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Abstract: Phosphate fertilisers rank among limited conventional production aids, requiring eco-unfriendly mining
methods. On the other hand, wheat is an indispensable agricultural commodity essential in the food industry. For this
reason, it is appropriate to monitor the potential bivariate relationship between these commodities and to follow their
future development closely. The article aims to identify a correlation (Kendall’s tau) and causal (Granger causality test)
between the price of Moroccan phosphate and wheat, applying vector autoregression (VAR). The results show a medi-
um-to-strong correlation between phosphate and wheat, while causal analysis suggests a reciprocal relationship. The
final prediction indicates the price stability of Moroccan phosphate and a fall in wheat prices, showing steady trends
of the Moroccan phosphate and wheat market affected by the alarming situation in Ukraine. The article’s drawbacks are
a narrow market specialisation, which ignores other agricultural commodities. Our findings contribute to national offi-
ceholders and professional public, private and non-profit agrarian organisations. Investors may benefit from exploring
turbulent exogenous variables like a critical geopolitical deadlock in Ukraine. The main contribution highlights the fact
that the conventional fertiliser and wheat market situation appears to be stable and free from elements of uncertainty.
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Phosphorus is essential for lush and luxuriant veg-
etation, penetrating the organism through its roots.
We have recently seen a shortfall of the element in soil
ecosystems, hindering healthy plant growth and caus-
ing a global lack of food. Farmers settle the issue
by adding phosphorus to fertilisers, sometimes reach-
ing 80% of the ratio. Although the element optimally
penetrates the ground, it seeps through underground
water and wastewater, severely harming the environ-
ment. Farmers should avoid over-fertilising to miti-
gate harmful effects and learn how to use fertilisers
efficiently.

Non-renewable phosphate resources are running
out, heading for rapid depletion. The statistics suggest
165 to 195 mil. tonnes of production per year, includ-
ing Morocco, China and the USA as the leading global
producers. European states rely heavily on imports
(Sun et al. 2018; Bogusz 2022; Gadaleta et al. 2022).

Jia et al. (2018) point to enormous population growth
and follow-up heavy demand for natural resources.
If minimum items, like phosphorus, enter agricultural
production, these meagre resources will cause lim-
ited production outputs. This principle is typical for
developing countries. But for phosphorus additives,
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we would not be able to cultivate plants, vegetables and
fruits for eating or further processing. Jing et al. (2022)
consider phosphate fertilisers a trigger mechanism for
faster plant growth and nutrient uptake.

Wheat, used mainly for further processing, ranks
among essential agricultural commodities on the global
market. However, its production suffers from the lim-
ited availability of phosphorus, which disappears due
to resource depletion from the fertile ground (Majeed
etal. 2018; Suleman et al. 2022). Wheat is also a vital nu-
trient whose lack leads to prolonged starvation of local
consumers in many global regions (Yazbeck et al. 2022).

On top of the shortfall of phosphate-based conven-
tional fertilisers, we must consider another crucial
factor — the current geopolitical situation. As Ukraine
ranks among the leading global wheat producers, the
unresolved armed conflict threatens global commodity
supplies (Mottaleb et al. 2022). Saadaoui et al. (2022)
observe a one-way causal relationship between geopo-
litical risk and food price. Pereira Domingues Martinho
et al. (2022) include a hectare wheat profit rate, global
warming, and the COVID-19 pandemic as other ex-
ogenous influential factors profoundly inflating wheat
prices and other commodities (Abdalla et al. 2023).

The article aims to identify a causal relationship be-
tween the market (commodity price) of Moroccan phos-
phate and wheat. Many economic studies have already
covered the topic, including Olagunju et al. (2021), who
explored the connection between phosphate fertilisers
and wheat prices, and Cordell and Neset (2014) and
Chowdhury et al. (2017), who point to dwindling phos-
phate supplies threatening agricultural production.

To achieve our goal, we formulated these research
questions.

