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Introduction: Agricultural systems in arid and semi-arid regions face significant

challenges, including water scarcity, climate change, and inefficient resource
management. Drip fertigation, which delivers water and fertilizers directly to the
root zone, enhances resource use efficiency by synchronizing nutrient supply with
crop demand. Understanding the dynamics of essential nutrients like phosphorus
(P) and potassium (K) under this system is vital, as their behavior differs
significantly. Phosphorus is relatively immobile in soil due to strong adsorption
and precipitation reactions, particularly in calcareous soils. In contrast, potassium
exhibits greater mobility, moving via both diffusion and mass flow. The
distribution of these nutrients is influenced by the soil's wetting pattern, soil
properties, irrigation regime, and crop root architecture.This field study
investigates the spatiotemporal dynamics of P and K for two crops with
contrasting root systems—maize and potato—under drip fertigation.

Objectives: This study aimed to: 1) Evaluate the horizontal and vertical distribution of

soluble and available forms of P and K in the soil profile around maize and potato
roots; 2) Compare the nutrient depletion profiles in the rhizosphere of both crops;
and 3) Investigate the transformation of applied P and K into less mobile forms
over time.

Materials and Methods: The research was carried out at the Soil and Water Research

Institute in Karaj, Iran. The soil texture was clay loam with a calcareous nature
(0.6% organic carbon, 9.4% calcium carbonate equivalent). Potato
(Agria cultivar) was cultivated in a ridge-and-furrow system, while maize (Single
Cross 704 hybrid) was planted in a strip pattern. The field was equipped with a
surface drip irrigation system. Irrigation was applied twice weekly for 4 hours per
session, delivering 4 liters per meter of drip tape. The fertilizer requirement (e.g.,
NPK), determined based on soil test results, was applied in two split doses.
Fertigation commenced one hour after the start of irrigation and continued for
three hours. Soil moisture was monitored twice daily using TDR sensors installed
at various depths (10-50 cm). Following the first and second fertigation events,
intensive soil sampling was performed at specific time intervals (4, 24, 98, 624,
1632 hours after each). Samples were taken at horizontal distances of 0, 5, 10,
and 15 cm from the emitter and at vertical depth intervals of 0-5, 5-10, 10-15, 15-
20, 25-30, and 30-40 cm using an auger, with two replicates per treatment
(including a non-cropped control plot). The collected soil samples were analyzed
and visualized for soluble P, available P (Olsen method), soluble K, exchangeable
K, and non-exchangeable K.
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Results: The results revealed distinctly different distribution patterns for potassium
and phosphorus. The maximum accumulation for both elements was confined to
a zone within 0-15 cm vertically and 0-35 cm horizontally from the drip emitter,
closely following the advance of the soil wetting front. Phosphorus movement
was limited. Maximum vertical and horizontal movement reached only 13 cm and
20 cm, respectively. Soluble P concentrations spiked shortly after fertigation and
returned to baseline within five days. Available P showed greater horizontal
dispersion than soluble P. Crop-specific differences were evident; maize
restricted vertical P movement, while potato promoted lateral dispersion,
reflecting their distinct root architectures and water uptake patterns. Potassium
was significantly more mobile, moving up to 20 cm vertically and over 35 cm
horizontally. The distributions of soluble and exchangeable K were highly
correlated and dependent on moisture flow. Rapid K movement occurred initially
when soil moisture was high. Crucially, K concentrations in the root zone of
cropped plots were substantially lower than in the non-cropped control,
demonstrating significant plant uptake.

Conclusion: This study demonstrates that the dynamics and distribution of
phosphorus and potassium under drip fertigation are strongly influenced by soil
properties, soil moisture, the specific crop and its root system. The practice of
split fertigation with lower concentrations per application is highly recommended,
particularly for crops with shallow root systems, as it synchronizes nutrient supply
with root activity, thereby improving fertilizer use efficiency and mitigating
environmental risks. The successful application of geostatistical interpolation to
visualize these complex patterns underscores the potential of integrating
simulation models like HYDRUS for optimizing fertigation management
strategies, reducing the need for costly and time-intensive field trials. This
research provides practical insights for enhancing nutrient management in drip-
irrigated maize and potato systems in arid and semi-arid regions.
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Figure 1- The geographical location and schematic view of the potato and maize cultivation project under drip
irrigation.



