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Introduction

Climate change is one of the most important issues in the world in the 21st century which affects various sectors
of agriculture, forestry, water and financial markets, and has serious economic consequences (Reidsma et al., 2009).
In recent years, the management of agricultural water consumption has always been considered as one of the
important issues in water resources management. Koochaki and colleagues (Koochaki and Kamali, 2006) by
evaluating the climatic indicators of Iran's agriculture showed that during the next 20 years, the average monthly
temperature will increase in almost all regions of the country, and the increase in evaporation and transpiration is one
of the most important consequences of this warming. Simulated climate parameters can be obtained through different
general GCM atmospheric models. Due to the low spatial resolution of these models, its output should be downscaled
using dynamic or statistical methods.

Materials and Methods

The LARS-WG model predicts meteorological variables for a period of time in the future by using a series of
basic and fine-scale meteorological data, output of one of the GCM models. Research has shown that the LARS-WG
model has the necessary accuracy for this task. Calculating the amount of evapotranspiration and yield of very
complex plants are time-consuming and dependent on spending a lot of money and limited to the tests performed,
the shortness of the test time and also the limitation in the number of scenarios that are checked by the test. Therefore,
plant models are considered and evaluated by researchers. The AquaCrop model has demonstrated commendable
accuracy in various regions of Iran and globally for forecasting plant growth, water consumption efficiency, and
evapotranspiration requirements. These predictions hold significant potential for optimizing irrigation strategies
across different agricultural settings. AquaCrop is one of the applied agricultural models that was obtained from the
modification and revision of FAO publication No. 33 by prominent experts from all over the world. In this study, the
values of green water footprint of winter wheat plant (Pishgam) were estimated in climatic conditions obtained from
LARS-WG model and DKRZ database under scenarios 4.5 and 8.5 and at different planting dates (15 October, 1
November, 15 November, 30 November and 15 December), in the next 4 periods (2021-2040, 2041-2060, 2061-2080
and 2081-2100) and by Aquacrop model.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Ev distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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The results showed that if planting date is on October 15, in the climatic conditions obtained from the LARS-
WG model and under scenarios 4.5 and 8.5, in all future periods, the footprint of green water will increase compared
to its value in the base period, and if planting is the rest of the dates, in each of the next 4 periods, the average green
water footprint will decrease compared to its value in the base period. The results obtained for the DKRZ database
show that the green water footprint attained for the dates of cultivation and periods investigated in scenarios 4.5 and
8.5 does not have a particular trend. On the planting dates of October 15 and November 1 for the periods of 2061-
2080 and 2081-2100, the green water footprint will decrease and on the other three dates (15 November, 30
November, and 1 November) for these periods, there will be an increasing trend. On 15 December, for the DKRZ
database, in both scenarios defined for all periods, an increase in green water footprint compared to the base period
is reported. However, in the period of 2081-2100 in scenario 8.5, a decrease compared to the base period will be
observed. The highest amount of green water footprint in all these periods and models for the period 2041-2060 under
the climatic conditions of the DKRZ database in scenario 4.5, if the planting date is 15 October, it is estimated that
the amount of water consumed is equal to 4272 cubic meters per ton with a standard deviation of 5018 cubic meters
per ton is predicted. The lowest footprint of green water for the period 2081-2100 under the climatic conditions
obtained from the LARS-WG model in scenario 8.5, if the planting date is on 15 December, is reported to be 232
tons per hectare with a standard deviation of 52.3 tons per hectare.

Keywords: Green water footprint, LARS-WG, DKRZ, Simulation
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Figure 1- Map of the studied area and the selected station
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Figure 2- The green water footprint of autumn wheat under the climatic conditions of the base period and the average of

GCM general circulation models in scenarios 4.5 and 8.5, in the 4 time frames of the future period if the planting date is
considered to be 7 October.