RQ),: Is there a causal relationship between Moroccan
phosphate and wheat price?

First, we must find a correlation, but that is not
enough. Cointegration allows us to assess the inter-
connection between the commodities. Reciprocal rela-
tionships show that one variable can predict the other.
RQ,: What will be the price movement in the future?

The prediction is valuable upon confirming the reci-
procity of the quantities. Vochozka et al. (2020) suggest
a prediction is useful when economic variables signifi-
cantly correlate. The competitive advantage will allow
capturing the market, as limited resources of conven-
tional phosphate fertilisers will likely fuel inflation.

Literature review. Phosphorus comes from phos-
phate, occurring in sedimentary deposits or igneous
ore, mixed with alkalic rocks. Quality phosphate extrac-
tion involves a complex concentration mechanism with

302

https://doi.org/10.17221/140/2023-AGRICECON

several (bio)geochemical processes. Sound knowledge
of phosphate extraction procedures compensates for
gaps in geochemistry, mitigating the slowdown of ex-
tracting future resources (El Bamiki et al. 2021). Un-
derground mining encompasses an elaborate engineer’s
system and non-linear processes. The largest Chinese
mining companies research innovations to stimulate
extraction, increasing the country’s economic value and
streamlining phosphate mining processes in China (Li
et al. 2021). Morocco has become the leading phospho-
rus producer, generating 35 mil. tons a year (Berroug
et al. 2021). Historically, Florida is the largest global
phosphate maker. The mining industry affects the trans-
port of nutrients from organic and inorganic forms
of nitrogen and phosphorus, draining more than 10%
of phosphorus from large rivers and tributaries during
spells of rain. The proposal will contribute to recultivat-
ing phosphorus in watercourses (Duan et al. 2021).

Although phosphorus belongs to limited resources,
the element ranks second among essential plant nutri-
ents, stimulating crop growth, development and pro-
ductivity. Its inappropriate use could cut global crop
production (Bhatta et al. 2021). Chowdhury and Zhang
(2021) suggest a new system for effectively using phos-
phorus fertilisers to ensure sustainable resources and
protect the environment.

The global agricultural sector is struggling with
a lack of phosphorus in soil vegetation. Yang and Yang
(2021) explain the use of its residues in multiple soil
types according to specific reproduction, suggesting
various methods of sowing, cultivating, fertilising and
removing phosphorus using phosphate substitution
microorganisms. Wali et al. (2022) analyse limited soil
eutrophication due to the lack of phosphorus, using
biochar (biomass) from wheat straw.

Many experts explore the possibilities of renewing
the element from underground water. Marousek et al.
(2020) point to the financial benefits of biochar when
extracting phosphorus from wastewater. Since existing
results always showed limited potential for mineral re-
newal (due to high costs), the topic was subject to ex-
tensive revision. A new concept involves a cost-saving
model producing biochar from fermentation remains,
i.e. thermochemical pyrolysis, ensuring eco-friendliness
and a low-cost operation. Geissler et al. (2018) empha-
sise an inevitable transition to regenerative agriculture.

Swap trading of natural fertilisers protects the price
risk index, as price movements cannot react to volatile
financial markets. The analysis involves ratios and ef-
ficiencies of changing urea with ammonium phosphate.
The fertiliser indexes reflect the US spot prices over
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a short period (Maples et al. 2019). Phosphate resourc-
es are heading to developed countries, according to the
geographical position of international businesses. The
methodology comes from MRIO (Multi-Regional Input
Output) analysis, aiming to end consumers. An opti-
mised supply chain will reduce agricultural costs and
the risk of eutrophication (Yang et al. 2019). The in-
dicator of the phosphate fertiliser demand involves
price dynamics and responses to changes in time. The
global call for the mineral is inelastic in price over short
or long periods (Al Rawashdeh 2022).