YVe Y0 ks IFAAle S (glo gy soke 4 pitd

* 27

(oS (g Joo) walid jlon g (oo jmams )3 (810 (Jgl Cugd) 65kl 51 o Ceslus S (5, lagS 9o Y JSUs
Figure 2 — Fertigation system one hour after the irrigation (first event) for maize, potatoes, and the control treatment
(uncultivated area).

355 3 o Y JS) 33 Jlec] S a5 gl 5 o
SEVE A YF ¥ loj Jeolsd 15 S o) paiged (6 lefssS
X oy Jolgd 55 p93 593 3 g (6ylaldeS 5 L cael VSYY
sl Juolgd > S (6 pdiges A plosl el A5+ 9 QA WYY
Ve D D 3g0e] ios Juolh g yio 3o \D g Ve ) oo
OSoad J (ST i) ol FoFe 5 ¥o¥0 X210 10
) s opeiges ool 33 pladl (S 5 53) S5 9
035)55 3)lge olS (yoy dlail (glp) SR @ ol (p PS5
il 4y lSo (ks pusisl LSS, b 0 il (13,5 Jlos!
Fo o b Gl el & W3S (28 Chds iy
-~ g5 ol odalie BB Y S5 50 6yl ppdig0d 0970 .3l 3939
2635 S Jls 3 5 Jizie olSiylesl a8 S la
sladiged )> Cugb) imen g mawlly 5 Hiud Clale CBy ¢yl
=0}l slp Gizmed b (5 Sojlul (59 gy 4 oddCul
2948 4 V) slaojlias ol by g jiud clale (68
=03l (el i (6803l ppoly g yaud Clalé sadbagS ojlac
Joeme (9 b g (i obye SB odlatul LB jlie (g5

§13 5245903 9 (505101

S 35 a5 390 (Jn > gy 650l sl
gy S «ilofl ol 5 22805 () S
sy SB Ol e85 Cagby e b b cuai (] 02 )
N Ve Gl Glasl ) SB cugby iy 0y Job jo 098
dgds abl dlold 15 g S xdaw I (g yte il B g ¥ e Ve
=0jll 9y > Cugh 93 ) e 0ykB JiU 1 (el VoA
il 3Slae a5l (ol (sloiahl 5 lomSls a3 S
ol Ay Jsb 3 Sy g olS gyl cddy) Boe 3Shos
bl 38> Oliee onizmen 5 b (5 Sojlul (Sain g0,
wr 4 Sl SaS slosnlin glaooly 4eX5l 00,8 s
clald e oy Slp S oo gl ES > it 5 @Y
yolis clle mie Il (6365 duogi 5 S oy o yolic
b dged ¥ g b e il ¥omr o 5l SB > a3 390
b asulie culS 8 e il Ve clus

drogs bl p b 93 55 oS (gl pjY 355 Jlade
3 S Auge ol 15 5 (ol il Jal g3 (5355

2Time-Domain Reflectometer, TDR



e §1085 31 50 iomojiman 9 3D Ay y SIS 0 el 3 yhand chlisin GloJSd 21597 9 2ligy TV

2 ool g Syt sl b 5 S0skas by Sl ol
.(Shahbazi et al., 2024)

gl abgsye o)lac &S0l 9 pbxl oylac Cl)yu.wl Jos
ek (1jg ks Sly 0l 5 ySojlul Cugb (g I i
by (63803l (gly puiored b ooldiw] Sis 59 4 S

(b‘.; 09.\3) Ll a]abe 9 &'_'J)s CuwiS 2 SB 813 ydig0d 8953 g ‘_',lsso -Y UG
Figure 3 — Soil sampling location in maize cultivation and control (uncultivated) areas.

