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adequate and deficit irrigation conditions. The following treatments were investigated
in pot experiment: (1) control with no fertilizer application (C); (2) 128 kg N + 328 kg
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pots were watered according to the treatments. The results indicated that plant growth
and nutrient uptake were significantly reduced under water stress condition. The
* Corresponding author application of NP increased plant growth and nutrient uptake and further were
increased with K application. K application also enhanced plant tolerance to deficit soil
moisture condition. In addition, K enhanced nutrient uptake and leaf chlorophyll
content. Based on the results, it can be concluded that application of NP for maize was
not adequate to achieve the highest plant growth, unless it is combined with K
application. In addition, K application enhances plant tolerance to water stress.
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Introduction

Maize (Zea mays L.), a crop of worldwide distribution, is an important cereal crop for human food and livestock
feed consumption as well as for food industry owing to its high nutritional value (Ali et al,, 2016). Maize is
grown considerably in arid and semi-arid regions where drought is common and one of the most limiting
factors for maize production in this region (FAO, 1999; Hammad and Ali, 2014). The impact of drought became
even more sever due to prevailing climate change (Song et al,, 2010) and several researchers predicted the
climate change enhanced drought will be more severe in term of intensity and duration in several parts of the
world (Liu et al, 2020; Qing et al., 2022; Kang et al., 2022).

Although maize as a C4 crop is relatively an efficient water user but is negatively affected by soil moisture
deficit during vegetative and reproductive growth stages (Aslam et al., 2015; Vennam et al., 2023). Among
cereal crops, Gopalakrishna et al. (2023) considered maize as the most susceptible to drought. Researchers
reported a significant reduction in photosynthetic rate and maize grain quality (Yousaf et al., 2023). Moreover,
maize has a relatively high nutrients requirement and besides water soil fertility level is considered another
limiting factor for maize production. Therefore, growers should grow maize in a soil with high soil fertility level
with balanced supply of all essential plant nutrients (Khalid and Shedeed, 2015).

@ :  https://doi.org/10.18393/ejss.1520108 H;IPublisher : Federation of Eurasian Soil Science Societies
&R https://ejss.fesss.org/10.18393/ejss.1520108 e-ISSN : 2147-4249

320


https://ejss.fesss.org/10.18393/ejss.1520108
http://ejss.fesss.org/
mailto:mrusan@just.edu.jo
mailto:Ayat12322@outlook.com
mailto:Rashid.L@ArabPotash.com
https://doi.org/10.18393/ejss.1520108
http://www.fesss.org/
https://ejss.fesss.org/10.18393/ejss.1520108
https://portal.issn.org/resource/ISSN/2147-4249
https://orcid.org/0000-0002-5637-5464
https://orcid.org/0009-0009-7453-2054
https://orcid.org/0009-0005-8488-7765

M.J.Rusan et al. Eurasian Journal of Soil Science 2024, 13(4), 320 - 327

Potassium is an essential plant nutrient for plant growth and development (Caliskan and Caliskan, 2018). K is
of particular importance when maize is growing in arid and semi-arid region because K play a key role in
increasing water use efficiency and enhancing crops tolerance to drought stress (Rengel and Damon, 2008;
Khalid and Shedeed, 2015). Adequate supply of K to crops, not only increases the quantity and quality of yields
of cereal crops but also enhances their tolerance to biotic and abiotic stresses (Pettigrew, 2008; Zorb et. al,,
2014). K enhances tolerance to water stress through enhancing root growth during early growth stages which
lead to enhancing water and nutrient uptake and consequently support plant survival during stress condition
(Hammer et al, 2009; Vennam et al., 2023). K plays a key role in enhancing water use efficiency and crop
tolerance to drought stress through its role in stomatal regulation (Studer et al., 2017). Under soil moisture
stress conditions, adequate supply of K enhances root growth, which consequently enhances plants water
uptake and improved crop yield (Rémheld and Kirkby, 2010; Hassan et al., 2017).

Most crops, including maize, require as high amount of K as N and excluding K from long term fertilization,
especially under intensive cultivation, will lead to soil K depletion (Majumdar et al.,, 2021; Das et al,, 2019,
2020, 2022). Neglecting, K fertilization will eventually threaten crop production, soil health, agricultural
sustainability and global food security (Regmi et al., 2002; Cakmak, 2010; Lu etal.,2017; Brownlie et al., 2024).