Economic experts discuss the complicated produc-
tion, distribution and consumption of natural resources,
warning about socio-economic issues in transdiscipli-
nary processes. While the turn of 2007 and 2008 marks
a general misconception of the phosphor price peak, the
span between 1983 and 2013 saw an annual increase
in extracting phosphorites by about 3.2%. Economists try
to correct these socially harmful fallacies to increase pub-
lic knowledge and awareness (Scholz and Steiner 2022).

Determining causal relationships between economic
quantities involves the conventional Granger causality
test (GC). Despite its wide application, Grosche (2014)
and Wimmer et al. (2021) point to the test’s inability
to assess speculation on the agricultural and energy
markets. On the other hand, Apergis et al. (2021) re-
ceived impressive results using GC to test the connec-
tion between economic efficiency and commodity pric-
es. Ye et al. (2019) and Akvildirim et al. (2022) arrived
at the same conclusion, observing interactions between
macroeconomic quantities in China and economic
profitability on futures in troubled times, respectively.
Ascorbebeitia et al. (2022) suggest combining GC with
the Kendall’s tau correlation coefficient when observ-
ing Euro Stoxx Index. Fei et al. (2020) use Kendall’s tau
to explore the relationship between commodity prices
and inputs/outputs of cattle breeding.

High-accuracy prediction models involve artificial
neural networks (ANN) based on physio-neurological
processes for effective learning and data processing
(Vochozka et al. 2021). Sahinli (2021) includes vec-
tor autoregression as another prediction model when
predicting a wheat price in Turkey. Lakkakula (2018)
applies VAR to explore interrelationships between five
types of fertilisers, indicating urea as a crucial determi-
nant in phosphate fertiliser prices.

The Kendall’s tau correlation coefficient will explain
our research aims in the first phase, whereas the Grang-
er causality test will complement VAR in the second
part. This combination will explore the relationship
between two quantities and predict their movement.

MATERIAL AND METHODS

Data. The presented data reflect the indexmundi.
com database (IndexMundi 2023), comprising rel-
evant information from stock markets, expressed
in US dollars per negotiated ton of the commodity
(phosphate and wheat), including closing and un-
adjusted prices. The data series on Moroccan phos-
phate and wheat observe monthly periods, starting
in January 1993 and ending in September 2022. The
series involves 357 inputs, yielding relevant statisti-
cal results.

Methods. We constructed all models in the R pro-
gramming language, setting the significance level
at 0.05. An analysis examining the relationship be-
tween the Moroccan phosphate and wheat price an-
swers the first research question, using Kendall’s tau
as an effective statistical instrument of a non-para-
metric test.

Already included in the VAR, the GC model explores
the relationship between Moroccan phosphate and
wheat price. The first step involves VAR reflecting time
series models, i.e. vectors of endogenous variables. The
formula for VAR is as follows:

V=AY et Ay, +CD +u, (1)

where: y, — vector K x 1 endogenous variable; u, — error
P Ap — symbolise K x K;
C — matrix of possibly deterministic regressors on base

of the same dimensions; A

(K x M); D — vector with deterministic regressors
(e.g. trend, constant etc.).

Addressing Stock and Watson (2019), we can analyse
VAR in the R programming language. The analogical
formula is the same as in equal 1, supplemented by the
second observed variable X,.

Y, =B+ B Y,  + et ﬁ1th-p Y Xt (2)
+ ylet_p +u,,

Xi= By + By, + o+ I32th-p Y Xt
+ y2pX p Uy

(3)

where: ¥, X — observed vectors of endogenous variables;
B — i variable at time t; y — i'" variable in the previous
time step (lagged value).

The prediction reflects ten periods (data frequency
corresponds to ten months), from October 2022 to July
2023. Scripts are illustrated in Figures S1-S3 in the
Electronic Supplementary Material (ESM).
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RESULTS

Time series correlation analysis. We use the Ken-
dall’s tau to apply correlation analysis. Table 1 illus-
trates Kendall’s tau calculations. Given the low P-value
(2 x 107%%), we can reject H, confirming a close rela-
tionship between the observed economic variables.

