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Abstract: An experiment was carried out by using pots during the growing season of 2017 in a
private nursery in Baghdad governorate to study the effect of three concentrations of potassium
(K2S04) (0, 100, and 200) mg. L-1 and three treatments of water stress were irrigation every three
days (control), irrigation every sex days, and irrigation every nine days, and their interaction on
growth and yield of Vigna radiata L. plant, The experiment was designed according to a Completely
Randomized Design (CRD) with three replications.

The results showed that the effect of water stresses especially from nine days significant reduction
in the rates of studied characteristics: plant height, dry weight, pod number, pod length, seed number,
seed weight, chlorophyll content, nitrogen percentage, phosphorus percentage, and potassium
percentage; by 19.5%, 19.40%, 24%, 4.01%, 19%, 8.43%, 4.72%, 18.40%, 30%, and 22% compared
with control respectively. while the potassium-sparing showed a significant increase in the rates of
studied characteristics, especially a concentration of 200 mg. L-1, the plant height by 60.54%, dry
weight by 115%, pods number by 72%, pods length by 55.75%, seeds number by 76.6%, seeds
weight by 20.78%, chlorophyll content by 58.70%, nitrogen percentage by 31.84%, phosphorus
percentage by 176% and potassium percentage by 40% compared with control. The results showed a
significant effect of interaction between both factors in all studied characteristics especially
concentration of potassium 200 mg. L-1 and water stress sex days.
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During the vegetative growth period; water is the most important factor determining crop growth and
its impact on plant morphological and physiological characteristics, as a consequence, if freshwater
supplies are limited or inadequate as a result of high temperatures and climatic variability, Iraq
suffers from this, In addition to a lack of rain and a reduction in the levels of the Tigris and
Euphrates rivers as a result of dam building on their two sources, as a result, agricultural fields are
impacted more severely, drought is one of the non-biotic water stresses specific to plant growth and
productivity, especially in dry and semi-arid areas[1, 2]. drought negatively affects crop growth by
affecting the physiological and biochemical processes of the plant, inhibiting the division and
elongation of cells [3, 4], photosynthesis, transpiration, dissolved accumulation, and hormonal
imbalance, including the production of the effective oxygen group Reactive oxygen (ROS), which
destroys proteins and cellular membranes [5] and a decrease in the chlorophyll content of the
plant[6], which affects the growth of the plant. It has been found that water stress leads to a decrease
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in the number of branches, leaf number, leaf area, and plant height [7, 8], a decrease in pod number
and length, and seeds number in pods [9],

Adopted many agricultural methods to reduce the negative effects of water stress on the plant,
including the use of fertilizers, especially potassium, which is important in increasing the plant's
tolerance to water stress by increasing the osmotic pressure of cells and controlling the movement of
opening and closing of the stomata, which prevents the early wilting of plants exposed to water stress
[10]. Potassium activates more than 75 enzymes that contribute to the completion of many important
vital processes in the plant, including the process of photosynthesis, protein building, osmotic
regulation, stomata movement, and stress resistance [11, 12], It has been found that potassium
maintains a high water content in the plant's tissues even under extreme water stress conditions by
creating a necessary inclination for the movement of water from wood towards the leaves and then
increasing the leaves' water content [13,14].

Vigna radiata L. is an important legume and forage crop, a summer grassy plant, its life cycle is
short (70-90 days), its height is 25-125 cm, its root and low depth in the soil, grown in most
provinces of Iraq for the importance of its seeds It is a cheap source of protein-rich lysine, which is
lacking in many other grains[15] as well as its importance in improving soil properties and using it as
green feed for animals [16, 17]. The current study aims to find out the effect of potassium spraying
to mitigate the effects of water stress on the growth and yield of the Vigna radiata L. plant.

