel powder applied
to Narcissus daffodil L. significantly increased plant
height, number of leaves, leaf length, chlorophyll content,
number of flowers and length. In another study, it was
stated that banana peel extract provided a maximum
increase in chlorophyll a, chlorophyll b, total carotenoids
and accordingly total pigments and photosynthetic
pigments (Bakry et al., 2016). It was emphasized that foliar
application also significantly increased the yield of quinoa.
The application of fruit peel powder to the soil increased
the leaf area in rye and the application of banana peel
increased the leaf area in pea (Mercy et al., 2014; Wazir et
al., 2018). Large amounts of peel are produced from
oranges in a year. This waste product is a good source of
molasses, pectin and limonene. It has been observed that
orange peel powder significantly changes wheat dough
properties and bread quality in terms of fiber, pectin and
polyphenol content (Han et al., 2021). In another study, it
was determined that banana and orange peels significantly
increased plant height, number of branches, water content,
number of pods, chlorophyll a, total chlorophyll content
and carotenoids in chickpea (Qader, 2019). Banana peel
extract applied at a dose of 500 mg/l increased the yield of
quinoa due to its antioxidant properties (Sathya et al., 2014;
Bakry et al., 2016). Fruit peel applications increased shoot

and root growth rate, leaf pigments, relative water content
and membrane stability index in Schefflera arboricola L.
plant (El-Serafy et al., 2023).

Climate change and agriculture are interrelated
processes and drought stress causes serious yield losses
(Shafgat et al., 2021). Understanding the physiological and
molecular basis of plants' adaptation to drought will
provide new avenues for breeders to develop cultivars that
are drought tolerant at key stages of growth and therefore
better adapted to global climate changes. Another
important issue is that fruit peel wastes accumulate in the
environment in large amounts every day. This creates a
serious problem and environmental pollution. Fruit peels
are very rich in macro and micronutrients that are
beneficial for plant growth. Therefore, using it as a
fertilizer will reduce the amount of waste and the use of
chemical fertilizers. Citrus peels are also rich in pectin and
polysaccharides. The supportive effect of vegetable and
fruit waste on plant growth is due to the presence of natural
antioxidants such as vitamins, flavonoids, phenolic
compounds necessary for plant growth.

Almost all of our soils are poor in organic matter. Due
to the lack of organic matter, soil compaction occurs. It
becomes tighter with the use of chemicals. Water
permeability decreases. There is a drought problem in our
lands, and due to compaction in the event of rainfall, water
cannot penetrate deep into the soil. Therefore in this study,
acidic orange peel, which is a natural source of antioxidants
and an important waste, and cauliflower stems and leaves,
which leave a large amount of residue in public markets,
were used. It is thought that these wastes will improve the
morphological and physiological characteristics of the
bean plant by increasing soil moisture and plant water
content under drought stress.

Materials and Methods

The research was carried out as a pot experiment in the
application area of Aydin Adnan Menderes University,
Kocarli Vocational School. The maximum average
temperature value of the area where the research was
carried out in 2021 is 25.7°C, and the average minimum
temperature value is 10.9°C. The total annual precipitation
is 482.8 mm. For many years (1970-2021), the average
temperature value is 17.7°C, and the precipitation value is
644.7 mm in total. Seeds of Oturak Ayse bean cultivar were
used in this research. The experiment was arranged in a
completely randomized design with three replicates

Material supply and processing peels and residues

Orange peels were obtained from the fruit juice factory
in Sultanhisar, besides cauliflower leaves and stems were
obtained from the public markets. Fruit peels and vegetable
stems and leaves collected in February were cleaned and
foreign materials were removed. Afterwards, fruit peels
and vegetable stems and leaves were cut into small pieces
of 1-5 cm and left to dry for 20-25 days. Then, dried fruit
and vegetable wastes were pulverized with the help of a
grinder. The ground samples were sieved separately using
a 2 mm sieve and kept in tightly closed containers at room
temperature (EI-Bassiouny et al., 2016; Jariwala and Syed,
2016).
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Material supplementation and sowing

