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Introduction

Water is a primary and fundamental need for survival, industrial development, and economic prosperity. In
other words, the key to development depends on the expansion of water resources and their optimal use. To achieve
this, the correct allocation of water resources to different uses based on priorities is of great importance (Loucks
and Van Beek, 2017). Any management planning to control water consumption in the agricultural sector requires
a correct understanding of the mutual influence of variables controlling water resources and consumption on each
other in order to ensure optimal provision of agricultural water needs and also to ensure the improvement of the
economic situation of farmers (Veysel, 2024). The purpose of this study is to examine and compare available water
resources and uses, including agricultural, drinking, industrial, and environmental needs, for the Tajan River basin,
including the two parts of the Tajan Plain and the river basin up to the entrance to the plain during the exploitation
season, in order to determine the possible shortage of water supply in different months. It is worth mentioning that
the results presented in the report on the study of water resources and needs of the Tajan River Basin (Pandam
Company, 1402) were used to prepare this article.

Materials and Methods

The Tajan River is one of the important rivers of Mazandaran Province, which originates from the Hezar Jarib
Mountains and flows into the Caspian Sea after passing through the city of Sari in Farahabad. The enJulye
catchment area of this river up to the entrance to the plain with an area of about 4050 square kilometers and the
Tajan Plain with an area of about 800 square kilometers, has been considered as the study area to investigate water
resources and uses. In this study, long-term statistical data from hydrometric stations of the Zaremroud (Garm Rud
Station), Lajim (Vastan Station), Chahardangeh (Varand Station), and Tajan (Kordkheil Station) rivers, as well as
the inflow and outflow statistics of Shahid Rajaee Dam (during the ten-year operation period of 1390-1400) as the
main source of water supply for the Tajan basin, have been used. For groundwater resources (wells), information
obtained from the Mazandaran Regional Water Company in 1400 and basic water resource studies have been used.
Regarding water ponds, the results of the interpretation of new satellite images in the form of a land use map have
been used.

Results

The results of the surveys show that in the entire study area, including the Tajan River basin to the entrance to the
plain and the lands of the Tajan Plain, there are about 119,800 hectares of pure agricultural land in the form of
irrigated and dry-land cultivation, of which 74,500 hectares are irrigated and the rest are dry-land cultivation. There
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https://doi.org/10.22067/jsw.2025.94387.1490



https://jsw.um.ac.ir/
mailto:Maleki@mzrw.ir
https://doi.org/10.22067/jsw.2025.94387.1490
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jsw.2025.94387.1490
https://orcid.org/0000-0002-4173-1489

VP LT- 0 oF 0)lod ¥4 alar oS g O @y 25 FY

are fish farming ponds with a total area of 550 hectares in the Tajan Plain, which are generally related to warm-water
fish. Also, some of the ponds located in the area are used for aquaculture. The total water requirement of the Tajan
Plain area (agriculture and aquaculture) is 492 million cubic meters, and in the upstream lands (the Tajan basin to the
entrance to the plain), this requirement is estimated to be 106 million cubic meters. The total drinking, industrial and
tourism drinking needs of the region (Sari, Miandoroud and Kiasar counties) are 7.68 million cubic meters per year.
The estimated environmental demand of the Tajan River is also equivalent to 100 million cubic meters per year.
Available water resources for various uses include the regulated water flow of the Shahid Rajaee Dam, the seasonal
flow of the rivers in the middle basin, dam water storage, and groundwater resources. To compare uses with available
water resources, three comparison levels including normal, dry, and very dry water years have been used. The volume
of water that can be extracted from the Shahid Rajaee Dam in the first six months of the year for normal, dry, and
very dry water years is 231, 194, and 122 million cubic meters, respectively. The volume of water that can be
extracted from ponds and wells located in the area are estimated to be 12.8 and 176 million cubic meters per year,
respectively.

Discussion and Conclusion

A comparison of water needs and available resources indicates that the total water shortage in the Tajan Basin is
166, 231, and 324 million cubic meters in normal, dry, and very dry years, respectively. Similarly, in the Tajan Plain
area, the shortages are estimated at 147, 212, and 305 million cubic meters for the same conditions. In other words,
in a normal or normal water year, there is a water shortage of about 150 million cubic meters in the irrigation network
and the Tajan Plain area. The reduction in available water resources, including decreased outflow from the Shahid
Rajaee Dam, leads to resource constraints and consequently causes water shortages in the lands of the Tajan Plain.
In the dry water year, the water shortage was mainly due to the decrease in discharge from the Shahid Rajaee reservoir
dam and the rivers of the middle basin. Therefore, in addition to the necessity of managing water distribution and
scheduling, as well as improving the Tajan irrigation network, which will partially reduce the amount of damage
caused by water shortage, the construction of the planned dams on the Zaremroud and Chahardangeh rivers is very
important in regulating the monthly discharge.

Keywords: Basin, Shahid Rajaee Dam, Tajan River, Water resources, Water uses
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Figure 1- Location map of the study area
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Table 1- Land use in the Tajan river basin area (Area in hectares)
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Table 2- Area of rice fields in the sub-basins of the Tajan river (Upstream lands)
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Table 3- Status of irrigated and rainfed cultivation in the EnJulye study area
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Table 4- Net irrigation water requirement of different agricultural and horticultural crops in the EnJulye Tajan basin

(m%¥ha)
Jgpasmo O0y9s8  Caigudyl  Bad 0 3l 292580 g™ ot S e o i ol 3,5 zon
Product April May June July August SeptembeOctober Nove Dece Janua Februa March Rounded total
r mber mber ry
.("“m pb) & 690 900 1300 1430 910 - - - - - - - 5230
Rice (Local Tarom)
[y ) 690 900 1300 1430 1360 450 - - - - - - 6130
Rice (High yield)
(A ) <l 120 30 790 780 580 300 20 0 O 0 0 0 2890
Gardens (Citrus)
P 480 845 397 - - - - 0 0 0 0 0 1720
Wheat
= 397 773 423 - - - - - -0 0 0 1590
Barley
(k) (sladgle )5 ; - - 4m 627 684 254 - - - - - 2009
Forage corn (Summer)
(90) Lo - - - 297 1175 867 77 - - - - - 2415
Soybean (Summer)
5 458 836 200 - - - 0 0 0 0 0 0 1495
Rapeseed
°_)LV 2 110 315 1230 1390 1400 200 - - - - - - 4645
Spring Clover
(ste) ‘w’ ol 70 170 610 690 570 400 60 0 0 0 0 0 2570
Stone fruits (Peach)
3l Y paze . 280 915 1330 1000 - S - 3525
Vegetable crops
e - 190 1115 995 - - - - - - 2300
Vegetables
(Saome 5Lis) @iy pgd S
Second rice crop - - - 150 2000 700 200 - - - - - 3050
(Transplanting)
(Bl 5)y93) @y po> ol
Second rice crop (Stalk - - - - 1000 700 200 - - - - - 1800

cultivation)
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Table 5- Monthly distribution of gross water requirement of crops (m3/ha)

- 5 . 3 % s : 3;%
H = % . < 1] Q — < - o
s3g20ne Jyome ol %'gisg 239222 %5 xiziniaitiging
a, B 2 = s 3 3= t IS < < - i
Area Product name 3L n 2z X &%). ¢ g é g g S 3 g
'_
9By, juxl ase @") 1530 2000 2900 3200 2300 300 - - - - - - 12230
Cudd 4 (63959 (i1 o Rice
o ool oS (a2 ol) L
(s )l 253) ) 175 425 1525 1725 1425 1000 150 O O O O O 6425
Tajan river basin  Gardens (Stone fruits)
up to plain P 1200 2100 990 - - - -0 0 0 0 0 429
entrance Wheat
(Traditional
irrigation = 990 1930 1050 - - - - - 0 0 0 0 3970
network) Barley
R?)é)e 1210 1580 2280 2500 1830 240 - - - - - - 9640
|
P 905 1590 750 - - - - 0 0 0 0 o0 325
Wheat
= 210 1450 800 - - - - 0 0 0 0 0 2460
Barley
(shb)slsle 05 g4y 1200 1200 480 - - - - - 3810
Forage corn (Summer)
= (855) b - - - 560 2220 1640 145 - - - - - 4565
S Soybean (Summer)
2 I
!’i 5 o 860 1600 380 - - - 0 0 0 0 0 0 2840
e Rapeseed
a 9
(= - 210 590 2320 2620 2640 380 - - - - - - 8760
g = Clover
8 b ohew 106 257 924 1045 85 600 90 O O O O O 3887
s Stone Fruits
v = s
g}& Sl - 360 2100 1900 - - - - - - - - 4360
2 s Vegetables
c
s (dame sLi) gyt pg> S
& Second rice crop - - - 260 3500 1230 350 - - - - - 5340
(Transplanting)
(4Blo ) @2 pgd cudS
Second rice crop (Stalk - - - - 1750 1230 350 - - - - - 3330
Cultivation)
S - 530 1720 2500 1900 - - - - - - - 6650
Vegetable crops
(&l ye) el 180 455 1200 1180 880 450 30 0 0 0 0 0 4375

Gardens (Citrus)
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Table 6- Irrigation water requirement of agricultural lands in the Tajan plain area (MCM)

=]
(3]
_i 5T . = & - 5 5 > $c
S8 AN _ a4 . = a8 5 38 2 .S _ c c
Jpome  MEE AT Tz AL az3Z ¥ 38 3E migl T2 48 »é
Product 83 33< 3= 33 5a 2 XE £ 928 S g c 55 9¢ a0
3) zT : ~g o 2 a ° w 3 £
°r
S” 25800 31.2 408 588 645 472 6.2 - - - - - - 249.0
Ice
(LS 5o) clel
Gardens 22460 404 102 269 265 197 101 0.67 - - - - - 98.0
(Citrus)
““"L*“’_ 3964 042 101 37 41 34 24 0.35 0 0 0 0 0 15.5
Stone fruits
Pz 1000 0.9 1.6 0.7 - - - - 0 0 0 0 0 3.0
Wheat
lbsle <0 1200 - - - 1.0 14 15 0.6 - - - - - 45
Forage corn
e 1200 03 07 28 31 31 05 - - - - - - 105
Clover
by 500 - - - 03 11 0.8 0.1 - - - - - 2.0
Soybean
‘A
s 500 0.4 0.8 0.2 - - - 0 0 0 0 0 0 15
Rapeseed
Gl Jypae
Vegetab]e 200 - 0.1 0.3 0.5 0.4 - - - - - - 15
crops
Sbrra 200 - 01 04 04 - - - - - - 1.0
Vegetables
&) ddome oS
(cslagle 1000 - - - 08 12 13 05 - - - - 40
Re-cultivation
(Forage corn)
By pyd CiS
Second rice 10000 - - - 1.3 26.2 12.3 35 - - - - 43.0
crop
& 68100 37.3 553 93.8 1025 1037 35.2 5.7 - - - - 433.5
Total
(aSo yho (ygalue) Cunlid 41 (6399 U (5 ailddg; 51l audgn (65,08 (051! 2l 55 -V Jgoa
Table 7- Water requirement of agricultural lands in Tajan river basin up to the plain entrance (MCM)
g 3
o - — — — he]
< A T = @ ] > . S _ &c
Jgazme %‘5 a':i%‘igr;{é}g,%E %%”‘3'@.7.2 2 g S 32 w3
Product 3= %EK =243 =22 ¥g "8 E "8 g 55 3§ ¢
LY "g ° 2 & 5 & 1%
= s
@f” 5000 7.6 100 145 160 115 15 - - - - - - 61.5
Rice
(4 yolw) ilEly
fruits)
Pz 4700 56 9.8 4.6 - - - - 0 0 0 0 0 20.0
Wheat
= 4700 46 90 49 - - - - 0 0 0 0 0 185
Barley
C.e.?
Total 15300 180 291 254 175 130 25 - - - - - - 1060
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Table 8- Agricultural and aguaculture water needs in the enJulye study area (MCM)

. Month sl
ISy
B . 3 g & N
A Water — (p3;9)8 Cudgdyl 35 i e e e U 2! &> o Wl o
requirement  aprij| May June July AugustSeptemberOctoberNovemberDecemberJanuaryFebruaryMarch
= 3 o
28 9 mL3
} o ~ D23
25 § X ER 37.3 55.3 93.8 102.5 103.7 35.2 57 0 0 18.1 18.1 18.1 488.0
5 = - 9E T
<<
3 X
Ly 8
g o 3%
§28 ZHT o5 06 09 10 07 01 - . . . - - 40
$8< 9 8
o
Técjl 37.8 55.9 94.7 1035 104.4 35.3 5.7 0 0 18.1 18.1 18.1 492.0
ota
& 8
4 g8 @
¥ ,c£ Y2
2385 w3 180 291 254 175 130 25 - - - - - - 106.0
a0 9F
PN T
9% FE <
2 ==
T 5 odgine 55.8 85.0 120.1 121.0 1174 37.8 5.7 0 0 18.1 18.1 18.1 598.0

Total Project Area

(Go i (ygukn) 39,5k 5 (6 ) (Sl (3l e YU Camiaor 9 ol 6 -1 Jgua
Table 9- Annual drinking and industrial water demand of Sari and Miandorud counties (MCM)

O e o Caheo §53,5 0y o>
County Drinking Industry Tourism Drinking Total
294l 5 il 55.21 6.1 2.99 64.3
Sari and Miandorud

{‘"lﬁ‘ 1.34 3 0.08 4.42

Kiasar
See 56.55 9.1 3.07 68.72

Total
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Table 10- Water discharge status of rivers in the central basin within the study area

8 o 3 (G o (y98k) olo .%g
22 2% 3 5 -8
28 2% % g Month (MCM) T8, &8
o~ C -z 3 § - ju o — > Hxe 3 <
38 38 > 9 _ oA 753 8 s _ 8 3 2 . .S-c 328 2
5 92 = & 3'5fg;‘&%m—;}g%%%%‘%gagggg%’ggs«ga?55
= : ) ™ g = S J o - “a
£ ; ’{) < n n < X 08) 8 (Z>D g g lﬂ: = .2)‘ -
1390-1400 by 276 147 84 46 42 49 89 98 101 96 135 244 64.4 140.7
§ Normal
R Sis s
L g 1396-1397 o 36 56 34 07 28 23 74 30 46 54 124 69 18.4 58.1
S o Very dry
N Sk
1393-1394 b 985 1.19 121 104 095 295 251 311 283 231 298 11.07 17.19 42.0
ry
< 1390-1400 Jbs 177 95 48 49 50 49 66 66 92 78 119 161 46.7 105.0
P S Normal
.2
< [T
._’?g 1396-1397 o 32 91 39 16 50 26 79 24 38 31 66 30 25.4 52.1
v £ Very dry
& < 2
O 1393-1394 b 1061 128 113 222 1071 954 267 267 412 255 441 1029 3549 62.20
ry
1390-1400 by 34 15 08 05 05 07 10 21 20 16 30 40 7.3 21.3
Normal
» E is Ls
’g’% 1396-1397 o 05 07 04 003 018 017 092 031 06 13 23 09 2.0 8.3
| Very dry
1393-1394 DA. 210 063 033 038 011 064 043 039 078 05 087 290 3.56 9.43
ry
1390-1400 NJL")}I 506 147 428 44 75 84 170 246 298 193 336 470 89.9 261.2
ormal
. c < s .
,'%'% 1396-1397 o 15 30 06 04 16 075 140 60 70 6.0 158 21 7.9 58.7
— Very dry
1393-1394 b 391 144 076 485 073 7.0 187 99 837 131 115 120 1869 53.29
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Figure 2- Diagram of the share of water discharge from Shahid Rajaee Dam and the rivers of the middle basin in normal and
dry water years (first six months of the year)
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Table 11- Monthly distribution of extractable water from the Shahid Rajaei Dam system and rivers in the central basin