The impact of both deficit irrigation and low soil fertility levels is worsened and exacerbated by fertilizer
mismanagement practices. Adopting fertilizer best management practices is vital for improving growth and
production of crops under various farming system (Hasanuzzaman et al,, 2018). On the other hand, farmers are
traditionally and commonly have been applying only N and P for a long period of time, which led to soil K
depletion and soil nutrient imbalance with respect to K (Brownlie et al., 2024). Therefore, the hypothesis of this
study is that the application of potassium to potassium-depleted sandy soil will improve plant growth deficit
irrigation. The main objective of this study was to determine the effect of application of different K rates on
growth and nutrient uptake of maize grown in sandy soil under adequate and deficit irrigation conditions.

Material and Methods

A greenhouse pot experiment was conducted to determine the effect of potassium rate on the nutrient uptake
and growth of maize grown in sandy loam soil under adequate and deficit soil moisture conditions. The soil
used in the experiment was collected from agriculture fields from the top 30 cm from eastern part of Jordan
(Mafraq Governorate), where coarse textured soils are common. The soil was air-dried and sieved through a
5 mm sieve. The soil was analyzed for texture by hydrometer method (Gee and Bauder, 1986); soil pH and soil
EC were measured on 1:1 soil : water suspension (McLean, 1982 and Rhoades, 1982, respectively); total N by
Kjeldahl (Nelson and Sommers, 1980); available P by extraction with sodium bicarbonate (Olsen et al., 1954);
exchangeable K, Ca and Mg by extraction with 1 M NH4OAc (Thomas, 1982); cation exchange capacity (CEC)
by the method of Palemio and Rhoades (1977). The major soil characteristics are presented in Table 1.

Table 1. Soil characteristics before conducting the experiment.

Soil pH 8.10
Soil EC, dS m1! 0.75
CEC, Cmolc kg! soil 7,21
Soil N, % 0.04
Soil P, mg kg'! 10.34
Soil K, mg kg1 208
Ca, % 13.11
Na, % 3.22
Soil Texture Sandy loam

The following treatments (Table 2) were investigated in a randomized Complete Block Design (RCBD) with four
replication and a total of 40 experimental units.

Each pot was filled with 3.5 kg air-dried soil. According to the treatment, N and P were added to each pot as
di-ammonium phosphate while potassium as potassium sulfate. Four maize seeds per pot were seeded. After
germination three homogeneous plants were kept per pot. Pots were watered periodically according to the
treatments and the soil moisture was kept at 100% and to 50% of the field capacity during the period of the
experiment. Time of irrigating plants was determined by weighing each pot every two days and adding water
to achieve the initial wet weight of the 100% and 50% of field capacity.
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Table 2. Treatments’ structure

Two Soil moisture levels (Main plot): -

100% Field Capacity water content (Adequate) 100%-FC
50% Field Capacity water content (Deficit) 50%-FC
Five Fertilizer application treatments (Sub plot)*: -
No fertilizer application C
128 kg N + 328 kg P20s + 000 kg K20 ha! NPKO
128 kg N + 328 kg P20s + 152.5 kg K20 ha! NPK1
128 kg N + 328 kg P20s + 305 kg K20 ha! NPK2
128 kg N + 328 kg P20s + 457.5 kg K20 ha! NPK3

*N and P were applied as Diammonium phosphate (DAP) and the recommended rate of 70-80 kg DAP ha! (Athamenh et
al,, 2015) K as potassium sulfate

At the end of the growing period and immediately before harvest leaf Chlorophyll content was measured using
Chlorophyll Content Meter (CCM-300) device (Gitelson et al,, 1999). The whole plants were harvested, and the
fresh weight was recorded, then oven-dried at 70°C and oven dry weight was recorded. Oven dried plants
were ground to a fine powder using a laboratory mill with 0.5 mm sieve. The milled plant samples were
analyzed for total N using a modified micro-Kjeldahl digestion procedure (Bremner and Mulvaney, 1982).
Total P and K were determined in the dry ash digestion. P was determined using Vanadate-Molybdate-Yellow
method, K by flame photometry (Chapman and Pratt, 1961). Representative soil sample was also taken from
each pot after thoroughly mixing the soil. Soil samples were sieved through 2 mm sieve and analyzed for pH,
EC, N, P, K as mentioned above.

General linear model (GLM) analysis was used to statistically analyzed all data collected from this search with
SAS version 9.0 (2002) software. Means were subjected to analysis of variance (ANOVA) at five percent level
of significance (P<0.05). Means separation was performed according to Least Significant Difference LSD
method at P=0.05.