\\ R AT 23 0] a}.xlg“ F..\.Zf 3O Jew ui ‘5|.3~0)}.| m&)l}' 9 ﬂ...lﬂ goeLt) ;‘ ‘ol;Ms 93y

WFg 7 Oct 2021-2040

é 2000 2 8
[ 3 - b1
= 10004 = T
c
g
e "
H
s ~1000 ~ [
c g
1S
& -2000-——— 1
TS,
e o -
& &
& A @ °
& & & &

WFg 7 Oct 2061-2080

§ 2400-
=
™ =3
E 1600+ - 8
o = a8
£ 800 -
g
t
% 800~
2
Z 6004 = a
c e -
s " E
5 -2400 Y Y 3 T
IR
S & &K
& & & &
& 2 & °
& o o J??:‘

Green water footprint (m3/iton)

Green water footprint (m3/ton)

WFg 7 Oct 2041-2060
10000~
g
5 g
-
2
14 T T )
"l © - o
S & & &
& © o
o f«"\ o*gzs_ci"
WFg 7 Oct 2081-2100
2400~ g .
1600 5
7 z
MA
0
800
1600 g 8
2400+ @ =
T L 1 L)
o & & ®
B L > D
& & Q_(? &
& & @ €
F & & &g
N N

oL A0 9 £/0 glagy U conddl dayl il Codd g (T Sloj oL £ 40 (w938 Cudd 03ml puS s O (Gbd,y Lrwgio ol pudi —Y IS5
g 8,5 a5 D olo pis V0 Jgame CuiiS U a5 g 40 il ool byl i 4 Connd (LARS-WG Juo g DKRZ  Jlebl
Figure 3- The average changes in the green water footprint of Qazvin plain autumn wheat in the next 4 time frames and

under the climatic conditions of scenarios 4.5 and 8.5 of the DKRZ database and the LARS-WG model, compared to the
basic climatic conditions; If the planting date is considered to be 7 October.
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Figure 4- The green water footprint of autumn wheat under the climatic conditions of the base period and the average of
GCM atmospheric general circulation models in scenarios 4.5 and 8.5 in the 4 time frames of the future period, if the planting

date of 23 October is considered.
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Figure 5- The average changes in the green water footprint of Qazvin plain autumn wheat in the next 4 time periods and
under the climatic conditions of scenarios 4.5 and 8.5 of the DKRZ database and the LARS-WG model, compared to the
basic climatic conditions; If the planting date of the crop is considered to be 23 October.
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Figure 6- The green water footprint of autumn wheat under the climatic conditions of the base period and the average of
GCM general circulation models in scenarios 4.5 and 8.5, in the 4 time frames of the future period if the planting date of
November 6 is considered.
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Figure 7- The average changes in the green water footprint of Qazvin plain autumn wheat in the next 4 time periods and
under the climatic conditions of the 4.5 and 8.5 scenarios of the DKRZ database and the LARS-WG model, compared to the
basic climatic conditions; If the date of crop cultivation is considered to be 6th of November.
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Figure 8- Green water footprint of autumn wheat under the climatic conditions of the base period and the average of GCM
general circulation models in scenarios 4.5 and 8.5, in the 4 time frames of the future period if the sowing date is considered
to be 21 November.
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Figure 9- The average changes in the green water footprint of Qazvin plain autumn wheat in the next 4 time periods and

under the climatic conditions of scenarios 4.5 and 8.5 of the DKRZ database and the LARS-WG model, compared to the
basic climatic conditions; If the date of crop cultivation is considered to be 21 November.
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Figure 10- The green water footprint of autumn wheat under the climatic conditions of the base period and the average of
GCM atmospheric general circulation models in scenarios 4.5 and 8.5, in the 4 time frames of the future period if the sowing
date is considered to be 6 December.
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Figure 11- The average changes in the green water footprint of Qazvin plain autumn wheat in the next 4 time periods and
under the climatic conditions of the 4.5 and 8.5 scenarios of the DKRZ database and the LARS-WG model, compared to the

basic climatic conditions; If the planting date of the crop is considered to be 6 December.
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Introduction