(MCM)
$s
~ o Do S N B E ] E E P e_c é
3% 32 3% ‘g'ﬁé*a—?}g§§%8‘3.‘;5::“5%5{5&z“Zu
3 3 =4 x < ol S a2 X5 o J > o 9 - 38 3
) 2 ke < ﬂ(%— o (ZD 8 i @ = 3 5
oy O
-
-(-\—»@9)5)0;;5 52 369 323 371 213 67 38 37 35 55 44 64 1495
Tajan (Dam output)
”'}\j 48 21 11 07 0.7 067 098 217 205 163 308 4.08 10.1
= Lajim
— (<5 .
302 > P 386 2058 11.7 648 592 49 89 98 101 964 135 244 88.18
2S g Zarem Rood
I 2.
"\8(—“ Syl 2475 133 6.72 6.86 697 487 663 66 917 7.82 119 16.1 6347
53 E Chahardangeh
= (525 (29%) 28
< e : 455 132 39 49 68 75 16.95 246 298 19.34 3362 47.0 80.0
Tajan (Kordkheyl output)
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Figure 3- Changes in the water table level of the Sari-Neka unconfined aquifer during the years 2011-2021 (Tajan Plain area)

Table 12- Monthly distribution of available water from various sources under the current situation, considering the average
flow condition (Water Year 2011-2021)
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Table 13- Monthly distribution of accessible water from various sources in the current situation in dry water year 2014-2015
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Figure 4- Available water resources and needs of the enJulye study area in normal, dry, and very dry water years (MCM)
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Table 14- Monthly distribution of accessible water from various sources in the current situation in very dry water year 2017-
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Table 15- Comparison of needs and resources in average, dry, and very dry water years (MCM)
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Introduction
In Iran, sugar beet is the second most prominent irrigated crop after forage corn and wheat, occasionally
ranking third after sugarcane in specific years. This versatile plant not only serves as a primary source of sugar but
also contains essential nutrients beneficial to human health. Its adaptability to diverse environmental conditions
allows it to be cultivated across various regions of the country. Sugar beet production plays a significant role in
Iran's agricultural sector, with recent data indicating an increase in production levels over the years. However,
achieving optimal performance and desired product quality requires a precise understanding of the nutritional
status of sugar beet. Therefore, awareness of its nutritional condition is crucial for enhancing both quantity and
quality. Soil tests based on critical levels can indicate the adequacy of nutrients, but in some cases, soil testing
alone is insufficient to reveal nutrient deficiencies or nutritional imbalances. Under these conditions, plant analysis
leads to better identification of deficiencies as well as understanding the concentration of elements and comparing
them with reference concentrations to ensure optimal plant growth. One method for interpreting leaf analysis
results is the use of compositional nutrient diagnosis (CND) method. The CND method offers an effective approach
for assessing the nutritional status of sugar beet plants by analyzing nutrient composition in plant tissues against
standard values. Its primary objective is to identify nutritional deficiencies, optimize fertilizer use, mitigate adverse
environmental impacts from excessive fertilization, and boost crop yields. This research aims to evaluate and
optimize the nutritional status of sugar beet over two agricultural years in Khorasan Razavi province using the
CND method.

Materials and Methods

The study was conducted over two agricultural years on sugar beet crops in Khorasan Razavi province,
involving 30 fields in the first year and 31 fields in the second year, with varying soil properties. After selecting
the fields, prior to planting and fertilizing the sugar beet, a composite soil sample was taken from each field,
covering an area of one hectare and a depth of 0-30 cm. The physical and chemical properties of these samples
were measured in the laboratory. Leaf sampling was performed in both years to determine nutrient concentrations,
approximately 90 to 120 days after planting, using young, healthy, fully developed leaves. After washing with

Authors retain the copyright. This is an open access article distributed under Creative Commons
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distilled water, the leaf samples were dried in an oven at 70°C for 48 hours, ground with an electric grinder, and
then nutrient concentrations were measured. In this study, the high-yielding group in sugar beet farms was
identified using the CND method through mathematical and statistical analysis and the application of the
cumulative function.

Result

Soil analysis revealed a wide range of physical and chemical characteristics among the selected fields. The
findings in this province revealed that 67%, 52.5%, 82%, 62%, 59%, and 53% of the fields were deficient in
phosphorus, potassium, iron, manganese, zinc, and copper, respectively. The results showed that the average yield
across all fields was 58.5 tons per hectare, and the median yield of 70.9 tons per hectare was used as the threshold
to distinguish between fields with favorable and unfavorable nutritional status. Based on the mean CND indices,
54.27% of the fields in this province were in a balanced nutritional state, while 45.43% were imbalanced. The
most limiting macronutrients in low-yield farms were phosphorus (49%) and potassium (44%), while for
micronutrients, the main limitations were copper (29%) and manganese (22%).

Conclusion

An assessment of the nutritional status of sugar beet fields in Khorasan Razavi province reveals significant
challenges in nutrient balance. Widespread imbalances, particularly in phosphorus, potassium, and copper, along
with soil salinity and alkalinity, highlight the need for a revision in fertilization programs. The CND results
emphasize that over 45% of fields require adjustments in fertilizer application patterns to prevent the adverse
effects of excesses and critical deficiencies. Additionally, the high yield of some fields (20 farms with an average
of 70.9 tons per hectare) proves that achieving nutritional balance not only improves productivity but also reduces
financial resource wastage and environmental pollution. The CND method, as a precise tool, enables the detection
of nutritional imbalances even in cases where soil nutrient concentrations appear optimal. Therefore, it is
recommended that management programs based on soil testing and modern diagnostic methods like CND, along
with consideration of local conditions (salinity and lime content), be implemented to ensure sustainable sugar beet
production in the region.

Keywords: Compositional nutrient diagnosis (CND), Sugar beet, Tissue analysis
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Table 1- Soil test results of sugar beet fields in Khorasan Razavi province (61 fields)

5390 i ) ) ~ il oo ) S Jlglyd sl Sl Slelyd o

sy 2l Bl Sl oSk Jadtis! > i S
. Unit Min Max Mean Abundance less  Abundance more
Variable SD e S cv
than critical than critical

pH 7.50 8.20 7.90 0.11 - - 1.39

EC (dS/m) 0.60 11.10 2.50 0.21 - - 8.40
CaCO3 (%) 6.10 37 19.70 6.40 - - 32.49
ocC (%) 0.18 1.66 0.81 0.41 - - 50.62
Available P (mg/kg) 3.60 56.40 14.60 10.80 67 33 73.97
Available K (mg/kg) 67 780 276 139.70 52.50 4750 50.62
Available Fe  (mg/kg) 0.46 13.60 3.16 3.10 82 18 98.10
Available Mn  (mg/kg)  1.90 70.40 8.60 7.10 62 38 82.56
Available Zn  (mg/kg) ~ 0.26 6.20 1.06 0.01 59 41 0.94
Available Cu  (mg/kg)  0.28 3 1.10 0.64 53 47 58.18

Fi® (Vee)=0Y/Y Fi¢ (Vi)=Y Fi¢ (Vp)=08/Y Fi€ (VN)=Y-/A
Fi€ =¥AIV« Fi€ (Vmn)=20/Y Fi€ (Vzn)=¥Y/2 Fi (Vcu)=5V/Y
Do o odalio Y Jodn &S 4sSken Fi€ (VR)=05/Y 4 (Vi)
Jheis! oo j5 05lo Bl 5 slic, olic plas (gl ¥ 4y Jso
Olyedr LS p3 (5 VIR wbjuiin 3 Slee g I giae Lop3 Sy
odlaiwl pol 5 YU 3, Sas b 0g)S 40 S (4lys bawlgis 5 Slas
bwgs oads S5 g, wlwl 4 (Pernet & Tremilli, 2001) 4,55
2 3,Sles iSlus (Pernet & Tremilli, 2001) e g <o)l
Co i 2a20 polie gla ouie ;0 od b odal i cilae blis
b obsl b wlg ds 3 Sles laisds ( olie ,olie by
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3,8des b drel> j3 ae)te Ve SSE (pl b g gm0 3wl ol

285 )8 ol 38es Log)S )3 as)1e ¥Y 9 Y

(CND) 2lad polis wslSuia (auddd iy,
w8 juida £l Suse 9 S

Pacyie fY wabge olic yole clale §5Sloe glaodls
Sk polie L LA e oS 4 0L 5 0 Sas 3o bl
23,5 duwle glie paie A (VX)) i) & Cons 5 (G) (awidin
Fi€ (UN) o (0136 o lie il jls Cauns (2o polde doldl jo
Fi¢ (Veu) Fi¢ (Vmn) Fi© (Vzn) Fi© (Vee) Fi© (Vi) Fi€ (Vp)
4 13)5 s g A bro o Lie 45" (g1 Fi€ (V) 5 Fi€ (VB)
55 5 yuaic A dp ¥ dn 0 dole A &ysoas

odilo Bl .
pais Vo gl b podie cilae blas (Y Jada) ud 0l 3l (Ra)
R 95 Ol i ab)aiie dlp onle Bl bS5 g e
5l aag cjlie ¥ ot millas g S duw b HiSa (3 p Cans
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Table 2- Estimation of intermediate performance using cumulative variance functions of the logarithmic ratio of nutrients in
sugar beet in Khorasan Razavi Province

il pobie Fie (Vx)=aY® +bY2 +cY +d Re AN
Nutrients Yield
N y = 0.0004x3 - 0.0851x? + 3.4491x + 61.114  0.99**  70.9
P y = 0.0003x3 - 0.0506x? + 1.5107x + 86.305 0.99**  56.2
K y =0.0003x3 - 0.0477x2 + 0.5621x + 1 0.99**  53.0
Fe y = 0.0002x° - 0.0344x? + 0.9031x + 89.95  0.99**  57.3
Mn y = 0.0003x° - 0.0587x2 + 2.0681x + 79.321 0.99**  65.2
Zn y =0.0003x3 - 0.0395%? - 0.5358x + 129.74  0.98**  43.9
Cu y =0.0002x3 - 0.0367x? + 0.1238x + 113.  0.99**  61.2
B y =0.0002x3 - 0.0292x? + 0.4307x + 97.253  0.99**  48.7
Rd y =0.0011x% - 0.187x? + 8.0943x - 0.0306  0.65**  56.7
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Table 3- CND norms and standard deviation for nutrients in sugar beet fields in Khorasan Razavi Province

) o Hhro Bl 5uil ™ TP 3] o3
o Py il . re Oolbae 3 )Sloe b anels y3 CLIE (ke ol R
CND Mean CND ey w2l Mean concentration in the population with optimal U 5t b
norms norms SD of CND Nutrients performance n SD
norms
Vy 3.77 0.18 N 4.4 % 0.73
V' 1.08 0.25 P 0.26 % 0.09
V' 3.26 0.32 K 2.56 % 1.16
Ve -1.82 0.56 Fe 185 mg/kg 106.11
Vi -2.2 0.36 Mn 113 mg/kg 57.01
Vs -3.73 0.24 Zn 28 mg/kg 28.86
Vi -4.51 0.29 Cu 11 mg/kg 3.48
Vs -2.7 0.37 B 51 mg/kg 26.97

S92y OLwls bl KB )ida £5150 )3 (I8 paie A (15 (Flpou g CuliS dleld g (I8 polis padli - Jgsa
Table 4- Nutrients indices and the sufficiency and critical ranges for 8 nutrients in sugar beet fields in Khorasan Razavi

Province
i polis pasld Sy 3 Slas g polis pasld gy ol e e YU Sl o
Nutrients Index Critical Performance  Nutrients Index Square (I12x)  Low Critical Level (I1’%)  High Critical Level (1%x)
1%y 46 1.73 -1.31 131
1% 84 0.09 -0.29 0.29
PPk 90 0.45 -0.67 0.67
1% 51 0.61 -0.78 0.78
sn 49 112 -1.06 1.06
122, 54 11.11 -3.33 3.33
1%, 57 0.14 -0.38 0.38
I’ 33 55 -2.34 2.34
(r?) Total ges 31 212 -1.25 1.25
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Figure 1- Relationship between yield (t.ha™) and nutrient balance index (NBI) in sugar beet in Khorasan Razavi province
(Horizontal line is yield 70.9 tons per hectare and vertical line is index 10.28).
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Table 5- CND indicators, performance, and the needs of high- and low-consumption nutrients in low-yield farms in Razavi
Khorasan Province

e, R T P P r?
Yeild
70 0.8 0.77 -0.09 1.66 -2.32 -0.75 0.82 -1.15 23.67
70 299 -0.17 357 -1.43 -1.26  -3.56 0.31 -0.68 27.02
70 1.23 -0.31 -1.18 -0.53 -1.06 -0.91 1.69 1.26 22.81
68 3.54 0.81 3.92 -1.58 -2.21  -4.23 1.74 -0.81 27.72
67 1.31 -0.33 -1.16 0.54 036 -0.27 -0.98 -0.04 22.80
66 277 -2.14  -0.47 1.05 1.03 0.74 -0.38 1.04 20.47
65 -1.51 -1.16 -0.67 1.04 1.21 -1.02 -0.24 0.46 21.43
61 153 -0.81 1.03 -0.63 0.31 0.01 -0.46 -0.46 24.03
61 0.04 1.73 -3.00 1.22 0.53 -1.30 0.28 -241  23.71
60 -0.28 -0.15 -1.43 0.56 -0.51 4.20 0.45 -1.45 21.79
60 -1.14 -055 -0.38 -0.19 090 -1.66 0.51 1.26 22.19
55 1.27 0.58 0.19 -0.722 -0.44 0.25 0.01 0.39 23.85
55 0.27 -0.28 -1.85 -0.32 -1.57 -0.09 1.45 2.33 21.96
55 0.39 0.41 -1.3 0.77 -1.29 0.61 1.26 -0.81 2274
55 0.74 0.72 0.95 0.57 -0.80 1.72 -3.22 -0.44 24.36
55 0.55 -0.33 1.41 -0.70 1.39 -1.69 0.10 -0.74 24.10
54 0.77 -0.04 -0.95 0.58 0.87 -1.76 1.60 -1.21  22.68
53 -2.27 -1.68 0.96 1.33 -0.02 1.63 0.36 -1.45 21.84
52 0.59 1.04 -0.91 0.41 -0.29 0.86 -1.13 -0.12 23.21
52 -258 -245 -0.24 -0.24 -1.78 7.92 -0.13 0.52 20.60
50 0.04 -0.07 0.01 1.26 -2.17 0.96 0.47 -1.37 23.29
50 1.52 0.94 0.15 -0.75 0.67 -0.21 -1.10 -0.29 24.30
48 194 -1.16 258 -0.70 -0.30 -3.33 1.26 -0.44 25.07
48 -0.64 -0.06 0.87 1.12 -0.41 0.03 -0.92 -1.14  23.39
45 1.53 0.59 -0.41 -0.33 0.03 0.42 1.63 -2.10 23.75
45 0.78 -0.93 -2.55 0.78 157 -0.78 -0.57 0.33 21.41
44 2.95 0.49 3.20 -2.68 -0.42 0.08 -0.30 -0.70 26.74
43 -0.39 -096 -2.84 1.35 2.04 -1.91 0.17 0.001 20.79
41 070 -0.31 -1.52 1.51 031 -139 -1.64 0.50 22.33
40 -0.14 -0.79 -1.49 0.13 0.08 3.33 -1.26 0.60 21.61
38 -0.68 -195 -1.44 0.01 -0.52 2.33 0.77 0.92 21.05
36 2.00 0.46 0.67 -1.68 -0.06 1.18 -0.38 -0.23 24.65
24 -1.01 -1.10 1.88 -1.18 2.01 -1.27 1.41 0.16 22.76
30 -0.48 1.38 0.71 0.84 -0.56  0.67 0.32 -2.06 23.82
30 -0.04 -083 -1.29 0.34 -0.27 1.64 0.118 0.72 21.66
30 -0.05 -0.18 0.75 0.77 069 -0.31 0.33 -2.34 2342
28 1.01 -0.11 -1.19 0.76 -0.27 -0.54 7.00 -1.06 22.72
20 2.23 0.11 0.25 -0.50 -1.06 0.97 0.07 -0.48 24.18
18 -0.73 -211 -1.40 -0.11 1.15 1.40 -0.16 0.86 21.00
18 -0.11 -1.61 0.72 -1.31 3.24 -0.16 -0.61 -0.36  22.79
15 6.17 -0.29 -1.76 -2.11 1.19 -3.19 1.38 -0.98 25.07

Table 6- Nutrient balance status of low-yield sugar beet farms in Razavi Khorasan Province

it )ML& 9 In Ip Ik Ire IMn Izn lcu Ie &9
Nutreints status Total
Jolaie
. 63.41 21.95 21.95 56.10 58.54 82.93 34.15 95.12 54.27
Balanced (%)
Jolazels
. 36.59 78.05 78.05 43.90 41.46 14.63 65.85 4.88 45.43
Unbalanced (%)
g Joliel
. 26.83 29.27 34.15 26.83 19.51 7.32 36.59 0.00 22.56
Unbalanced()
SguaS Jolaiels
Unbalanced 9.76 48.78 43.90 17.07 21.95 7.32 29.27 4.88 22.87

shortage (%)
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Introduction

Forests are recognized as one of the most vital components of terrestrial ecosystems, playing a multifaceted
role in maintaining environmental equilibrium, supporting biodiversity, regulating climate, conserving water
resources, and providing a wide range of essential ecosystem services. The long-term sustainability and
productivity of forest ecosystems are closely linked to the quality of the soil and the inherent biological potential
of the site in which the forest stands. These two critical factors, soil quality and site potential, are, in turn,
profoundly shaped and affected by various environmental parameters, including geomorphological characteristics
such as topography and elevation, the density and structure of vegetation or canopy cover, as well as anthropogenic
influences stemming from land use changes, deforestation, and other human activities. In light of these
considerations, the primary objective of this research was to conduct a detailed, quantitative evaluation of soil
quality and site potential indices within the semi-arid Zagros forest regions. The study specifically focused on
analyzing the impacts of key variables such as elevation gradients, slope orientation (aspect), and the density of
canopy cover. In addition to the empirical assessment of these factors, this research employed advanced spatial
analysis techniques and geostatistical tools to develop a reliable spatial prediction model. This model aims to
enhance our understanding of spatial variability in forest conditions and provide a scientific basis for implementing
more informed, effective, and sustainable forest management and restoration strategies tailored to the unique
ecological context of the Zagros Mountains.