Value 0.52 indicates a medium-to-strong correla-
tion, presuming that an increase in one quantity trig-
gers an increase in the second variable and vice versa
(direct proportion).

VAR model. Vector autoregression has a variety
of uses. On top of accurate predictions, the model allows
for cointegration. Thus, we answer RQ, and fulfil RQ,.

As we preserve the system of the research ques-
tions, the first phase involves analysing a causal re-
lationship between two time series, i.e. Moroccan
phosphate and wheat, using VAR. The incorporated
GC model outlines the connection between the price
of Moroccan phosphate and wheat price (Figure 1).
P-value < 1.244 x 1078 rejects H,, accepting the al-
ternative hypothesis on the dependence of the wheat
price on phosphate values.

Similarly, we observe the opposite effect when wheat
prices affect phosphate rates. The time lags are set to 2
in both cases. P-value < 2.2x 107'® again rejects H,
confirming the statistical relevance of H, when the
wheat price sways Moroccan phosphate (Figure 2).

Now we can use VAR for predicting both observed
quantities, whose values are illustrated in Tables 2
(wheat) and 3 (phosphate). Figure 3 depicts the predic-
tion, complying with ten calendar months.

Table 1. Kendall tau calculations

Correlation R (Kendall’s tau) Pvalue

Phosphate/wheat 0.52 2.2x 10716

https://doi.org/10.17221/140/2023-AGRICECON

Hypothesis:
L(wheat,2)1 = @
L(wheat,2)2 = @

Model 1: restricted model
Model 2: phosphate ~ L(wheat, 1:2)

Note: Coefficient covariance matrix supplied.

Res.Df Df F
1 354
2 352 2 168.83 < 2.2e-16 ***

Pr(>F)

Signif. codes: @ ***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ’ 1

Figure 2. Granger causality test between wheat and
Moroccan phosphate

Source: author’s own elaboration

Table 2. Wheat movement prediction from October 2022
to July 2023 using VAR

Date Fest Lower  Upper CI

Oct 11,2022 423.8928 392.2334 455.5522 31.65944
Nov 1,2022 422.4557 372.3569 472.5544 50.09875
Dec1,2022 419.1875 355.2780 483.0969 63.90947
Jan1,2023  415.5417 340.7007 490.3827 74.84100
Feb 1,2023 411.8927 328.0232 495.7621 83.86946
Mar 1,2023 408.3326 316.7757 499.8895 91.55690
Apr1,2023 404.8802 306.6341 503.1263 98.24608
May 1, 2023 401.5352 297.3757 505.6948 104.15952
June 1,2023 398.2929 288.8429 507.7429 109.45001
July 1,2023  395.1477 280.9201 509.3752 114.22754

VAR - vector autoregression; Fcst — point forecast
Source: author’s own elaboration

Table 3. Prediction of the movement of Moroccan phos-
phate from October 2022 to July 2023 using VAR

Source: author’s own elaboration

Model 1: restricted model
Model 2: wheat ~ L(phosphate, 1:2)

Note: Coefficient covariance matrix supplied.
Res.Df Df F

1 354
2 352 2 19.177 1.244e-08 ***

Pr(>F)

Signif. codes: @ “***’ 0,001 ‘**’ 9.01 ‘*’ 0.05 ‘.” 0.1 < ’ 1

Figure 1. Granger causality test between Moroccan phos-
phate and wheat

Source: author’s own elaboration
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Date Fest Lower Upper CI