In today's world, challenges related to agriculture, food security, water and energy resources, productivity, and
greenhouse gas emissions have emerged as significant issues for global societies. Through their international
impacts, these challenges have led to economic, social, and environmental changes on a global scale. One of the
most crucial issues that should be highlighted is the shortage of water resources. Water, as a vital factor in
agriculture and food production, holds special importance. Therefore, in order to achieve sustainable agriculture,
it is necessary to pay attention to the energy indicators, the efficiency of water consumption in the production of
agricultural products and the amount of greenhouse gas emissions. In general, a combination of energy indicators,
water efficiency and reduction of greenhouse gas emissions in agriculture can help to develop sustainable
agriculture and preserve the environment and help to provide safe and accessible food for the society. The aim of
the present study was to investigate the indicators of physical water, energy efficiency, and greenhouse gas
emissions on alfalfa and barley crops in two different climates: a warm and arid climate (Shahr-e-Qom Plain,
Qom) and a temperate and humid climate (Sari Plain, Mazandaran). This was done to assess the impact of climate
on the outcomes of these indicators.

Materials and Methods

To investigate the physical water efficiency and evaluate energy indicators in this study, major agricultural
products in Sari and Sharifabad Plains, including barley and alfalfa, were analyzed using cross-sectional data from
the agricultural year 2021-2022. Initially, the sample size was determined based on the Cochran formula and the
Bartlett method (2001). Subsequently, sampling was carried out using a questionnaire designed by the researchers
themselves. The questionnaires totaled 250 (Sari Plain: 150, Sharifabad Plain: 100), and the collected information
included the amount of input consumption and production quantity. The questionnaire, designed by the researcher,
was validated for validity and reliability by experts and specialists. The inputs used in the study of water efficiency
and energy indicators for the mentioned products in Sari and Sharifabad Plains included person-days of human
labor, machine working hours, fuel consumption of machines, the quantity of nitrogen, phosphorus, potassium
fertilizers per hectare, the quantity of various chemical pesticides (herbicides, fungicides, and insecticides) per
liter per hectare, the amount of water consumption in cubic meters per hectare, and the amount of seed consumption
in kilograms per hectare.

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Ev distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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Results and Discussion

The results of the descriptive statistics of input consumption in Sari and Sharifabad Plains in barley and alfalfa
crops showed that the highest input consumption of manpower in the cultivation of alfalfa crops in Sharifabad Plains
with an average of 225 hours per hectare, the highest amount of fertilizer consumption related to the alfalfa crop in
Sharifabad Plain is related to nitrogen fertilizer with an average of 130 kg per hectare, the highest amount of fuel
consumption of machinery related to alfalfa crop in Sari Plain with an average of 405 liters per hectare, the highest
amount of water consumption related to alfalfa crop in Sharifabad Plains with an average of 17500 cubic meters per
hectare and the highest yield of alfalfa was obtained in Sharifabad Plains with an average of 11550 kg per hectare.
The obtained results indicated that the highest input energy level in Sharifabad Plain for alfalfa was 5,674.50 MJ per
hectare. The results of energy efficiency indicated that alfalfa production in Shahrifabad Plain had the highest value
with 0.19 kilograms per MJ, while this index for alfalfa in Sari Plain was 0.13 kilograms per MJ. Additionally, the
energy efficiency for barley in Shahrifabad Plain was 0.13 kilograms per MJ, and for Sari Plain, it was 0.12 kilograms
per MJ, showing a somewhat similar level. The physical water use efficiency results revealed that the highest and
lowest efficiency levels were observed for barley in Sari Plain, amounting to 0.96 kilograms per cubic meter, and for
alfalfa in Shahrifabad Plain, amounting to 0.57 kilograms per cubic meter, respectively. Furthermore, this index for
alfalfa in Sari Plain was 0.67 kilograms per cubic meter, and for barley in Shahrifabad Plain, was 0.8 kilograms per
cubic meter. The results for greenhouse gas emissions demonstrated that the level of emissions in Sari Plain was
higher than Sharifabad Plain, attributed to excessive fertilizer and pesticide use in Sari Plain. The highest greenhouse
gas emissions in Sari Plain for alfalfa were 2681.65 kilograms of CO; per hectare, while in Sharifabad Plain, was
2351.85 kilograms of CO> per hectare.

