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ABSTRACT

The production of tomato is expected to reduce due to climate change induced major abiotic stresses like drought. So, the objectives of this study were to explore

the influences of drought on morphology and yield attributes of tomato applying different potassium fertilizer doses. A pot experiment was laid out in a Randomized
Complete Block Design with three replications. The treatments were T1(Control), T»(0.63g K/pot + 40ml water/kg soil), T3(0.5g K/pot + 40 ml water/kg soil), T4(1g
K/pot + 40 ml water/kg soil), Ts(0.5g K/pot + 70 ml water/kg soil), T¢(1g K/pot + 70 ml water/kg soil), T(0.5g K/pot + 100 ml water/kg soil) and Tg(1g K/pot +
100 ml water/kg soil). Drought levels directly reduced the plant growth attributes such as; plant height, leaf area, fresh and dry matter yield, relative water contents,
leaf water potential, photosynthesis rate, fruit weight per plant and yield whereas; application of K+ fertilizer progressively alleviated deleterious effects of drought
stress on plant growth. Tg revealed the highest plant height at maturity stage (69.67cm), fruit number (42), fruit diameter (4.67cm), fruit weight (80.17gm) and fruit
yield (3.3 Kg per pot). This study informs that an incremental increase yield by increasing levels of K on drought in case of tomato leading to improve the cultivated
variety of tomato and fertilizer management.
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INTRODUCTION

Bangladesh has been experiencing significant changes in environmental conditions over the last 30 years due to the effects of climate change. Bangladesh
currently ranks as one of the world's foremost disaster-prone country. Ensuring food security for all is one the major challenges that Bangladesh faces
today. Nowadays, the main limiting natural resource is widely considered to be water. Drought is the most complex but least understood of all-natural
hazards in Bangladesh. Drought stress is responsible for water scarcity in plants (Hasanuzzaman et al., 2014). Every year, generally from mid-September
through mid-November, this crisis occurs. People call the period Mora Kartik, meaning the month of death and disaster. Too little rainfall creates drought
situations. Drought is a major factor limiting productivity in agriculture and have caused a collapse in food production by reducing uptake of water and
nutrient (Du et al., 2010). Despite important achievement in food grain production and food availability, food security at national, household, and
individual levels remains a matter of main concern for the government mainly due to drought (Kashem and Faroque, 2013). Drought is being considered
as the main cause which hampers the estimated agricultural production, here in Bangladesh over the last few decades (Dey et al., 2011). Tomato
(Lycopersicon esculentum Mill.) belongs to Solanaceae (nights hade) family and considered as one of the most important, popular, and nutritious
vegetables that has achieved tremendous popularity around the world (FAOSTAT, 2014). Tomato is a warm season horticultural crop that is sensitive to
cold (Afshari et al., 2014) and can be grown both in the wet and dry seasons with an annual rainfall of 60-150 cm. Tomato is rich source of minerals and
vitamins, its distinctive nutritional attributes play an important role in reducing risk of cardiovascular and associated diseases through their bioactivity in
modulating disease process pathways (Dias, 2012. According to the Bangladesh Bureau of Statistics, tomato production in Bangladesh was around 4.4
million metric tons in 2020. Potassium (K) is a key element for crops growth and productivities (Munns, 2002) and plant growth is limited if the Potassium
supply is interrupted, such as excessive potassium outflow caused by increasing of cellular membrane permeability (Tomemori et al., 2002). Plants
deficient in potassium are less resistant to drought, excess water, and high and low temperatures. They are also less resistant to pests, diseases and
nematode attacks. Potassium affects quality factors such as size, shape, color and vigor of the seed or grain. Potassium builds cellulose and reduces
lodging and activates at least 60 enzymes involved in growth. It helps in photosynthesis for food formation, translocate sugars and starches and improves
grains starch, protein content of plants, maintains turgor pressure and reduces water loss and wilting. Drought can occur in any climate of the world and
cause harmful impacts on human beings and natural ecosystems (Saadati et al., 2009). Drought may be meteorological (problematic weather patterns),
hydrological (lack of rain), agricultural (low commodity production) and socio-economic (low incomes and social consequences) explanations; that it is
drought's impact on people and their activities (Wangai, 2013).