Results and Discussion

Treatments effect on shoot dry weight of maize is shown in Figure 1. Shoot dry weight was the lowest for the
control treatment, where fertilizers were not added, under both adequate (100%-FC) and deficit (50%-FC)
soil moisture contents. For all treatments, the shoot dry weight was significantly lower under 50%-FC
moisture content. Application of NP fertilizers significantly increased dry weigh compared to the control.
However combined application of K with NP resulted in further increase in dry weight, and the highest shoot
dry weight was obtained with the highest K rates (NPK2 and NPK3) under adequate soil moisture content.
Under water deficit condition however, the shoot dry weight increased similarly by all rates of K application.
The application of NP was not adequate to get the highest plant growth, unless K is applied with NP, suggesting
that both water deficit and poor soil fertility levels are the two limiting factors of maize growth under the
conditions of this study. This result agrees with the findings of other researchers who reported reduction in
maize growth under water deficit condition and poor soil fertility (Wang et al., 2013; Hammad and Ali, 2014;

Amanullah et al,, 2016; Vennam et al., 2023; Yousaf et al., 2023).
40 Dry weight, gpot?  BEFC-100% BFC-50%

30

kb

NPKO NPK1 NPK2 NPK3

Figure 1. Shoot Dry weight of maize as affected by K application rate under two field capacity (FC) water contents.
Columns with similar letters are not significantly different at P<0.05.
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Treatments effect on N uptake and chlorophyll content are shown in Figure 2 and Figure 3, receptively. Under
both adequate and deficit irrigation contents, N uptake was the lowest for the control treatment and increased
significantly by NP application. Combining the highest two rates of K (NPK2 and NPK3) with NP application
resulted in further increase in N uptake.

Enhancing N use efficacy by K application was also found by other researchers (Rutkowska et al., 2014). Leaf
chlorophyll content was the lowest for the control treatment and under deficit irrigation contents for all
treatments. Compared to the control, addition of NPKO increased the leaf chlorophyll content. The highest two
rates of K (NPK2 and NPK3) increased the leaf chlorophyll content further under both soil moisture contents.
It has been documented that plants grown under water stress condition had lower chlorophyll content
(Efeoglu et al., 2009; Asgharipour and Heidari, 2011; Xiang et al., 2013; Karimpour, 2019; Wach and Skowron,
2022), but upon application of K to these plants enhanced their tolerance to water stress and their chlorophyl
content significantly increased (Siddiqui et al,, 2012; Talal et al., 2015).

1000 | N Uptake, g pot! 1.00

BFC-100% @3 FC-SO%

a a
B FC-100% MEFC- 50% a a
800 0.80
a a
600 a 0.60
bc
400 0.40
200 ll 0.20 jl
0

Leaf Chlorophyll, g m-2

0.00
NPKO NPK1 NPK2 NPK3 NPKO NPK1 NPK2 NPK3
Figure 2. N uptake by maize as affected by K application Figure 3. Leaf chlorophyll % of maize as affected by K
rate under two field capacity (FC) water contents. application rate under two field capacity (FC) water
Columns with similar letters are not significantly contents. Columns with similar letters are not
different at P<0.05. significantly different at P<0.05.

Treatment effect on P and K uptake is shown in Figure 4 and Figure 5, respectively. Uptake of P and K was the
lowest for the control treatments under both soil moisture contents. In addition, P and K uptake was lower for
all treatment under deficit moisture content. Compared to the control treatment, the addition of NPKO
increased P and K uptake, then increased further with the highest two K rates. The increase in P uptake with
K application was unpredictable but might be attributed to the indirect effect on shoot dry weight. As for K
uptake, the increase was directly due to increasing the rate of K application up to the NPK2. This coincides
with the finding of other researchers (Oltmans and Mallarino, 2015; Firmano et al,, 2020; Volf et al., 2022) and
they attributed such increase to the plant luxury consumption of K. On the other hand, the highest K rate
(NPK3) reduced K uptake compared to NPK1 and NPK2, which can be attributed to the possible K leaching
associated with high K rates under coarse textured soil as the case in our study (Rosolem and Stainer, 2017).

125 P Uptake, g pot! a 1500 | ¢ Uptake, g pot?
a
100 EFC-100% BFC-50% a 1250 | M@FC-100% ®FC- 50% b
7 1000
a
b
a 750
50
500
25 250 I
0 0
NPKO NPK1  NPK2  NPK3 NPKO NPK1 NPK2 NPK3
Figure 4. P uptake by maize as affected by K application Figure 5. K uptake by maize affected by K application
rate under two field capacity (FC) water contents. rate under two field capacity (FC) water contents.
Columns with similar letters are not significantly Columns with similar letters are not significantly
different at P<0.05. different at P<0.05.
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Treatments effect on soil pH and soil EC are shown in Figure 6 and Figure 7, respectively. Soil pH was not
affected by any of the treatments. Soil EC was the lowest for the control and then for the NPKO treatment.
Increasing K application rates significantly increased soil EC, due to the relatively high salt index of the applied
potassium sulfate (Rusan, 2023).