Conclusion

The overall results indicated that crop performance in humid regions was not higher than in dry and semi-arid
regions, and this index depends on various parameters, including water consumption and managerial
considerations. However, water consumption in temperate and humid regions is significantly lower than in dry
and semi-arid areas due to higher precipitation. This result is increased efficiency in temperate and humid regions.

Keywords: Alfalfa, Barley, Energy productivity, Sari, Sharifabad
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Figure 1- Location of Sari Plain in Mazandaran Province
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1- Crop Per Drop
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Table 1- Equivalent Input and Output Energy in Agricultural Production

$9959 (u&" -\-‘>‘9 J-’l&‘i d})"‘ é"‘"’
A) Input Unit Eneli%/\]eﬂﬁ:z/_?)lents Source
Sl g9, hr 1.96 De et al. (2001)
Human labour
eVloile hr 62.7 Mandal et al. (2002)
Machinery
J._«‘s)‘lf L 47.8 Kitani (1999)
Diesel
g}'sﬁfé kg 66.14 Hatirli et al. (2006)
Nitrogen
(P20s) yaus kg 12.44 Hatirli et al. (2006)
Phosphorus (P20s)
(KzQ) aoliy kg 11.15 Hatirli et al. (2006)
Potassium (K20)
oS ile L 85 Kitani (1999)
Herbicides
wf_ ori> L 229 Kitani (1999)
Insecticides
Lmu‘sols L 216 Mohammadzadeh et al. (2017)
Fungicides
_ Ls)_L.gl - m? 1.02 Acaroglu (1998)
Irrigation water
# ok kg 14.7 Singh et al. (1992)
Barley seed
4y kg 28.1 Singh et al. (1992)
Alfalfa seed
TN ) . -
Output
o> &b _ kg 147 Singh et al. (1992)
Barley grain
a5 ;
k 15.8 Singh et al. (1992
Alfalfa g ’ ( :
o kg 12.5 Mansoori et al. (2012)

Straw of barley

1- Net Benfit Per Drop
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Table 2- Gaseous emissions (g) per unit of input

S99 CHs N2O COs PR
Input Reference
Jseis
Diesel (L) 5.2 0.7 3560 Kramer et al. (1999)
OI9r
v . 1 (2
Nitrogen (kg) 3 0.0 3100 Snyder et al. (200)
(P20s) yaus
1.8 0.02 1000 Snyder et al. (2009
Phosphorus (kg) nyder et al. (2009)
(K20) ol
! 01 7 L@
Potassium (kg) 0.0 00 Snyder et al. (2009)
SiSile
Herbicide (kg) - - 6300 Lal (2004)
S 5100 Lal (2004)

Insecticide (kg) - -




YV oglise mlBl 90 50 92 g 4y Y gamo (6551 9 O (S 38 (590 2 S L Julows ¢y (K0 g (o>

g Jyamo g bk B> 4 bgyse 93939 551 st
9 Sil pepad > ey (WS JsiKe FVFO-/0)
QLS )3 Jo5l&e YoA¥D« L plys sblciy 1 el )5 aosigy Jguaeo
iy cuds ) 4y Jpame & bgye Al 55 ity
Sl Cpan LS o ytin LS ) Jo3Ke WYAAX/D L plp
blod 5l g ableis b cuds 2 YA L plyy aoigy Jguae 4 by po
L) lie i ol <> 0 g2 Jparme (pogasce 555l