8395 Jolo 9 Sl (S S5ag
ool sl oolitl 3)90 OF olawd oS 5\ Jgio
o9 okl Gl ams e (L 1) (o)lulasS oo el clale
sy iesjewd VY Sl colia g AD PH (lly 268
Uil LSS Colan g ials pH (558 el 9581 L 29y
Sl (land dlge e iz j2 59y Cigliste (Sl Joloxe 95 5
oS g wloyS o a0 Solds s g sddedlatsl

D9 (9355 Jolore 93 sl g oo jote

4 Contour maps

SB pally 9 yhud Candg g 5> (2L
Sl oo syl 50 51 a3Liw!

SiloeS 5 Shalie glrodh Jlodgn s lp
b3Sy 5 eSB Jidgy 53 liy 9 yind Slojm S8 @iy
o) yoolie il (glaodls 05 edlits] (gl e 5 s lolisee
(5 9 (o5 e sloxe ol coslisol B s Joloo yiund
Lo 53 dgy 0dd (g0 pdiges Lalisre (slaylej o bla 4o a8
wb loddod 5 el puos slp g 3)ly OrginLab lle
8 odlstulyyge (Gl zolaw 5 (6)58 (slaylrges mus) o)
clale w565 5l dtwan zslaw ol 5 oaly b eyd (6. A8 )5
9 3l (Baeskad I (Bl dold 5 Bac) am 9> sLad
322Ul s 4 by cpl b eolatel T Ko S obyg )
] ciagy slaaygly ) 5 odls SlSe Jslo (6
O 9 dnwle 03l dsgene o slp (225 el el 35
slad a8 ool 2 ((alod b (wsS oo Le) (655 Jae
cbass wulp ol e b ol ol ol 4 ayelp
SolelsS 1 ey cilisee slagloj ) paie pa gl Tedalien
A3 oo JUiS adgn |) polic gexd 9 £S5 (5551 45 3y,

3 Kriging



YV [¥o ks [¥Auker | S sla Siubgy sole 4y

oW asS ol po Mol Clale g g5kl 55 23LEw! 3590 G ot bownd S 55 =Y Jgu>
Table 1 - Chemical composition of the water used for irrigation and the solute concentrations during the fertigation

stages.
COs* HCOs Mg? CI Na* K* ca* NOs NH,* P EC pH
mg/L % dS/m
0.2 103.7 7.2 355 13.75 0.8 46 6.44 3.92 0 0.34 8.5 bl o
0 256 3 18 18 514 504.6 516 0.04 1 7.8 Jol sy ()llagS
0 628 9 25 19 423 479.3 500 0.03 1 7.8 93 dl>yo gyl

Sy S g yia sl FOYD 4Y (Y Jois) <l Lilsél
9 2Vl Y @ Cand (gyuin (wy 9 Sdw g S b
i3l L o polie i o8 ad Sie WL andl ey oy

955 5 b 5 A g 3 (018 15) e
g ol L5 boayy

Joio p» SB b olend 5 (S5 s Shy

polie e iol3al b as ol LS s el aaba oM Y
oS Jb s cdl il Sesls Jols cudyls o S pSU colia
OY el godg oy b Jols g Jelowe sla e clale
ol Vor BN Gos 5l g 09 pgd 4V 5l it gl

SB by ol 9 (S5d GBS 59T Jgoa
Table 2 - Physical and chemical characteristics of the soil layers.

CEC J,lbm duuﬁi Pava Kava pH EC ‘_’)4) H-LA-MJ u.w d,o.c
(meq/100gr) (mg/L) (dS/m) (%) (cm)
P Na* Mg? Ca® K*
290.48 0.7 235 16 135 51.6 10.2 270 7.9 151 28 30 42 0-15
29.75 11 18 19 88 25.2 9.6 270 7.9 1.55 24 32 44 15-35
30.81 0.8 24 22 96 46.7 8.4 252 7.9 2.66 30 40 30 35-65
29.75 24 23 15 98 58.4 5 191 7.8 2.58 12 38 50 65-100
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Figure 5 - Volumetric soil water content at different depths for the uncaltivated area, potato, and maize. The TDR
sensors were placed at a depth of 15 cm with a horizontal distance of 5 cm from the other sensors.
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Figure 6 - Soluble phosphorus concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960
hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 7 - Available phosphorus concentration (Olsen) at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98,
and 960 hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 8 - Soluble potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960 hours
(after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 9 — Exchangable potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960
hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 10 — Non-exchangable potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98,
and 960 hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.