Materials and Methods

The study was conducted in the Zagros forests (Shalam Mountain, east of Ilam) within an elevation range of
1500 to 2150 meters. Sixty forest stands were selected across three elevation classes (lower, middle, and upper),
two slope aspects (north-facing and south-facing), and two canopy cover classes (less than and more than 25%).
Soil samples were collected from a depth of 0-15 cm in each stand, mixed, and their physical and chemical
properties were analyzed in the laboratory. The Soil Quality Index (SQI) was calculated using the SQI-2 standard
model based on normalization and weighting of selected soil properties. Site quality was estimated using a
logarithmic model of tree height to log tree age ratio for Persian oak (the dominant species). For spatial structure
analysis, variograms were fitted using spherical, exponential, Gaussian, and linear models, and the best model was
identified for each index. Interpolation and spatial mapping were performed using ordinary kriging, simple kriging,
universal kriging, co-kriging, and inverse distance weighting (IDW). The accuracy of these methods was evaluated
using the mean standardized root mean square error, and the most accurate method for each index was determined.

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Results

The findings showed significant differences in soil quality between north- and south-facing slopes across all
elevation classes. The highest soil quality (0.84 + 0.01) was found in densely canopied, north-facing mid-elevation
stands, while the lowest (0.60 + 0.03) was in open-canopy, south-facing upper elevation stands. Site quality also
decreased with increasing elevation. Its highest value (25.26 + 2.08 m) was recorded in densely canopied, north-
facing lower elevation stands, and the lowest (16.51 £ 0.79 m) in open-canopy, south-facing upper elevation stands.
Statistical analysis revealed a generally positive and significant correlation between soil quality and site quality,
which was stronger on south-facing slopes. Regression analysis confirmed this relationship. Variogram modeling
indicated that the spherical model best fit soil quality, while the exponential model was most suitable for site
quality. Interpolation accuracy assessments showed that ordinary kriging was the most accurate method for soil
quality, and universal kriging was best for site quality.

Conclusion

The study comprehensively demonstrated that both soil properties and overall site quality within the Zagros
forests were significantly influenced by key environmental variables, including topographical features, the extent
of canopy cover, and variations in elevation. The interrelationship between the two assessed indices, soil and site
quality, is statistically significant, and the strength of this relationship fluctuates in response to differing ecological
conditions, particularly on south-facing slopes, which are more exposed to solar radiation and drier microclimates.
The results of the analysis underscore the necessity of incorporating both soil attributes and broader environmental
characteristics when evaluating the biological productivity and ecological potential of forested regions. Moreover,
observed differences in the spatial distribution patterns and the structure of the variogram models emphasize the
critical importance of selecting appropriate and context-sensitive spatial modeling techniques. These findings not
only provide a robust scientific basis for ongoing ecological assessment and environmental monitoring, but also
offer valuable guidance for implementing targeted forest restoration strategies and developing long-term,
sustainable management plans tailored to the unique conditions of the semi-arid Zagros forest ecosystems.

Keywords: Canopy cover, GIS, Kriging, Remote sensing, Soil, Variogram
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Table 1- Results of generalized linear models (GLM) testing the effects of slope aspect, elevation, and canopy cover density on
site quality index and soil quality index
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K JIVES IV Soil quality index Site index
aal> x> Aspect 1 0115 45.80 0.000 81.090 4913 0.031
Uizl Canopy 1 0.060 23.69 0.000 1.974 0.120 0.731
L) zdaw jl ¢ls)l Elevation 2 0.029  11.53 0.000 127.156  7.703 0.001
Aspect x Canopy 1 0.022 8.539 0.005 14.209 0.861 0.358
Aspect x Eleva 2 0.001 0.345 0.710 29.063 1.761 0.183
Canopy x Eleva 2 0.000 0.122 0.885 15.155 0.918 0.406
Aspect x Canopy x Eleva 2 0.002  0.803 0.454 8.977 0.544 0.584
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Table 2- Comparison of mean values (+standard error) of soil properties under the interaction effects of aspect x elevation

and aspect x canopy cover
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Lowland
et ’\”"L" 181.58+8.03 b 740+0.04c 1.60+ 0.02cde 5.97+ 0.07 bed
North Midland
_’\;’\A{ 125.76£5.47 e 7.40+£0.01c 1.58+ 0.01def 5.98+0.12 cd
Highland
Aol 158.58+ 1.43 ¢ 751+0.02b 1.83+0.01a 6.01 +0.23 abcd
Lowland
i ke 149.74+ 5.43 cd 761+0.04a 1.73£0.02b 6.20 £0.09 abc
South Midland
H_“uh)';ﬂf d 160.17+ 341 c 7.61+£0.02a 1.74+0.03b 6.14+ 0.10 abcd
Closed 451y 9 aC
Homh 210.58+9.83a 7.29+£0.04d 1.61+ 0.01cde 6.36% 0.02 ab
Lowland
e ke 208.24+ 4.18 a 7.22+0.01 de 1,56+ 0.03ef 6.30+ 0,01 a
North Midland
b 12814+ 7.14 ¢ 7104004 f 153+ 0,01f 6.30+0.01a
Highland
Sand (%) Clay (%) Silt (%) Moisture (%)
o oY) o Cugb,
ok 21.9040.40 fg 3470 £ 1.85 4340+193a 4.50+0.18 de
Lowland abcd
@ 0ks 20.60+3.65 g 40.4+4.06 a 39.00 + 0.63 b 4.16£0.29 de
South Midland
oYL
T 43.00£1.41 a 24.4+0.97 32.60+1.16d 3.92+0.24 e
Open 3. Highland g
ol 26.70x1.74ef 39.60+ 2.63 ab 33.70+ 1.62 cd 4.98+0.25 cde
Lowland
s Mutﬁ 29.90+1.16 de 36.80+ 0.48 abc 33.30+£1.35¢cd 5.50+0.39 cd
North Midland
=t 31104172 de 3080+ 1.85de 3810+ 116b 5.35+0.32 cde
Highland
ol 30.70+1.01de 30.30+ 1.49 def 39.00+£0.89 b 5.09+0.27 cde
Lowland
> *,'”-OL”’ 34.60+2.17 cd 26.80+ 1.72 efg 38.60+1.93b 6.07+0.41 ¢
South Midland
H_'\;;ﬂf g 38.20+2.05abc 24.80+ 0.80 fg 37.00£ 1.54 bc 5.44+0.43 cd
Closed o510 ightan
ol 37.30+1.34 be 31.60+ 1.46 cde 31.10+£0.48d 10.27+0.66 b
Lowland
s M‘-’Lﬁ 41.50+1.41 ab 24.80+ 0.48 fg 33.70+ 1.2 cd 12.45+0.60 a
North Midland
_'\"J’W 33.50+1.41 cd 34.00+ 1.41 bed 32.50+ 0.63d 12.46+0.79 a
Highland

i o (i3 (P<0.08) (b iy (ygeil ol 1) S awdlE 90 2 g i g 9 9 e (5 s €65 Il (o ixe (SBgles S8 By



VFef UT— o F oyloud ¥4 ul (S g ol 4,5 YV

M ues O swes
Open Canopy Closed Canopy
a

ab é

0.8

bc

Cd =———|
cde cde

cd
= — £
0.7 T ' der ﬁ de £
[ =]
) ‘

Aoy, lad Gl peis AR0ka, el aha s AL, e AL L s

gadld

S i
Soil Quality Index

ef

Adald g | s e ) pLES )
Aspect . Elevation
S @ (orgiar 9 (Jlowd S 3 b3 a1 g5 )] iliteo G )3 S CudS (ad L o jae (jlome 1ol (iko dumglio -F JSS
51550 9 3 (FB9d Lol iudgy U
Ll oo Mo > [+ o 4D Hd gime glas oximd L o gt 50 yluedl CBgy>
Figure 3— Comparison of the mean (+ standard error) soil quality index across different elevation classes on northern and

southern slopes, separated by open and closed canopy conditions of the upper tree layer
Different letters within columns indicate significant differences at the 0.05 level.
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Figure 4— Comparison of the mean (z standard error) site quality index across different elevation classes on northern and

southern slopes, categorized by open and closed canopy conditions of the upper tree layer
Different letters within columns indicate statistically significant differences at the 0.05 level.
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Figure 5- Correlation between soil quality index and site quality index
The symbols *, *, and *** indicate statistical significance at the 0.05, 0.01, and 0.001 levels, respectively.
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Figure 7- Fitted variogram for soil quality index and site quality index
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Figure 8- Distribution map of Soil Quality Index and Site Quality Index using Kriging method
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Introduction

Iron (Fe) is an essential micronutrient that plays a vital role in various plant metabolic processes. However, in
calcareous soils with high pH, the availability of Fe is greatly limited due to its precipitation into insoluble
forms, resulting in Fe deficiency and reduced crop yields. This limitation highlights the need for alternative
strategies to enhance Fe uptake efficiency in plants. Recent studies suggest that Fe aminochelates (complexes of
Fe with organic ligands such as amino acids) can significantly improve Fe availability and uptake in alkaline
soils. Fe deficiency is especially problematic in arid and semi-arid regions, where calcareous soils dominate and
conventional Fe fertilizers, such as FeSO,, are often ineffective due to rapid oxidation and fixation of Fe3*.
Insufficient Fe availability disrupts chlorophyll synthesis, enzyme activity, and overall photosynthetic efficiency,
which ultimately affects plant growth, biomass accumulation, and nutritional quality. Therefore, improving Fe
acquisition through more stable and bioavailable sources is crucial for sustainable crop production. Among
various synthetic and natural Fe sources, Fe aminochelates have drawn attention because of their stability,
solubility, and ability to resist precipitation in high-pH environments. By forming soluble Fe—amino acid
complexes, these chelates enhance Fe translocation within plant tissues and promote physiological functions
even under Fe-limiting conditions. Given this potential, the present study was conducted with the following
objectives: (i) to evaluate the effect of fertigation application with Fe aminochelates and FeSO, on the
distribution of Fe chemical fractions in the solid phase of calcareous soil, (ii) to analyze the correlation between
soil Fe fractions and Fe content/uptake in sunflower (Helianthus annuus L. cv. Oscar), and (iii) to establish a
comparative efficacy framework for Fe sources in calcareous soil-plant systems under fertigation management.

Materials and Methods

A field experiment was carried out using a randomized complete block design (RCBD) with three
replications. The treatments included: (1) control (without any Fe fertilizer), (2) FeSOa at 20 kg ha™', (3) Fe-
glycine [Fe (Gly),] aminochelate at 4 L ha™', and (4) Fe- methionine [Fe(Met).] aminochelate at 4 L ha™'.
Fertilizers were applied through irrigation (fertigation). At the end of the growing season, soil samples were
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collected and analyzed for pH, DTPA-extractable Fe, and Fe chemical forms in the solid phase using the
modified Tessier sequential extraction method. The measured Fe fractions included exchangeable (EXC-Fe),
organically bound (ORG-Fe), carbonate-bound (CAR-Fe), Fe/Mn oxide-bound (OX-Fe), and residual (RES-Fe).
Additionally, Fe concentration in sunflower seeds and leaves and also seed Fe uptake were quantified.

Results and Discussion

Application of Fe aminochelates significantly affected Fe dynamics in the soil and improved Fe nutrition of
plants. Both [Fe(Gly).] and [Fe(Met),] treatments resulted in a significant decrease in soil pH compared to the
control and FeSO,, which likely enhanced Fe solubility. The DTPA-extractable, relative to the control, Fe
content increased by 28.5% and 35.2% in [Fe(Gly),] and [Fe(Met),] treatments, respectively. These treatments
also increased seed Fe concentration by 5.1% and 7.5%, and seed Fe uptake by 66.6% and 86.7%, respectively.
The distribution of Fe chemical fractions in the soil followed the order: residual > Fe/Mn oxides > carbonate-
bound > organically bound > exchangeable. Fe aminochelates, especially [Fe(Met),], significantly enhanced the
relative proportion of EXC-Fe and ORG-Fe while decreasing the proportion of CAR-Fe compared to both
control and FeSO,. Furthermore, DTPA-extractable Fe exhibited strong positive correlations with EXC-Fe (r =
0.87**) and ORG-Fe (r = 0.84**) fractions. Among the different forms, EXC-Fe (r = 0.72**) and ORG-Fe (r =
0.69**) showed significant positive correlations with seed Fe concentration, indicating their critical role in Fe
bioavailability and plant uptake. These findings support the hypothesis that [Fe(Met).], due to its greater stability
and chelation strength, improves Fe mobilization and provides a renewable pool of bioavailable Fe in the soil
system. Thus, Fe aminochelates can contribute to improved nutrient acquisition and enhanced crop quality under
Fe-deficient calcareous conditions.

Conclusion

This study confirms the superior efficacy of Fe aminochelates, particularly [Fe(Met):], over conventional
FeSOs in enhancing Fe bioavailability in nutrient-deficient, calcareous soils. The significant shift in Fe fractions
towards more labile pools (EXC-Fe and ORG-Fe) and the strong correlations between these pools and plant Fe
uptake underscore the potential of aminochelates to create a more plant-available Fe reservoir. Therefore, the use
of Fe aminochelates represents a viable and efficient strategy to correct Fe deficiency and improve crop
nutritional quality in calcareous soils, contributing to more sustainable micronutrient management practices.
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Table 1- Characteristic of studied soil
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Table 2- Summary of the sequential extraction method
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Exchangeable
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(¥ Jsis) ad glwlisem™ Foom¥ers adhaio 3 Lol IR
Sl (g slaplSe (n i) e slauils 2
S @ (C=0)  (-NHy) clals) b ol —aisel sl (clouSlya
aiel ol o (Y Jgdn) el ol e v (C-N) 50 (COO-
o35 Jate ol 56 4 (035555 5 ST i) SIS 53 @900,
g g & ol JoSle Ly (C = 0) ke slaog S
o2l 8 gglo pslome uShaS b (hnd Sigy sizen g 351>
03gd 00 ) gdly Loy jorb (IS jsbds imd oo JeSuts

[Fe (Met),] oyl - cmigaio g [Fe (Gly)s] (] — o M5 S gl <51 (CM™) IR gl ¥ Jgus
Table 3- Selected IR bands (cm™) of [Fe (Gly),] and [Fe (Met),] aminochelates

] v (NH2) v (C=0) vgs (C-O) v (C-N) vs (COO) v (Fe-O)
Aminochelate
0l —pedS 3342.0 1658.5 1525.2 1020.1 1386.4 460.2
[Fe (Gly)]
ol —oigee 3477.3 1629.5 1531.1 1168.5 1344.2 530.1
[Fe (Met),]
o2l SLOW el (g UL (S S529-€ Joua
Table 4- Structural characteristic of iron aminochelates
Y iael JsSgn Jgos F9Nse 339 o33l (20wd dnwlono) urol Cuwy (uaJla) Sk
. Molecular . Found (calculated) (%0) Theoretical (pure) (%)
Aminochelate  Molecular formula ] Yield
weight C H N Fe
o) = ME 0.188 g 22.39 3.91 13.04
C,HgN,O,Fe 213.50 27.1(25.8
[Fe (Gly),] 4HaN204 ©8%) (2250) (3.75) (13.12) (258)
OBl = wgate 0.306 g 34.00 5.73 7.93
CoH20N,0,S,Fe 352.26 15.8 (15.0
[Fe (Met),] 10H20N204S 87%) (3407) (5.68)  (7.95) (150)
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Table 5- ANOVA for the effect of treatments on pH and concentration of soil available Fe

] Sl wo il
.. 3l 4y Vonnconart
i Blo Degree of e Shee
SOV freedoms ~ pH 3l JE o
Available Fe
Bi)fk 2 001" 45x10°"
o 3 0.017" 138"
Treatment
Eurarf)r 6 7.6x10* 3.3x10°°
S G ) 0.36 121
C.V (%)

w . # NS
o pd N Jleis] e 3 (g bze g gyl e pas Cigh T

"™ and *: non-significant and significant at p<0.01, respectively.