http://www.ijrpr.com/
mailto:nazmunsau@yahoo.com

International Journal of Research Publication and Reviews, Vol 4, no 12, pp 3526-3534 December 2023 3527

MATERIALS AND METHODS

A pot experiment was conducted at Agroforestry and Environmental Science Field Lab, Sher-e-Bangla Agricultural University (SAU), Dhaka-1207,
during the period of November 2021 to March 2022. The soil of the experimental site was collected from SAU Field which was sandy loam. Topsoil was
collected from the experimental field. The soil was thoroughly mixed with compost (1/4th of the soil volume) and 1.2 g urea, 0.9g TSP, 0.6g Mop per
pot were incorporate uniformly into the soil. Each pot was then filled with 14 kg previously prepared growth media (soil and cow dung mixture). Healthy
and uniform 30 days old seedlings were transplanted in the experimental pots in the afternoon of 28 November 2021.The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications. In this experiment BARI Tomato 8 was used. BARI Tomato 8 variety was treated
under drought condition with different dose of potassium. Water was applied in different amount after 5 days interval except control condition. Eight
treatments were used in the experiment. Treatments such as T1= control condition, T2= (0.63g K/pot + 40ml water/kg soil), T3= (0.5g K/pot + 40 ml
water/kg soil), T4= (1g K/pot + 40 ml water/kg soil), T5 = (0.5g K/pot + 70 ml water/kg soil), T6 = (1g K/pot + 70 ml water/kg soil), T7 = (0.5g K/pot +
100 ml water/kg soil), T8 = (1g K/pot + 100 ml water/kg soil) were applied in plant. Weeding and mulching were accomplished when necessary. As a
preventive measure against as the insect pest Malathion 57 EC was applied @ 2 ml L-1. To prevent plants from fungal infection. Dithane M-45 was
applied @ 2 g/L at the early stage against late blight of tomato. Harvesting was started from 23 February 2022 and was continued up to 19 March 2022.
Plant height, leaf and branch number were measured at vegetative, reproductive and maturity stages. Chlorophyll (Chl) content in terms of SPAD (soil
plant analysis development) values was recorded using a portable SPAD 502 Plus meter (Konica-Minolta, Tokyo, Japan. Soil moisture content was
measured with moisture meter at flowering stage. Plant yield parameters such as cluster number, fruit number, diameter and size and yield were measured.
Collected data were statistically analyzed using Statistic 10 software. Mean for every treatment were calculated and analysis by Least Significant
Difference (LSD) test at 5% level of significance (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION
1. Effects of drought and potassium levels on plant morphological parameters

1.1 Effects of drought and potassium levels on plant height of tomato

Plant heights of tomato variety were measured at 45, 60 and 85 days after transplanting (DAT). At vegetative stage tallest plant was found from T4 (1g
K/pot + 40 ml water/kg soil). At T1 (Control), T5(0.5g K/pot + 70 ml water/kg soil), T6(1g K/pot + 70 ml water/kg soil), T7(0.5g K/pot + 100 ml water/kg
soil), T8(1g K/pot + 100 ml water/kg soil) the plant height was statistically similar which was about 29 cm. The smallest plant (28cm) was recorded from
T2(0.63g K/pot + 40ml water/kg soil). At flowering and maturity stages there was also significant difference among the treatments. The tallest plant was
found from T1 which was 60.33 cm. There were similar plant heights at T4, T6, T7) and T8. The smallest plant was found from T2 and T3. At maturity
stage tallest plant (69.67cm) was found from T8 and smallest from T2 which was 63.00 cm.

Khan et al. (2015) found that plant height of tomato variety was lower in drought stress condition compared to stress free condition. Khan et al. (2020)
resulted that tomato plant height decreases in drought condition. Zhou et al. (2017); Ragab et al., (2007) and Whab et al., (2011) found similar result in
tomato plant at drought condition. Quddus et al., (2019) found application of different levels of potassium increased the plant height of mungbean plant.
Sultana et al., (2015) found use optimum level of potassium (K) for maximum height of tomato. Lester et al., (2005) found available K improve the
physical quality of plants. Chapagain and Wiesman (2004), found Potassium increases tomato plant growth. Drought stress condition interferes plant
physiological activities and causes gradual decrease of plant height (Conti et al., 2019; Lisar et al., 2012). Application of Potassium fertilizer on drought
condition improve plant height. Potassium ensured the availability of other essential nutrients. As a result, maximum growth and plant height was
occurred.