The pot experiment was created by using 3 different
doses (0, 7.5, 15 g/pot) of dried and ground powders
obtained from 2 materials (orange peel and cauliflower
leaves and stems)] wastes. Fruit peel and vegetable leaf-
stem reside powders were filled into 108 pots (24 cm length
and 21 cm deep), mixed with 7 kg of sandy-loamy soil
sieved with 2 mm sieve. Five seeds were sowed in each pot
and then reduced to three plants. Urea and super phosphate
fertilizer was added to the pots at a rate of 10 kg.da™* before
sowing (Muhummed, 2004). In the pots where drought will
be applied, irrigation was stopped for 2, 4, 6, 8 and 10 days
during the flowering period and irrigation was performed
again after water stress application (Rahimi et al., 2010).
To measure soil moisture percentage of pots, first dry pots
were weighed and after irrigation, their moisture variation
in terms of percent was measured during stress from 2 to
10 days. Plant height, leaf area, shoot and root fresh weight,
shoot and root dry weight, dry matter, raw ash, chlorophyll
a, chlorophyll b and total chlorophyll content were
measured during the development period of the plant.

Measurement indicators

Dry matter

Ten gram (10 g) samples taken from the shoots after
flowering were weighed with an accuracy of 0.01 g in a
tared evaporation dish. It was left to dry for 3 hours in an
oven set at 105 °C beforehand, then cooled in a desiccator
and weighed. It was heated for half an hour until the
difference was 0.05, cooled in a desiccator and weighed
(He et al., 2005).

Raw ash content

The sample determined after flowering was
homogenized by grinding. 5-10 g of homogeneous sample
was weighed into a pre-burned and tared porcelain
crucible. It was burned in an oven at 550 °C to constant
weight and then cooled in a desiccator and the container
was weighed.

Determination of chlorophyll content

After flowering the samples were washed in tap water
dried, and then weighed on a sensitive balance. Then 0.5 g
of CaCOs; and 80% acetone were added, crushed in a
mortar, the extraction obtained was washed with 80%
acetone and filtered with the help of ordinary filter paper
into 100 cc volumetric flask (Figure 1). The samples taken
from here were centrifuged at 3000 rpm for 10 minutes and
then the volume of the obtained extract was measured. The
crude chlorophyll extract was then calculated as mg.total
chlorophyll/L extract by substituting the absorption values
at 645 and 663 nm wavelengths in the spectrophotometer
in the formula below (Arnon, 1949).

Total chlorophyll (TC)=20.2 x A645 + 8.02 x A663

With this formula, the total amount of chlorophyll in
one liter of the extract was found. The amount of
chlorophyll per gram of product was obtained by dividing
this value by the weight of the product used in the
extraction. In the same way, chlorophyll a and chlorophyll
b values were determined by using the following formulas
(Arnon, 1949; A.0.A.C, 1975, Cevahir, 1991, Deveci and
Salk, 2000).

Chlorophyll a (Ca)=(0.0127xA663)—(0.0026x45.6xA645)
Chlorophyll b (Cb)=(0.0229xA663)—(0.00468xA645)

Statistical analysis

All the data were statistically analyzed with analysis of
variance (ANOVA) procedures using the SPSS software
(SPSS Inc 10). The experimental data about each study
parameter were subjected to statistical analysis using the
variance analysis technique, and their significance was
tested by the “F” test (Steel and Torrie, 1980). When
differences were found in ANOVA, means were compared
using Fisher’s protected least significant difference (LSD)
test at P<0.05.

Figure 1. Effect of different dried plant powders on
chlorophyll content under drought stress conditions.

Results and Discussion

Table 1 includes data on common bean plant height. As
the drought period increased, the plant heights of beans
decreased. Orange peel application was more effective on
plant height than cauliflower waste. Orange peel powder
positively affected plant height in plants with 2 and 4 days
of drought. Application of cauliflower waste (7.5 g) to
plants until eight days of drought gave similar results to
control conditions in terms of plant heights. Increasing the
dose of cauliflower waste (15 g) was not effective in
alleviating the effects of drought stress, and plant heights
decreased. As the drought increased, the leaf area gradually
decreased in common beans. After five days of drought
stress, it was observed that the leaf water potential of
Plantago ovata and Plantago psyllium decreased
significantly, and the relative moisture content was more
sensitive to drought stress, therefore it decreased in mild
drought stress (Rahimi et al., 2010).

