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Introduction

Mazandaran province is one of the most important rice and citrus-producing areas in Iran, where most of the
citrus orchards and agricultural fields are irrigated with groundwater. On the other hand, irrigation water pH is one
of the basic qualitative factors that determine the solubility and biological availability of chemical components in
the soil such as nutrients and heavy metals, and it can affect agricultural production.

Materials and Methods

The coastal strip of Mazandaran Province toward the southwest of the Caspian Sea is situated in the north of
Iran with an area of 8,252 km? between 35.77 to 36.99 N latitudes and 50.36 to 57.13 E longitudes. In this study,
the temporal and spatial variations of groundwater salinity were studied in the coastal strip using data from 300
wells, collected by Mazandaran Regional Water Company. Data included mean pH for each 6-month period of 9
consecutive years, from 2012 until the end of 2020. pH maps and maps of the risk probability area for rice and
citrus growth were obtained by using Ordinary Kriging (OK) and Indicator Kriging (IK) in ArcGIS 10.7.1
software, respectively. Classifications were selected according to the properties pH range for the growth of citrus
(5.8, 8) and the optimum pH for rice (6.8) in OK method. The indicator amount of pH was considered equal to 6.8
in IK method. Thereby, areas belonging to different pH classes were outlined and places with the risk probability
for growing the rice and citrus were identified.

Results and Discussion

The 11 different models for semivariograms were drawn, and the best one was chosen according to the lowest
nugget-to-sill ratio, and thus Stable and Exponential were obtained as the highest frequency for first and second
half-years. The indices of cross validation for each selected semivariogram were estimated within acceptable
ranges. In Ik method, the pH of studying area was classified into 4 ranges of <5.8, 5.8-6.8, 6.8-8.0, >8, and the
percentage area of each classification derived from the ArcGIS software, the average area of each classification
during the studying period was calculated zero, 0.6, 83.5 and 15.9 percent, respectively. It showed that most part
of the study area located in the range of 6.8-8. It means most rice fields and citrus orchards were irrigated by the
groundwater with the pH close to neutral. The obtained maps in the OK method indicated that the pH of the
groundwater was not acidic in any points and alkaline conditions were observed in the western and eastern parts
of the province. Therefore, The IK method was used to further investigate and determine the vulnerable areas. The
probability of pH risk in rice and citrus growth was classified into 4 ranges (0-20%, 20-40%, 40-60% and 60-
100%), and the average percentage area of each classification along the period was estimated 94.9, 4.8, 0.3 and
zero percent, respectively. Using the IK method, higher probability of groundwater pH reducing the yield in citrus
orchards and rice fields was found in eastern parts of Mazandaran province, which was about 5% of total studying
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area. Also, the results of the study in these 9 consecutive years did not show any decreasing or increasing trend in
pH changes and consequently the area under each classification.

Conclusion

Generally, the results indicated that the pH of groundwater for irrigating the citrus orchards and rice fields was
appropriate in the most parts of the province and merely in the eastern part of the province, low water alkalinity
may make a risk probability for rice and citrus growth in both western and eastern parts of the province. Due to
the fact that alkaline water causes soil alkalinity and consequently reduces the solubility of phosphorus and some
other plant nutrients in soil, it is suggested to supply the optimum required fertilization amounts of the nutrients in
soil. However, the amount of fertilization should be on the basis of field research results. It is also proposed to
study the condition of rice and citrus growth and the irrigated water in more details through the farms of western
parts of the province. Due to the fact that most citrus orchards in this province are irrigated under the pressurized
irrigation systems and using groundwater for irrigation, it is suggested that the Langelier Saturation Index (LSI)
be examined in future research.
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Table 1- Semivariogram model parameters in the ordinary kriging method for the first and second half-years
Jo! s 93 Jlwps
First half-year Second half-year
Jlw lankid 5l a4y aliaod o lankid 5l a4y aibied 4o
Year Wi e Jao (%) (km) 66 glads i e Jao () (km) 56 glads
Model Nugget-to-sill ratio Rang (km) model Nugget-to-sill ratio Rang (km)
(%) (%)
1391 (2012) Exponential 10.7 20.5 Stable 0.0 48.8
1392 (2013) Circular 72.7 13.6 Exponential 0.0 5.2
1393 (2014) Stable 8.9 1.8 Stable 67.1 19
1394 (2015) Stable 0.0 4.7 Exponential 0.0 35.2
1395 (2016) Stable 20.7 18.3 Stable 20.7 12
1396 (2017) K-Bessel 0.0 145 Exponential 2.0 7.8
1397 (2018) Stable 0.0 0.7 Stable 0.0 6.7
1398 (2019) Gaussian 9.1 0.8 K-Bessel 19.8 9.1
1399 (2020) Exponential 134 45.7 Exponential 69.8 3.2
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Table 2- Semivariogram model parameters in the indicator kriging method for the first and second half-years