S oladl dgs 4 5, 55LS 5 o3 Ko A/FY

odlag ;> (65 oy 48 3> L oel Candas ol aeldl
i b aoigy Jpame )3 dlliy b cubd 4 bysye (Bpao O
Gl odel oty gl Coles ) awl 039 e 13 Jg515e VAYA-
g Jpame a5 o Lis 0 Sles ogad 53 (55l Oliee cn i
YoA¥0e b oyl ol olie oyt shyls sl b cusd g
Beheshti Tabar) l,\Ken 5 )l gy bl g0 HbS )3 o550
slagspl JS 5l b iSedl v &5 13,8 3,155 (et al., 2010
ol ls39)9 yobo 5l a8 (olyj Y game A5 1> (439)
bl b g (o)l b 9 > &S wad o L & Jods zuls

LT Gy pud g (55w Codd g2 g digy Casly; LS p2 43 Lodled o (Sl -V Jgua

Table 3- Average Input Consumption per Hectare for Alfalfa and Barley Cultivation in Sari and Sharifabad Plains

Cadd 3™ Sty
Plain Sari Sharifabad
$%9)9 » g » a5y
Input Barley Alfalfa Barley Alfalfa
Sl go5 55 50 80 225
Human labour (hr)
<Vlgeile 5.5 155 6.5 175
Machinery (hr)
R 165 405 145 275
Diesel (L)
e 97,5 475 125 125
Nitrogen (kg)
(P20s) 28 475 55 62.5 75
Phosphorus(P20s) (kg)
(K20) ety 475 50 125 55
Potassium (K20) (kg)
Lmu“su}k 0.75 0.75 0.36 0.35
Herbicides (L)
oSyl 05 05 1 2
Insecticides (L)
bosSesk 0.35 1 0 0
Fungicides (L)
okl 3625 13500 5175 17500
Irrigation water(m?)
b 2, ee 3475 - 4150 -
Grain yield (kg)
o 3_‘ 3750 7750 4250 11550
straw yield (kg)
- 2815 81 2775 85

Seed (kg)
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Table 4- Input and Output Energy in the Production of Studied Crops in Sari and Sharifabad Plains

Plain Sari Sharifabad
5 I | . » .
32y sly ta g Barley 4y
Energy Unit Barley (MJ hal)  Alfalfa (MJ ha?) ((MJ ha't) Alfalfa (MJ hal)
£29)9
ol -
Sl g9 hr 107.8 98 156.8 441
Human labour
Aol kg 6448.65 314165 8267.5 8267.5
Machinery
S5 kg 590.9 684.2 7775 7775
Diesel
u”’w kg 529.63 501.75 139.38 557.5
Nitrogen
(P20s) ,iud hr 344.85 971.85 407.55 1097.25
Phosphorus(P20s)
(K20) ety L 7887 19359 6931 13145
Potassium (K20)
LQJS‘JJL L 63.75 63.75 30.6 29.75
Herbicides
me;ow L 114.5 114.5 229 572.5
Insecticides
oS L 75.6 216 0 0
Fungicides
. d).w <! m?3 3697.5 13770 5278.5 19380
Irrigation water
™ kg 4138.05 2276.1 4079.25 2318.25
Seed
9
b kg 51082.5 ; 61005 -
Barley grain
o8 kg 46875 - 53125 -
Straw of barley
W kg - 122450 ; 201450
Alfalfa
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Table 5- Energy Indices in the Production of Studied Crops in Sari and Sharifabad Plains

Candd & STy p
Plain Sari Sharifabad
32 a>ly > g » gy
Energy Unit Barley Alfalfa Barley Alfalfa
<2925 530 MJ.hat 61240.68 61681.7 63007.35 67450.5
Input energy
s 3 MJ.hat 97957.5 122450 114130 201450
Output energy
oAl 5yl MJ.hat 36716.83 60768.3 51122.65 133999.5
Net energy
35 Spae S 1.99 1.81 2.99
Energy use efficiency -
SiAlSomre Kg.MJt 0.13 0.13 0.19
Energy productivity
eyt 555 MJ kg 7.88 75 5.26
Specific energy
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Table 7- Global Warming Potential in the Cultivation of Major Agricultural Crops (kilograms of CO: per hectare)
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Introduction

Water is a critical factor for the growth and fruiting of the grapevines. Considering the water scarcity crisis in
Iran and most parts of the world in recent years, it is necessary to apply methods such as deficit irrigation for the
optimal management of water use in agriculture. It has been determined that by deliberately reducing water
consumption in vineyards, it is possible to preserve the existing water resources and improve the water use
efficiency.