Materials and methods

he experiment was carried out in a private nursery in Baghdad governorate for the growing season
of 2017 using pots with a capacity of 8 kg of soil, to study the effect of potassium spraying, water
stress, and their interaction on some phenotypic and physiological characteristics and the yield
components of the Vigna radiata L. plant. The experiment was designed according to Completely
Randomized Design (CRD) with three replications. The seeds were sown on 26/6/2017 at a rate of
15 seeds per pot, then the seedlings were reduced to 10 seedlings. The pots were watered daily as
needed until the appearance of the leaves 4-6. Then the plants were treated with the following
treatments:

1. water stress, which includes watering every three days (counted as a control treatment), watering
every six days (6 days), and watering every nine days (9 days ).

2. Spraying with two concentrations of potassium sulfate (K2SO4) (100 and 200 mg.L) as a source
of potassium, as the stock solution of potassium sulfate was prepared by taking a certain weight of
the substance in a certain volume of distilled water and sufficient quantities to spray plants until wet.
Spraying early in the morning with a 1-liter hand sprinkler with the addition of a solution of cleaning
fluid as a diffuser to ensure complete wetness. As for the control plants (0), they were sprayed with
distilled water only. The spraying took place in two periods, the first on 1/8/2017 and the second on
15/8/2017.0n 27/8/2017, samples were taken from the shoot of five plants for each experimental
unit; Some traits such as plant height were studied by taking the rated height of the whole plant and
the shoot dry weight after drying the plants in an electric oven at a temperature of 65°C until the
weight was stable, and some physiological growth indicators were also studied, including estimating
the percentage of some nutrients of the shoot total as they were crushed the samples were dried, and
a known weight was taken from them and digested according to the method[18]. Then the percentage
of nutrients was estimated; Nitrogen was estimated using the Kjeldahl apparatus according to the
method [19], phosphorous was estimated using the Spectrophotometer according to the method [20],
and potassium was estimated using the Flamephotometer and according to the method [21]. The total
chlorophyll content of plant leaves was estimated using the Spad-502 chlorophyll measuring device
by taking three readings of several leaves for each experimental unit and then according to the rate
for them.

The remaining five plants were harvested on 6/10/2017 and some of the characteristics of the yield
components, including the number of pods, pod length, number of seeds per pod, and seed weight.
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The results were analyzed statistically according to the design of the experiment according to the
statistical program using the lowest significant difference LSD at a probability level of 0.05 [22].

Results and discussion

The results in Table (1) indicated that there were significant differences in the rate of plant height
when it was exposed to water stress, as it decreased significantly during the nine-day irrigation
period, by 19.5% compared to the control treatment, while the rate of plant height increased
significantly when spraying with potassium, an increase of 26.18 % and 60.54% at 100 and 200 mg.
L compared with control respectively, while the interaction between both factors was significant,
The highest value of plant height was 40.40 cm at a concentration of 200 mg. L™ and the irrigation
period to six days, while the lowest value is 18.13 cm at concentration 0, and the irrigation period is
nine days.

Table 1. The effect of water stress, potassium, and their interaction on plant height (cm).

potassium mg. L w3ater str6ess( da)é) Mean

0 20.13 | 25.23 | 18.13 | 21.16

100 26.90 | 31.07 | 22.13 | 26.70

200 35.40 | 40.40 | 26.10 | 33.97

Mean 27.48 | 32.23 | 22.12

water stress = 0.20
LSD 0.05 potassium con.= 0.20
Interaction = 0.347

The negative effect of water stress on the rate of plant height (Table 1) led to a significant decrease
in the shoot dry weight of the plant; As the results indicated in Table (2) the rate of shoot dry weight
decreased significantly by 19.40% during the nine-day irrigation period compared to the control
treatment, but when the plant was treated with potassium, the dry weight rate increased by 65.92%
and 115% when spraying 100 and 200 mg. L™ compared with control respectively. The interaction
between the two study factors was significant, and the highest dry weight value was 7.83 g at a
concentration of 200 mg. L™ and the irrigation period was 6 days, while the lowest value was 2.27 g
for concentration 0, and a dry period of 9 days.