7.85
7.80
a
7.75 1
a
7.70 [

y 7.65 - l "

(="
7.60 b
7.55 -
7.50

A\
AR
\ Y

Control Fe-Gly Fe-Met FeSO,
sals T L ol e oal Slily
$29=S sl )losd

Fertilizer treatments
SBPH p bylas Wl il duwlio - IS5

ol (S5 o905l bl g 203 B Jlein] aws 53 5 dme gl pae (Sily Wilen g
Figure 1- Mean comparisons of the effect of treatments on soil pH
The same letters indicate non-significant difference according to Tukey's test (p <0.05).
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IS 51 (EN) 2l e Juuily | el Ly 2 o5
5 oS SlacS s )3 & 3950 LasFe™ p5 4 cal el
«»lyls (Colombo et al., 2018) coul @y (5)l30lE S
Sy Wl e oan] Slallas b «SB )3 BN pabiane (¢ 50510
2 ool (oyiod sy Sho alerdon o alesd il B
LS 5 LSS S ela S el osdle A5 K8 S
Rahman &) aiS e s SB o 1) @lils e ylime 35 J
L s JoB joba S8 j» ol cdMs (Schoenau, 2022
Ly Jsbee T ool a5 asily Ltlssl T claslSy) b oS s
SebaS92,5 Jlobe slog S L 1) Jolwo sla 5509 ,S1e ol
(S ysbay .(Schwertmann & Taylor, 1989) xad o JuSuis
gl s JI SosiS (ot 29000 s SB PH talS
L sl T elopuSlaS St 55 dinl ol cloMS' |y o ]
5 2l (LacS B )3 ohaga olS sl ol gyt I3l 5 ol

.(Molnér et al., 2023;Souri et al., 2018) 34 .o Sl

(Available Fe) suldics Jsl8 ;yal

35l 55U 4 sy lis Waosls wilyly a0 51 Jobs guls
odlaiwl B cal cdale ol Slagw 365 5 al claeMS gl
gl ) Jol 5 (0 Jgics) (P S-1-1) 39 o sine S5
Uil 38) G oyl Calisto wlie 3,8 a8 by L5 laodly uSilee
25 sl e 4 Cuws S ool BB ol cbale s s
Mgzl g (bl —igsto O ol clmlos (¥ JS2)
clale cho)d YAID ¢ YOIY Liol53l comr b pau o0yl = s M5
355 comizned HAS Wld b 4 Cons S5 odlital LB ol
odlizuwl BB ool clale oamd VIV (il cuw 5 op] Oldgu
(Y JS8) b dals jlogy &y Coms S

G S5 PH I SIS Jodoo yo soliel LB ol clale
ool Fe au Fet™ Las o SBpH Lials b () JSs) 8 e
Lindsay ) 35 e s ol (sl (o yiwd BB g 5 gkoxe )3 &
Ulosls oL wlllas .(; Marschner, 2012 & Schwab, 1982

!l J—d u_.bi
Available Fe (mg kg™

b
C
1 d
44 mEm
5
0 T - -

a

Control Fe-Gly Fe-Met FeSO,
wls oo algsy e el clily
8295 sba,led

Fertilizer treatments
SB 2 oaliiw! JB ol Clle o b ylow pil (Sl duanlie Y IS5
ol (S5 o905l bl g 2o p3 B Jlain] aws 53 5 dme gl pae (Sily Wlen Ly
Figure 2- Mean comparisons of the effect of treatments on concentration of soil available Fe
The same letters indicate non-significant difference according to Tukey's test (p <0.05).
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Ol (Sal saSs 3 (Al (550 )las by, < g )l
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clile o ol (e gl lobss Glajled 5l o Sl
2 s ool g Jlodle & Juate ol ¢ Dols pal sl S
(£ Jgss) (P=e14Y) 290 S sels 516

bl el polie a8 oly lis ol cane s gols IS jeba
claeMS 4wl 5, L SB > Joske 4 Juase oyl g Jols
oo o 5 (Y Jgaz) €3l Jal3dl g o e ysboar o]
b gt OIS giasl o & bye Jol5 ol (e oy i
31 im o s sl YD il sl s & Cornss &S 399
Ol s b ine ya by 3 (al s S WS el Sl
sl (Jolie jd s sals 4 cas b5 ol gasyd AY/0
ol DL ol oliee jo s0ls b gl sme @glis pal Sligu
(Y Jods) ol

o2l ogte M sl Yo (Sl oolo & Juato pal 350 0
VIO ) i ilidl sals d cuus g e 1y clale oy i
il 38l s 35 T IS EMS gial o ol L (ol
How &S Iy 0l sals & Caws s opl cdale gao)d VH/A
(Jolie (0 (Y Jgds) cudlys sals b o)l gxe coglis oynl cligu
Gty ol a8 g b iste M sinel slolosd 3
P oS @ ate ol cdale ey YY/+ 5 FYA ials cuw
Cp oS oyl Slilgw Les a5 s jd s sals b dulie
Ly (pialS amopd Vo/A Jolse) Glu)S oal clale j> M3
(Y Joaz) b plis sl

@Yk ylul (Sal 5 oUE (S )5 ol oS gl

&S b > S o bas ) ] o jiwd cubl 5 ooly ol 345 )

Jran cul (e (gt (plond 3sS g (ogian GlacS

Ay Cewd I 993 (LS massie 5 S lagys b i)
(Mirbolook et al., 2020;Ghasemi et al., 2012)

o= Ol Olid gcu 0 9-S g (AT SLAEUS gase] by yls i
S sl 5 59 0T (obead gladseds olile
o) b Lo IS5 clale p s log 5 addllas oyl 4o
50 g on] slaseS] &y Joate liy)S 4y o ¢ ol ol
3,5 B oy dy90 Sy wnile 3L g Jl ool 4 Juate
oo JGI o5k ds > s odel Cawd & =l e
Ao zlpeal ey i) eoliiul L S wals I 5 ol cilie
AF/+ LAY/ asg bl ojly o Lis (1979) Tessier et al.
g 365 ¢ ol eI giel ()lilsgS olasla ¢l suo )y
e S spSellul 5 gl gy <o j) (S &S 03 (oo
5 sl Sl U)liS olisl ol Jalofl el )3 ol (e
Sposito ) o) Ken g giwgul o (Tessier et al., 1979) -l Ko
2 e gyl Sigy > gl alujl sy (et al., 1982,
Slis] oo jolaiody Cpiomed (sl 0dd ol aolie (clrodgae
OloSise il crl 3 s Gl (S 0slas by jl elit
Ghoreishi Amiri et ) o )LSen 5 (5ol (s 3 adlllas gulis
ol cilisee sl IS o o olis & o8 oLl (al., 2020
(DTPA L gl sesl Jol8) slial 6 ol o o0 gl sl
oyl Laadly cpl fcusld 399 (o) dme 5 Cute ( Siunod

S sl 5 3 o] il lend SJKD CBIE 5 B lad T il fy 4525 T g
Table 6- ANOVA for the effect of treatments on concentration of different Fe chemical forms in the soil solid phase

Ola o (uibe
- a5 as 4 Mean squares
e gl Se )ree‘cjf Olo,S @ Juio )
S.0.V frege o Dl P& BT & Juaie ST oslo 4y Juate ol 3L
Exchangeable Cagsgzgte- Oxide-bound Organic-bound  Residual
Sok 2 1.0x1073"™ 8.0x103"™ 14.3™ 1.3x1074"™ 11.0™
Block
hesd 3 0.25" 4.75 1.88"™ 0.85" 0.22"™
Treatment
s 3 -3
6 1.2x10 0.03 44.2 4.4x10 2.97
Error
St o - 5.1 4,04 0.3 5.44 0.01
C.V (%)

o3V Jleisl o 53 (gl stae 5 5 b siae pie e T
and ™": non-significant and significant at p<0.01, respectively.

ns

ns
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Table 7- Mean comparisons of the effect of treatments on concentration of different Fe chemical forms (mg kg+) in soil solid

phase
395 s lo o OlpS @ daie Jlosle 4 Juaie
Fertilizer treatment  Exchangeable  Carbonate-bound Organic-bound
aals 0.41° 6.30° 0.76 ¢
Control
oAl mom 0.80° 4.26° 1.33°
[Fe (Gly).]
ol ~oae 1.04° 3.53¢ 1.93°
[Fe (Met),]
oal Wy 0.47°¢ 5.63° 0.86°
FeSO,

(P Se140) canl (S5 g0il olsl s o me gl pae Sl wilen g
The same letters indicate non-significant difference according to Tukey's test (p <0.05).

o5 die 2 WB byl ) o gy 1 6y gl g Jglome 316 5
Lo 1y Sl B g o5 (slop b 4 oS 2665 slajle 5l pal
«—zen (Colombo et al., 2014; Lucena, 2003) 3L
5] eslio (Lo (slaogS 55,8 oals b S yidl sl
o S ) SLS i dglS oo L 5 @y s Sl oY
Fernandez & ) 34l oo palyd ol Sligw wle Sixe slacSas
a5 YL pH 13 & ool @l @Y, (Ebert, 2005
L oM gt S o gy Jolomol (slap b 4y Cospusiy (Sl
ol 3l g andly 4S5 Jlb 56 51y ol Gl (slapuSlias” St
Lucena, ) aiS o Byl ool (5l ul8d 4 (Siasly (9
ol (Boustani et al., 2018) l,ISe 5 Sliwg adlllae (2003
2 Lol o3y o8 Sl clocs s el 3 3liys8 ] e oS oy
2 S Joos oS sl ol e plyisa Wlge il (B
ol e gl sljlos )3 52 il Gl 55 50l gl
Perlbiaw; glapyd 4 pS ol has b g Spae il (S
hLSan ¢ ol ,exhé claasil L saslecwda gls il o
Pashapour et ) -l 5 ,5L5L 4 (Filgueiras et al., 2002)
i SLnyS ol amily bl a5 o)l calke 1 (al., 2016
ccwlio bayly s 5 Lol 09 o Jolis |y S5 IS oyl 1 sgame
gy o 0aB3lil las sl 5 (N Sl join )3 0f54
SlaS 5 conomed A (o0 Iy |y (LS ©la 482 4 39)5 bl
o 3 585 ol Gl St b sladyy by g ]
B gy St ) sl aims o Gl ol 4 oS
4y Laasl -pl.(Jones et al., 2003) wiS' o (S sl> 55 ol
Lo 4 cus ol GlacMS giel 48 ams o Ui zasg
Sl @lie il 5 55e )b 3 onl Slilgw wilo Sane
slop 3 5l nl @555k o Al oo g aLEl (400 3,8kes SB

Hgd Jlb slapyd 4 Jlddas

iz mlie 54,8 a8 ol Lis adllas oyl 2ol gng cpl b
cbale ool me pil ol Slidgw o LS gisel 51 wel o pal
o¥laly e 5 35in 5 ol (sloseT &y Juatio i 53 0 o]
Ol S 2505 5 sl cnle I (36 Wlgi e & (S Jgan) cutl
Cornell & Schwertmann, ) Sal ¢S5 5 ol ol S
5 Sl |y sbul pae 3.5 4 (Colombo et al., 2014; 2003
oS Sl ojls (b Vb Jluws (29,50 cllad b g 0 ol
2l islejl ol e

2] S gial 3,018 s 4 Jobg opal clale il33l
ol il s s @l ol GYLs ol sams ol Wlgi e
PH ;5 sl SB Dol 56 5 o weew ialisl g o yiaos bl e
(1) oyl sl S 4l o Ko 4 buas ol V0 5 YL
Loeppert ) aitus (wyiwd JoB oS (sladdy, (slyp a8 5yl 3554
el pal o Sal gla SLs )3 pisen (& Inskeep, 1996
PH [tals 0 o gy ool land b ol by S &)p0a,
o) ol b Ao 53 g 0ad Slhgusy ol SNl (oIl
My o yla5 4y (Marschner, 2012) oy o il 1, oyl
(1 JS) ol sLacdlSy il 3,8 Jlis & 15 pH ol
L glaptise 1) ol g oas (ol S g cldlo Gl o
5 Il o) psle SISl & (Il 4y o) 208 Sl
ORIBl ol ik mll 4 dag b amd e i (i B
9 o2l omgsio NS g ial slajles > Jols al clale
(¥ USs) SLs oolizal 5 o] clale Lildl b oyl IS
(Shambhavi et al., 2016) ;) ,LSen 5 (golosolis 35 Liwly oo
L el L8 (ol 5 (oL py & onl o 5 il 3
20 399 (o)l pime 5 Cute [ Siumas (o yuwd Jy18) DTPA

08yl slaslos > 5 8] ptes G S5 s
ohg4 calzel SlBBISS (Yl SuS N (g 4 ol 0 ]y ool
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Figure 3- Distribution diagram of the different Fe chemical forms in soil solid phase

2 ol s 5 onl gy g mealS SlyS (Y ki 5 YL
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Sile (Bl Sl S e
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Table 8- ANOVA for the effect of treatments on leaf and seed Fe concentration, and seed Fe uptake

1 Slapo (5o
S 2o g° / 4"’: Mean squares
egree 0 =
S.0Vv freedoms S ol &l ol A ol ods
Leaf Fe Seed Fe Seed Fe uptake
sk 2 0.72" 3.37" 63.36™
Block
e 3 28.09™ 10.66" 3057.62"™
Treatment
s 6 2.38 1.27 17.99
Error
b 0.42 3.58 422
C.V (%)
# % NS

J.w): 0 9) Jlosnl e 55 (60 gize «(g o gizme pie By g
non-significant, significant at p<0.01 and p<0.05, respectively.

ns **
1

and ™:
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3547
3524
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342 1
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l_I_\

3,.3 uhi

Leaf Fe (mg kg)

T
Control

aals onl-

a
Fe-Gly Fe-Met FeSO,
iy WS Oni— OPg——sio O_ni oy
S9-S5 sl jlod
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01 ,SET 8LS Sy 5 ool e 1 B jlowd 03T (el dunnylilo —€ JSUS
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Figure 4- Mean comparisons of the effect of treatments on leaf Fe concentration of sunflower
The same letters indicate non-significant difference according to Tukey's test (p <0.05).
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Figure 5- Mean comparisons of the effect of treatments on seed Fe concentration of sunflower
The same letters indicate non-significant difference according to Tukey's test (p <0.05).
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Figure 6- Mean comparisons of the effect of treatments on Fe uptake in plant seed
The same letters indicate non-significant difference according to Tukey's test (p <0.05).
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1- Ferric Chelate Reductase
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Table 9- Pearson correlation coefficients between plant Fe concentration and soil available Fe concentration with Fe chemical
forms in soil solid phase (p <0.05)
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Table 10- Results of multiple regression analysis between plant Fe concentration and uptake with Fe chemical forms in the
soil solid phase

MJ: | O ayly 3 il
ode Predictor
variable (8) (St. Error)

95% ClI

t-value  p-value R2 Adj.R?2

(Lower-Upper)

fﬁyic,\.lé.l:l:\JM KW gv-ge3
Modell: Leaf Fe  (Intercept)

358.75 0.901

397.9  <0.0001"

356.6-360.8  0.880 0.868

Bl g5 123 856  <0.0001"  7.83-133

Fe-EXC
s J 2 -
b gl clle:Yae s jlodse g9 09 152 2563  <0.0001 35.65-4250 0715  0.686
Model2: Seed Fe  (Intercept)

Sl s 030 501 00005  -2.18--0.83

Fe-CAR

&y u,ba" Gl Y e
Model3: Seed Fe
uptake

W
0T oa571 1205
(Intercept)

SLs ool o) ag 2.38
Fe-CAR

-10.22  <0.0001™

20.37  <0.0001" 219.15-272.26 0.912 0.903

-29.70 — -19.07

o> ) o] g )3 (gl ine *F
“ significant at 0.01 probability levels.