Materials and Methods

A research was carried out in summer 2023 in a randomized complete block design with three replications on
8-year-old vines of the Turkmen-4 variety, to investigate the effect of deficit irrigation levels on the quantitative and
qualitative traits and water use efficiency of grapevines. The vines were planted with 2 x 4 meter intervals, were
trained as a vertical trellis on a bilateral cordon system, and the vineyard was irrigated by drip irrigation. The
experimental treatments included full irrigation (providing 100% of vine water requirement; as control), 25% deficit
irrigation (providing 75% of vine water requirement) and 50% deficit irrigation (providing 50% of vine water
requirement). Irrigation of the vineyard started from May 22 and continued until November 6 at 7-day intervals,
according to the conventional procedure. The water requirement of each vine in non-stressed condition was calculated
by a class A evaporation pan based on reference crop evapotranspiration (ETo) and crop coefficient (Kc) throughout
the season. Then, the amount of water for each treatment was determined according to the irrigation levels in the
treatments and applied in volume form.

Results and Discussion

The amounts of water consumption of control, 25% and 50% deficit irrigation treatments were 5140, 3855 and
2570 mS per hectare, respectively. The results showed that irrigation levels had a significant effect on the berries
length, berries diameter, cluster length, cluster width, berries weight, cluster weight, sugar percentage, chlorophyll
index, relative water content, midday leaf water potential, vegetative growth, vine yield, yield index and water use
efficiency. The 25% and 50% deficit irrigation treatments caused a decrease of 7.2% and 14.2% of the berry length
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compared to full irrigation, respectively. Also, these treatments caused a reduction of 8.3% and 13.9% of the berry
diameter, respectively. While the 25% deficit irrigation treatment had no significant effect on the berries sugar content
(°Brix), the 50% deficit irrigation treatment caused a significant decrease (5%) in sugar content compared to the
control. Both relative water content and midday water potential of the leaves decreased significantly with the
reduction of irrigation levels. Reducing the level of irrigation led to a significant decrease in the SPAD index and
vine vegetative growth. Increasing the intensity of deficit irrigation had a significant negative effect on yield
components including berry weight, cluster weight, vine yield and yield index. The highest and lowest yields were
obtained from full irrigation and 50% deficit irrigation, respectively but the effect of 25% deficit irrigation on yield
reduction was not significant. Although the 25% and 50% deficit irrigation treatments caused a 5.8% and 27.5%
decrease in vine vyield, respectively but these treatments increased water use efficiency by 34% and 44.5%,
respectively compared to the control. The lowest water use efficiency was related to the control (3.53 kg of fresh fruit
per cubic meter of water used), while the water use efficiency of vines under 25% and 50% deficit irrigation was
4.73 and 5.10 kg of fruit per cubic meter of water, respectively. The 25% and 50% deficit irrigation treatments had a
statistically significant difference with the control in terms of water use efficiency, but the difference between the
two was not significant.

Conclusion

In the present study, reducing the volume of irrigation water led to a decrease in vine yield, but what is
important is the low yield reduction rate compared to the amount of water consumption. The decrease in vine yield
was 5.8% and 27.5%, respectively with a 25% and 50% decrease in water consumption. Also, with 25% and 50%
reduction in water consumption, the yield index decreased by 6.1% and 27.3%, respectively. Meanwhile, the water
use efficiency of vines increased by 34% and 44.5% in response to 25% and 50% deficit irrigation treatments,
respectively. It is recommended to apply 25% deficit irrigation to increase the water use efficiency of Turkmen-4
grapes in climatic conditions of Malayer, but 50% deficit irrigation leads to a decrease in quality of grapes.