Js Jborew ©93 Jlwpn
Jlw First half-year Second half-year
Year s gus  (SSSSSISEIS p s e g (ST SE
Model Nugget-to-sill ratio Rang (km) model Nugget-to-sill ratio Rang (km)
(%) (%)

1391 (2012) Exponential 0.0 15 Stable 0.0 21
1392 (2013) Circular 0.0 8.1 Stable 0.0 0.7
1393 (2014) Exponential 59.5 20.8 Exponential 0.0 75
1394 (2015) Exponential 0.0 5.4 Exponential 68.3 18.8
1395 (2016)  Pentaspherical 0.0 8.3 Circular 0.0 3.9
1396 (2017) Stable 0.0 17.3 Exponential 0.0 34
1397 (2018) Exponential 0.0 8.9 Exponential 0.0 24
1398 (2019) Stable 0.0 14 Stable 0.0 14
1399 (2020) Exponential 72.7 21.6 Stable 0.0 1.2
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Table 3- The indices of cross-validation in the ordinary kriging method for the first and second half-year

Jol Jlweni ©9 Jlwps

Jlw First half-year Second half-year

Year ME RMSE MSE RMSSE ASE ME RMSE MSE RMSSE ASE
1391(2012) 0002 0373 0006 1129 0330 0008 0435 0017 0931 0465
1392(2013) 0004 0366 0010 1052  0.349 0007 0387 0012 0635 0618
1393 (2014) 0004 0364 0012 1038 0350 0007 0438 0014 0930 0474
1394(2015) 0003 0360 0984 0984  0.366 0000 0462 0009 0528 0880
1395(2016) -0.002 0359 -0.006 0971  0.369 0003 0389 0005 1102 0349
1396 (2017) 0001 0399 0003 1029 0389 0006 0497 -0008 0781 0656
1397 (2018) 0002 0478 0005 0875 0547 0004 0379 -0005 0727 0523
1398 (2019) -0.003 0417 -0004 0685 0616 0012 0458 -0015 0704 0674
1399 (2020) -0.010 0409 -0015 0711 0588 0002 0431 -0003 1079 0395
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Table 4- The indices of cross-validation in the indicator kriging method for the first and second half-year

o Jgl Jlwpes 095 Jwops
First half-year Second half-year

Year "ME  RMSE MSE RMSSE  ASE ME RMSE MSE RMSSE ASE
1301 (2012) 0976 0983 0731 1079  0.53 0983 0989 1370 1476 0081
1392(2013) 0983 0989 1370 1476 0081 0771 0850 0170 0188 0454
1393 (2014) 0938 0955 0525 0535  0.179 0939 0996 2332 2470 0045
1394 (2015) 0987 0991 1155 1517  0.102 0941 0957 0528 0537 0178
1395(2016) 0987 0991 1801  3.489  0.069 0993 09096 1810 3359 0086
1396 (2017) 0976 0983 1058 1206  0.103 0983 0989 1137 1741 0111
1397 (2018) 0994 0996 2175 2910 0061 0994 0996 1208 1829 0093
1308 (2019) 0881 0921 0257 0269 0342 0745 0833 0169 0189 0444

1399 (2020)  0.363 0.657 0.082 0.148 0.445 0.238 0.686 0.048 0.137 0.501
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Table 5- The amounts of each classified area calculated as the percentage of the total area using the ordinary kriging method for
the first and second half-year