(S 5 o

P oad S b, KoLl olS oS ol LS gk oyl gl
5 e edliwl lgs ¢ Slymo ds 5l a8 el clale L Sal SK
G 3l gt ol oS 38 4 5 cilis |) SB pegy (2]
ClaeM gl clie ol 53 b lis cate STy «sylulagS
395 Ay Cd (55 550 2, Shas (21D g - (igte
3 odl Ol g cbale (il Coge gyl xe jobds SB yal
l_»u_lialymbLmuﬂsubLuuﬂuucwmmMaLf
@Sl oyl (glosome o (DTPA L szl soul) oslil b oyal
LS (IS jebas s sdnlin ()b ixe g Cute ( Siuwed
5 o5 (sl IS5 g 5 S5 PH alS | ol (slacdlS gl
SSimly il L g aily jids ol enld dgun n copl I
2 ol il hinaos g ol T 0,83 e Sly,S ool 4 oS
0394 ynl M gl 5l odlatul daasl cpl 5,8 palp SK
Sl lie 23l 5 cng Sy G s ) ol g
3 okl sLS yal auiss copie jd bl Sase (sladgS
L el g 0luadl miiue oLoj)l g dlie Jols
2)by> 2l xSl )3 Slgie AL ) (o gan GO
il Ay oS o il OS5 ol ol Cuje

8 5 YU PH L lacsLs 53 Ygans al il )s' IS5
LaSLs ol )3 pal odas (iSu g Gl Clé pundS @l S
oy Fe(OH)s L FeCOs usle Joloro e cluS 5 & yguoas
B olS (wyiwd 53 Slusl dy jisgs) Jsane baulyd )3 038
ol S (; Lucena, 2003Sposito, 2008) 45,5
SLacS s gl S izp o 3 PH Gl ool (s s Jobd
Ul e PH asly So pa ialisl o ols jebay .l Sal
Lindsay, ) s> yials joly Veor dgas Ul Fe?* g culMs
ol e gloie 5 SYLPH L oo (ol (1979
5 ble waoni )3 5 4yl al g 4 gyt Bl el
b e SEalS LS 5 ol Gl

LS 5 (B GlaSs o 505 ol gl oIS by
2 ool 4l Cansg a8 1S (slaasls o isdls (onl
ol iz 90 L (LS ol wrew plaljl dies 1,008
a1l 5 ite £ S ol Sl &S Jlo 53 o5 ol
ookl Ly oyl (6365 Capite oS 08 o AT ol ol ccuils
sl Q] s el dge .\leu,o U'Q’T dhb%wi
Al sl sl s Sal



VEoF (UT- 0 oF 0jlods ¥4 il (S 9 OT @y FAA

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Abadia, J., Véazquez, S., Rellan-Alvarez, R., El-Jendoubi, H., Abadia, A., Alvarez-Fernandez, A., & Lopez-
Millan, A.F. (2011). Towards a knowledge-based correction of iron chlorosis. Plant physiology and biochemistry:
PPB, 49(5), 471-482. https://doi.org/10.1016/j.plaphy.2011.01.026

Alipour Babadi, M., Norouzi Masir, M., Moezzi, A.A., Rahnama, A., & Taghavi, M. (2025). Iron (Fe)
biofortification using Fe-aminochelates in sunflower growing in calcareous soils. Journal of Plant Nutrition and
Soil Science, 188, 519-535. https://doi.org/10.1002/jpIn.12004

Ashmead, S.D., Wheelwright, D.C., Ericson, C., & Pedersen, M. (2000). A composition and method for preparing
amino acid chelates free of interfering ions (U.S. Patent No. W02002030948A3). Google Patents.
https://patents.google.com/patent/W02002030948A3

Azadi, A., Baghernejad, M., Gholami, A., & Shakeri, S. (2021). Forms and distribution pattern of soil Fe (lron)
and Mn (Manganese) oxides due to long-term rice cultivation in fars Province Southern Iran. Communications in
Soil Science and Plant Analysis, 52(16), 1894-1911. https://doi.org/10.1080/00103624.2021.1900226

Bashir, A., Rizwan, M., Ali, S., Rehman, M.Z., Ishaque, W., Riaz, M.A., & Magbool, A. (2018). Effect of foliar-
applied iron complexed with lysine on growth and cadmium (Cd) uptake in rice under Cd stress. Environmental
Science and Pollution Research, 25(21), 20691-20699. https://doi.org/10.1007/s11356-018-2042-y

Boustani, H., Najafi Giri, M., Amin, H., & Mirsoleimani, A. (2018). Investigation of iron chemical fractions in
some calcareous soils of orange (Citrus sinensis L.) Orchards in Darab Region, Southeast of Fars Province.
Applied Soil Research, 6(3), 92-105. (In Persian with English abstract). https://doi.org/10.1080/00380768.
2018.1554951

Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen-Total. In: Methods of soil analysis. Part 2. Chemical and
microbiological properties, Page, A.L., Miller, R.H. and Keeney, D.R. Eds., American Society of Agronomy, Soil
Science Society of America, Madison, Wisconsin, 595-624. https://doi.org/10.2134/agronmonogr9. 2.2ed.c31
Colombo, C., lorio, E.D., Liu, Q., Jiang, Z., & Barrén, V. (2018). Iron Oxide Nanoparticles in Soils:
Environmental and Agronomic Importance. Journal of Nanoscience and Nanotechnology, 18(1), 761.
https://doi.org/10.1166/jnn.2018.15294

Colombo, C., Palumbo, G., He, J., Pinton, R., & Cesco, S. (2014). Review on iron availability in soil: interaction
of Fe minerals, plants, and microbes. Journal of Soils and Sediments, 14, 538-548. https://doi.org/10.1007/
$11368-013-0814-z

Cornell, R.M., & Schwertmann, U. (2003). The Iron Oxides: Structure, Properties, Reactions, Occurrences and
Uses. 2nd ed. Wiley-VCH. https://doi.org/10.1002/3527602097

Curie, C., & Briat, J.F. (2003). Iron transport and signaling in plants. Annual Review of Plant Biology, 54, 183—
206. https://doi.org/10.1146/annurev.arplant.54.031902.135018

Denning, G. (2025). Sustainable intensification of agriculture: the foundation for universal food security. npj
Sustainable Agriculture, 3(7). https://doi.org/10.1038/s44264-025-00047-3

Elfaki, J.T., Gafer, M.O., Sulieman, M.M., & Ali, M.E. (2016). Assessment of calcimetric and titrimetric methods
for calcium carbonate estimation of five soil types in central Sudan. Journal of Geoscience and Environment
Protection, 04, 120-127. https://doi.org/10.4236/gep.2016.41014

Fernandez, V., & Ebert, G. (2005). Foliar iron fertilization: A critical review. Journal of Plant Nutrition, 28(12),
2113-2124. https://doi.org/10.1080/01904160500320954

Filgueiras, A.V., Lavilla, I., & Bendicho, C. (2002). Chemical sequential extraction for metal partitioning in
environmental solid samples. Journal of Environmental Monitoring, 4(6), 823-857. https://doi.org/10.1039/
B207574C

Ghasemi, S., Khoshgoftarmanesh, A.H., Afyuni, M., & Hadadzadeh, H. (2014). Iron (II)-amino acid chelates
alleviate salt-stress induced oxidative damages on tomato grown in nutrient solution culture. Scientia
Horticulturae, 165, 91-98. https://doi.org/10.1016/j.scienta.2013.10.037

Ghasemi, S., Khoshgoftarmanesh, A.H., Hadadzadeh, H., & Jafari, M. (2012). Synthesis of iron-amino acid
chelates and evaluation of their efficacy as iron source and growth stimulator for tomato in nutrient solution
culture. Journal of Plant Growth Regulation, 31(4), 498-508. https://doi.org/10.1007/S00344-012-9259-7
Ghoreishi Amiri, S.A., Baranimotlgh, M., & Dordipour, E. (2020). Response of spinach plant (Spinacia oleracea)
to iron chemical forms in calcareous soil treated with sewage sludge. Agricultural Engineering, 43(1), 103-125.
(In Persian with English abstract). https://doi.org/10.22055/AGEN.2020.31328.1514

Gonzalez, M., Hailemichael, G., Catalina, A., & Martin, P. (2019). Combined effects of water status and iron
deficiency chlorosis on grape composition in non-irrigated vineyards. Scientia Agricola, 76, 473-480.
https://doi.org/10.1590/1678-992x-2018-0084

Hossner, L.R. (1996). Methods of Soil Analysis. Part 3. Chemical Methods. In: Spark, D.L., Ed., Dissolution for
Total Elemental Analysis, Soil Science Society of America and American Society of Agronomy, Madison, 49-64.



https://doi.org/10.1016/j.plaphy.2011.01.026
https://doi.org/10.1002/jpln.12004
https://patents.google.com/patent/WO2002030948A3
https://doi.org/10.1080/00103624.2021.1900226
https://doi.org/10.1007/s11356-018-2042-y
https://doi.org/10.1080/00380768.%202018.1554951
https://doi.org/10.1080/00380768.%202018.1554951
https://doi.org/10.2134/agronmonogr9.%202.2ed.c31
https://doi.org/10.1166/jnn.2018.15294
https://doi.org/10.1007/%20s11368-013-0814-z
https://doi.org/10.1007/%20s11368-013-0814-z
https://doi.org/10.1002/3527602097
https://doi.org/10.1146/annurev.arplant.54.031902.135018
https://doi.org/10.1038/s44264-025-00047-3
https://doi.org/10.4236/gep.2016.41014
https://doi.org/10.1080/01904160500320954
https://doi.org/10.1039/%20B207574C
https://doi.org/10.1039/%20B207574C
https://doi.org/10.1016/j.scienta.2013.10.037
https://doi.org/10.1007/S00344-012-9259-7
https://doi.org/10.22055/AGEN.2020.31328.1514
https://doi.org/10.1590/1678-992x-2018-0084

¥4q

BT il LSS 2395 5 BT Slilguw 5 (T GBS Pnel (55LeT595 5,5 T (o)) S0p 9 (2Ll yo e

21,

22,

23.

24,

25,

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

https://doi.org/10.2136/sssabookser5.3.¢3

Huang, Y.T., Cai, S.Y., Ruan, X.L., Chen, S.Y., Mei, G.F,, Ruan, G.H., & Cao, D.D. (2021). Salicylic acid
enhances sunflower seed germination under Zn** stress via involvement in Zn?* metabolic balance and
phytohormone interactions. Scientia Horticulturae, 275, 109702. https://doi.org/10.1016/j.scienta.2020.109702
Huei-hsuan, T., & Wolfgang, S. (2020). Biotechnology - genomics; new findings on genomics from institute of
plant and microbial biology summarized (pH-dependent transcriptional profile changes in iron-deficient
Arabidopsis roots). Biotech. Week, 21, 694. https://doi.org/10.1101/2020.05.21.109777

Jacob, R.H., Afify, A.S., Shanab, S.M., & Shalaby, E.A. (2022). Chelated amino acids: biomass sources,
preparation, properties, and biological activities. Biomass Conversion and Biorefinery, 14, 2907-2921.
https://doi.org/10.1007/s13399-022-02333-3

Jalali, M., Beygi, M., Jalali, M., & Buss, W. (2022). Background levels of DTPA-extractable trace elements in
calcareous soils and prediction of trace element availability based on common soil properties. Journal of
Geochemical Exploration, 241, 107073. https://doi.org/10.1016/j.gexplo.2022.107073

Jones, D.L., Darrah, P.R., & Kochian, L.V. (2003). Critical evaluation of organic acid mediated iron uptake in
plants. Plant and Soil, 248(1-2), 1-17. https://doi.org/10.1023/A:1022307309411

Kabata-Pendias, A. (2011). Trace Elements in Soils and Plants. 4th Edition, CRC Press, Boca Raton.
https://doi.org/10.1017/s0014479711000743

Kutman, U.B., Yildiz, B., & Cakmak, I. (2011). Improved nitrogen status enhances zinc and iron concentrations
both in the whole seed and the endosperm fraction of wheat. Journal of Cereal Science, 53(1), 118-125.
https://doi.org/10.1016/j.jcs.2010.10.006

Lindsay, W.L., & Schwab, A.P. (1982). The chemistry of iron in soils and its availability to plants. Journal of
Plant Nutrition, 5(4-7), 821-840. https://doi.org/10.1080/01904168209363012

Lindsay, W.L. (1979). Chemical Equilibria in Soils. John Wiley & Sons.

Liu, J., Chakraborty, S., Hosseinzadeh, P., Yu, Y., Tian, S., Petrik, I., Bhagi, A., & Lu, Y. (2014). Metalloproteins
containing cytochrome, iron—sulfur, or copper redox centers. Chemical Reviews, 114, 4366-4469.
https://doi.org/10.1021/cr400479b

Loeppert, R.H., & Inskeep, W.P. (1996). Iron. In Methods of Soil Analysis: Part 3—Chemical Methods (pp. 639—
664). SSSA, ASA. https://doi.org/10.2136/sssabookser5.3.c23

Lépez-Rayo, S., Nadal, P., & Lucena, J.J. (2015). Reactivity and effectiveness of traditional and novel ligands for
multi-micronutrient  fertilization in a calcareous soil. Frontiers in Plant Science, 6, 752.
https://doi.org/10.3389/fpls.2015.00752

Lucena, J.J. (2003). Fe chelates for remediation of Fe chlorosis in strategy | plants. Journal of Plant Nutrition,
26(10-11), 1969-1984. https://doi.org/10.1081/pIn-120024257

Malakouti, N., & Kianoush, A. (2001). Determination of fertilizer requirements of field and horticultural crops in
Iran based on soil, water, plant testing and deficiency symptoms (2nd ed., 297 pp.). Soil and Water Research
Institute, Pars Nahal Research-Services Publishing. (In Persian)

Marschner, H. (2012). Mineral Nutrition of Higher Plants (3rd ed.). Academic Press: San Diego, CA, USA, 2011,
pp. 1-651, ISBN 0123849063.