The highest leaf area values were obtained from the
control conditions and from the application of 7.5 g of
orange peel powder and plants without waste, respectively.
The lowest data occurred in the application of cauliflower
waste (7.5 and 15 g) under 10-day drought conditions. Low
dose orange peel powder application was effective on leaf
area under drought stress conditions (Table 2). Drought
caused morphological changes in the common bean by
reducing plant height and leaf area. Similar results has also
been observed in studies conducted by Bafion et al. (2004)
and Bhusal et al. (2020). Water increases the turgor
pressure in the plant and plays an important role in the
elongation of the plant. Drought has a negative effect on
plant height (Al-Hayani et al., 2022).

2316



Yavas and Cigek | Turkish Journal of Agriculture - Food Science and Technology, 11(12): 2314-2322, 2023

Table 1 Effect of different dried plant powders on plant height (cm) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)

duration 0 7.5 0 7.5 15
0 44.33a 44.67a 41.67a 41.00a 38.00a 41.00a
2 43.00ab 41.00b 41.00a 40.67a 37.33a 39.33b
4 43.00ab 41.00b 40.67a 38.33b 37.33a 37.67c
6 42.67bc 41.00b 39.00b 37.67b 37.00a 36.33cd
8 41.33c 38.33c 38.67hc 37.00bc 35.00b 35.33de
10 38.33d 39.33c 37.33c 39.00c 34.33b 34.00e

LSD (axexc). 1.446

Table 2. Effect of different dried plant powders on leaf area (cm?) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)

duration 0 7.5 0 7.5 15
0 42.133a 44.053a 39.110a 39.110a 23.040a 26.887a
2 41.707b 41.880b 25.897b 25.897b 21.850b 25.880b
4 40.827c 27.947c 22.880c 22.880c 21.960b 20.053c
6 29.060c 27.827c 21.050d 21.050d 20.827c 19.853c
8 27.037d 24.887d 21.047d 21.047d 21.040c 18.980d
10 21.067¢ 21.493e 20.040e 20.040e 18.103d 17.950e

LSD (AXBXC): 0.394

Table 3. Effect of different dried plant powders on root fresh weight (g) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)

duration 0 7.5 0 7.5 15
0 3.712a 4.195a 3.285a 3.208a 1.983a 3.243a
2 3.658ab 3.300b 3.050b 2.998b 1.942a 2.500b
4 3.602b 3.276b 2.800c 1.965¢ 1.766b 1.994c
6 3.449c 3.240b 2.100d 1.875d 0.700c 0.642d
8 3.286d 2.144c 1.998e 1.800d 0.688c 0.200e
10 2.108e 2.107c 1.980e 0.796e 0.685c 0.150e

LSD (AXBXC): 0.079

Table 4. Effect of different dried plant powders on root dry weight (g) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)

duration 0 7.5 0 7.5 15
0 0.149a 0.151a 0.148a 0.258a 0.082a 0.250a
2 0.140a 0.131a 0.109a 0.113b 0.079a 0.107b
4 0.139a 0.113a 0.108a 0.110b 0.076a 0.080b
6 0.139a 0.110a 0.096a 0.093b 0.062a 0.068b
8 0.118a 0.092a 0.086a 0.079b 0.060a 0.050b
10 0.093a 0.073a 0.080a 0.070b 0.060a 0.048b

LSD (AXBXC): 0.142

A significant decrease in plant height was observed in
Vigna unguiculata (Abdel Aziz, 2008; Khater et al., 2018)
and Vigna radiata L. (Bangar et al., 2019) exposed to
drought. Dry conditions at the beginning of flowering and
pod formation in Arachis hypogaea led to a significant
decrease in plant height (Muhanna and Saqr, 2016). In
other study, drought conditions in the vegetative period
caused a decrease in internode length, number of nodes,
plant height, first pod height, leaf area, shoot dry weight
and root length (Stanak et al., 2023). Similar results were
observed in the cotton (Odemis and Candemir, 2023). It
was determined that low-dose ground plant wastes applied
to the common bean together with drought stress for up to
eight days were more effective than high-dose, also orange
peel waste application. Application of fruit wastes to soil
against heat stress increased the growth of Schefflera
arboricola and the highest value was obtained in orange
peel waste compared to banana and pomegranate wastes
(El-Serafy et al., 2023).

