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Effect of Mycorrhizal Inoculation and Phosphorus
Fertilization Under Water Stress Conditions on the
Nutrient Content (NPK) in Leaves of Peanut (Arachis

hypogaea L.)
Abstract:

The study was conducted during the 2023 and 2024 growing seasons at
the Agricultural Scientific Research Center in Homs, Syria, affiliated with
the General Commission for Scientific Agricultural Research. The
experiment was carried out on the peanut cultivar "Sahel" with the aim of
investigating the effect of mycorrhizal inoculation and phosphorus
fertilization on the nutrient content (NPK) in peanut leaves under water
stress conditions during the flowering and pod formation stages.

The results showed that mycorrhizal inoculation led to a significant
increase in leaf NPK content during the 2024 season, whereas in 2023, its
effect was limited to an increase in nitrogen content only. On the other
hand, phosphorus fertilization had no significant effect in 2023, while in
2024, it showed a significant impact, achieving the best results for
nitrogen, phosphorus, and potassium content, respectively.

The optimal treatments were as follows:
P3 (120 kg/ha): Highest nitrogen content
P2 (60 kg/ha): Highest phosphorus content
P1 (0 kg/ha): Highest potassium content

Water stress treatments had a significant effect on increasing leaf
nitrogen content during the 2024 season, whereas no significant
differences were recorded for the other nutrients or in the 2023 season.
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These findings indicate the effectiveness of mycorrhizal inoculation and
balanced phosphorus fertilization in enhancing plant nutrition and
improving tolerance to water stress.

Keywords
Mycorrhiza, Phosphorus Fertilization, Water Stress, Peanut, NPK.
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0.17 0.18 0.17 P2 +M
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0.13 0.15 0.14 P3
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0.77 0.76 0.78 P2 -M
0.76 0.80 0.78 P3

0.80 0.78 0.80 P1
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102




4 guad) WL g Ao )30 a lad) Al oaaa dadls Aaa
ol b0 adiad ppawd (pdll Quedi 4 2025 ol 7 2and) 47 alaal)

lajye Pla Al dleay) 182 Gl Alaje Pla Sl aleal) :S2 (Jalsl) o)) ali :S1
Ualao =M . Vsl e #/3S 120 60 0 glinssill slendl Va2 :P3 P2 (P1 .0y )
cgsima e INS D)5l sedlil) dlalas 1 +M - cli Sl 2aLall

rlalitngy)

Joill sl (gsine (A Aagine 32L) Cusa DyysSlalls bl Alalae o Gaw Lae i
salyy 1e2023amse A oyl juail Wiy 2024 anise A NPK jualiadl o Jasudl
S0 o Aaaly 8ol 1) sSilally i) e cpedil e JSis Ll g ) ssina
sl gy Hsy) Slage oSl dleayl Cagyl it A8l ualiall (alisil
sina LAl Sl manall 0K g Lcaliall Gl Jess Gaeat b e Sle Jy L
cuilSy 2024 anssa & moaly 5l Jas Wiy 2023 a0 A NPK jualiall s5iae b
fal LS i) cDleledl)

s ill gine Juadl 1(2/35120) P3

stusdll (ggina el :(2/3560) P2

casmlisll (gsina el 1(2/35-0)P1

Al Lty 2024 ausse P sV e GhsY) sine 5L & ables Sl gyl of ais
BusSilally i) ol 52023050 PS5 pualiall Bl 3 (gsina Ll Al (S
Glpladlla L S lgaY) Gyl b dals Ll e A9l jealiall Galiel sy
a3 3 bee asanlislly (g sially )sdusdl)l Galiaial e Glall 8508 (e 25 433 8Ll
calaad) Jastg cnlall

il yital)