Oct1,2022 318.1230 287.0188 349.2273 31.10424
Nov 1,2022 318.2740 271.6085 364.9395 46.66548
Dec 11,2022 319.1539 262.0989 376.2089 57.05502
Jan1,2023  319.9808 255.4182 384.5434 64.56258
Feb 1,2023 320.4915 250.0865 390.8965 70.40499
Mar 1, 2023  320.6346 245.3766 395.8926 75.25800
Apr1,2023 320.4266 240.9114 399.9419 79.51524
May 1,2023 319.9021 236.4878 403.3163 83.41425
June 1, 2023 319.0975 231.9972 406.1977 87.10028
July 1,2023 318.0471 227.3858 408.7083 90.66126

VAR - vector autoregression; Fcst — point forecast
Source: author’s own elaboration
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Figure 3. VAR prediction of Moroccan phosphate and wheat

VAR - vector autoregression
Source: author’s own elaboration

The wheat values show a slightly downward trend,
falling by 6.7% (based on the first to the last observed
month). The lower prediction limit sees a more drastic
decline, indicating a difference of 28% between the first
and last monitored month. The upper boundary shows
a growth trend with a difference of 11% between the
first and last month of the period.

Based on the data, the prediction trend of Moroc-
can phosphate is constant, ranging from 318 USD-t™!
to 320 USD-t"!. The lower limit reflects a steady de-
cline in prices, indicating a difference of almost 21%
between the first to the last month. On the other hand,
the upper boundary shows a price increase, implying
a rise of about 17% (408.7 USD-t™!) in July 2023 com-
pared to October 2022.

Figure 3 shows a time series of Moroccan phosphate
and wheat, including a ten-month prediction. The de-
termination coefficient, adjusted R-squared, stretches
from 0.959103 and 0.9552096, indicating a quality sta-
tistical regressive apparatus.

DISCUSSION

The article aimed to explore the relationship between
the price of Moroccan phosphate and wheat, tackling
two research questions.

RQ,: Is there a causal relationship between Mo-
roccan phosphate and wheat prices? First, we per-
formed a non-parametric correlation test based
on Kendall’s tau of Ascorbebeitia et al. (2022), reveal-
ing a medium-to-strong direct correlation between
phosphate and wheat prices (r = 0.52). VAR and GC
tests confirmed reciprocity, i.e. the inflationary effect
of Moroccan phosphate and wheat prices flows both
ways.

RQ,: What will be the price movement in the fu-
ture? According to a prediction suggested by Vochoz-
ka et al. (2020), we confirmed a very close correlation
and causal relationship between the price of Moroccan
phosphate and wheat price on the commodity market.
The prevailing trend in wheat prices does not agree
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with Mottaleb et al. (2022), who warn about threatened
wheat supplies due to the Russian-Ukrainian conflict.
Rather than that, our prediction proves a constant de-
cline in its price. Moroccan phosphate values do not
cause worries either. Since the commodity shows little
volatility, its rates will oscillate around the final price
from September 2022 (318 USD-t™}).

The research suffers from a limited view of the mar-
ket and insufficient identification of potential endog-
enous and exogenous variables. A further inquest
should measure the impact of Moroccan-extracted
phosphates and alternative fertilisers (urea etc.) on ag-
ricultural production, as these crop production aids
affect global phosphate prices (Lakkakula 2018). The
military conflict in Ukraine gave rise to many factors in-
volved in the wheat price slump, including unblocking
transport routes. Although statistically stable (proved
by P-values and adjusted R-squared), using only one
model cannot yield reliable results.

Further research should explore other impactful
commodities and their link to Moroccan phosphate
(corn etc.), examining a causal relationship between
unconventional fertilisers (Lakkakulay 2018) and pro-
duction outputs. Statistically, the apparatus might
involve other prediction models to compare the out-
comes for higher reliability.

Our findings can appeal to policymakers, includ-
ing national politicians or state, private or non-profit
agrarian organisations. The results can also be signifi-
cant to investors, reflecting bearish market sentiments
in adverse market conditions (lack of resources and
ethics of extraction). Although seemingly sequential
(short-term), the findings reflect turbulent times, add-
ing value to our conclusions.