McConnell, L.L., Osorio, C., & Hofmann, T. (2023). The future of agriculture and food: Sustainable approaches
to achieve zero hunger. Journal of Agricultural and Food Chemistry, 71, 13165-13167. https://doi.org/10.1021
[acs.jafc.3c05433

Mirbolook, A., Rasouli-Sadaghiani, M.H., Sepehr, E., Lakzian, A., & Hakimi, M. (2020). Effect of iron chelates
and their application methods on iron nutrition status of bean plant (Phaseolus vulgaris) in a calcareous soil.
Applied Soil Research, 8(3), 109-128. (In Persian with English abstract). https://doi.org/10.1080/01904167.
2020.1862206

Mohammadnia, S., Haghighi, M., Mozafarian, M., & Gedsel, A. (2025). Impact of mycorrhiza inoculations and
iron amino chelate on growth and physiological changes of cucumber seedlings across different pH levels. Plants
(Basel, Switzerland), 14(3), 341. https://doi.org/10.3390/plants14030341

Molnér, Z., Solomon, W., Mutum, L., & Janda, T. (2023). Understanding the mechanisms of Fe deficiency in the
rhizosphere to promote plant resilience. Plants (Basel, Switzerland), 12(10), 1945. https://doi.org/10.3390/
plants12101945

Nadal, P., Garcia-Delgado, C., Hernandez, D., Lépez-Rayo, S., & Lucena, J.J. (2012). Evaluation of Fe-N, N’-
Bis(2-hydroxybenzyl) ethylenediamine-N, N’ diacetate (HBED/Fe®") as Fe carrier for soybean (Glycine max)
plants grown in calcareous soil. Plant Soil, 360, 349-362. https://doi.org/10.1007/s11104-012-1246-z

Naeem, A., Deppermann, P., & Mihling, K.H. (2023). Ammonium fertilization enhances nutrient uptake,
specifically manganese and zinc, and growth of maize in unlimed and limed acidic sandy soil. Nitrogen, 4, 239-
252. https://doi.org/10.3390/nitrogen4020017

Nikolic, M., & Pavlovic, J. (2018). Plant responses to iron deficiency and toxicity and iron use efficiency in
plants. In M. A. Hossain, T. Kamiya, D. J. Burritt, L.-S. Phan Tran, & T. Fujiwara (Eds.), Plant micronutrient use



https://doi.org/10.2136/sssabookser5.3.c3
https://doi.org/10.1016/j.scienta.2020.109702
https://doi.org/10.1101/2020.05.21.109777
https://doi.org/10.1007/s13399-022-02333-3
https://doi.org/10.1016/j.gexplo.2022.107073
https://doi.org/10.1023/A:1022307309411
https://doi.org/10.1017/s0014479711000743
https://doi.org/10.1016/j.jcs.2010.10.006
https://doi.org/10.1080/01904168209363012
https://doi.org/10.1021/cr400479b
https://doi.org/10.2136/sssabookser5.3.c23
https://doi.org/10.3389/fpls.2015.00752
https://doi.org/10.1081/pln-120024257
https://doi.org/10.1021%20/acs.jafc.3c05433
https://doi.org/10.1021%20/acs.jafc.3c05433
https://doi.org/10.1080/01904167.%202020.1862206
https://doi.org/10.1080/01904167.%202020.1862206
https://doi.org/10.3390/plants14030341
https://doi.org/10.3390/%20plants12101945
https://doi.org/10.3390/%20plants12101945
https://doi.org/10.1007/s11104-012-1246-z
https://doi.org/10.3390/nitrogen4020017

VFef oUT- o0 F oylods ¥4 ale S g ol a5 Foo

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

efficiency (pp. 55-69). Academic Press. https://doi.org/10.1016/b978-0-12-812104-7.00004-6

Ning, X., Lin, M., Huang, G., Mao, J., Gao, Z., & Wang, X. (2023). Research progress on iron absorption,
transport, and molecular regulation strategy in plants. Frontiers in Plant Science, 14, 1190768.
https://doi.org/10.3389/fpls.2023.1190768

Olsen, S.R., & Sommers, L.E. (1982). Phosphorus. In: Page, A.L., Ed., Methods of Soil Analysis Part 2 Chemical
and Microbiological Properties, American Society of Agronomy, Soil Science Society of America, Madison, 403-
430. https://doi.org/10.2134/agronmonogr9.2.2ed.c24

Pashapour, N., Reyhanitabar, A., & Ostan, Sh. (2016). Study of some agronomical traits of corn (Zea mays L.)
affected by iron fractions in soils of East Azerbaijan. Journal of Water and Soil Knowledge, 26(1), 205-215. (In
Persian with English abstract)

Priyadarshini, P., Chitdeshwari, T., & Sudhalakshmi, C. (2019). Iron availability in calcareous and non-calcareous

soils as influenced by various sources and levels of iron. Madras Agricultural Journal, 106(1), 12-24.
https://doi.org/10.29321/maj.2019.000265

Perdue, E.M., Reuter, J.H., & Giesy, J.P. (1976). Association of iron and aluminum with dissolved organic matter
in black waters of the Satilla River. Environmental Science & Technology, 10(7), 673-678.
https://doi.org/10.1021/es60118a012

Rahman, N., & Schoenau, J. (2022). Bioavailability, speciation, and crop responses to copper, zinc, and boron
fertilization in South-Central Saskatchewan soil. Agronomy, 12(8), 1837. https://doi.org/10.3390/agronomy
12081837

Ren, L., Yang, H., Li, J., Zhang, N., Han, Y., Zou, H., & Zhang, Y. (2025). Organic fertilizer enhances soil
aggregate stability by altering greenhouse soil content of iron oxide and organic carbon. Journal of Integrative
Agriculture, 24(1), 306-321. https://doi.org/10.1016/j.jia.2024.05.026

Rhoades, J.D. (1996). Salinity: electrical conductivity and total dissolved solids. In Soil Science Society of
America book series (pp. 417-435). https://doi.org/10.2136/sssabookser5.3.c14

Roémheld, V. (2000). The chlorosis paradox: Fe inactivation as a secondary event in chlorotic leaves of
grapevine. Journal of Plant Nutrition, 23(11-12), 1629-1643. https://doi.org/10.1080/01904160009382129
Rémheld, V., & Marschner, H. 1986. Evidence for a specific uptake system for iron phytosiderophores in roots of
grasses. Plant physiology, 80(1), 175-180. https://doi.org/10.1104/pp.80.1.175

Santos, C.S., Leite, A., Vinhas, S., Ferreira, S., Moniz, T., & Vasconcelos, M.W. (2020). A combined
physiological and biophysical approach to understand the ligand-dependent efficiency of 3-hydroxy-4-pyridinone
Fe chelates. Plant Direct, 4(8), 1-15. Article e00256. https://doi.org/10.1002/pld3.256

Santos, C.S., Ozgur, R., Uzilday, B., Turkan, 1., Roriz, M., Rangel, A.O.S.S., Carvalho, S.M.P., & Vasconcelos,
M.W. (2019). Understanding the role of the antioxidant system and the tetrapyrrole cycle in iron deficiency
chlorosis. Plants, 8, 348. https://doi.org/10.3390/plants8090348

Schwertmann, U., & Taylor, R.M. (1989). Iron Oxides. In: Dixon, J.B. and Weed S.B., Eds., Minerals in Soil
Environments, 2nd Edition, Soil Science Society of America, Inc.,, Madison, 379-438.
https://doi.org/10.2136/sssabookserl.2ed.c8

Shambhavi, S., Padbhushan, R., Sharma, S.P., & Sharma, S.K. (2016). Dynamics of iron under long-term
application of chemical fertilizers and amendments on maize-wheat cropping sequence. Journal of Plant
Nutrition, 39(6), 804-819. https://doi.org/10.1080/01904167.2016.1143493

Souri, M.K. (2015). Chelates and aminochelates, and their role in plant nutrition. Agriculture Education and
Extension Press.

Souri, M.K., & Hatamian, M. (2018). Aminochelates in plant nutrition: a review. Journal of Plant Nutrition,
42(1), 67-78. https://doi.org/10.1080/01904167.2018.1549671

Souri, M. K., Naiji, M., & Aslani, M. (2018). Effect of Fe-glycine aminochelate on pod quality and iron
concentrations of bean (Phaseolus vulgaris L.) under lime soil conditions. Communications in Soil Science and
Plant Analysis, 49(2), 215-224. https://doi.org/10.1080/00103624.2017.1421655

Sposito, G. (2008). The Chemistry of Soils. Oxford University Press.

Sposito, G., Lund, L.J., & Chang, A.C. (1982). Trace metal chemistry in arid-zone field soils amended with
sewage sludge: I. Fractionation of Ni, Cu, Zn, Cd, and Pb in solid phases. Soil Science Society of America
Journal, 46(2), 260-264. https://doi.org/10.2136/sssaj1982.03615995004600020009x

Tessier, A., Campbell, P.G.C., & Bission, M. (1979). Sequential extraction procedure for the speciation of
particulate traces metals. Analytical chemistry, 51, 844-851. https://doi.org/10.1021/ac50043a017

Tripathi, D.K., Singh, S., Gaur, S., Singh, S., Yadav, V., Liu, S., Singh, V.P., Sharma, S., Srivastava, P., Prasad,
S.M., Dubey, N.K., Chauhan, D.K., & Sahi, S. (2018). Acquisition and homeostasis of iron in higher plants and
their probable role in abiotic stress tolerance. Frontiers in Environmental Science, 5, 86.
https://doi.org/10.3389/fenvs.2017.00086

Uren, N.C. (1984). Forms, reactions and availability of iron in soils. Journal of Plant Nutrition, 7(1-5), 165-176.
https://doi.org/10.1080/01904168409363183


https://doi.org/10.1016/b978-0-12-812104-7.00004-6
https://doi.org/10.3389/fpls.2023.1190768
https://doi.org/10.2134/agronmonogr9.2.2ed.c24
https://doi.org/10.29321/maj.2019.000265
https://doi.org/10.1021/es60118a012
https://doi.org/10.3390/agronomy%2012081837
https://doi.org/10.3390/agronomy%2012081837
https://doi.org/10.1016/j.jia.2024.05.026
https://doi.org/10.2136/sssabookser5.3.c14
https://doi.org/10.1080/01904160009382129
https://doi.org/10.1104/pp.80.1.175
https://doi.org/10.1002/pld3.256
https://doi.org/10.3390/plants8090348
https://doi.org/10.2136/sssabookser1.2ed.c8
https://doi.org/10.1080/01904167.2016.1143493
https://doi.org/10.1080/01904167.2018.1549671
https://doi.org/10.1080/00103624.2017.1421655
https://doi.org/10.2136/sssaj1982.03615995004600020009x
https://doi.org/10.1021/ac50043a017
https://doi.org/10.3389/fenvs.2017.00086
https://doi.org/10.1080/01904168409363183

BT il LSS 2395 5 BT Slilguw 5 (T GBS Pnel (55LeT595 5,5 T (o)) S0p 9 (2Ll yo e

65.

66.

67.

68.

69.

70.

Walkley, A. (1947). A critical examination of a rapid method for determining organic carbon in soils: Effect of
variations in digestion conditions and of inorganic soil constituents. Soil Science, 63, 251-264.
https://doi.org/10.1097/00010694-194704000-00001

Wei, X., Shao, M., Zhuang, J., & Horton, R. (2010). Soil iron fractionation and availability at selected landscape
positions in a loessial gully region of northwestern China. Soil Science and Plant Nutrition, 56(4), 617-626.
https://doi.org/10.1111/j.1747-0765.2010.00497.x

Wolf, B. (1982). A comprehensive system of leaf analyses and its use for diagnosing crop nutrient status.
Communications in Soil Science and Plant Analysis, 13(12), 1035-1059. https://doi.org/10.1080/
00103628209367332

Xian, X. (1989). Effect of chemical forms of cadmium, zinc, and lead in polluted soils on their uptake by cabbage
plants. Plant and Soil, 113(2), 257-264. https://doi.org/10.1007/BF02280189

Young, K.C., Maurice, P.A., & Hersman, L.E. (2006). Acquisition of Fe from various natural organic matter
isolates by aerobic pseudomonad bacteria. Geomicrobiology Journal, 23(3—4), 183-188. https://doi.org/10.1080/
01490450600724167

Zaheer, L.E., Ali, S., Saleem, M.H., Imran, M., Alnusairi, G.S.H., Alharbi, B.M., Riaz, M., Abbas, Z., Rizwan,
M., & Soliman, M.H. (2020). Role of iron—lysine on morpho-physiological traits and combating chromium
toxicity in rapeseed (Brassica napus L.) plants irrigated with different levels of tannery wastewater. Plant
Physiology and Biochemistry, 155, 70-84. https://doi.org/10.1016/j.plaphy.2020.07.034



https://doi.org/10.1097/00010694-194704000-00001
https://doi.org/10.1111/j.1747-0765.2010.00497.x
https://doi.org/10.1080/%2000103628209367332
https://doi.org/10.1080/%2000103628209367332
https://doi.org/10.1007/BF02280189
https://doi.org/10.1080/%2001490450600724167
https://doi.org/10.1080/%2001490450600724167
https://doi.org/10.1016/j.plaphy.2020.07.034

Journal of Water and Soil
https://jsw.um.ac.ir LAl

Research Article
Vol. 39, No. 4, Sep.-Oct. 2025, p. 403-416

Studying the Effect of Chemical and Organic Fertilizer Application on Soil
Quiality

R. Mirkhani =¥, F. Moshiri ", A. Ghaffarinejad?, H. Rezaei "**!

1- Soil and Water Research Institute, Agricultural Research, Education and Extension Organization (AREEO), Alborz,
Iran
(*- Corresponding Author Email: Rasoul_mirkhani@yahoo.com)

Received: 19 August 2025 How to cite this article:
Revised: 25 October 2025 Mirkhani, R., Moshiri, F., Ghaffarinejad, A., & Rezaei, H. (2025). Studying
Accepted: 03 November 2025 the effect of chemical and organic fertilizer application on soil quality. Journal
Available Online: 03 November 2025 of Water and Soil, 39(4), 403-416. (In Persian with English abstract).
https://doi.org/10.22067/jsw.2025.95005.1494

Introduction

Soil quality plays a very important role in crop production. Quantitative and rapid assessment of soil quality
provides the possibility of timely evaluation of the effect of management methods, including fertilization
management, on soil conditions. In order to study the state of soil quality, it is necessary to use characteristics that
represent dynamic soil quality that are sensitive and effective to land use changes and various management
practices. In order to investigate the effects of the combined use of organic and chemical fertilizers on soil quality,
this research was conducted in the form of randomized complete blocks in with 9 treatments and three replications
in the Alborz province.

Materials and Methods

This research was conducted in plots with an area of 200 square meters in the Alborz province. Fertilizer
treatments included: 1) fallow, 2) control (without using fertilizer), 3) application of nitrogen, phosphorus and
potassium fertilizers based on soil test, 4) application of 20 tons of cow manure every two years + application of
75% of the recommended amount of nitrogen + application of 50% of the recommended amount of phosphorus
and potassium, 5) application of 20 tons of compost every two years + application of 75% of the recommended
amount of nitrogen + application of 50% of the recommended amount of phosphorus and potassium, 6) annual
application of 20 tons of cow manure + application 75% of the recommended amount of nitrogen, 7) annual
application of 20 tons of compost + application of 75% of the recommended amount of nitrogen, 8) annual
application of 20 tons of cow manure, 9) annual application of 20 tons of compost. After sampling the soil at the
end of each crop and measuring the properties of pH, electrical conductivity, soil organic carbon, available
phosphorus and potassium, bulk density, mean weighted diameter, cumulative soil quality index (SQI) and nemero
quality index (NQI) were calculated. Finally, changes in soil quality indicators due to different management
practices of organic and chemical fertilizers were evaluated.

Results and Discussion

According to the results, there was a significant difference between the treatments in the studied indices in all
years, which indicated the effect of different treatments on soil quality. Furthermore, no significant differences
were observed between the years. In the second and third years, the highest wheat yield in the studied treatments
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was related to treatment 7 (annual application of 20 tons of waste compost + application of 75% of the
recommended nitrogen amount) with values of 3833 kg/ha (first year), 6733 kg/ha (second year) and 5211 kg/ha
(third year). This resulted in increases of 44%, 105%, and 131% compared to the control treatment (without
fertilizer) in the first, second, and third years, respectively. The combined application treatments of organic and
chemical fertilizers (4, 5, 6 and 7) had a significant increase compared to the chemical fertilizer application
treatment (treatment 3) and the organic fertilizer application treatment (treatments 8 and 9). Moreover, there was
no significant difference between the combined application treatments of organic and chemical fertilizers
(treatments 4, 5, 6 and 7). In addition, all treatments had a significant increase compared to the control treatment
(treatment 2), which indicates the effect of the combined application of organic fertilizers with chemical fertilizers
in improving soil quality and wheat yield. In the third year, there was a significant correlation between yield and
soil quality indices (p<0.01), which indicates the effect of increasing soil quality due to increasing organic matter
and chemical fertilizers on increasing wheat yield.

Conclusion

The results showed that there was a significant difference between the treatments in the studied indices, but
there was no significant difference between different years. The combined application treatments of organic and
chemical fertilizers significantly increased wheat yield compared to the chemical fertilizer application treatment
and the organic fertilizer application treatments, while there was no significant difference between the combined
application treatments of organic and chemical fertilizers. In addition, compared to the control (without fertilizer),
all treatments showed a significant increase. In the third year, there was a significant correlation between wheat
yield and soil quality indices.