Keywords: Drought stress, Grapevine, Irrigation, Water crisis, Water use management
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6- Cabernet Sauvignon
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1- sustained deficit irrigation (SDI)
2- regulated deficit irrigation (RDI)
3- partial root-zone drying (PRD)
4- Tempranillo
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Figure 1- Geographical location of the experiment site
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Table 1- Some physicochemical characteristics of vineyard soil samples before the experiment

SBgee Sk ol Sl oS . ol Gl
Soil S iad Minerals concentration (mg/kg)
_ et PH O TNV Organic . . T
depth Soil EC (dS/m) (%) carbon (%) 0395 d pewly BSe ool g9y ow
(cm) texture N P K Mn Fe Zn Cu
0-30 Slgr;‘r’%’ 1.09 776 22 980 5 136 26 24 17 05

sandy

30-60
loam

1.12 7.88 19

1010 11 259 44 39 13 06
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Table 2- Some chemical characteristics of water samples used for vineyard irrigation

L ey el el Eyoe
e Solids concentration (meg/L) ! Culaa
. o
e &y + Ego= S S
oS L . . PH  Jobow *
PR J’“’“I T oS mt L g g B olSe olys Total EC
SAR g‘“{ € Total Na 7% total Sulfate Cl  Bicarbonate Carbonate dissolved  (dS/m)
pdium - Ca+Mg - -

cations anions solids

0.51 10.5 10.45 1.10 9.35 10.45 0.90 2.20 7.35 0.0 7.42 669 1.045
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Table 3- ANOVA results of the effect of deficit irrigation treatments on investigated traits of Turkmen-4 grapes

i alio O Ssh s Ol
S.0.vV Treatment Block Error CV (%)
&3l ax 2 2 4 B
Df
4 Job 3.88* 2.46* 0.23 3.20
Berry length
> _’E 1.89 ** 0.20™ 0.07 2.44
Berry diameter
g Jsb 11.78* 0.18"™ 1.29 551
Cluster length
i 022 16* 1.98" . 32
Cluster width 6.16 % 065 63
I F‘)‘r’f‘" 0.097 ns 02131 0.037 5.79
‘J’Ml’w JB Ml 0.005 ns 0.000 ™ 0.002 6.03
Titratable acid
4> 4 1.25 ** 0.27 * 0.026 7.00
Beery sugars
J*;Xg o L 10.94* 181" 1.26 7.26
Slarge Silie ST ' ml ex
Ol o Slye
Mean squares Relative water 107.99 * 7.991 1056 3.74
content
Sr ol deily 0,028 * 0.004 0.003 417
Leaf water potential
i) 5) 0.73 ** 0.004 " 0.017 455
Vegetative growth
)T 4 * 2 ns 41
20 berries weight 553 66 5 6.96
5% U39 10108 ** 2236 * 281.3 3.06
Cluster weight
SU 3 Sa 13.16* 119 0.75 6.73
Vine yield
> "”L‘) 0.03 * 0.00™ 0.002 7.35
Yield index
ol Srae 2,01 %* 0.05 ™ 0.09 6.59

Water use efficiency

oy ) g0 Jlin] gdaw (5 5 gxe g 45 dxe s e FF g NS
ns, * and **: non-significant and significant at p<0.01 and p<0.05, respectively.
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Oigh saddl b guod g )b Sxe ald b jla 90 o BS]
STy 53 4y 9 Ll Gla) ool J3B 05y dw d jlad alS 5l
Doulati Baneh & ) ¢>,¢ 9 4b (Jgd bwg )lleS Joe! 4
oS oygleginy eSSl p sl oad )55 55 (Nourjou, 2012
ol b (Alatzas et al., 2023) ws as ojlul Lials el ol
SHleleS lajless 18U Cod (9Sogle SRl 03) 4 ojlal (Jl