CONCLUSION

The study aimed to explore the relationship be-
tween the commodity price of Moroccan phosphate
and wheat prices, using VAR as a predictor. Kendall’s
tau and GC non-parametric correlation coefficients
revealed a medium-to-strong correlation. A cointe-
gration analysis, i.e. a GC model incorporated in the
VAR, confirmed reciprocity between Moroccan
phosphate and wheat prices. VAR predictor indicat-
ed a constant trend in phosphate values correlating
with final values of the time series, showing a decline
in wheat rates. The findings revealed no relationship
between the geopolitical deadlock (linked to the war
in Ukraine), complicated extraction of Moroccan
phosphate and potential heteroscedasticity on the
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commodity markets in the first half of 2023. We ful-
filled our research aim.

The article suffers from a too-narrow specialisa-
tion, reflecting only conventional fertilisers and wheat
prices. Further research might explore other crops, in-
cluding corn etc. Employing more prediction models
to compare the results would also go a long way.

A future inquest might also observe the use and link
between unconventional fertilisers (e.g. urea) and the
final product or conventional phosphates, including
other essential crops (e.g. corn).

The fluid geopolitical situation might make our find-
ings appealing to national policymakers and state, pri-
vate and non-profit agrarian organisations. An uncertain
exogenous environment should not prevent sharehold-
ers from investing in a relatively steady market.

REFERENCES

Abdalla A., Stellmacher T., Becker M. (2023): Trends and
prospects of change in wheat self-sufficiency in Egypt.
Agriculture, 13: 7.

Akyildirim E., Cepni O., Pham L., Uddin G.S. (2022): How con-
nected is the agricultural commodity market to the news-
based investor sentiment? Energy Economics, 113: 106174.

Al Rawashdeh R. (2022): Estimating short-run (SR) and
long-run (LR) demand elasticities of phosphate. Mineral
Economics, 36: 239-253.

Apergis N., Hayat T., Saeed T. (2021): Cyclicality of com-
modity markets with respect to the U.S. economic policy
uncertainty based on granger causality in quantiles. Eco-
nomic Notes, 50: e12179.

Ascorbebeitia J., Ferreira E., Orbe S. (2022): The effect
of dependence on European market risk. A nonparametric
time varying approach. Journal of Business & Economic
Statistics, 40: 913-923.

Berroug F., Bellaziz Y., Ouazzani N., Ait Nouh F., Hejjaj A.,
Boukhattem L., Idlimam A., El Mahmoudi H., Mandi L.
(2021): Experimental and numerical investigations
on conductive drying of phosphate washing waste clay.
Minerals, 11: 482.

Bhatta B.B., Panda R.K., Anandan A., Pradhan N.S.N., Ma-
hender A., Rout K.K., Patra B.C., Ali J. (2021): Improve-
ment of phosphorus use efficiency in rice by adopting
image-based phenotyping and tolerant indices. Frontiers
in Plant Science, 12: 717107.

Bogusz P. (2022): The possibility of using waste phosphates
from the production of polyols for fertilizing purposes.
Molecules, 27: 5632.

Chowdhury R.B., Zhang X. (2021): Phosphorus use efficiency

in agricultural systems: A comprehensive assessment



Agricultural Economics — Czech, 69, 2023 (8): 301-308

Original Paper

https://doi.org/10.17221/140/2023-AGRICECON

through the review of national scale substance flow analy-
ses. Ecological Indicators, 121: 107172.

Chowdhury R.B., Moore G.A., Weatherley A.J., Arora M.
(2017): Key sustainability challenges for the global phos-
phorus resource, their implications for global food security,
and options for mitigation. Journal of Cleaner Production,
140: 945-963.

Cordell D., Neset T.S.S. (2014): Phosphorus vulnerability:
A qualitative framework for assessing the vulnerability
of national and regional food systems to the multidimen-
sional stressors of phosphorus scarcity. Global Environ-
mental Change, 24: 108—122.