Table 1. Effects of drought with potassium levels on plant height

Treatments Plant height(cm) at different days after transplanting (DAT)
45 60 85
T1 29.67 a 60.33a 67.67 ab
T2 28.67 ab 56.00 ¢ 63.00d
T3 27.67b 56.00 ¢ 64.00 cd
T4 30.00a 59.00 ab 66.67 b
T5 29.33a 57.67 bc 65.67 bc
T6 29.67a 58.33 ab 66.67 b
T7 29.00 ab 59.00 ab 64.00 cd
T8 29.00 ab 58.67 ab 69.67 a
CV (%) 3.05 2.23 1.78
LSD NS 2.26 2.05
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1.2. Effects of drought and potassium levels on Number of branches plant-1
At 35 DAT, the highest number of branches (4) were obtained from T6 treatment and the lowest number of branches (3) were recorded from T2. At 55
DAT, there is no significant difference among the treatments. The highest number of branches (4.66) were obtained from T1 and the lowest number of

branches (3.66) were recorded from T3. At 80 DAT, there is significant difference among the treatments, the highest number of branches (6) were found
from T1. At T4, T6, T7, T8 which were 5.33 and the lowest number of branches (4.66) were recorded from T3.
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Figure 1. Effect of drought and potassium levels on number of branches per plant at different days after transplanting
1.3. Effects of drought and potassium levels on Number of leaves plant™.

At 65 DAT, highest number of leaves per plant (34.667) was recorded from T1 and the similar results about 31.66 were found from T4, T5, T6, T7
treatment. The lowest number of leaves per plant (25) was recorded from T2 and T3 treatment. Weershinghe et al. (2003) Found same result in case of
check pea. Ibrahim (1990) reported similar findings for chickpea in case of drought. Ragab et al., (2007) and Whab et al., (2011) found similar results in
tomato plant in case of drought condition. Hossain et al. (2009) who found that increasing potassium fertilizer levels increased number of leaves per
plant and shoot fresh weight in carrot. Akand, et al., (2016) found that application of potassium fertilizer improves leaf number per plant. Potassium
protects leaves from dehydration by inducing accumulation of solute such as proline, thus lowering osmotic potential that maintains plant cell turgor
under osmotic stress (Egilla, et al., 2005).
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Figure 2. Effect of drought and potassium on number of leaves per plant at LSD (o0s) 3.32 with CV 6.19%
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2. Effects of drought and potassium levels on plant physiological parameters
2.1. Effects of drought and potassium levels on SPAD Value

At 65 DAT, the highest SPAD value (36.63) was obtained from T2 and the lowest SPAD value (32.47) was recorded from T8 condition and all other
treatments gave the more or less similar results. At 70 DAT, the highest SPAD value (40.3) was obtained from T4 treatment. The lowest SPAD value
(37.13) was recorded from T2 condition. Sakya et al. (2018) reported drought stress decrease total chlorophyll content. Zhou et al. (2017) found similar
finding in case of drought. Khan et al. (2020) found maximum chlorophyll content found in case of drought condition in tomato plant. Similar type of
result was also found by Salama et al. (2017) in case of drought condition. A reason for decrease in chlorophyll content as affected by water deficit is
that drought stress by producing reactive oxygen species (ROS), such as 0% and H,O,, can lead to lipid peroxidation and consequently chlorophyll
destruction (Foyer et al., 1994; Hirt and Shinozaki, 2004). (Havlin et al., 2005; Prajapati and Modi, (2012). It has been reported that adequate supply of
potassium in soil improves the water relations of plant and photosynthesis, helps in osmotic regulation of plant cell, assists in opening and closing of
stomata, activates the enzymes, nodulation and synthesizes the protein (Yang et al., 2004).