Gl s Cum zlil) die 35l i) Saand Jajiall alaATuN) (it )5 i ) gl s
Ml sl ade el v Juadyy Ayl 8 A8 ualiall o3l 8 JIA Gisas )
Jpanll 2/6S 60 Joras yanll o o(Canall age 43l ABlae duji iyl ) (Sliusdl
B sSalally elill e Jamall 138 agasy i g5l 3 40000 pualiall (g 03l Juzadl e
8 Sl slawdly 21 aall o LS LGalaal) Jaad e clall 588 auad
LAY A1) pualial) (aliaial Alje ) Gl gag 8 Sl seay) cagph

103



Mgl Joal (31 9) s gina B ALl gy Cig ol cad il gil) Sland) g ) Ja gSulally i) 5
GRS L3 paliall Gy e (Arachis hypogaea L.)

2y ) el

oabaial 3 Bl alen) o gpmadl ppendll 56 L(2013) Jaa (Gl
— Candl) daala co)5i€0 dag yhal LAodsall aliall (pand gljiiall 3,31 culy
e )l gl 418

Al Alas clall lenaals BysSladl (2000) GIAN ae saaa o Hlaaal)
45-38 :(2) saal ¢ pall gl b sl

el Jgeanad ghunsill Al & A0 ol Gy 5l (2008) 2eal (i
0o 224 () drala 0)y5iS0 Ayl L Liaee ol Lgae el

Pl lall aleadl (gyhlly uldll mall Hha s Llaiu) ((2020) (ala < sl

Arala o)y 5S0 Al .« aan Adailae (pe 2850l Adlaiall Cag s Adbid) gadll sk

02 206 .Jpalaall ad Aoy K (jaes

salll Glia any & Gliug sally syl 5L L(2006) 2aaa Guiall e
drala Aol dnailly Gl Aae . Slagadl Jsill (gyaills (gl
764-752:(4) 26 <Ll

chuall o ol paas jadidl (5 58l (2007) 2eaa Gyl A
daala dlae L Phasad) Jsill Angloll aill (anyy Adlad) sallls (S5l
=29 :(4) 49 Aol aslall dlids — dudall Sigadly Ciluhall (0
.46

ialy o asmalisdl 3 LG L(2021) (ube g3ty eal Ugag g e
aslall Ciadl Gaala Aaa Sl SlgaY) Gagyl st sl Jdl)
46-11 :(18) 43 Al

Cihsdia Ol Ldady Al Lypad (2008) taw cadad tigana Bags
Al duaigh 408 - Gl dnala

104



4 guad) WL g Ao )30 a lad) Al oaaa dadls Aaa
ol b0 adiad ppawd (pdll Quedi 4 2025 ol 7 2and) 47 alaal)

sanll nall 536 L(2011) s cuadl (delan) cdaaall tagana Bage
anlily Hstuaall liiall 53 by aliaicl 5o LS 8 1) sSilally aahils
101-98 :(1) 5 cdilall clipll 4y pal) Aaall L Aalall 5oLl

Dshdll (A5l A)a (2015) (Ao el () Lo (igarall ¢ e ¢ ilal)
cebiall 5 Jpanal Hshusdll dali & Ll slal (g 455Kl

g = s Arals Sptie Al Laglsns Sie (2007) bl 2 el

coe b ZaYls Aol sl -(2022) Aysadl el Alasy) A ganall

Py g

Oe Adfide Glgiae G (2009) sliy i taana Gl s cdaa] (Uga
Alae - gl Jll Lo silly L) Galsdd) any (8 (gpnanl) el
) drala Cagan

drala @lpiie Aeluall Jualad) 715 .(2010) 3peae il caaal (Uga
cua 406 dc))3l Al — Gl

dsill Aoy sai 8 Sl oY) il L(2016) ha rlua taaal lga
.50-33 :(22) 38 cCuadl Gaala Alas . ushayls Aailas b s

tAia¥) aaluall

Abady, S., Shimelis, H., Pasupuleti, J., Mashilo, J., Chaudhari, S., &
S.S. Manohar. (2021). Assessment of the genetic diversity of
groundnut (Arachis hypogaea L.) genotypes for kernel yield, oil
and fodder quantity and quality under drought conditions. Crop
Science, 2021, 1-18.