Table 2. The effect of water stress, potassium, and their interaction on shoot dry weight (g ).

potassium mg. L WgterstrGess dagl ) Mean

0 3.23 | 383|227 | 3.11

100 540 | 5.87 | 420 | 5.16

200 6.53 | 7.83 | 5.73 | 6.70

Mean 5.05 | 5.84 | 4.07

water stress — 0.210

LSD 0.05 potassium con. = 0.210
Interaction=0.363

The results indicated in Table (3) that there were significant differences in the rate number of pods.
The rate number of pods decreased during 9-day drought stress by 24% compared to the control
treatment, while the rate number of pods increased significantly with an increase in the potassium
concentration by 24% and 72% at the concentration of 100 and 200 mg.L™ compared with control
respectively. As for the interaction between the study factors, it was significant. The highest value of
the number of pods was 17.67 pods at a concentration of 200 mg. L™ and the irrigation period was 6
days, the lowest value was 6.67 pods for concentration 0 and the irrigation period was 9 days.

Published by inter-publishing.com | All rights reserved. © 2023 & Page 62
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS CPER ACCESS




International Journal of Health Systems and Medical Sciences | Volume 2, No 12 |

For more information contact: mailto:editor@inter-publishing.com Dec - 2023

Table 3. The effect of water stress, potassium, and their interaction on pod number.

potassium mg. L! w;terstrgss(daé) Mean

0 8.00 | 10.33 | 6.67 | 8.33

100 10.00 | 12.33 | 8.67 | 10.33

200 15.33 | 17.67 | 10.00 | 14.33

Mean 11.11 | 13.44 | 8.45

water stress = 0.527
LSD 0.05 potassium con. = 0527
Interaction = 0.912

The rate of pod length was also reduced by the effect of water stress. The results in Table (4)
indicated a significant decrease for this trait by 4.01% during the nine-day irrigation period
compared to the control treatment, while the rate pod length increased significantly when increasing
the potassium concentration by 32.74% and 55.75% at the concentration of 100 and 200 mg.L™*
compared with control respectively. As for the interaction between the study factors, it was
significant. The highest value for this characteristic was 12.33 cm at 200 mg. L™ and the irrigation
period is six days, while the minimum value is 6.00 cm at concentration 0, and the irrigation period
IS nine days.

Table 4. The effect of water stress, potassium, and their interaction on pods length (cm).

potassium mg. L wgter strgss( dag/ ) Mean

0 6.33 | 8.00 | 6.00 | 6.78

100 8.67 | 10.33 | 8.00 | 9.00

200 9.67 | 12.33 | 9.67 | 10.56

Mean 8.22 | 10.22 | 7.89
water stress= 0.565
LSD 0.05 potassium con. = 0.565

Interaction = 0.978

There was also a decrease in the number of seeds per pod due to the impact of water stress; Table (5)
indicated that the rate number of seeds decreased significantly when stressing the drought for nine
days, by 19% compared to the control treatment, while the rate number of seeds increased
significantly when treated with potassium by 53.3% and 76.6% at a concentration of 100 and 200
mg.L? successively compared to the control treatment. As for the interaction between the study
factors, it was significant, and the highest value for this characteristic was 10.33 seeds at a
concentration of 200 mg. L™ and water stress for six days, the lowest value of 3.33 seeds at
concentration 0, and water stress for nine days.

Table 5. The effect of water stress, potassium, and their interaction on seed number.

potassium mg. L Wgter stréass( daé/ ) Mean

0 4.67 | 6.33 | 3.33| 4.78

100 6.67 | 9.33 | 6.00 | 7.33

200 8.3310.33 | 6.67 | 8.44

Mean 6.56 | 8.66 | 5.33

water stress = 0.527

LSD 0.05 potassium con.= 0.527
Interaction=0.912

The results in Table (6) showed that there was a significant decrease in the rated weight of seeds in
the pod by 8.43% at 9-day water stress compared to the control treatment, and the rate seed weight
increased significantly due to the effect of potassium spraying by 15.58% and 20.78% at
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concentration 100 and 200 mg. L™ compared with control respectively, as for the interaction between
the study factors, it was significant. The highest seed weight was 1.11 g at 100 mg. L™* and water
stress for six days, and the lowest value of 0.70 g at concentration 0, and water stress for nine days.