Keywords: Compost, Cow manure, Fertilization management, Nemero quality index
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Sboadlye & 4 5o by Sl o3l b g maes o G piund
5 (NQI) 5905 CasS (sla sl a5 Sl (PCA) Lol
Sy s gols $3,5° ()2 1) (IQMW) (g 5 (1QMa) o3k (e
(r=+FNIQIy sl ms i o o] poS 3,Slas o 45
o s Jilas jl osliiul b 4 (r=+/SYINQI 4 (r=+/5V)IQl4
b opiomen 392 (Pe/ V) Jlaigine (Ko 092 048 (s S
29 SB sla Shy Sl clis  IQlwadls @i 4 w2
939 Lo g g L SB cuas ¢yl sbT s adlaie as y> AY
W 9 0wl cuaS do ) Y dgds g bawgie CudS Moy VY Dol
P9 ol

—ibg » (Mirkhani et al., 2021) )Kan 5 B s
58 (st |y 3 ol ksl (53,908 L) S S
0 5l (o il Yomr) e SB gladiged dalllas oyl 5
S Sy 9 il paiges dl Gl g gl adate )3 4250
Slossito JS 005 6 Sefl S s 5 alband S
CudeS 5o sl yuiite (a8 g glpinl ) SBCldS S5
bl (PCA) Lol claadlze 4555 b, 5l odlil b 1, S
$39 o CuhS Jol b S cuaS gla sl b g 60

L (SQMw) (335 (sxeo8 CaisS (sl 9 Sl b Sy (n yieS
g low gio YU > Slas plaw dw pd a8 0l LS gl L0558 s
Siunsod pliS D Slas b SB cuaS (adl b g 0g oY
bl doyd S o o (r=2/¥+) (gl gimo

w—,y « (Nabiollahi et al., 2017) ,Kon g (& (o
Colin 3l cov gyt sl S cuiS clajasls
a3l Gimgh cpl p0 By lpl o liws S il (S sl
oS L (IQL) e ST oS (35 e Jso
SL @903 M0+ )3 9905 CurdeS (Sl 5 (IQN) (Sjg (e
ErSoluil |y ST lor b g (Sujd Se A g 03,5 odli_ul
oSSl colan  Juol (slaadie & 455 B,y 5l eoliiwl b 5,8
oz ot 5 G958 5 b (o5 e 2o > izl
b 60,8 s |y (MDS) Wodly Jls locay 1) o,als
L S conS b)) 45 ol lis b St sob s ppolie
IQly 5 (R2%= +IVA) 1Ql 3 yize (R2= +/AY) IQly 31 o3l
acgaze jl yiny 3 ol JS ggeme il odliiwl g 39 (R?= +/V¥)
9y 5 1Qlw sl 5 5l eolat ! (Jls cpl b oy aodly Jslas
Slpaoie g sloj o pendady, o Lo bosly Sl de gomme
35 dog S S )

4 —daoh b (Karkaj et al., 2019) -, 5 &5,
dibate )3 & yo w81 sl cunlio CudeS (S s Ol jglate
Vo e pSoilul b lpl oy el jd (8 Ql?j.).l.g):)] S5 doy
{PCA) (ol loeilye & 025 ) J olizal b S S
(Il osle ( Ko iSI colan i 9wy do > Jols  (Shg cain
ot i e 3 9518 o5 Sl o Joles penls SlinS
g b Shy JS jleslital b g w38 el b Shy Sl olgisa
g 03l (035 ¢y (e CuisS Sboasld o Shy Sl
(ER) S s ol b g 25558 35 | 53905 oS sl
L gy500 CoeS a5 03l i (S1) ol sl
hlS a5 ¥/ Cawlus (adls b o She J8las I eolaw!
Siddo @lye SB cudsS bl sl i) Grceslie ADIVY
il e

SB curS o, b (Basak et al., 2022) o, Ken 4 ST
Triticum ) pu5 o (Oryza sativa L.) gy S piamw o
byl ozyls sa b Mol s jlesla .l b (aestivam L.
5 Sl (pled ((Sojd sbadls (SMAF) S ¢y s
wiliseo g3ne dgo o o (el ePlyil gl S Sy3ddsn
b 38 LS > 5 Yo+ NPK (NPK)  Saxe 355 m
NPK o (NPKP) (S'silis oS )iSa 5 55 V- + NPK (NPKF)
8 delos g 4 o5 5550 (NPKG) s 565 kS 3 (5 A+
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S g plewd G Shy S pa (bl 3 SB ()l pdiges
& I S s EC o goo (S0 culin pH Juls S
b wolie (Walkley & Black, 1934) s sl s,
ol g (Olsen et al., 1982) gl o5, 4 oslar ] LB
£ :JLo)J &J P?“"?‘J ol wl L Cl)Dv._w‘ P9y L o.)l.O._wIJAlS
@ babsl Jlad S5 (pS0le 5 434l 29y 4 6als (oga e
E905e jl .05 (6 »So3lul (Aria & Mirkhani, 2005) 5 Il o,
O Sy b daw e S cuaS sla el (S sl S
S SRy (B0j9 9 (200 | dnr S CudS (o padild
CodsS (slayabld (( Sho b whew e 9 SLE CoidS p S5a
g odlw) SB S a5 daleo jl odlitwl b SB daed o 4lp
ot loxe (NQI) 505 S a5L5 ahlas 5 (SQI) (559
GSoill o Sy S 5 oozl SQI o NQI (sl s jI s
S s S o

Andrews et al., ) (IQla) ok rew SB CutS asls
Doran & Parkin, ) (IQlw) 539 sxe23 5 (20023, 2002b
Wbl o ) Gyaods ud 4y (1996; Karlen et al., 1997

1Ql,, :isiwi (")
i=1
IQI, =Z% (v)

2 05 Wi (S slel) SB (Shy pe jlade Silesl o oS
el Jla5 3590 Sl Shg ol N g SK (Shg

QiN ) lose o 3¢ 25 el 5 (NQU) 5905 o 5L
:(& Zhao, 2000

NQl — Pava2 + I:)minz x n-1 \a)
2 n

o sl oasolsal gla Sy yolie uSle Pave 1] 5o &5
0155 e Sy i 13 S350 Jke 1 yiaS Priin S gl
2t (gl Jaidyse sl (Shg e N g & 503 2 sl

sbar sl gl snsobal Lo SheaSeplaasg
0a3Ls S LB 1y o] g a5 o) jolateds cii s Folate
S b yio o doly gk sasl 4 o (S polie 05l IS
A5 odlatwl (6] Cogas &y il ye- Laie (-l (gl 0D s
(g <y gie mle 5l edlazwl L (Torbert et al., 2008)
Ja s Sliliel 4 S1S dabged y o (gly onds Gl sla S
S B (Jae 5 S S (sl Cagllan 2508) i
S o (Jg—ame 9 SB oS gl cogllae (i)
(Yanbing et al., 2009)

(NQI) 5505 S sl 5 (SQ) el xa2 5 (SQu)
bl cudsS sl padld Sle Gl (pizxan 635 (e
S oalial b1y el (518 555 9 Jeloos slol e 2 31 eolizl
oAl 453l (Lt glls 908 el (Jgene SS9,
R2 cbo Lol ol s (e3VL 85 b S S 51 oslil LNQI
oo Jo y slhd Slagpe 5Slhe 4y 5 /AO L iy
Coand 5 il SB CuS 4t ans clp (NRMSE=+/-)
(11 oS ety YU S dilaie ) oneoy

2 i (Mirkhani et al., 2024) o, Ken 5 SB e
Slouas s (55 ©d) (B (lomlidl ol Jljpas Yo7
(NQI) 55905 5 (SQIW) (559 (025 5 (SQUA) 03l (re2s S
233)S gy ]y paiS 3 Sdes 5 (el V) (o SB
o Sy (o)b e (S e a5 0 L ol
oslizul b S S o asls o puiS 3,Slas oy (P<+/41)
5 (r=+/05=</58+) o S5y JS 5 (I=+/5+=+/5¥) b S5y Sl
NQI > Sy Sl g o Shy JS 5l edlaissl oy icmen
o 1.l 3935 (r=+/AA) SQla 5 (r=+/AF) SQlw (r=+/AY)
9 0392 omlie allla 3,50 dilale (gl )yt 350 YaSld 4
135 5 5l T (S e sy Lo Sizg oo 5] ool
b Sy JS 5l sl (39, ) owlio (yiaS aiza 5 b Shg
wdd ploul SB Coas josas S (ool ldllas 355 b g
SB caas p oberi g I slodgS 3,8 151 Loy s
Gl S5g s S CutS oy 11 icanl o plosl Sl lalllas
Al e (£yspd (6355 e (glay e ;3 o b b ye SK

b y9; 9 dlg—s
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o (ladgS 3 )5 (Y g8 By me el dalb (Y ¢ il
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4o 95 g sle o )3 VB 3 )8 )L Jlo 53 1 (gol5 355
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GAudib dgs puss g1y (Qi et al., 2009) w4l S cuas

i odlatel ¥ Jads 5l e SB cuas sl sl

T Lo gs 9 S djal malis

o ol ) Gialesl il dome SB 4325 b ¥ g
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O’b’i c(pf) olawl J)L’é ).c_wﬁ )Ja.t )l 9 009 u.ub L;] odlo L U_:LJB
39008 (slyls (o) oolai ! LB 3iKie g (S b)) oolewl B
.(Moshiri et al., 2014) sib .

o jloss 5o odlai ol 3y90 JT (cladeS @ o5 golis ¥ Jois

S cudss slagadld (il
oud (6 S o3Il o Sy (159 9 s STl ol & Jou
oYL S IS 0 e @l 4 i b s e Lt )
aibate cplply SS9 cnpoml odlaiwl BB Haud g g
JU el gy Codgame (gl)ls JT S ks 5l asdllae 3,90
doupe cago SB Slowd bl b dgms 3 0gMe b 355 5,
dgpe cago g ol SB laidls dagy Jro S SK3u8 bl
lSad 5 ool 15 anlgs Jgasme 3,Shos I3l g S cuiS
2 Il olse 356 (wyp b it (b (Emami et al., 2014)
o 1 3lge 29580 a8 Widls lss S cuaS o5 polie
) b o SBcuas WS 5 s S cuas den

Wl i)
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3y90 S asls ) bajless G (Jg Cublss 3929 ()l sine SIS
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3- Optimum range
4- Communality
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:(R2015b, 2015
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2 o i )y puiS Wy (gl od b (6550510l sla Shie
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Cherubin et al., ) us solatw | 7digy 1™ e | ¢ blaciiile
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S oo 35 pL 25 SPSS VY 8l 5 elmgty Lo (sl
e 3l o omadme oy (= Sy p SR hST Sl o ke
e 35 5o esezme 3 Sy S (s piveST s

1- Less is better
2- More is better
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Table 1- Scoring functions and upper, optimum and lower threshold values of measured properties for wheat

growth
S b Shs cdb 23005 g BUAS 3gado digeS A BAKS 5gad0 digwiv S
Soil properties Texture Scoring function Lower threshold Upper threshold
values values
Bd L oguase
ED s uoe, > 7 Less is better 1.4 1.7
(9.cm™) Loam
(MWD) h“li;)‘w s e More is better 0 3.38
(£) (OC) T o8 More is better 0 2
MQ.KJ™) (Pava) eslawl JB jaus ore is better
(MG-KG™) (Pava) o3lizul LB yiud More is b 5 15
(M.Kg?) (Kava)oslisusl S muusly More is better 100 200

(Mirkhani, 2020) S CobsS B ad Ll guvaid -Y Joua
Table 2-Classification of soil quality grades

SB CoiS WS
sl Soil quality grade
Index () @gs b (Mo () bhwie  (IV)oul (V) omb bé
Very high High Moderate Low Veryhigh
NQI >0.417 0.365- 0.417 0.314-0.365 0.263-0.314 <0.263
SQl, >0.649 0.580- 0.649 0.512-0.580 0.444- 0.512 <0.444
SQlw >0.663 0.600- 0.663 0.521- 0.600 0.410- 0.521 <0.410

59 o5 SB cuaS asls 1SQIw g ol xeos SB coaS (23l (SQla g0 cuas (a3ls :NQI

oilejl gl Jome SB olond g (K38 SO S 9 -V Jgua
Table 3-Soil physical and chemical properties of the test site

NH NOy PWP FC SP CCE OC  CEC EC  pH 2 Joxa
Test site
mg.kg™ Weight percent cmol.kg?! dS.m? -
1.7 17.8 8.4 16.7 363 125 0.49 13.6 1.1 8.2 _
Soil Texture  Sand  Silt  Clay Claa  ZNme M  Féaus Kua  Pan & o ol
- % mgkg1 Karaj
eyl 37 38 25 093 098 5.7 1.63 218 5.8

Ll Cugloy :SP o3l (55405 dlais Cugloy PWP ( olyj cud )b cosly (FC ¢ Jolee pundS” @liy S :CCE ( 5551 Jols <oyl :CEC



FVY O cataS 5 T 5 o boowid sR395 05,15 51 gy 0 3]S0S o

oialejl (slalon )3 o3liiw! 3590 (JT (S35 @ s gl —£ Jous
Table 4- Results of the analysis of organic fertilizers used in the experimental treatments

Jlw o985 g4 pH EC ocC Niotat  Proal  Kiotar Moisture  Mass loss at 400°C
Year Type of organic fertilizer - ds.m* 7
98 355 (cow manur) 8.6 8.3 AR 135 078 112 22 41.2
CusgeS (COmpost) 6.9 8 14 1.03 0.87 0.43 20 30.7
(W) Jsl Jlo NOs NH4 Feoa Mot ZNiotar Cloral Cdotal PDuotal
First year (2017) mg kg™
955 355 (Cow manur) 77 630 3260 286 186 47 0.16 41
CongseS (COMpost) 112 420 7578 420 425 225 111 1335
Joss &g pH EC oC Niotal Piow  Kia  Moisture  Mass loss at 400°C
Type of organic fertilizer - dsm* 7
95 355 (Cow manur) 9.5 9.1 135 0.91 074 142 25 48.2
(YY) pgs Jlo CusgreS (COmpost) 7.7 10.5 15.5 142 086 0.90 23 40.6
Second year (2018) NOs NH, Fewtal  Mnotar ZNiotal  Cliotal Cdotal PDiotal
mg kg
&35 55 (cow manur) 112 420 3550 295 122 33 0.2 31
CusgeS (COmpost) 196 590 15975 530 750 40 1.24 177
Joss 95 pH EC oC Niotal Pt Kita  Moisture  Mass loss at 400°C
Type of organic fertilizer - dsm?! 7.
95 25 (Cow manur) - 12.4 22.6 1.86 121 156 20 53.8
(YY) pgur Jlo CusgreS (COmpost) - 9.1 211 166 083 0.76 18 36.6
Third year (2019) NO;  NHg Fetoras Mt ZNgtat Cltotal Cdiotal Pbiotal
mg kg*
55 555 (Cow manur) - 124 226 1.86 121 156 20 53.8
CongeeS (COmpost) - 9.1 21.1 1.66 083 076 18 36.6

SB b S5 059 p0le -0 Jgaa
Table 5- Weight values of soil properties

SL gl S STl 039
Soil properties Communality Weight
Bd) s,pls oguns
(B 528 oozt p> 0.603 0.180
(g.cm?)
(MWD) boal.ss b (359 0Sie 0.732 0.218
(cm)
(0C)% i o8 0.780 0.233
(MGKG™) (Pava) ezl 15 yi 0530 0.158
(MGKGY) (Kava)oolizl L5 el 0.708 0.211

203 0 b )3 LSD (49051 (olaw! jp S oS (glayad Wi (Slay o (3055lo) (il g 423285 @l =1 Jgo
Table 6- Results of variance analysis (mean of square) of soil quality indicators based on LSD test at 5% level

Year Source of variance (df) NOI SQIg SoIw

(a5) Jgl Jlw (Replication) ,|,ss 2 0.002" 0.005™ 0.003"
First year (2017) (Treatment) ,los 8 0.002* 0.007* 0.006*
(raY) pgs Jlw (Replication) ,|,ss 2 0.001" 0.002™ 0.001™
Second year (2018) (Treatment) ,los 8 0.015* 0.042* 0.034**
(\WWAA) pows Jlo (Replication) ,|,$s 2 0.002"™ 0.007" 0.007"
Third year (2019) (Treatment) Lo 8 0.006** 0.018** 0.019*
(Year) Jus 2 0.020™ 0.023™ 0.002™