& oll0g8 F1 53 (Lo jiman 9 ©y5 ady ) Blybl S )0 iy 9 phand Alisin S JSs 2595 9 2ligy TAY

s b (25 QLS Sl o9t 2509, nl A8 LS sl
S Ganjimm 9 @3 Wile (e b ¥omr) (o (sl
5065 e ahlS LialsEl s S5 se 5 ol Copat] Flo
st 35 @l 5 Syl sbul 5 el zess
Gilises slog s 3T gl HYDRUS ile (g5lodus
Sy Nlgie (29355 ainplej b clale yuis wsle) (o pae
I Slgicoe pol cnlamd Q)] olie conlyd g @je 29, 5l s e
5 Wl (gasyje Slilel plej 5 djmy (slacs)o by
2 Gl dse 0,505, 3l ol (dlyy S Cuje Ko e

23,5 4l Ol g Sy e Slallas

1288 9 S

Cawg b o)lod & (38 (IS 5 gytue dlie
duwgo hSen 5 ks 4S5 B g .ol Y00
Sl 1y S WS o s S oldisy

& 25 s
P el g jid obs (b)) Hghated adlas
4ey50 3 loyd (gylol s CoB D) 5 e CulS
alS A Wb e o ol b bl Ol g SB duge
09 )5 (o Jlasl 5)5LaS Lawgs &S Jgexe oo g Sldas
Oz B335 blbd adlasdyse ((bcaiS 5 o) slp i
M Ui adllas ol ol g0 Joan 1) (63,18 doxst (o yiae
s C05 SB 33 maly 9 jind @y g JUl Seelrs oS
yid (03908 €Sy Cal dtnly olS £ a4 clojhas oL
5 85> s ) Ol (bl (B S o g e Lo VO b Sl
el A5 dgae Sa0plad I e ol YO U pSlas andy
3 ol YO 5l (i (B8] Elaid g o Lo Vo (Boe U Canilys
bl pobosy yais 93 o mjg WS S )5 ki
b (23398 by (rall 08 gy SB gk dae> ol
@hie yole yig (oald 4 pxie (IS j5ba ieS glackle



YAF [¥oylad [¥auls [ S (glo sidgly cale 4 pdi

References

1.

10.

Allen, R.G., Pereira, L.S., Raes, D., Smith, M.,
1998. Crop evapotranspiration-Guidelines for
computing crop water requirements-FAO
Irrigation and drainage paper 56. Fao, Rome
300, D051009.

Barber, S.A.,  1995.  Soil  nutrient
bioavailability: a mechanistic approach. John
Wiley & Sons.

Bouyoucos, G.J., 1962. Hydrometer method
improved for making particle size analyses of
soils 1. Agronomy journal 54, 464-465.
https://doi.org/10.2134/agronj1962.000219620
05400050028x