Table 6. The effect of water stress, potassium, and their interaction on seeds weight.

potassium mg. L wgterstrgss dag ) Mean

0 0.78 1 0.83 | 0.77 | 0.77

100 0.80 | 1.11 | 0.75 | 0.89

200 0.92 | 1.04 | 0.83 | 0.93

Mean 0.83 1 0.99 | 0.76

water stress = 0.009

LSD 0.05 potassium con.= 0.009
Interaction=0.016

Also, there was a significant decrease in the chlorophyll content of the leaves of the mungbean plant
due to the effect of stress. The results in Table (7) indicated a decrease in the rate chlorophyll content
at 9-day water stress and a decrease of 4.72% compared to the control treatment, and the results of
the same table also showed a significant increase in the rate chlorophyll content, with an increase in
potassium concentration by 32.96% and 58.70% at concentration 100 and 200 mg.L™? successively
compared to the control treatment, and there was a significant increase in the chlorophyll content due
to the interaction between the study factors. The highest chlorophyll content was 12.62 at 200 mg. L
-1 and the dry period is six days the lowest value is 6.09 at concentration 0 and the dry period is nine

days.
Table 7. The effect of water stress, potassium, and their interaction on chlorophyll content.
potassium mg. L w3ater strgss( da)é) Mean
0 711 | 801 | 6.09 | 7.07
100 8.96 | 10.35| 8.89 | 9.40
200 10.61 | 12.62 | 10.43 | 11.22
Mean 8.89 | 10.39 | 8.47
water stress = 0.153
LSD 0.05 potassium con.= 0.153
Interaction = 0.265

The results in Table (8) showed that there was a significant decrease in the nitrogen percentage in the
shooting part of the mungbean plant by 18.40% when stressing water for nine days compared with
the control treatment, while the rate of nitrogen percentage increased significantly when treated with
potassium by 17.55% and 31.84% when concentration is 100 and 200 mg. L* on compared with
control respectively. There was a significant increase in the percentage of nitrogen as a result of the
interaction between the study factors, and the highest value was 3.61% at a concentration of 100 mg.
Lt and water stress for six days and the lowest value of 1.89% at concentration 0 and water stress for

nine days.
Table 8. The effect of water stress, potassium, and their interaction on nitrogen percentage.
potassium mg. L Wgter stréass dag ) Mean
0 2.66 | 2.80 | 1.89 | 2.45
100 2.88 | 3.61 | 2.16 | 2.88
200 3.11 | 357 | 3.00 | 3.23
Mean 2.88 | 3.33 | 2.35
water stress = 0.014
LSD 0.05 potassium con. =0.014
Interaction= 0.023
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Also, there was a significant decrease in the rate of phosphorus percentage due to the effect of water
stress by 30% when stressing water 9 days compared with the control treatment, and this is indicated
in table (9), while there was a significant increase in the percentage of phosphorus when treated with
potassium by 129% and 176%. At a concentration of 100 and 200 mg. L' was sequentially
compared to the control treatment, and there was a significant increase in phosphorus percentage as a
result of the interaction between the study factors. The highest value of phosphorus percentage was
0.53% at 200 mg. L™, water stress for six days, and the lowest value of 0.14% at concentration 0, and
water stress for nine days.