I gize ™ 70 pdaws )3 (5yl5 dime * AN pdaws )3 (55 dme ¥
ms,**and " non-significant, significant at p<0.05 and p<0.01, respectively.
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Table 8- Wheat yield values in experimental treatments

s (Year) Jls
First year Secondyear Third year

Treatment (2017) (2018) (2019)
(Fallow) fallow fallow fallow

5 Syae o) ol 2667° 3283 2256°

Control (without using fertilizer)
o Sk O?‘j‘ ool (ol 5 (5 p0ud ‘u‘)ﬁ):"" «jL:'M“’dLmﬁs S8 ) 1833° 3867 3656
Application of nitrogen,phosphorus and potassium fertilizers based on soil test
5 yiand Hlade Moy O+ 3,8+ ol duogi (5, e o> VO 38 + LSS Jle 93 b (g9l8 358 5 Ve D p,l8
0 dpog puwlly . A
a
Application of 20 tons of cow manure every two years + application of 75% of the recommended 2833 4756 5164
amount of nitrogen + application of 50% of the recommended amount of phosphorus and
potassium
Shud Hlaie Ao pd v 35S + o dpogd (59 e oy YO D)8+ LSS Sl 93 8 Slewy CavgsaS o5 Vo 3,8

oMb dpog mrlly 9 . . .

al al

Application of 20 tons of compost every two years + application of 75% of the recommended 2833 2383 4776

amount of nitrogen + application of 50% of the recommended amount of phosphorus and
potassium
0l duogl )59y e Mo 3 YO 3,8 + (5gl8 35S 5 Ve iVl 3,8
Annual application of 20 tons of cow manure + application 75% of the recommended amount of 3833° 5717% 5024°
nitrogen
o duo gl (55 Hlade o> YO 3l + Slowy CungpeS (5 Vo &Vl 5y
Annual application of 20 tons of compost + application of 75% of the recommended amount of 2667° 6733 5211°
nitrogen
oS 255 Ve 4l 28 1667° 2689 3096°

Annual application of 20 tons of cow manure




VP LT p0 oF o)lod ¥4 alr S g T 405 FAY

Slawy CavggeS (5 Ve &Vl 3 )8
Annual application of 20 tons of compost

2667° 24561 2738°

Kb (g (2o CadsS padbld g paiS 3)Sles (g
5 b (5 il gy Aoy S s 3 (I=4 /) gyl e
w—2l)l > —dmg} ,o 50 (Nabiollahi et al., 2017) Ko
o ol ol ol pbwed S bl 5 6yg8 il cow (g5lis
NQI 5 (r=-"M) 1Qla (r=+/¥+) 1Qly 5 T pi 5 3,5kes
Gl (P<o/4Y) s ire (Sisusod b Shg J8ls L (r=+/VY)
0j9 SB CutS —w)y b (Paul et al., 2020) -, 5 Jobs
bcyd g piS 0,Shas f (Simsed in Gy > Bansloi sl
by R2=-/-2 g RP=e VY iy ]y (539 (snod CusS (oL
580 gl R%=+/-A g RE=4/Y e Cuspas |y ool ress
o 55 S5 cyaS byl L (Li et al, 2013) o) San
On &S 0,8 ol e (—ESSla bl 3 Stom i p 3
(F=+/¥Y) s sine (Stnsod @ 3os § S CoiS jadls

Cabld 039 Mo yd S pdaw 43

8 25 4o

i 9o Slpadld 3 bjles (o 45 0l i @l
G Gilises (el S (3 (g Sl 3439 ol sine OS]
o 9o lard 9 J1 258 Pl 008 sla o 295 4l ine
losd 385 3,8 jlagd 4 Cand puS 5 Slos (4 xe il
Ot 9 A (et 5 595 355) JI o8 20 e jles
S sime OB 55 oliard g T slodsS ol 2,08 (sl jlos
bl dgg

256 oy b (Brar et al., 2015) ol an g, ko sy
oolss 5 S oS o5 5 isme oo esliz
Bl p Jw ¥ b o oyd —paiS ol o SB S50
5 T sloagS plgs ookl g pglio S a8 wials )l ain loxiy
ookt 1.450)8 Jaa e Algi g ails 5 Slas (]38l el  Saxe
YL Mg sl 43S cnyiae (098 olpen 4 (Gae sladgS
Liu et al., ) 4, g o 39 pAS 5 &)d gl 3 Jo—iaeo
,» Camellia oleifera zcg) olS g5y p (i 293 ;3 55 (2017
C)lias S ladises 4 ol Lis (p (8 pomn S dos dilaio
S olge YU polis (s gyl me yoboas YU 3,8dee (ol
SE Gladiges Jlie 3 39 mally 9 jind (JS ()95 SE
ool | o g s by g youn 8 0818 0l 3 Shoe glyly sl S
Aidg

S cudss glagadld g Jgons 3 jSlas (s dlal,
3,8kas 5 S i clbasls (St en A Jois
Pl b g b o gl |y ddllas 5y90 slayles > puiS
CusS lapadld plie 5 paiS 5 Slee (o p9> 9 Jol sl
O po— Jlow 3 (Jg cndli 3525 (451 gime (Siian SB
3959 (5 pme (i umer SB cutS o adl i g0 Slos
il B oS Ltuliél b m ol o (p<e/+1) ety
395 20)8 § Jmols (K38 S Shg d9se s paS 5Ses
SE Bpaay polie Cond g 290 (e g Gloj S L I
(Li et al., 2019) oK 5 J 5 by o odbiss] L5 o o3
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Table 9- Correlation between soil quality indicators and wheat yield

Jbe NQI sQl, SQl,, oS 3 )Mo
Year Wheat yield
NQI 1
(\a5) Jg o SQl, 0.99™ 1
First year (2017) SQly 097" 0.99™ 1
Wheat yield 0.25 0.11 0.08 \
NQI 1
(YY) pgs Jlo SQl, 1™ 1
Second year (2018) SQl,, 0.99 ™ 0.99 ™ 1
Wheat yield 0.48 0.48 0.14 1
NQI 1
(YA) pows Jlo SQl, 1™ 1
Third year (2019) SQly 1 1 1
Wheat yield 0.74™ 075 0.74™ 1
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Introduction

Agronomic management is a set of field practices that not only influence plant growth and yield but also affect
the soil physical, chemical, and biological properties. The selection of the crop species and cropping systems -
monoculture or crop rotation, significantly affects soil attributes and plays an important role on enhancing nutrient
cycling, increasing organic matter content, reducing erosion, and ultimately promoting the sustainability of
agricultural ecosystems. Therefore, an appropriate cropping strategy can be regarded as a key strategy for
sustainable soil management. Evaluating soil quality through physical, chemical, and fertility indicators provides
a comprehensive understanding of soil status, which is essential for developing effective management strategies
and long-term planning for sustainable land use. This study was performed to assess soil quality under alfalfa
cultivation and compare it with a maize—wheat rotation in a single cropping season.

Materials and Methods

This study was conducted during the 2020-2021 cropping season at the research farm of Ferdowsi University
of Mashhad, located in Khorasan Razavi Province, northeastern Iran. Two adjacent fields with different agronomic
management systems were selected: (i) alfalfa (Medicago sativa L.) monoculture, which had been continuously
cultivated for several years without rotation, and (ii) a maize—wheat (Zea mays L.—Triticum aestivum L.) rotation
system, a typical cereal-based cropping pattern in the region. These two systems were chosen to evaluate the long-
term effects of continuous legume cultivation versus crop rotation on soil quality attributes. The experimental
design was a randomized complete block design (RCBD) with three replications. Soil samples were collected after
harvesting the crops and were taken from three depths (0-10, 10-20, and 20-30 cm). Eleven soil properties
including pH, electrical conductivity (EC), calcium carbonate equivalent (CCE), total nitrogen (TN), available
phosphorus (P), available potassium (K), mean weight diameter (MWD) of soil aggregates (both wet and dry
methods), soil structure stability index (SI), saturated hydraulic conductivity (Ks), and organic carbon (OC) were
measured. The minimum data set (MDS) was identified using principal component analysis (PCA). Subsequently,
the soil quality index (SQI) was calculated based on both the total data set (TDS) and MDS.

Results and Discussion

Using MDS approach, the number of soil properties was reduced, and the most important variables were
selected. Among the principal components (PCs), only those with eigenvalues greater than one were retained. For
both the alfalfa and the maize—wheat rotation, four components explaining more than 80% of the total variance
were selected. In the alfalfa, the selected variables included organic carbon, total nitrogen, calcium carbonate
equivalent, and MWD of wet and dry sieving. In the maize—wheat rotation, the selected variables included organic
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carbon, EC, calcium carbonate equivalent, and MWD under both wet and dry sieving conditions. The observed
EC in this rotation system likely reflects the influence of evaporation and fertilization practices on soil salinity.
Evaluation of SQI across different soil depths and two agronomic management systems revealed that soils under
the alfalfa monoculture exhibited higher quality compared to the maize-wheat rotation, particularly in the surface
layer (0-10 cm). These findings emphasize the crucial role of continuous plant cover in maintaining soil organic
matter, reducing surface erosion, facilitating nitrogen fixation through rhizobial symbiosis, improving soil
aggregate stability, and enhancing soil biological activity in perennial systems such as alfalfa. These processes
may improve nutrient availability and foster long-term soil sustainability. Soil depth significantly influenced SQI
trends. The decline in SQI with increasing depth in the maize—wheat rotation reflects reduced biological activity
and limited nutrient availability in the deep layers, whereas soils in the alfalfa system had relatively higher SQI
values even at the deep depths, indicating the potential of deep-rooted legumes to enhance subsoil quality through
extended root penetration and associated biological processes.

Conclusion

This study revealed that the alfalfa monoculture considerably enhanced soil quality compared to the maize—
wheat rotation, particularly at the soil surface (0—10 cm). The most important soil properties that improved soil
quality were OC, TN, CCE, and MWD. The presence of continuous plant cover, biological nitrogen fixation, and
reduced tillage in the alfalfa cultivation played vital roles in increasing soil OM, reducing erosion, and improving
Sl. The application of MDS approach proved to be a reliable, efficient, and cost-effective method for soil quality
evaluation. These findings highlight the potential of perennial legume-based systems, such as alfalfa, in enhancing
soil quality and sustainability in semi-arid agroecosystems. Long-term monitoring of soil quality under alfalfa
monoculture is recommended for sustainable land management.

Keywords: Agronomic management, Rotation, Soil quality index (SQI)
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Table 1- Some physical and chemical properties of the soil of study site
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Table 3- Average amounts of physical and chemical properties of the soil under rotation crops (maize-wheat) and alfalfa

SB Sig sl A w9k
Soil properties Unit Alfalfa Ratation
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p
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Table 4- Results of principal component analysis of soil properties under alfalfa cultivation

PCl PC2 PC3 PC4
o e 4350 2600 1750 1.100
Eigen values
(%) ooy 39545 23.636 15909 9.999
Variance (%)
(7) o 202> 39545 63.181 79.090 89.089
Cumulative variance
&E‘* 0420 0180 -0.110  0.200
p
S 0.680 -0.220 0140 -0.100
EC
o 0800 0100 -0.050 0.050
oc
el OLyS 0100 0780 0.180 -0.120
CaCOs3
&z T\;”‘" 0760 -0.120 0.100  0.080
o3lit] LFJ:‘B S 0540 0240 0220  0.150
oslie] i‘ﬁ rel 0.180 -0.600 0.100 -0.100
sk OL“’“‘”Sf)'*ﬂL"' o3l 0650 -0.250 -0.100 0.250
gl ust’*‘” b 0350 -0.420 -0.150 -0.200
S
Sas b > S kS i oSbe 400 L0150 -0.580  -0.520
MWDdry
Pl palsl s i oSle o090 0180 -0.640  -0.480
MWDwet
Slol S 55 PC

g +I¥e5 1y paS cutS 5 SB gy SB cuas (adls Hlade
5 Slmdey 05 by S S (1l ol Jed> o yteges
Jdss ials ¢ Jl slge 39,08 (Ramezani et al., 2016) o, Ko
335 1 (BU w815 5 SB ol pogasie pr Gl slags
ool il 350 S coas gals ol g5y5Lis clgol
S S5y can (Ranjbar et al., 2015) | )\Kea § pooy olo
WK ULJ; oy 60») oy «59) 60.&1 ‘WK ul.w)f J\OLM
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.(Ranjbar et al., 2016) sl )3 1V o I uMS

lisee slages ) (SQI) SB cuas (23li b)) b
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Table 5- Results of principal component analysis of soil properties under maize-wheat rotation

PC1 PC2 PC3 PC4

o9 ylde
Eigen values
(%) Ll )lg
Variance (%)
(1) (sme20 b2y
Cumulative variance

4050 2800 1.650 1.200

36.818 25.455 15.000 10.909

36.818 62.273 77.273 88.182

Sleg
pH
SSosdl colun

EC

S os
ocC

S Sl S

CaCO3

J5 039
N

oozl B yaud
P
oozl 5 ppuslsy
K
SE plaslo gl pasls
SI
eldl (Sdgyim colin
Ks
Sis sl i Sj (wSke
MWDury
el alsls jlad S5 5:0ke
MWDuwet

0.500 0.150 -0.100 0.120

-0.740 -0.100 0.120 -0.080

0.720  0.200 -0.100 0.040

0.180 0.750 0.120 -0.200

0.700 -0.180 0.080 0.100

0480 0300 0.280 0.120

-0.140 -0.570 0.350  0.100

0.620 -0.300 -0.150 0.220

0.300 -0.480 -0.220 -0.150

0.420 -0.100 -0.600 -0.480

0.380 -0.120 -0.580 -0.500
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Table 6- Estimated communality and weight values of each soil quality indicator in TDS and MDS in alfalfa
TDS MDS

Communality s¢ew  Loading 533  Communality sew  Loading c;e

e 0.682 0.067 - -
pH
S ey
Lf‘“»»fé’c e 0.548 0.054 - -
s
u’océ)f 0.755 0.074 0.768 0.209
Mcfc&oi; 0.625 0.061 0.642 0.175
# T\l)’)‘“ 0.665 0.065 0.677 0.184
oalis ;"9 A 0.574 0.056 - -
ol J}f ety 0.532 0.052 - -
Sk Ql@;sus‘l;,l% Lasls 0.505 0.059 . .
el S e 0.580 0.057 - -
S
S s - \;\s/t; d,iaye s xSk 0.635 0.063 0.641 0.174
5 s IS s S wSole
S WE)"’;;)W‘“ 0.532 0.052 0.536 0.146

PNF-C,d gl yd 001> JBlas g 831> JS' (gld g, 31 o3liwl L ST1e CudS ad Ll 2 (135,] 9 phew (pmoSS -V Jgia
Table 7- Estimated communality and weight values of each soil quality indicator in TDS and MDS in maize-wheat rotation

TDS MDS
ke [x37) ke [s31)
Community Loading Community Loading
Lhu
o 0.702 0.069 - -
pH
S eglan
0.573 0.056 - -
EC
oS
0.782 0.077 0.790 0.212
ocC
el Sl S
0.648 0.064 0.658 0.176
CaCOs
F T\l’”“’ 0.698 0.069 0.682 0.183
ol 3“"’ o 0.589 0.058 - -
odlaiwl b8 Ly
> J}; e 0.519 0.051 - -
SE plels g)lul pasls 0.612 0.060 - -
Sl ' '
gl Hson b 0.588 0.058 . .
ks ' '
Sad adls o Gl s Sj ke
0.661 0.065 0.665 0.178
MWDdry
5 edls 5 S b g ik
7 el 2 G5B B8 s oS 0.541 0.053 0.543 0.146
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Table 8- Criteria for soil quality grade divisions in different methods

SB S (adld Jae ov9) S A4S a0
Soil quality index model  Indicator method  Soil quality grade
I I I v
18] TDS IQlrps>0.76 0.76>1QItps>0.66  0.66>1Qltps>0.56  0.56>1Qlps
MDS 1QImps>0.78 0.78>1QImps>0.68  0.68>1QImps>0.58  0.58>1Qlmps
(pai5-r)3) gl 5 (azigy) uiS SU Ca o 5l S CodS a4 Joso
Table 9- Classification of soil quality in monoculture (alfalfa) and rotation (maize-wheat) management
SB e D SB Cads 4 DS SK CudsS an 3
Soil depth (cm) Soil quality grade Soil quality grade
0-10 0.763 I 0.728 I
(aosig) uss S5 10-20 0.606 il 0.598 I
Monoculture (alfalfa) 20-30 0.545 v 0.538 v
0-10 0.541 v 0.589 m
PAS— ) gl 10-20 0.470 v 0.497 v
Rotation (maize-wheat) 20-30 0.435 v 0.463 v
S 8 Jbo 33,8 K8 S gl dgue 5 eoielsd & oS A

oS JaalS 4 paS-0)d ol > (LS Gbley ey g )8
IRl sl i Gl Caenl j Giags ol @l
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