Duan S., Banger K., Toor G.S. (2021): Evidence of phosphate
mining and agriculture influence on concentrations, forms,
and ratios of nitrogen and phosphorus in a Florida river.
Water, 13: 1064.

El Bamiki R., Raji O., Ouabid M., Elghali A., Khadiri Yazami O.,
Bodinier, J.L. (2021): Phosphate rocks: A review of sedimen-
tary and igneous occurrences in Morocco. Minerals, 11: 1137.

Fei C.J., Vedenov D.V., Stevens R.B., Anderson D. (2020):
Single-commodity vs. joint hedging in cattle feeding cycle:
Is joint hedging always essential? Journal of Agricultural
and Resource Economics, 46: 464—478.

Gadaleta A., Lacolla G., Giove S.L., Fortunato S., Nigro D.,
Mastro M.A., De Corato U., Caranfa D., Cucci G., de Pinto
M.C., Vita F. (2022): Durum wheat response to organic and
mineral fertilization with application of different levels and
types of phosphorus-based fertilizers. Agronomy, 12: 1861.

Geissler B.,, Hermann L., Mew M.C,, Steiner G. (2018): Striv-
ing toward a circular economy for phosphorus: The role
of phosphate rock mining. Minerals, 8: 395.

Grosche S.C. (2014): What does Granger causality prove?
A critical examination of the interpretation of Granger
causality results on price effects of index trading in ag-
ricultural commodity markets. Journal of Agricultural
Economics, 65: 279-302.

IndexMundi (2023): Commodity prices — Price charts, data,
and news. Available at https://www.indexmundi.com/
commodities/ (accessed Jan 14, 2023)

JiaX., Liu P, Lynch J.P. (2018): Greater lateral root branching
density in maize improves phosphorus acquisition from
low phosphorus soil. Journal of Experimental Botany,
69: 4961-4970.

JingJ., Zhang S., Yuan L., Li Y., Chen C., Zhao B. (2022): Humic
acid modified by being incorporated into phosphate ferti-
lizer increases its potency in stimulating maize growth and
nutrient absorption. Frontiers in Plant Science, 13: 885156.

Lakkakula P. (2018): Testing causality among five fertilizer
prices. Applied Economics Letters, 25: 601-606.

Li X., Wang Y., Yang S., Xiong J., Zhao K. (2021): Research
progress in the mining technology of the slowly inclined,

thin to medium thick phosphate rock transition from
open-pit to underground mine. Applied Mathematics and
Nonlinear Sciences, 6: 319-334.

Majeed A., Mehdi S.M., Niaz A., Mahmood A., Ehsan-Ul-
Haq, Ahmad N., Javid S., Mehmood A. (2018): Influence
of P-enriched compost application on economics and P use
efficiency of a maize-wheat rotation system. The Crop
Journal, 6: 651-658.

Maples W.E., Brorsen B.W., Etienne X.L. (2019): Hedging
effectiveness of fertilizer swaps. Applied Economics,
51: 5793-5801.

Marousek J., Kolaf L., Strunecky O., Kopecky M., Barto$ P,
Marouskové A., Cudlinové E., Konvalina P, Soch M., Mou-
dry (Jr)J., Vani¢kové R., VrbkaJ. (2020): Modified biochars
present an economic challenge to phosphate management
in wastewater treatment plants. Journal of Cleaner Produc-
tion, 272: 123015.

Mottaleb K.A., Kruseman G., Snapp S. (2022): Potential
impacts of Ukraine-Russia armed conflict on global wheat
food security: A quantitative exploration. Global Food
Security, 35: 100659.

Olagunju K.O., Feng S., Patton M. (2021): Dynamic relation-
ships among phosphate rock, fertilisers and agricultural
commodity markets: Evidence from a vector error cor-
rection model and Directed Acyclic Graphs. Resources
Policy, 74: 102301.