Table 1. Effects of drought with potassium levels on chlorophyll content of tomato plants

Treatments Chlorophyll content (SPAD units) at different days after transplanting
50 70

T1 33300 a 39.833 ab

T2 34633 a 37.133 d

T3 34100 a 37.500 cd

T4 33867 a 40.300 a

T5 33200 a 39.633 ab

T6 33433 a 39.200 abc

T7 33600 a 38.700  abcd

T8 32467 a 37.933 bcd

CV (%) 6.75 2.88

LSD (0.05) NS 1.95

3. Effects of drought and potassium levels on plant yield parameters
3.1. Drought and potassium levels effects on Number of clusters plant™

At flowering stage 70 DAT, highest number of clusters per plant (11.67) was recorder from T7 and T8 condition. Similar data was found from T4, T5,
T6 treatment. which was about 10.33. The lowest number of clusters per plant (8.33) was recorded from T3 condition. Mohan Ram and Rao (1984)
reported that drought stress significantly interferes with flowering period, nectar production, flower opening mode and turgor maintenance of floral
organs. Sivakumar and Srividhya (2016) found early flower production in case of drought condition in tomato plant. Akter et al. (2019) found similar
findings in case of drought. Ragab et al., (2007) found flowering decreased in drought condition. Sultana et al., (2015) found maximum flowering in case
of application of K fertilizer. Clarke (1944) found little effect of potassium application on flower production Akand, et al., (2016) found similar finding
application of potassium and gibberellic acid in tomato plant. Flowering stage of tomato is highly sensitive to drought condition (Samarah et al., 2009c;
Zinselmeier et al., 1999, 1995). Potassium plays roles in flowering, phenological development, physiological maturity was delayed due to the lower
application of K (Fan, et al., 2001; Igbal, et al., 2016). (Sadig and Jan 2001).
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Figure 3. Effect of drought and potassium levels on number of clusters per plant at different days after transplanting at LSD (05 0.844 with CV 4.64%
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3.2. Drought and potassium levels effects on Number of Fruits plant* and Fruit diameter

At fruiting stage highest number of fruits (42) were obtained from T8 condition. The lowest number of fruits (24.67) were recorded from T3 condition.
Akter et al. (2019) reported that highest number of fruits produce in control condition lowest number found in drought condition. Weershinghe et al.
(2003) found that fruit number per tomato plant decreased in drought condition. Ragab et al., (2007) found similar result drought condition of tomato
plant. Mazed, et al., (2015) resulted that application of potassium fertilizer improve the Number of fruits per plant. Sultana et al., (2015) resulted that
optimum level of potassium use increase fruits per plant but Excess level of potassium use reduces the fruit production. Quddus et al., (2019) found
application of different levels of potassium showed significant increased number of pods per plant in mungbean. Akand, et al., (2016) found potassium
and gibberellic acid use in tomato plant increase number of fruits per plant. Pervez et al., (2013) who confirmed that excessive doses of K have negative
impacts on potato tubers per plant. Besides, balance potassium fertilizer improved tomato production. (Zia-ul-Hassan, 2016).

At fruiting stage 100 DAT, highest fruit weight (80.17g) was found from T8 condition and lowest fruit weight (41.20g) was recorded from T3 condition.
Similar data was found from T4 treatment which was about 67.37g. Techawongstein et al., (1992). Sakya et al., (2018) showed that tomato fruit weight
in the drought conditions decreased from 3-148% yield. Botrini et al., (2000) observed increased fruit production and fruit quality of tomato in response
of potassium. Sakya et al., (2018) in the drought conditions tomato fruit weight decreased. Again Weershinghe et al. (2003) found that drought stress
condition induces tomato yield reduction through reducing fruits per plant. Rahman et al. (1999) found that fruit weight per plant was decreased in
drought condition. Mazed, et al., (2015) resulted that application of potassium fertilizer improve the weight of individual fruit. Akand, et al., (2016)
found potassium and gibberellic acid increase average fruit weight. Hossain et al., (2009) resulted that the potassium increase tomato fruit weight. Quddus
etal., (2019) found the similar result in case of mung bean. Ghourab et al., (2000) stated that application of adequate K increases fruit weight by increasing
translocation of photosynthates to fruit and water use efficiency.