Table 9. The effect of water stress, potassium, and their interaction on phosphorus percentage.

potassium mg. L! wgterstrgss dag/ ) Mean

0 0.20 | 0.18 | 0.14 | 0.17

100 0.48 | 0.38 | 0.31 | 0.39

200 0.51 | 0.53 | 0.39 | 0.47

Mean 0.40 | 0.36 | 0.28

water stress = 0.013

LSD 0.05 potassium con.= 0.013
Interaction=0.023

Table (10) shows that the rate of potassium percentage decreased significantly due to the effect of
water stress, by a decrease of 22% when stressing water 9-day compared with the control treatment,
while the rate of potassium percentage increased when spraying plants with potassium by 17.5% and
40% at concentration 100 and 200. mg. L™ was sequentially compared to the control treatment, and
there was a significant increase in the potassium percentage as a result of the interaction between the
study factors. The highest value of potassium percentage was 2.59% at 200 mg. L™ and water stress
for six days, and the lowest value of 1.51% at concentration 0, and water stress for nine days.

Table 10. The effect of water stress, potassium, and their interaction on potassium percentage.

potassium mg. L WgterstrGess dagl ) Mean

0 1.77 | 152 | 1.51 | 1.60

100 2.18 | 1.89 | 1.56 | 1.88

200 233 | 259 | 1.81 | 2.24

Mean 2.09 | 2.00 | 1.63

water stress = 0.013

LSD 0.05 potassium con.= 0.013
Interaction=0.023

The decrease in the rates of the studied plant characteristics is due to the negative impact of water
stress on the functional processes in the plant, especially at the stages of vegetative growth; Whereas,
whereas the presence of water is necessary for the system of the plastid thylakoids; Its deficiency
causes an imbalance in the photolysis of water molecules and the accumulation of free radicals from
the Reaction Oxygen Species so that the CO> fixation process and the accumulation of dry matter are
halted [23, 24], Reduction in the production of plant pigments, including chlorophyll, thus reducing
its content in plants [25]. As well as the effect of water stress in disturbing the hormonal system of
the plant; The internal concentration of gibberellin decreases, which reduces the root growth and thus
the area of nutrient absorption. ABA accumulates within the mesophyllic tissue of the leaf and
displaces potassium ions, which affects the control mechanism of the stomatal system with the
shrinking of the leaf area of the plant, thus the fixation of carbon dioxide stops [26, 27], as well as It
reduces cell division and expansion, especially in the apical regions [28]. In addition to the drying
out of the flower bed and not holding it, and thus its abortion; Because of the lack of nutrients from
the source to the sink, which leads to an imbalance in protein structure with an imbalance in the
growth of pods and seeds, which reduces their number or reduces their growth [29, 30].
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As for the positive effects of potassium treatment on the rates of the studied traits, it may be
attributed to its role in mitigating the negative effects of water stress by maintaining the water
balance [31, 32], In delaying leaf aging, which maintains leaf activity in the photosynthesis process
for the longest period[33], as well as its role in other vital activities such as protein building, osmotic
regulation, and control of the mechanism of stomatal opening and closing; This reduces water loss
through transpiration, especially in cases of water stress for plants [34], and in improving root
growth [35]; This improves the absorption or processing of the plant with nutrients such as nitrogen
and phosphorous, which accompany the addition of potassium, especially in the critical stages of the
plant’s life.

CONCLUSION

According to the findings, potassium plays an important role in increasing plant tolerance to water
stress by increasing translocation and maintaining water balance. We can conclude from this study
that potassium supplementation at 200 mg.L* is effective.

References

1. Ali, M. M. T., and Abbass, J. A. (2008 ). Effect of potassium fertilizer and irrigation intervals on
growth and yield of sunflower Helianthus annuus L., Jordan J. for Agric. Sci. 4(2): 207-216.

2. Abd El-Gawad, H.G. (2015 ). Effect of organic osmolytes on pea seed yield under drought stress
conditions imposed at different growth stages. Journal of Horticultural Science and Ornamental
Plants. 7(2): 56-65.