7.90 Soil pH EFC-100% M®FC-50% 2.5 | Soil EC,dS m™! EFC-100% BFC-50%
a a a a 4
2.0
7.85 b
1.5
c
7.80 b
1.0 c d
7.75 0.5 —..
NPKO NPK1 NPK2 NPK3 C NPKO NPK1 NPK2 NPK3
Figure 6. 8011 pH as affected by K application rate under Figure 7. Soil EC as affected by K application rate under
two field capacity (FC) water contents. Columns with two field capacity (FC) water contents. Columns with
similar letters are not significantly different at P<0.05. similar letters are not significantly different at P<0.05.

Treatments effect on soil N, P and K contents at the end of the experiment are presented in Figure 8, Figure 9
and Figure 10, respectively. Soil N was not significantly affected by the treatments under both soil moisture
contents. On the other hand, and compared to the control treatment, soil P increased similarly by all other
treatments under adequate soil moisture contents. However, under deficit moisture, the highest rate of K
reduced P uptake, which can be due to competition between high rate of K and P (Studer et al,, 2017) or might
be due the indirect effect of K on P uptake through increasing dry weight. On the other hand, soil K was the
lowest for the control and the NPKO treatments. Increasing the rates of applied K, resulted in higher soil K
under both adequate and deficit irrigation conditions.

0.12 | Soil N, % WFC-100% BFC-50% 35 | Soil P, mgkg’ MFC-100% WFC-50%
0.10 30
0.08 25
20
0.06
15
0.04 10
0.02 5
0.00 0
NPKO NPK1  NPK2  NPK3 NPKO NPK1 NPK2 NPK3
Figure 8. 8011 N content as affected by K application rate Figure 9. 5011 P content as affected by K application rate
under two field capacity (FC) water contents. Columns under two field capacity (FC) water contents. Columns
with similar letters are not significantly different at with similar letters are not significantly different at
P<0.05. P<0.05.

400 | Soil K, mgkg!

350 EFC-100% BEFC-50% _ a
300

250 cd be

200

AT 1

100

NPKO NPK1 NPK?2 NPK3

Figure 10. Soil K content as affected by K appllcatlon rate under two field capacity (FC) water contents. Columns with
similar letters are not significantly different at P<0.05.
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Conclusion

Based on the obtained results, it can be concluded that maize growth in sandy loam soil is severely reduced
under deficit irrigation level, especially when grown under poor level of soil nutrients. Potassium was necessary
to be applied in combination with NP to achieve the possible highest plant growth. The NPK2 dose application
(305 kg K20/ha) not only gave the highest plant growth and nutrient uptake but also enhanced plant tolerance
to water stress conditions. This also suggests including K fertilization as one of the strategies to combat drought
stress in arid and semi-arid environment.

Acknowledgement
This study was funded by the Deanship for scientific research at Jordan University of Science and Technology.

References

Ali, A., Hussain, M., Habib, H.S., Kiani, T.T., Anees, M.A.,, Rahman, M.A., 2016. Foliar spray surpasses soil application of
potassium for maize production under rainfed conditions. Turkish Journal of Field Crops 21: 36-32.

Amanullah, Igbal, A, Irfanullah, Hidayat, Z., 2016. Potassium management for improving growth and grain yield of maize
(Zea mays L.) under moisture stress condition. Scientific Reports 6: 34627.

Asgharipour, M.R,, Heidari, M., 2011. Effect of potassium supply on drought resistance in sorghum: Plant growth and
macronutrient content. Pakistan Journal of Agricultural Sciences 48(3): 197-204.

Aslam, M., Magbool, M.A,, Cengiz, R., 2015. Drought stress in maze (Zea mays L.): Effects, resistance, global achievements
and biological strategies for improvement. Springer Cham. 74p.

Athamenh, B.M,, Salem, N.M., El-Zuraiqi, S.M., Suleiman, W., Rusan, M.]., 2015. Combined land application of treated
wastewater and biosolids enhances crop production and soil fertility. Desalination and Water Treatment 53(12):
3289-3294.

Bremner, J.M., Mulvaney, C.S., 1982. Nitrogen-Total. In: Methods of soil analysis. Part 2. Chemical and microbiological
properties. Page, AL, Miller, R.H., Keeney, D.R,, (Eds.). American Society of Agronomy, Soil Science Society of
America, Madison, Wisconsin, USA. pp. 595-624.

Brownlie, W.].,, Alexander, P., Maslin, M., Canedo, A.M,, Sutton, M.A,, 2024. Global food security threatened by potassium
neglect. Nature Food 5: 111-115.

Cakmak, I., 2010. Potassium for better crop production and quality. Plant and Soil 335: 1-2.