Table 3. effects of drought with potassium levels on number of fruits plant* and Fruit diameter

Treatments Number of fruits plant? at days after transplanting Fruit diameter at days after transplanting (DAT)
100

T1 41.000 ab 4.4667 ab

T2 26.000d 3.1667 ¢

T3 24.667d 3.4667d

T4 35333 ¢ 4.1333 ¢

T5 36.333 ¢ 3.9667 ¢

T6 39.000 b 4.3667 b

T7 40.667 ab 4.5000 ab

T8 42000 a 46667 a

CV (%) 4.03 3.10

LSD .05) 252 0.22

3.3. Drought and potassium levels effects on Fruit Weight

At fruiting stage 100 DAT, highest fruit weight (80.17g) was found from T8 condition and lowest fruit weight (41.20g) was recorded from T3 condition.
Similar data was found from T4, T5 which was about 67.37g. Techawongstein et al., (1992). Sakya et al., (2018) showed that tomato fruit weight in the
drought conditions decreased from 3-148% yield. Botrini et al., (2000) observed increased fruit production and fruit quality of tomato in response of
potassium. Sakya et al., (2018) in the drought conditions tomato fruit weight decreased. Again Weershinghe et al. (2003) found that drought stress
condition induces tomato yield reduction through reducing fruits per plant. Rahman et al. (1999) found that fruit weight per plant was decreased in
drought condition. Rao et al., 2000; were found Similar results in case of tomato. Mazed, et al., (2015) resulted that application of potassium fertilizer
improve the weight of individual fruit. Akand, et al., (2016) found potassium and gibberellic acid increase average fruit weight. Hossain et al. (2009)
resulted that the potassium increase tomato fruit weight. Quddus et al., (2019) found the similar result in case of mung bean. Ghourab et al., (2000) stated
that application of adequate K increases fruit weight by increasing translocation of photosynthates to fruit and water use efficiency. But excess use of
potassium reduced fruit production.
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Figure 4. Effect of drought and potassium levels on fruit weight at days after transplanting at LSD (o.05) 2.075 with CV 1.81%
3.5. Drought and potassium levels effects on Yield per plant

Total yield per plant was measured on at 110 DAT. At 110 DAT, highest yield (3.3kg) was obtained from T8 condition. Similar results were found from
T4, T5 treatment which were 2.27kg and 2.40kg respectively. The lowest yield (0.97 kg) was recorded from T3 condition. Drought stress shows very
complex effect on plant growth and development process (Zlatev and Lidon, 2012). Sibomana and Aguyoh (2013) found similar findings. Ragab et al.,
(2007) found same result in different vegetables. Sultana et al., (2015) found potassium increase the tomato production but excess fertilizer reduce
production. Mazed, et al., (2015) resulted that application of potassium fertilizer increase the yield. Quddus et al., (2019) reported that potassium increases
mungbean yield. Khan et al., (2005) found increased tomato yield by increasing levels of potassium. Javaria et al., (2012) found an incremental increase
yield by increasing levels of K. while Igbal et al., (2011) found maximum yield found potassium application. EImer et al., (2012) reported similar result.
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Figure 5. Effects of drought and potassium levels on total yield at LSD (05) 0.14 with CV 3.36%

CONCLUSION

Drought is a major factor limiting productivity in agriculture and have caused a collapse in food production by reducing uptake of water and nutrient. In
short, the results from current study ensured the recovery effect of K+ on tomato plants during drought stress situation.
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e At morphological growth, physiological and yield component, 1g K/pot + 100 ml water/kg soil treatment showed the highest performance
than other treatments.

. Highest performance found in recommended doses of fertilizer + 100ml water/kg soil and 1g K/pot + 40 ml water/kg soil for leaf, branch
number and chlorophyll content.

. In case of flower per plant, cluster no per plant, fruit no per plant, fruit diameter, fruit weight, fruit yield per plant control, 0.5g K/pot + 100
ml water/kg soil, 1g K/pot + 100 ml water/kg soil treatment shows the best performance and 0.5g K/pot + 40 ml water/kg soil treatment shows
the lowest results.
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