Chtouki, M., Naciri, R., Oukarroum, A., 2024.
A review on phosphorus drip fertigation in the
Mediterranean region: Fundamentals, current
situation, challenges, and perspectives. Heliyon
10, e25543.
https://doi.org/10.1016/j.heliyon.2024.e25543
Coelho, E.F., Or, D., 1999. Root distribution
and water uptake patterns of corn under surface
and subsurface drip irrigation. Plant and Soil
206, 123-136.
https://doi.org/10.1023/A:1004325219804
Corwin, D.L., 2021. Climate change impacts on
soil salinity in agricultural areas. European
Journal of Soil Science 72, 842-862.
https://doi.org/10.1111/ejss.13010
Ebrahimian, H., Liaghat, A., Parsinejad, M.,
Playan, E., 2012. Distribution and loss of water
and nitrate under alternate and conventional
furrow fertigation. Spanish  Journal of
Agricultural Research 10, 849-863.
https://doi.org/10.5424/sjar/2012103-585-11
Gardenas, A.l., Hopmans, J.W., Hanson, B.R.,
Simtinek, J., 2005. Two-dimensional modeling
of nitrate leaching for various fertigation
scenarios under micro-irrigation. Agricultural
Water Management 74, 219-242.
https://doi.org/10.1016/j.agwat.2004.11.011
Gheysari, M., Pirnajmedin, F., Movahedrad,
H., Majidi, M.M., Zareian, M.J., 2021. Crop
yield and irrigation water productivity of silage
maize under two water stress strategies in semi-
arid environment: Two different pot and field
experiments. Agricultural Water Management
255, 106999.
https://doi.org/10.1016/j.agwat.2021.106999
Grecco, K.L., de Miranda, J.H., Silveira, L.K.,
van Genuchten, M.T., 2019. HYDRUS-2D
simulations of water and potassium movement
in drip irrigated tropical soil container
cultivated with sugarcane. Agricultural Water
Management 221, 334-347.
https://doi.org/10.1016/j.agwat.2019.05.010

11.

12.

13.

14.

15.

16.

17.

18.

19.

Guido, V., Finzi, A., Ferrari, O., Riva, E.,
Quilez, D., Herrero, E., Provolo, G., 2020.
Fertigation of Maize with Digestate Using Drip
Irrigation and Pivot Systems. Agronomy 10,
1453. https://doi.org/10.3390/agronomy10101
453

Hafeez, A., Ali, S., Ma, X., Tung, S.A., Shah,
A.N., Ahmad, S., Chattha, M.S., Souliyanonh,
B., Zhang, Z., Yang, G., 2019. Photosynthetic
characteristics of boll subtending leaves are
substantially influenced by applied K to N ratio
under the new planting model for cotton in the
Yangtze River Valley. Field Crops Research
237, 43-52.
https://doi.org/10.1016/j.fcr.2019.04.015
Hanson, B.R., Simidnek, J., Hopmans, J.W.,
2006. Evaluation of urea—ammonium-—nitrate
fertigation with drip irrigation using numerical
modeling. Agricultural Water Management 86,
102-113.
https://doi.org/10.1016/j.agwat.2006.06.013
Havlin, J.L., 2014. Soil fertility and nutrient
management. Upper Saddle River, NJ, USA,
460-4609.

Jalali, M., Rowell, D., 2009. Potassium
leaching in undisturbed soil cores following
surface applications of gypsum. Environmental
Geology 57, 41-48.
https://doi.org/10.1007/s00254-008-1280-6
Khavazi, K., Balali, M., Bazargan, K., Tehrani,
M., Rezaei, H., Asadi Rahmani, H., Gheibi, M.,
Davoodi, M., Saadat, S., Moshiri, F., 2014.
Comprehensive soil fertility and plant nutrition
program 2014-2025. Soil and Water Research
Institute Press, Karaj, Iran.

Kuldeep, Singh, A.K., Sajwan, A., Kamboj,
A.D., Joshi, G., Gautam, R., Kumar, M., Mani,
G., Lal, S., Kaur, J., 2024. Advances in
precision nutrient management of fruit crops.
Journal of Plant Nutrition 47, 3251-3271.

Li, W., Gu, X, Du, Y., Zheng, X., Lu, S,
Cheng, Z., Cai, W., Chang, T., 2023.
Optimizing  nitrogen,  phosphorus, and
potassium fertilization regimes to improve
maize productivity under double ridge-furrow
planting with full film mulching. Agricultural
Water Management 287, 108439.
https://doi.org/10.1080/01904167.2024.23774
11

Mohamadzade, F., Gheysari, M., Eshghizadeh,
H., Tabatabaei, M.S., Hoogenboom, G., 2022.
The effect of water and nitrogen on drip tape
irrigated silage maize grown under arid
conditions: Experimental and simulations.