Abd ELazizi, M.A,, Jrad, S.A., & Sakr, S.H. (2013). Effect of methods
and depth plowing soil on density and production (Arachis
hypogaea L.). Spring Journal, Ukraine, Univ. of EI-Vov Home
Agric., Series Agric., 17(2).

Adinurani, P.G., Rahayu, S.R., Purbajanti, E.D., Siskawardani, D.D.,

Stankevica, K., & Setyobudi, R.H. (2021). Enhanced root
nodules, uptake of NPK, and vyield of peanut plant (Arachis

105



Mgl Joal (31 9) s gina B ALl gy Cig ol cad il gil) Sland) g ) Ja gSulally i) 5
GRS L3 paliall Gy e (Arachis hypogaea L.)

hypogaea L.) using Rhizobium and Mycorrhizae applications.
Sarhad Journal of Agriculture, Special Issue: Agricultural
Productivity and Sustainability Improvement in Tropical Region,
37,16-24.

Alexander, A., Singh, V.K., & Mishra, A. (2021). Interaction of the
novel bacterium Brachybacterium saurashtrense JG06 with Arachis
hypogaea leads to changes in physio-biochemical activity of plants
under drought conditions. Plant Physiology and Biochemistry, 166,
974-984.

Badran, M., and Kbibo, S. (2023). "Mycorrhizal fungi enhance
phosphorus uptake in maize under phosphorus-limited conditions."
Agricultural Systems, 207, 103359.
https://doi.org/10.1016/j.agsy.2023.103359

Bouskout, M., Bourhia, M., Al Feddy, M.N., Dounas, H.,
Salamatullah, A.M., Soufan, W., Nafidi, H., & Ouahmane, L.
(2022). Mycorrhizal fungi inoculation improves Capparis spinosa
yield, nutrient uptake, and photosynthetic efficiency under water
deficit. Agronomy, 12, 149.
https://doi.org/10.3390/agronomy12010149

Brundrett, M. C., & Juniper, D. (1995). Mycorrhizal fungi: Diversity
and functional roles. In: Mycorrhizal Functioning: An Integrative
Plant-Fungal Process. CRC Press.

Chen, W., Wang, Y., Liu, X., Li, C., Liu, Y., Li, L., Zhang, Y., Liu, Q.,
Li, X., Li, Q., & Yang, D. (2021). Physiological and expressional
regulation on photosynthesis, assimilate partitioning, and yield in
peanut under waterlogging stress. Frontiers in Plant Science, 12,
Article 601771. Available online:
https://www.frontiersin.org/articles/10.3389/fpls.2021.601771/full

Choudhury, F.K.; Rivero, R.M.; Blumwald, E.; Mittler, R. (2017).
Reactive oxygen species, abiotic stress and stress combination.
Plant J. 90, 856-867.

Dudas, M., Pjevac, P., Kotianova, M., Ganéarcikova, K., RozmoS, M.,
Hrselova, H., Bukovska, P., & Jansa, J. (2022). Arbuscular
mycorrhiza and nitrification: Disentangling processes and players
by using synthetic nitrification inhibitors. Applied and
Environmental Microbiology, 88(22), e01369-22.
https://doi.org/10.1128/aem.01369-22.

106



4 guad) WL g Ao )30 a lad) Al oaaa dadls Aaa
ol b0 adiad ppawd (pdll Quedi 4 2025 ol 7 2and) 47 alaal)

El-Boraie, F.M., Abo-El-Ela, HK., & Gaber, A.M. (2009). Water
requirements of peanut grown in sandy soil under drip irrigation
and biofertilization. Australian Journal of Basic and Applied
Sciences, 3(1), 55-65.

FAO (Food and Agriculture Organization). (2019). Groundnut
statistics. Rome: FAOSTAT, Food and Agriculture Organization of
the United Nations.