Caliskan, B., Caliskan, A.C., 2018. Potassium nutrition in plants and its interactions with other nutrients in hydroponic
culture. In: Potassium - improvement of quality in fruits and vegetables through hydroponic nutrient management.
Asaduzzaman, M., Asao, T. (Eds.). InTech

Chapman, H.D., Pratt, F.P,, 1961. Methods of analysis for soils, plants and water. University of California, Division of
Agricultural Sciences, Berkeley, USA. 309p.

Das, D., Dwivedi, B.S., Datta S.P., Datta, S.C., Meena, M.C,, Datta, S.C., 2020. Intensive cropping with varying nutrient
management options alters potassium dynamics in soil. Indian Journal of Fertilizers 16(7): 690-704.

Das, D., Dwivedi, B.S,, Datta, S.P., Datta, S.C,, Meena, M.C., Dwivedi, A.K., Singh, M,, Singh, V.K,, Chakraborty, D., Jaggi, S.,
2019. Long-term fertilization effects on soil potassium and crop yields in a Vertisol. Indian Journal of Agricultural
Sciences 89: 1086-1890.

Das, D., Sahoo, ]., Raza, M.B., Barman, M,, Das, R., 2022. Ongoing soil potassium depletion under intensive cropping in India
and probable mitigation strategies. A review. Agronomy for Sustainable Development 42: 4.

Efeoglu, B., Ekmekgi, Y., Cicek, N., 2009. Physiological responses of three maize cultivars to drought stress and recovery.
South African Journal of Botany 75(1): 34-42.

FAO, 1999. Global information and early warning system on food and agriculture world food program, FAO/WFP Crop
and food supply assessment mission to the kingdom of Jordan. Food and Agriculture Organization of United
Nations (FAO)/ World Food Programme (WFP), Rome, Italy.

Firmano, R.F., de Oliveira, A., de Castro, C., Alleoni, L.R.F., 2020. Potassium, rate on the cationic balance of an oxisol and
soybean nutritional status after 8 years of K deprivation. Experimental Agriculture 56: 294-311.

Gee, G.W., Bauder, ].W., 1986. Particle-size analysis. In: Methods of soil analysis. Part 2 Physical and mineralogical
methods. Klute, A. (Ed.). American Society of Agronomy, Soil Science Society of America, Madison, Wisconsin, USA.
pp- American Society of Agronomy, Soil Science Society of America, Madison, Wisconsin, USA. pp. 383-411.

Gitelson, A.A., Buschmann, C., Lichtenthaler, H.K, 1999. The Chlorophyll Fluorescence Ratio F735/F700 as an accurate
measure of the chlorophyll content in plants. Remote Sensing of Environment 69: 296-302.

Gopalakrishna, K. N., Hugar, R, Rajashekar, M.K,, Jayant, S.B., Talekar, S.C., Virupaxi, P. C., 2023. Simulated drought stress
unravels differential response and different mechanisms of drought tolerance in newly developed tropical field
corn inbreds. PLoS ONE 18(3): e0283528.

Hammad, S.A.R, Ali, 0.A.M., 2014. Physiological and biochemical studies on drought tolerance of wheat plants by
application of amino acids and yeast extract. Annals of Agricultural Sciences 59(1): 133-145.

325


https://ejss.fesss.org/10.18393/ejss.1520108
https://doi.org/10.17557/tjfc.66054
https://doi.org/10.17557/tjfc.66054
https://doi.org/10.1038/srep34627
https://doi.org/10.1038/srep34627
https://doi.org/10.1007/978-3-319-25442-5
https://doi.org/10.1007/978-3-319-25442-5
https://doi.org/10.1080/19443994.2014.933037
https://doi.org/10.1080/19443994.2014.933037
https://doi.org/10.1080/19443994.2014.933037
https://doi.org/10.2134/agronmonogr9.2.2ed.c31
https://doi.org/10.2134/agronmonogr9.2.2ed.c31
https://doi.org/10.2134/agronmonogr9.2.2ed.c31
https://doi.org/10.1038/s43016-024-00929-8
https://doi.org/10.1038/s43016-024-00929-8
https://doi.org/10.1007/s11104-010-0534-8
https://doi.org/10.5772/intechopen.71951
https://doi.org/10.5772/intechopen.71951
https://doi.org/10.5772/intechopen.71951
https://doi.org/10.1007/s13593-021-00728-6
https://doi.org/10.1007/s13593-021-00728-6
https://doi.org/10.1016/j.sajb.2008.06.005
https://doi.org/10.1016/j.sajb.2008.06.005
https://doi.org/10.1017/S0014479719000371
https://doi.org/10.1017/S0014479719000371
https://doi.org/10.2136/sssabookser5.1.2ed.c15
https://doi.org/10.2136/sssabookser5.1.2ed.c15
https://doi.org/10.2136/sssabookser5.1.2ed.c15
https://doi.org/10.1016/S0034-4257(99)00023-1
https://doi.org/10.1016/S0034-4257(99)00023-1
https://doi.org/10.1371/journal.pone.0283528
https://doi.org/10.1371/journal.pone.0283528
https://doi.org/10.1371/journal.pone.0283528
https://doi.org/10.1016/j.aoas.2014.06.018
https://doi.org/10.1016/j.aoas.2014.06.018