Jol Jlwes @93 Jlweni

Jl First half-year Second half-year

Year <58 5868 6880 >80 <58 5868 6880 >80
1391 (2012) 0.0 0.0 81.6 184 0.0 0.0 78.8 21.2
1392 (2013) 0.0 3.7 85.5 10.8 0.0 0.0 84.5 155
1393 (2014) 0.0 0.8 82.8 16.4 0.0 0.0 83.4 16.6
1394 (2015) 0.0 0.0 85.0 15.0 0.0 0.0 84.6 154
1395 (2016) 0.0 0.0 85.1 14.9 0.0 0.0 85.1 149
1396 (2017) 0.0 4.2 80.1 15.6 0.0 0.0 83.9 16.1
1397 (2018) 0.0 11 83.6 15.3 0.0 0.0 84.6 154
1398 (2019) 0.0 0.0 84.6 154 0.0 0.1 83.0 17.0
1399 (2020) 0.0 0.0 83.3 16.7 0.0 1.2 83.5 15.3
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Table 6- The amounts of each classified area based on the risk probability calculated as the percentage of the total area using
the indicator kriging method for the first and second half-year

Js! S 095 Jlweni

Jlw First half-year Second half-year

Year 0-20%  20-40%  40-60% 60-100% 0-20% 20-40% 40-60%  60-100%
1391 (2012) 87.2 12.8 0.0 0.0 85.4 125 2.1 0.0
1392 (2013) 100.0 0.0 0.0 0.0 80.8 16.7 25 0.0
1393 (2014) 82.5 17.5 0.0 0.0 100.0 0.0 0.0 0.0
1394 (2015) 100.0 0.0 0.0 0.0 83.3 16.7 0.0 0.0
1395 (2016) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1396 (2017) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1397 (2018) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1398 (2019) 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
1399 (2020) 89.7 10.3 0.0 0.0 100.0 0.0 0.0 0.0
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Figure 2- Samples of the spatial maps depicting groundwater pH by the ordinary kriging method in ArcGIS 10.7.1

EC PH el lotnlio ol il YV 5§l 0 (5,9 zen leM
oslil g A¥R0 Jlo o (LSI) ,L3Y sldl Lasls 5 SAR
2350 pa b Sizn S o) 3l eolisl b (g)lul 5 (659t
olyeas |y (adls Stom S be) 3805 (nl 3 85 )18 (y
G55 a5 3 b ol ] s 4 sy sl 5,
ol a8 ol s 3udoo guls g dsasly (Sagll jlre ailul
Cdd (55550 g By slaciend 3 )Ltb cod (gl coulie

(Hamraz et al., 2019) 1ib 0

iy ol sl bl s cladlate )3 osds plosl suios b

sleel (&5 slo el el Stz S by, jledlinul L
PH 9 TDS chl)sd cujute o)l calor jloly dils W& (i
Ole j 0ad plosl Baio0 ) (b (o p 0y B)luas sl
Ok oleis a4 Exponential lo yuss pu pdls a0
Sy & b a8 aonS (S50 9 4d (Byme Lod i
Loy Bluws yads (sai0j )3 2V bl (G GIS 5 el oo
b (Chandra and Sahoo, 2020) cwl o}y o gl 4
iz gl ey elaieds 5 Ay 53 005 plodl (e



VFe) (o5 — 53T 8 o)lods FF wler (S g T 4,25 OOF

YY) Jlw 09 dow
Second half of year 1391 (2012)

YA Jlo Jgl dowd
First half of year 1391 (2012)

B Misnkaleh Lagoon

o' psijle Gl srgass Mazandaran Frovince
FIA G ity ma s pHL lde b T e oo Gy side

-ou A
1T o a5 ol Yl Tk ey ameunt of .

- 2 0. 20%

m L 20 - 40%
{ | L 40 - 60"
[:] | R 0 - 100%

| 1| ¥ A !
| LN g |
! - (R |
i 1 11 l
Y0 Jlw Jg! dows
A gl Legred First half of year 1395 (2016)
® ks Conds Lacatien af the wells s = = - =

Classafication nccording the pH indicator

Risk probubly for grewing citvws and rice

VAR Jlw 09 doy
Second half of year 1399 (2020)

¥R JWo Jsl dow
First half of year 1399 (2020)

I 4 !

<

MNPl s 3 pad il Kz 8 2l gle (g 31 03Ul b o jaijlo (Uil (b ylgi )3 PH (gsains (grauids 1 (gleiges - JSb
ArcGIS 10.7.1
Figure 3- Samples of the spatial maps depicting groundwater pH by the indicator kriging method in ArcGIS 10.7.1
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