Gitari, J.N., & Mureithi, J.G. (2003). Effect of phosphorus fertilization
on legume nodule formation and biomass production in Mont
Kenya Region. East African Agricultural and Forestry Journal, 69,
83-87.

Grant, C., Bitman, S., Montreal, M., Plenchette, C., & Morel, C.
(2005). Soil and fertilizer phosphorus: Effects on plant supply and
mycorrhizal development. Canadian Journal of Plant Science, 85,
3-14.

Hamel, C. (2004). "Impact of arbuscular mycorrhizal fungi on N and P
cycling in the root zone." Canadian Journal of Soil Science, 84(4),
383-395.

Htoon, W., Jogloy, S., Vorasoot, N., Toomsan, B., Kaewpradit, W.,
Puppala, N., & Patanothai, A. (2014). Nutrient uptakes and their
contributions to yield in peanut genotypes with different levels of
terminal drought resistance."Turkish Journal of Agriculture and
Forestry 38(6), 781
791.https://doi.org/10.1002/jpIn.2023000241slam, M., Mohsan, S.,

Jogloy, S., Patanothai, A., Toomsan, S., & Isleib, T.G. (1996). Breeding
peanut to fit into Thai cropping systems. Proceedings of the Peanut
Collaborative Research Support Program International Research
Symposium and Workshop, Two Jima Quality Inn, Arlington,
Virginia, USA, 25-31 March, pp. 353-362.

Kandil, A. A. (2007). "Effect of phosphorus fertilization on growth and
yield of some crops.” Journal of Agricultural Research, 85(2), 123—
130.

Kawakami, J., lwama, K., & Jitsuyama, Y. (2006). Soil water stress and
the growth and yield of potato plants grown from microtubers and
conventional seed tubers. Field Crops Research, 95, 89—96.

107



Mgl Joal (31 9) s gina B ALl gy Cig ol cad il gil) Sland) g ) Ja gSulally i) 5
GRS L3 paliall Gy e (Arachis hypogaea L.)

Khosro, M., Khalesro, S., Sohrabi, Y., & Heidari, G. (2011). Beneficial
effects of the mycorrhizal fungi for plant growth. Journal of
Applied Environmental Biology Sciences, 1(9), 310-3109.

Kolay, A.K. (2008). Soil moisture stress and plant growth. In A.K. Kolay
(Ed.), Water and Crop Growth (pp. 43-48). New Delhi, India:
Atlantic.

Li, Z.,, Wu, N., Liu, T., Chen, H., & Tang, M. (2015). Sex-Related
Responses of Populus cathayana Shoots and Roots to AM Fungi
and Drought Stress. PLOS ONE, 10(6), e0128841.
https://doi.org/10.1371/journal.pone.0128841

Morton, J. B., Koske, R. E., Stirmer, S. L., & Bentivenga, S. P. (2001).
Mutualistic arbuscular endomycorrhizal fungi. In D. T. Wicklow &
B. B. Taylor (Eds.), The Fungal Community: Its Organization and
Role in the Ecosystem (3rd ed., pp. 335-373). New York: Marcel
Dekker.

Muhammad, I., Abubakar, A., Hamisu, A., lliya, A., & Ullah, A.
(2023). The effect of different concentrations of inorganic fertilizer
on vegetative growth of groundnut (Arachis hypogea L.).
International Journal of Plant Pathology and Microbiology, 3(2),
104-110.

Ogola, A.H., Olhiambo, G.D., Okalebo, J.R., & Muyeko, H.N. (2012).
Influence of phosphorus on selected desmodium growth and
nodulation parameters. ARPN Journal of Agricultural Biology
Sciences, 7, 294-301.

Pozo, M.J., Azcon-Aguilar, C., Dumas-Gaudot, E., & Barea, J.M.
(1999). Glucanase activities in tomato roots inoculated with
arbuscular mycorrhizal fungi and/or Phytophthora parasitica.
Mycorrhiza, 9, 295-300.