M.J.Rusan et al. Eurasian Journal of Soil Science 2024, 13(4), 320 - 327

Hammer, G.L., Dong, Z., McLean, G., Doherty, A., Messina, C., Schussler, ]., Zinselmeier, C., Paszkiewicz, S., Cooper, M.. 2009.
Can changes in canopy and/or root system architecture explain historical maize yield trends in the U.S. Corn Belt?
Crop Science 49(1): 299-312.

Hasanuzzaman, M., Bhuyan, M., Nahar, K, Hossain, M., Mahmud, ]., Hossen, M., Masud, A., Fujita, M., 2018. Potassium: A
vital regulator of plant responses and tolerance to abiotic stresses. Agronomy 8(3): 31.

Hassan, M.U., Aamer, M., Chattha, M.U.,, Ullah, M.A,, Sulaman, S., Nawaz, M., Zhigiang, W., Yanqin, M., Guoqin, H., 2017. The
role of potassium in plants under drought stress: Mini review. Journal of Basic and Applied Sciences 13: 268-271.

Kang, H., Sridhar, V., Ali, S.A., 2022. Climate change impacts on conventional and flash droughts in the Mekong River Basin.
Science of The Total Environment 838(2):155845.

Karimpour, M., 2019. Effect of drought stress on RWC and chlorophyll content on wheat (Triticum durum L.) genotypes.
World Essays Journal 7: 52-56.

Khalid, K.A., Shedeed, M.R., 2015. Effect of NPK and foliar nutrition on growth, yield and chemical constituents in Nigella
sativa L. Journal of Materials and Environmental Science 6(6): 1709-1714.

Liu, Y, Zhuy, Y., Zhang, L., Ren, L., Yuan, F, Yang, X, Jiang S. 2020. Flash droughts characterization over China: From a
perspective of the rapid intensification rate. Science of The Total Environment 704: 135373.

Lu, D, Lj, C., Sokolwski, E., Magen, H., Chen, X., Wang, H., Zhou, ]., 2017. Crop yield and soil available potassium changes
as affected by potassium rate in rice-wheat systems. Field Crops Research 214: 38-44.

Majumdar, K, Norton, RM., Murrell, T.S., Garcia, F., Zingore, S., Prochnow, L.I, Pampolino, M., Boulal, H,, Dutta, S,
Francisco, E. Tan, M.S,, He, P., Singh, V.K,, Oebrthiir, T., 2021 Assessing potassium mass balances in different
countries and scales. In: Improving potassium recommendations for agricultural crops. Murrell, T.S., Mikkelsen,
R.L., Sulewski, G., Norton, R.,, Thompson, M.L. (Eds.). Springer, Cham, pp. 283-340.

McLean, A.O., 1982. Soil pH and lime requirement. In: Methods of soil analysis. Part 2. Chemical and microbiological
properties. Page, AL, Miller, R.H., Keeney, D.R,, (Eds.). American Society of Agronomy, Soil Science Society of
America, Madison, Wisconsin, USA. pp. 199-224.

Nelson, D.W., Sommers, L.E., 1980. Total nitrogen analysis for soil and plant tissues. Journal of Association of Official
Analytical Chemists 63(4): 770-778.

Olsen, S.R,, Cole, C.V, Watanabe, F.S,, Dean, L.A., 1954. Estimation of available phosphorus in soils by extraction with
sodium bicarbonate. U.S. Department of Agriculture, Circular No 939, USA, 19p.

Oltmans, R.R,, Mallarino,A.P., 2015. Potassium uptake by corn and soybean, recycling to soil, and impact on soil test
potassium. Soil Science Society of America Journal 79(1): 314-327.

Palemio, M., Rhoades, ].D., 1977. Determining cation exchange capacity: a new procedure for calcareous and gypsiferous
soils. Soil Science Society of America Journal 41(3): 524-528.

Pettigrew, W.T., 2008. Potassium influences on yield and quality production for maize, wheat, soybean and cotton.
Physiologia Plantarum 133(4): 670-681.

Qing, Y., Wang, S., Ancell, B, Yang, Z., 2022. Accelerating flash droughts induced by the joint influence of soil moisture
depletion and atmospheric aridity. Nature Communications 13: 1139.