Root fresh weight decreased significantly with drought
conditions. Application of low dose of orange peel powder
(7.5 g) alleviated the effects of drought for up to 8 days. It
was revealed that the dose increase (15 g) was more effective
on only 2-day short-term drought (Table 3). Cauliflower
waste application (7.5 g) gave similar results in drought
stress lasting longer than 6 days in common beans and was
significantly affected by stress. With the increase in drought
stress, cauliflower waste applied at high doses could not
prevent the decrease in root fresh weight (Table 3). The
highest root dry weight of common beans was obtained
under control conditions, while the lowest weight was
observed after 10 days of drought. Orange peel powder and
cauliflower wastes were not effective in increasing root dry
weight of beans against drought conditions and root dry
weight decreased (Table 4).
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The highest shoot fresh weight was obtained under
control conditions and decreased significantly with
drought. In drought conditions, low dose of orange peel
powder (7.5 g) applied did not make a significant
difference in shoot fresh weight values compared to the
control. The effect of low-dose application of drought on
shoot fresh weight was significant and positive. When the
application of orange peel powder was increased (15 g), the
applications made during 2 and 4 days of drought gave
similar results. After eight days of drought, a significant
decrease was observed. Application of cauliflower waste
in drought conditions gave lower averages than orange peel
powder. While low dose cauliflower waste was effective
for up to eight days, it showed a high decrease with the
increase of drought (Table 5). When Table 6 is examined,
it was observed that the shoot dry weight value decreased
gradually with drought stress. After 10 days of drought,
shoot dry weight of common beans decreased significantly
and orange peel powder could not prevent the decrease.
Low cauliflower waste (7.5 g) application was more
effective than high dose (15 g) in drought conditions. The
lowest value was obtained from the application of 15 g
cauliflower waste under drought stress conditions for 10
days. Root and shoot fresh weight decreased significantly
with arid conditions, 7.5 g of orange peel and cauliflower
waste application alleviated the effects of drought in
common bean under drought stress up to eight days. Root

and shoot dry weight decreased significantly in drought,
orange peel and cauliflower wastes could not alleviate the
negative effect. The application of oak leaf powder to the
tomato in drought conditions affected the root fresh and dry
weight positively (Tahir et al., 2022). Application of
Bacillus velezensis and orange peel to 20 soybean
genotypes significantly increased plant height (14.3%),
leaf area (11.4%), total above-ground dry weight (13.2%)
and root dry weight (12.5%) (Pacheco da Silva et al.,
2022). In another study conducted with peanuts, it was
observed that the application of orange peel powder against
drought stress provided the highest plant dry weight
(Bagwell, 2020).

Dry matter value in plant showed a significant decrease
in drought conditions. Higher dry matter values were
obtained in the application of orange peel powder than in
the low-dose application, except for the 10-day drought
stress. The highest value after the application of
cauliflower waste under stress conditions was obtained in
two days of drought stress (Table 7). Dry matter
accumulation in common bean decreased in arid
conditions. This is due to the destruction of chlorophyll in
the plant under stress. The fact that the leaf area is directly
related to the photosynthesis activity also affects the
amount of dry matter, yield and quality (Odemis and
Candemir, 2023).