3. Mojaddam, M.; Lack, S. and Shokuhfar, A. (2011). Effects of water stress and different levels of
nitrogen on yield, yield components and water use efficiency of sunflower hybrid Euroflor.
Environmental Biology. 5(10): 3410- 3417.

4. Sadiq, S. A.; Shahid, M.; Jan, A. and Nooruldin, S. (2000 ). Effect of various levels of nitrogen,
phosphorus, and potassium (NPK) on growth, yield, and yield components of sunflower. J.
Agric. Soil. 5(1): 30-36.

5. Gupta, S. D. (2011). Reactive oxygen species and antioxidants in higher plants. CRC Press,
Enfield, New Hampshire, USA: 362 p.

6. Din,J.; Khan, S. U.; Ali, I. and Gurmani, A. R.( 2011). Physiological and agronomic response of
canola varieties to drought stress. The Journal of Animal and Plant Science 21, 78— 83.

7. Sadeghipour, O.( 2009). The influence of water stress on biomass and harvest index in three
mung bean (Vigna radiata L.) cultivars. Asian J. Plant Sci., 8: 245-249.

8. Mohammadzadeh, A.; Majnoonhoseini, N.; Moghaddam, H. and Akbari, M. (2011). The effect
of various water stress and nitrogen levels on the yield and yield components in red beans
genotype. J. Agric. Sci. Iran. 43:29-38.

9. CZarifinia, N.; Amir, A.; Shahram, L.; and Adel, M.(2012 ). Evaluation of physiological traits
changes in drought stress, the application of potassium and their impact on the yield of
mungbean cultivars and promising lines. Adv. Environ. Biol., 6(11):2854-2860.

10. Golldack, D. Q.; Michalowski, F.; Kamasani, U. R.; and Bohnert, H.J. (2003). Salinity stress
tolerant and sensitive rice regulate AKT1- type potassium channel transcript differently. Plant
Mol Biology, 51, 71-81.

11. Wang, M.; Zheng, Q.; Shen, Q.and Guo, S. (2013). The critical role of potassium in plant stress
response. International Journal of Molecular Sciences, 14, 7370-7390.

12. Ashraf, M. Y.; Rafique, N.; Ashraf, M.; Azhar, N. and Marchand, M. (2013). Effect of
supplemental potassium (K+ )on growth, physiological and biochemical attributes of wheat
grown under saline conditions. Journal of Plant Nutrition, 36,443-458.

13. Lindhauer, M. G. (1985 ). Influence of potassium nutrition on growth of sunflower (Helianthus
annuus L.) .Z. Pflanzenernahr. Bodenk, 148: 654-669.

Published by inter-publishing.com | All rights reserved. © 2023 & Page 66
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS CRENDECESS




International Journal of Health Systems and Medical Sciences | Volume 2, No 12 |

For more information contact: mailto:editor@inter-publishing.com Dec - 2023

14. Pier, P. A. and Berkowitz, G. A. (1987). Modulation of water stress effects on photosynthesis by
altered leaf K *. Plant Physiol., 85(3): 655-661.

15. Kole, J. (2011). Wild crop relative genomic and breeding resource legume crops and forages.
Springer, Heidelberg, Berlin: 321 pp.

16. Hoseini, N. (2009 ). Cereals in Iran. Jehad Publish. Pp. 294.

17. Allahmoradi, P.; Ghobadi, M.; and Taherabadi, S. (2011 ). Physiological aspects of Mung bean
(Vigna radiata L.Wilczek) in response to drought stress. Inter. Conf. on Food Eng. and
Biotechnol. 9: 272-275.

18. Agiza, A.H. ;El-Hinieidy, M.T. and Ibrahim,M.E.(1960). The determination of different
fractions of phosphorus in plant and soil. Bull. F.A.O. Agric. Cairo Univ.,121.

19. Chapman, H.D .and Pratt, F.P. (1961). Methods of analysis for soils, plants, and water. Univ.
Calif. Div. Agric. Sci. ,160-170.