https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.1016/j.heliyon.2024.e25543
https://doi.org/10.1111/ejss.13010
https://doi.org/10.5424/sjar/2012103-585-11
https://doi.org/10.1016/j.agwat.2004.11.011
https://doi.org/10.1016/j.agwat.2021.106999
https://doi.org/10.1016/j.agwat.2019.05.010
https://doi.org/10.3390/agronomy10101453
https://doi.org/10.3390/agronomy10101453
https://doi.org/10.1016/j.fcr.2019.04.015
https://doi.org/10.1016/j.agwat.2006.06.013

i §lT095 1 55 (oo s 9 )3 iy ) SIS 3 by 3 yhnd ilisin oSl 22595 9 2ligt [TAD

20.

21.

22.

23.

24,

25.

26.

27.

28.

Agricultural Water Management 271, 107821.
https://doi.org/10.1016/j.agwat.2022.107821
Nie, W.-B., Nie, K.-K., Li, Y.-B., Ma, X.-Y.,
2021. HYDRUS-2D Simulations of nitrate
nitrogen and potassium transport characteristics
under fertilizer solution infiltration of furrow
irrigation. Water Supply 21, 2665-2680.
https://doi.org/10.2166/ws.2020.266

Page, A., 1965. Methods of soil analysis. Part
2. Chemical and microbiological properties.
American Society of Agronomy, Soil Science
Society of America.

Phogat, V., Pitt, T., Petrie, P., Simeinek, J.,
Cutting, M., 2023. Optimization of irrigation of
wine grapes with brackish water for managing
soil salinization. Land 12, 1947.
https://doi.org/10.3390/land12101947

Phogat, V., Skewes, M.A., Cox, JW.,
Sanderson, G., Alam, J., Simanek, J., 2014.
Seasonal simulation of water, salinity and
nitrate dynamics under drip irrigated mandarin
(Citrus reticulata) and assessing management
options for drainage and nitrate leaching.
Journal of Hydrology 513, 504-516.
https://doi.org/10.1016/j.jhydrol.2014.04.008
Raij, I, Simtinek, J., Ben- Gal, A., Lazarovitch,
N., 2016. Water flow and multicomponent
solute transport in drip- irrigated lysimeters.
Water Resources Research 52, 6557-6574.
https://doi.org/10.1016/j.jhydrol.2011.07.016
Rezaei, M., 2016. Characterization and
modeling of water flow in sandy soils for
irrigation optimization. Ghent University,
Faculty of Bioscience Engineering, . Ghent,
Ghent, Belgium.

Rezaei, M., Movahedi Naeini, S.A.R., 2009a.
Effects of ammonium and natural zeolite on
potassium adsorption and desorption kinetics in
a loess soil. International Journal of Soil
Science. International Journal of Soil Science 4,
27-45. DOI: 10.3923/ijss.2009.27.45

Rezaei, M., Movahedi Naeini, S.A.R., 2009b.
Kinetics of potassium desorption from a loess
soil, soil mixed with zeolite, and the
Clinoptilolite Zeolite as influenced by calcium
and ammonium. Journal of Applied Science 9,
3335-3342. DOI: 10.3923/jas.2009.3335.3342
Rezaei, M., Seuntjens, P., Joris, I., Wesley
Boénne, W., Van Hoey, S., Campling, P.,
Cornelis, W., 2016. Sensitivity of water stress
in a two-layered sandy grassland soil to
variations in groundwater depth and soil
hydraulic parameters. Hydrology and Earth
System Sciences 20, 487-503.
https://doi.org/10.5194/hess-20-487-2016,
2016.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Selim, T., Bouksila, F., Hamed, Y., Berndtsson,
R., Bahri, A., Persson, M., 2018. Field
experiment and numerical simulation of point
source irrigation with multiple tracers. PloS one
13, e0190500.
https://doi.org/10.1371/journal.pone.0190500
Shahbazi, K., Mostafa Marzi, Mohammadi,
M.H., Asadi, H., Fathi Gerdlidani, A,
Hasheminasab, K.S., Toluee, R., Behesti, M.,
Avizhgan, A., Cheraghi, M., 2024. Methods of
Soil Analysis; Sampling, Chemical and
Physical Methods. Soil and Water Research
Institute 1, 1074.