Table 5. Effect of different dried plant powders on shoot fresh weight (g) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)
duration 0 7.5 15 0 7.5 15
0 3.877a 3.093a 3.793a 2.980a 2.560a 3.063a
2 3.810a 3.050a 2.890b 2.663b 1.930b 2.731b
4 3.517b 2.997a 2.710b 2.060c 1.870b 1.820c
6 3.103c 2.973a 1.967c 1.913c 1.740b 1.001d
8 3.160c 2.957a 1.960c 1.158d 0.977c 0.890d
10 2.767d 2.950a 1.957¢ 1.122d 0.877c 0.783d
LSD (axexcy 0.142
Table 6 Effect of different dried plant powders on shoot dry weight (g) under drought stress conditions.
Drought Orange peel (g) Cauliflower waste (g)
duration 0 7.5 15 0 7.5 15
0 0.313a 0.240a 0.284a 0.205a 0.050a 0.159%a
2 0.297b 0.232b 0.196b 0.156b 0.042b 0.150b
4 0.272c 0.208c 0.158c 0.050c 0.046ab 0.044c
6 0.250d 0.200d 0.153cd 0.049c 0.046ab 0.044c
8 0.226e 0.155e 0.150d 0.043cd 0.040b 0.030d
10 0.042f 0.042f 0.050e 0.038d 0.040b 0.026d
LSD (axexcy: 0.008
Table 7. Effect of different dried plant powders on dry matter (g) under drought stress conditions.
Drought Orange peel (g) Cauliflower waste (g)
duration 0 7.5 15 0 7.5 15
0 13.040a 11.880a 13.520a 13.650a 16.410a 14.360a
2 12.791b 11.770b 12.560b 12.160b 13.370b 12.700b
4 12.600c 11.690c 12.330c 11.800c 12.180c 12.220c
6 11.780d 11.601d 11.910d 11.727d 12.210c 12.130d
8 11.600e 11.410e 11.471e 11.600e 11.950d 11.580e
10 10.880f 11.190f 10.570f 11.450f 11.381e 11.480f

LSD (axexc). 0.064
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Table 8. Effect of different dried plant powders on raw ash value (%) under drought stress conditions.

Drought Orange peel (g) Cauliflower waste (g)
duration 0 7.5 15 0 7.5 15
0 2.380a 3.260a 2.060a 2.470a 4.020a 3.900a
2 2.281b 2.111b 1.987ab 2.280b 2.720b 2.371b
4 2.131c 2.081b 1.961b 2.071c 2.371c 2.100c
6 1.580d 1.340c 1.351c 1.834d 2.021d 1.790d
8 0.500e 0.920d 1.090d 1.530e 1.810e 1.260e
10 0.000f 0.790e 0.720e 1.440f 0.850f 0.880f
LSD (axexcy. 0.074
Table 9. Effect of different dried plant powders on chlorophyll a content under drought stress conditions.
Drought Orange peel (g) Cauliflower waste (g)
duration 0 7.5 15 0 7.5 15
0 1.110a 0.610a 0.571a 0.690a 0.620a 1.060a
2 0.490b 0.533b 0.510b 0.650b 0.450b 0.590b
4 0.470c 0.490c 0.500c 0.470c 0.410c 0.530c
6 0.350d 0.420d 0.460d 0.450d 0.350d 0.420d
8 0.320e 0.410e 0.330e 0.350e 0.320e 0.380e
10 0.270f 0.280f 0.310f 0.230f 0.201f 0.220f
LSD (AXBXC): 0001
Table 10. Effect of different dried plant powders on chlorophyll b content under drought stress conditions.
Drought Orange peel (g) Cauliflower waste (g)
duration 0 75 15 0 75 15
0 0.530a 0.340a 0.290a 0.450a 0.350a 0.520a
2 0.240b 0.260b 0.260b 0.400b 0.220b 0.490b
4 0.220c 0.260b 0.250c 0.240c 0.190c 0.320c
6 0.160d 0.200c 0.220d 0.220d 0.170d 0.270d
8 0.150e 0.190d 0.160e 0.170e 0.150e 0.200e
10 0.130f 0.130e 0.150f 0.110f 0.080f 0.100f
LSD (AXBXC): 0001
Table 11. Effect of different dried plant powders on total chlorophyll content under drought stress conditions.
Drought Orange peel (g) Cauliflower waste (g)
duration 0 75 15 0 75 15
0 1.640a 0.950a 0.860a 1.140a 0.970a 1.580a
2 0.731b 0.790b 0.760b 1.050b 0.670b 1.020b
4 0.690c 0.750c 0.760b 0.710c 0.600c 0.910c
6 0.500d 0.620d 0.680c 0.600d 0.520d 0.620d
8 0.470e 0.600e 0.480d 0.520e 0.470e 0.560e
10 0.400f 0.410f 0.470e 0.340f 0.280f 0.320f