Pereira Domingues Martinho V.J., da Silva Cunha C.A,,
Pato M.L., Lourenco Costa PJ., Sanchez-Carreira M.C.,
Georgantzis N., Rodrigues R.N., Coronado F. (2022): Ma-
chine learning and food security: Insights for agricultural
spatial planning in the context of Agriculture 4.0. Applied
Sciences, 12: 11828.

Saadaoui F, Ben Jabeur S., Goodell J.W. (2022): Causality
of geopolitical risk on food prices: Considering the Russo-
Ukrainian conflict. Finance Research Letters, 49: 103103.

Sahinli M.A. (2021): Determining the influential factors
in the modelling of the price of wheat in Turkey. Journal
of Environmental Protection and Ecology, 22: 424-432.

Scholz R.W., Steiner G. (2022): The role of transdisciplinarity
for mineral economics and mineral resource management:
Coping with fallacies related to phosphorus in science and
practice. Mineral Economics, 35: 745-763.

Stock J.H., Watson M.W. (2019): Introduction to Econometrics,
Global Edition. Boston, Pearson Education Limited: 800.

Suleman M., Ashraf M., Raza Q.U.A., Bashir M.A., Rahman S.U.,
Aon M., Ali S., Shahzad S.M., Khalid M.U., Raza HM.A.,
Rehim A., Du Z. (2022): Determining the cadmium accumula-
tion in maize (Zea mays L.) and soil influenced by phosphoric
fertilizers in two different textured soils. Land, 11: 1313.

Sun B.H., Cui Q.H., Guo Y,, Yang X.Y., Zhang S.L., Gao M.X,,
Hopkins D.W. (2018): Soil phosphorus and relationship

307



Original Paper

Agricultural Economics — Czech, 69, 2023 (8): 301-308

to phosphorus balance under long-term fertilization. Plant,
Soil and Environment, 64: 214—220.

Vochozka M., Kalinova E., Gao P.,, Smolikova L. (2021): De-
velopment of copper price from July 1959 and predicted
development till the end of year 2022. Acta Montanistica
Slovaca, 26: 262-280.

Vochozka M., Rowland Z., Suler P.,, Marousek J. (2020): The
influence of the international price of oil on the value
of the Eur/Usd exchange rate. Journal of Competitiveness,
12:167-190.

Wali F., Sardar S., Naveed M., Asif M., Nezhad M.T.K.,
Baig K.S., Bashir M., Mustafa A. (2022): Effect of con-
secutive application of phosphorus-enriched biochar with
different levels of P on growth performance of maize for
two successive growing seasons. Sustainability, 14: 1987.

Wimmer T., Geyer-Klingeberg J., Huetter M., Schmid F.,
Rathgeber A. (2021): The impact of speculation on com-

308

https://doi.org/10.17221/140/2023-AGRICECON

modity prices: A meta-Granger analysis. Journal of Com-
modity Markets, 22: 100148.

Yang M., Yang H. (2021): Utilization of soil residual
phosphorus and internal reuse of phosphorus by crops.
Peer], 9: 11704.

Yang H., LiuY,, LiuJ., MengJ., Hu X., Tao S. (2019): Improving
the imbalanced global supply chain of phosphorus fertil-
izers. Earth’s Future, 7: 638—651.

Yazbeck N., Mansour R., Salame H., Chahine N.B., Hoteit M.
(2022): The Ukraine-Russia war is deepening food inse-
curity, unhealthy dietary patterns and the lack of dietary
diversity in Lebanon: Prevalence, correlates and findings
from a national cross-sectional study. Nutritients, 14: 3504.

Ye W., Guo R., Jiang Y., Liu X., Deschamps B. (2019): Profes-
sional macroeconomic forecasts and Chinese commodity
futures prices. Finance Research Letters, 28: 130-136.

Received: April 25, 2023
Accepted: June 20, 2023
Published online: July 25, 2023