Regmi, A.P, Ladha, ].K, Pasuquin, E., Pathak, H., Hobbs, P.R,, Shrestha, L.L., Gharti, D.B., Duveiller, E., 2002. The role of
potassium in sustaining yields in a long-term rice-wheat experiment in the Indo-Gangetic plains of Nepal. Biology
and Fertility of Soils 36: 240-247.

Rengel, Z., Damon, P.M., 2008. Crops and genotypes differ in efficiency of potassium uptake and use. Physiologia
Plantarum 133(4): 624-636.

Rhoades, ].D., 1982. Soluble salts. In: Methods of soil analysis. Part 2. Chemical and microbiological properties. Page, A.L.,
Miller, R.H., Keeney, D.R, (Eds.). American Society of Agronomy, Soil Science Society of America, Madison,
Wisconsin, USA. pp. 167-179.

Rosolem, C.A,, Steiner, F., 2017. Effects of soil texture and rates of K input on potassium balance in tropical soil. European
Journal of Soil Science 68(5): 658-666.

Romheld, V., Kirkby, E.A., 2010. Research on potassium in agriculture needs and prospects. Plant and Soil 335:155-180.

Rusan, M.J,, 2023. Soil and nutrient management under saline conditions. In: Biosaline agriculture as a climate change
adaptation for food security. Choukr-Allah, R, Ragab, R. (Eds.). Springer, Cham. pp. 71-85.

Rutkowska, A., Pikuta, D., Stepien, W. 2014. Nitrogen use efficiency of maize and spring barley under potassium
fertilization in long-term field experiment. Plant, Soil and Environment 60: 550-554.

Siddiqui, M.H., Al-Whaibi, M.H., Sakran, A.M., Basalah, M.0., Ali, H.M., 2012. Effect of calcium and potassium on antioxidant
system of Vicia faba L. under cadmium stress. International Journal of Molecular Sciences 13(6): 6604-6619.

Song, Y., Birch, C,, Qu, S., Doherty, A., Hanan, ., 2010. Analysis and modelling of the effects of water stress on maize growth
and yield in dryland conditions. Plant Production Science 13: 199- 208.

Studer, C., Hu, Y., Schmidhalter, U., 2017. Interactive effects of N-, P- and K-nutrition and drought stress on the
development of maize seedlings. Agriculture 7(11):90.

Talal, D., Fadel, A., Safaa, B., Ihan, J., Mohamad, A., Zeina, H., Ousama, H., Therese, A., 2015. Potato performance under
different potassium levels and deficit irrigation in dry sub-humid Mediterranean conditions, International Potash

326


https://ejss.fesss.org/10.18393/ejss.1520108
https://doi.org/10.2135/cropsci2008.03.0152
https://doi.org/10.2135/cropsci2008.03.0152
https://doi.org/10.2135/cropsci2008.03.0152
https://doi.org/10.3390/agronomy8030031
https://doi.org/10.3390/agronomy8030031
https://doi.org/10.6000/1927-5129.2017.13.44
https://doi.org/10.6000/1927-5129.2017.13.44
https://doi.org/10.1016/j.scitotenv.2022.155845
https://doi.org/10.1016/j.scitotenv.2022.155845
https://doi.org/10.1016/j.scitotenv.2019.135373
https://doi.org/10.1016/j.scitotenv.2019.135373
https://doi.org/10.1016/j.fcr.2017.08.025
https://doi.org/10.1016/j.fcr.2017.08.025
https://doi.org/10.1007/978-3-030-59197-7_11
https://doi.org/10.1007/978-3-030-59197-7_11
https://doi.org/10.1007/978-3-030-59197-7_11
https://doi.org/10.1007/978-3-030-59197-7_11
https://doi.org/10.2134/agronmonogr9.2.2ed.c12
https://doi.org/10.2134/agronmonogr9.2.2ed.c12
https://doi.org/10.2134/agronmonogr9.2.2ed.c12
https://doi.org/10.1093/jaoac/63.4.770
https://doi.org/10.1093/jaoac/63.4.770
https://doi.org/10.2136/sssaj2014.07.0272
https://doi.org/10.2136/sssaj2014.07.0272
https://doi.org/10.2136/sssaj1977.03615995004100030018x
https://doi.org/10.2136/sssaj1977.03615995004100030018x
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.1038/s41467-022-28752-4
https://doi.org/10.1038/s41467-022-28752-4
https://doi.org/10.1007/s00374-002-0525-x
https://doi.org/10.1007/s00374-002-0525-x
https://doi.org/10.1007/s00374-002-0525-x
https://doi.org/10.1111/j.1399-3054.2008.01079.x
https://doi.org/10.1111/j.1399-3054.2008.01079.x
https://doi.org/10.2134/agronmonogr9.2.2ed.c10
https://doi.org/10.2134/agronmonogr9.2.2ed.c10
https://doi.org/10.2134/agronmonogr9.2.2ed.c10
https://doi.org/10.1111/ejss.12460
https://doi.org/10.1111/ejss.12460
https://doi.org/10.1007/s11104-010-0520-1
https://doi.org/10.1007/978-3-031-24279-3_4
https://doi.org/10.1007/978-3-031-24279-3_4
https://doi.org/10.17221/434/2014-PSE
https://doi.org/10.17221/434/2014-PSE
https://doi.org/10.3390/ijms13066604
https://doi.org/10.3390/ijms13066604
https://doi.org/10.1626/pps.13.199
https://doi.org/10.1626/pps.13.199
https://doi.org/10.3390/agriculture7110090
https://doi.org/10.3390/agriculture7110090