LSD (AXBXC): 0.001

Raw ash value decreased with increasing drought
stress. In the highest drought application (10 days), this
value could not be calculated due to insufficient vegetation
and it is shown as zero in the table. It was observed that
orange peel powder application was more effective than
cauliflower waste in two and four-day drought applications
(Table 8). Raw ash content in common bean decreased
significantly with drought conditions and it was observed
that orange peel powder was more effective than
cauliflower waste in short-term drought applications (2-4
days). The highest raw ash content in chickpea was
obtained with two irrigations (3.56%) during the 50%
flower + 50% pod filling period, while the lowest value
was obtained after a single irrigation (1.66%) before
flowering (Kirnak et al., 2017). With the decrease in
irrigation, the raw ash value decreased. In another study, it
was observed that when the vetch was exposed to salt stress
the raw ash content increased with the increase in stress
(Parlak and Parlak, 2005; Al-Ghumaiz, 2013).

Chlorophyll a content decreased gradually in drought
conditions. The decreases were less at low drought degrees
and the application of low-dose cauliflower waste (7.5 g)
appeared to be more effective (Table 9). After ten days of
continuous drought applications, it was observed that the
chlorophyll b content decreased significantly. Application
of orange peel powder to common bean (7.5 g) in drought
stress up to eight days gave similar results and it was
determined that the decrease in chlorophyll b was lower
than other stress conditions. (Table 10). Total chlorophyll
decreased significantly under drought conditions, the
highest value was obtained under control conditions.
Orange peel powder and cauliflower waste could not
prevent the decrease in total chlorophyll value as the
drought period increased. The increase in the cauliflower
waste dose led to an increase in the total chlorophyll value
compared to the low application dose (Table 11).
Chlorophyll a, chlorophyll b and total chlorophyll content
decreased gradually in drought conditions.
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Chlorophyll a was more effective on drought with the
application of 7.5 g cauliflower waste. In drought stress up
to eight days, application of 7.5 g of orange peel powder to
common bean alleviated the effects of drought on
chlorophyll b value. The application of orange peel and
cauliflower waste powder was ineffective on the total
chlorophyll with the increase of drought duration.
Cauliflower waste was more effective in high dose. After the
application of Moringa olifera leaf extract from the leaves to
the soybean against arid conditions, shoot and root length,
shoot fresh and dry weight, chlorophyll a, chlorophyll b and
total pigments increased (Hanafy, 2017). Similar results
were also observed in the wheat (Azra et al., 2013). The
effect of orange peels on the photosynthetic pigments of the
quinoa in drought conditions was positive. Chlorophyll a,
chlorophyll b, carotenoid and total pigment content
increased significantly after the application in quinoa (El-
Bassiouny et al., 2016). In another study conducted with
quinoa in drought, it was observed that foliar application of
banana peel extract (500 mg/l) significantly increased the
fresh and dry weight of the plant and the shoot length
increased by 47%. Foliar application of 500 mg/l banana
peel also caused an increase in chlorophyll a (61%),
chlorophyll b (47%), carotenoid (163%) and total pigment
content (55%) (Bakry et al., 2016). Fruit peel waste
significantly improved the leaf pigment content, the highest
value was obtained from orange peel waste (EIl -Serafy et al.,
2023). In soil pollution the first organelle affected in plants
is the root. Potato peel application under stress conditions
caused a significant increase in root length, leaf area,
chlorophyll a, chlorophyll b, carotenoid and total
chlorophyll content of Vigna mungo (Askari et al., 2017).
Potato peels attract copper and prevent salt from entering the
plant due to the high carbohydrate and phenolic compounds
it contains (Azadeh et al., 2012).

Conclusion

The potential of orange peel and cauliflower waste to
stimulate drought tolerance on common bean was
investigated. These wastes applied to the soil allowed
growing common beans that are more resistant to drought
stress. Fruit peel and cauliflower waste powder improved
plant height, leaf area, shoot and root growth, dry matter,
raw ash and promoted chlorophyll content in leaves.
Against drought stress lasting up to eight days, 7.5 g/pot
orange peel application showed better performance
compared to cauliflower waste. The use of orange peels on
common beans grown in drought conditions during the
flowering period not only improved growth and plant
tolerance, but also reduced the amount of waste discharged
into the environment.
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