20. 20. Matt, K.J. (1970). Colorimetric determination of phosphorus in soil and plant materials with
ascorbic acid. Soil Sci.,109:214-220.

21. Page, A.L.; Miller, R.H. and Kenney, D.R. (1982). Methods of Soil Analysis, 2nd ed., Agron. 9,
Madison, Wisconsin.

22. SAS (2012). Statistical analysis system, User's Guide. Statistical version 9th ed. SAS. Inst., Inc.
Gry, N. C., USA.

23. Hamed, B. A. (2009 ). Effect of incorporation of date palm seeds with soil on growth of parsley
plant growing under drought stress. Amer. Euro. J. and Environ. Sci ., 5 (6 ): 733 — 739.

24. Nobel, P. S. (2009 ). Physicochemical and environmental plant physiology. 4" ed. Elsevier Inc.,
Oxford, UK.

25. Abdul - Rasoul, M. A.; Gaber, T.; EL- Zeiny, H. A. and paafat, A. (1988). Effect of ccc and B -
g at different water regimes on some metabolic aspects of a maize plant. Annals Agric. fac.
Agric. Ain. Shams univ Cairo. Egypt.

26. Fathi, A. and Tari, D. B. (2016 ). Effect of drought stress mechanism in plants, Inter. J. Life Sci.,
10(1):1-6.

27. Farmanbar, M.; Mir, A. Sarabandi, A. and Mahmudian, A. A. (2016). Influence of drought stress
on photosynthetic pigments proline, morphological characteristics on plants. Inter. J. of
Multidisciplinary Res., Stud. and Develop., 1 (2 ): 01 — 04.

28. Fanaei, H. R.; Sadegh, H. N.; Yousefi, T. and Farmanbar, M. (2015). Influence of drought stress
on some characteristics of plants. Bio. Forum- An Inter. J., 7 (1): 1732 —1738.

29. Jaleel, C. A.; Manivannan, P.; Wahid, A.; Farooq, M.; Al- Juburi, H. J.; Somasundaram, R. and
Panneerselvam, R. (2009). Drought stress in plants: a review on morphological characteristics
and pigments composition. Int. J. Agric. Biol., 11 (1): 100 — 105.

30. Anjum, S. A.; Xie, X. Y.; Wang, L. C.; Saleem, M. F.; Man, C. and Lei, W. (2011).
Morphological, physiological, and biochemical responses of the plant to drought stress. Afric. J.
Agric. Res., 6 (9): 2026 — 2032.

31. Anjum, M. M.; Ali, N. and Igbal, M. O. (2017) .Growth and yield of Barley (Hordeum vulgare
L.) as influenced by potassium under water deficit conditions of Peshawar valley. Agric. Vet.
Sci., 1 (2): 96 — 102.

32. Aslam, M.; Zamir, M. S. |.; Afzal, I. Yaseen, M. and Mubeen ,M. (2013). Drought stress, its
effect on maize production, and development of drought tolerance through potassium
application. Cercetari, Agronomic, in Moldova, 2 (154 ): 99 — 114.

33. Abodhahy, U. M. and Alunas, M. A. (1988). Index of plant nutrition. Ministry of Higher
Education and Scientific Research- University of Baghdad. pp. 411.

Published by inter-publishing.com | All rights reserved. © 2023 & Page 67
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS CPER ACCESS




International Journal of Health Systems and Medical Sciences | Volume 2, No 12 |

For more information contact: mailto:editor@inter-publishing.com Dec - 2023

34. Tisdale, S. L.; Nelson, W. L.; Beaton, J. D. and Havlin, J. L. (1997). soil Fertility and Fertilizers.
Prentice-Hall of India, New Delhi.

35. Pettigrew, W.T. (2008 ). Potassium influences on yield and quality production for maize, wheat,
soybean and cotton. Physiologic Planetarium 133: 670-681.

Published by inter-publishing.com | All rights reserved. © 2023 & Page 68
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS CPER ACCESS