Rakshit, A., & Bhadoriam, S.P. (2010). Role of VAM on growth and
phosphorus nutrition of maize with low soluble phosphate
fertilization. Acta Agronomica, 59, 119-123.

Rodriguez-Echeverria, S., et al. (2023). ""Mycorrhizal fungi enhance
drought tolerance and phosphorus uptake in plants under stressed
conditions." Science Advances, 9(34), eadd5603.
https://doi.org/10.1126/sciadv.add5603

108


https://doi.org/10.1126/sciadv.add5603

4 guad) WL g Ao )30 a lad) Al oaaa dadls Aaa
ol b0 adiad ppawd (pdll Quedi 4 2025 ol 7 2and) 47 alaal)

Ryan, M.H., & Angus, J.F. (2003). Arbuscular mycorrhizae in wheat and
field pea crops on low P soil: Increased Zn uptake but no increase
in P uptake or yield. Plant and Soil, 250, 225-239.

Sharif, M., & Claassen, N. (2011). Action mechanisms of arbuscular
mycorrhizal fungi in phosphorus uptake by Capsicum annuum L.
Pedosphere, 21, 502-511.

Sinhababu, A. and K. Rup kumar (2003). Comparative responses of
three fuel wood yielding plants to PEG-induced water stress at
seedling stage. Actaphysiologiaeplantarum: 2003, vol. 25, no4, pp.
403-409.

Smith, S.E., & Read, D.J. (2008). Mycorrhizal symbioses. Academic
Press, London, UK. 589 pp.

Smith, S., Smith, A., & Jakobsen, J. (2003). Mycorrhizal fungi can
dominate phosphorus supply to plants irrespective of growth
response. Plant Physiology, 133, 16-20.

Sun, Y., Wang, C., Chen, X,, Liu, S., Lu, X,, Chen, H., & Ruan, H.
(2022). Phosphorus additions imbalance terrestrial ecosystem
C:N:P stoichiometry. Global Change Biology, 28(24), 7353-7365.
https://doi.org/10.1111/gch.16417.

Tandon, H.L.S. (2005). Methods of analysis of soils, plants, waters, and
fertilization.  Fertilization  Development and Consultation
Organization, New Delhi, India.

Taurian, T., Ibanfiez, F., Fabra, A., & Aguilar, O.M. (2006). Genetic
diversity of rhizobia nodulating Arachis hypogaea L. in Central
Argentina soils. Plant and Soil, 282, 41-52.
https://doi.org/10.1007/s11104-005-5314-5

Tekulu, K., Taye, G., & Assefa, D. (2020). Effect of starter nitrogen and
phosphorus fertilizer rates on yield and yield components, grain
protein content of groundnut (Arachis hypogaea L.) and residual
soil nitrogen content in a semiarid north Ethiopia. Heliyon,
6(2020), e05101. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/)..

Toro, M., Azcédn, R., & Barea, J.M. (1997). Improvement of arbuscular
mycorrhiza development by inoculation of soil phosphate-
solubilizing rhizobacteria to improve rock phosphate bioavailability

109


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Mgl Joal (31 9) s gina B ALl gy Cig ol cad il gil) Sland) g ) Ja gSulally i) 5
GRS L3 paliall Gy e (Arachis hypogaea L.)

(32P) and nutrient cycling. Applied and Environmental
Microbiology, 63, 4408-4412.

United States Department of Agriculture (USDA). (2023). Oilseeds:
World Markets and Trade. Foreign Agricultural Service. Retrieved
from https://apps.fas.usda.gov/psdonline/circulars/oilseeds.pdf

Walsh, L.M., & Beaton, J.D. (Eds.). (1973). Soil Testing and Plant
Analysis. Soil Science Society of America, Madison, USA.

Wally, F.L., Kyei-Boahen, S., Hnatowish, G., & Stevenson, G. (2005).
Nitrogen and phosphorus fertility management for desi and kabuli
chickpea. Canadian Journal of Plant Science, 85, 73-79.

110