Siméinek, J., Brunetti, G., Jacques, D., van
Genuchten, M.T., Sejna, M., 2024
Developments and applications of the
HYDRUS computer software packages since
2016. Vadose Zone Journal 23, e20310.
https://doi.org/10.1002/vzj2.20310

Singh, D., Rajput, T., Sikarwar, H., Sahoo, R.,
Ahmad, T., 2006. Simulation of soil wetting
pattern with subsurface drip irrigation from line
source. Agricultural water management 83,
130-134.
https://doi.org/10.1016/j.agwat.2005.11.002
Surendran, U., Madhava Chandran, K., 2022.
Development and evaluation of drip irrigation
and fertigation scheduling to improve water
productivity and sustainable crop production
using HYDRUS.  Agricultural ~ Water
Management 269, 107668.
https://doi.org/10.1016/j.agwat.2022.107668
Tehrani, M., Moshiri, F., Gheibi, M., Rezaei,
H., Keshavarz, P., Davoodi, M., Ziaeian, A,
Noorgholipour, F., Majidi, A., Hosseini, S.,
2015. Comprehensive Soil Fertility and Plant
Nutrition Program 2014-025. Agricultural
Research, Education and Extension
Organization. Soil and Water Research Institute
2.

Visconti, F., de Paz, J.M., 2012. Prediction of
the soil saturated paste extract salinity from
extractable ions, cation exchange capacity, and
anion exclusion. Soil Research 50, 536-550.
https://www.thefreelibrary.com/Prediction+of
+the+soil+saturated+paste+extract+salinity+fr
om...-a0312725419

Walkley, A., Black, I.A., 1934. An examination
of the Degtjareff method for determining soil
organic matter, and a proposed modification of
the chromic acid titration method. Soil science
37, 29-38. http://dx.doi.org/10.1097/00010694-
193401000-00003

Zhang, J.-j., Li, J.-s., Zhao, B.-q., Li, Y.-t,
2015. Simulation of water and nitrogen
dynamics as affected by drip fertigation


https://doi.org/10.1016/j.agwat.2022.107821
https://doi.org/10.2166/ws.2020.266
https://doi.org/10.3390/land12101947
https://doi.org/10.1016/j.jhydrol.2014.04.008
https://doi.org/10.1016/j.jhydrol.2011.07.016
https://doi.org/10.3923/ijss.2009.27.45
https://doi.org/10.3923/jas.2009.3335.3342
https://doi.org/10.1371/journal.pone.0190500
https://doi.org/10.1002/vzj2.20310
https://doi.org/10.1016/j.agwat.2005.11.002
https://doi.org/10.1016/j.agwat.2022.107668

YAS [¥o, o YAl | S gla gl oole 4 pid

38.

39.

strategies. Journal of Integrative Agriculture
14, 2434-2445. https://doi.org/10.1016/S2095-
3119(15)61231-X

Zhang, S., Wang, L., Chen, S., Fan, B., Huang,
S., Chen, Q., 2022. Enhanced phosphorus
mobility in a calcareous soil with organic
amendments additions: Insights from a long
term study with equal phosphorus input.
Journal of Environmental Management 306,
114451.
https://doi.org/10.1016/j.jenvman.2022.11445
1

Zhang, Y., Wu, P., Zhao, X, Li, P., 2012.
Evaluation and modelling of furrow infiltration
for uncropped ridge—furrow tillage in Loess
Plateau soils. Soil Research 50, 360-370.
https://www.thefreelibrary.com/Evaluation+an
d+modelling+of+furrow+infiltration+for+uncr
opped...-a0303450484


https://doi.org/10.1016/S2095-3119(15)61231-X
https://doi.org/10.1016/S2095-3119(15)61231-X
https://doi.org/10.1016/j.jenvman.2022.114451
https://doi.org/10.1016/j.jenvman.2022.114451