M.J.Rusan et al. Eurasian Journal of Soil Science 2024, 13(4), 320 - 327

Institute, e-ifc No. 43. Available at [Access date: 30.03.2024]: https://www.ipipotash.org/uploads/udocs/e-ifc-
43-potato-lebanon.pdf

Thomas, G.W., 1982. Exchangeable cations. In: Methods of soil analysis. Part 2. Chemical and microbiological properties.
Page, A.L, Miller, R.H., Keeney, D.R,, (Eds.). American Society of Agronomy, Soil Science Society of America,
Madison, Wisconsin, USA. pp. 159-165.

Vennam, R.R. Ramamoorthy, P., Poudel], S., Reddy, K.R., Henry, W.B., Bheemanahalli, R., 2023. Developing functional
relationships between soil moisture content and corn early-season physiology, growth, and development. Plants
12(13): 2471.

Volf, M.R,, Natista-Silva, W.,, Silvério, A.D., Santos, L.G., Tiritan, C.S., 2022. Effect of potassium fertilization in sandy soil on
the content of essential nutrients in soybean leaves. Annals of Agricultural Sciences 67: 99-106.

Wach, D., Skowron, P., 2022. An overview of plant responses to the drought stress at morphological, physiological and
biochemical levels. Polish Journal of Agronomy 50: 25-34.

Wang, M., Zheng, Q., Shen, Q., Guo, S., 2013. The critical role of potassium in plant stress response. International Journal
of Molecular Sciences 14(4):7370-7390.

Xiang, D.B., Peng, L.X., Zhao, ].L., Zou, L., Zhao. G., Song. C., 2013. Effect of drought stress on yield, chlorophyll contents and
photosynthesis in tartary buckwheat (Fagopyrum tataricum). Journal of Food Agriculture and Environment 11(3):
1358-1363.

Yousaf, M.I,, Riaz, M.W,, Shehzad, A., Jamil, S., Shahzad, R,, Kanwal. S., Ghani. A/, Al, F., Abdullah, M., Ashfaq, M., Hussain,
Q., 2023. Responses of maize hybrids to water stress conditions at different developmental stages: accumulation
of reactive oxygen species, activity of enzymatic antioxidants and degradation in kernel quality traits. Peer] 11:
€14983.

Zorb, C., Senbayram, M,, Peiter, E., 2014. Potassium in agriculture - Status and perspectives. Journal of Plant Physiology
171(9): 656-669.

327


https://ejss.fesss.org/10.18393/ejss.1520108
https://www.ipipotash.org/uploads/udocs/e-ifc-43-potato-lebanon.pdf
https://www.ipipotash.org/uploads/udocs/e-ifc-43-potato-lebanon.pdf
https://doi.org/10.2134/agronmonogr9.2.2ed.c9
https://doi.org/10.2134/agronmonogr9.2.2ed.c9
https://doi.org/10.2134/agronmonogr9.2.2ed.c9
https://doi.org/10.3390/plants12132471
https://doi.org/10.3390/plants12132471
https://doi.org/10.3390/plants12132471
https://doi.org/10.1016/j.aoas.2022.06.001
https://doi.org/10.1016/j.aoas.2022.06.001
https://doi.org/10.26114/pja.iung.435.2022.04
https://doi.org/10.26114/pja.iung.435.2022.04
https://doi.org/10.3390/ijms14047370
https://doi.org/10.3390/ijms14047370
https://doi.org/10.7717/peerj.14983
https://doi.org/10.7717/peerj.14983
https://doi.org/10.7717/peerj.14983
https://doi.org/10.7717/peerj.14983
https://doi.org/10.1016/j.jplph.2013.08.008
https://doi.org/10.1016/j.jplph.2013.08.008