(Duan et al., 2021) 8,5 3

izl (6513 0 6 (6)LS (slaless @lis ol bl

2 les Sl &Sl > il an gl s BB sl 5 JS
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Table 4- Comparing the averages of quantitative and qualitative traits of Turkmen-4 grapes under different treatments of
deficit irrigation

SolleS glaloss
Cdoo Deficit irrigation treatments
Traits (o5 5,W1) vl SolleS wopn Yo SIS o s 04
Control (full irrigation) 25% deficit irrigation 50% deficit irrigation
4 Jb 13.73+120° 14.85+0.70 % 13.73+1.20°
Berry length (mm)
> s 9.80+0.15" 10.44£0.24° 9.80+0.15"
Berry diameter (mm)
g Jobo 18.73+0.68° 20.42+1.12° 18.73+0.68°
Cluster length (mm)
9> o2 11.25+1.07° 12.88+0.98 11.25+1.07°
Cluster width (mm)
“*F’):”' 3.47+0.28° 3.38+0.35° 3.47+0.28°
O S 64+005° 67+0.03% 64+005°
Titratable acidity (%) 064£005 0.67+0.03 064£005
a3 . 2220+0.36° 23.27+£031°% 2220+0.36°
Berry sugars (°Brix)
o 13.75+1.03° 15.11 +1.05° 13.75+1.03°
Chlorophyll (SPAD index)
&” =) 234+£0.13° 2.89+0.09° 234+0.13°
Vegetative growth (kg)
2 g sl 80.7+29" 87.3+40° 80.7£29°
Relative water content (%)
S Jored o ety 11.34£008" -1.20+0.05° -1.34+0.08"
Midday laef water potential (MPa) 34008 20£005 34£0.08
e ¥ ol 29.67+191° 3320+ 1.69° 29.67+191°
20 berries weigth (g)
> 039 482.3+36.1° 565.7 +£26.4 2 482.3+36.1°
Cluster weigth (g)
SboSles . b . a . b
Vine yield (kg vine %) 10.49 + 0.64 13.62 +0.95 10.49 £ 0.64
J)Sl"“ u"’l“’ 48 + b 2+ a 48 + b
Yield index (kg per cm?) 0.48 £0.03 0.62 £0.05 0.48 +£0.03
! Spae 5.10+031° 473+033° 5.10+031°

Water use efficiency (kg per m®%)

)b ,K0aSo b ()b g (s lal M aoj3 ) Jloso] prdaw 55 liia e gy (s (slapSilo cidy oo )3
* In each row, the averages with dissimilar letters have a statistically significant difference at p<0.01.
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@ bleS 2oyd 00l Lol sl ogee gl s B Al
guiod 10,5 e dalis b dunlie ;0 ds sl (yliae Yl dze (talS
S5 )3 5553 4 lesy Galj3l g sl ke talS daasly ]
Col 00l (BlS il Gliie by laleS Jlasl 4
Doulati Baneh & Nourjou, 2012; Fattahi-Naghani et al., )
a5 ol > sy e Hlas 4 a8 (2019; Duan et al., 2021
CMsme 53 oyl Lials S0 som i il as JT clasl
Arji et ) cusly Je8l o8y slads Jolore dal> dlge g dbiuwl 4

[(al., 2019

Tolams 586 o6 ()b ine sk 4 S aBsS oye g oo

Jsb (sleles 1000 5 Y0 (glajles (F Jga2) €85 51,8 )l
ool b dunlie 1 0o 3 WIF V10 flime & ceud iy |y adgs
Dgr I3 gme aals b jles ¢ o olel OS] g ol Lrals Lol
MY Gial8 4y e ity (6)lalS 203 00 5 Y0 (gl o oppizeon
Lz S e ol L duglie )3 adgd (pe o VHIT
b guaed g1 b gxe dals b (g,lleS 0o yd B+ oy M3 s
ol Jlosl s (18T 10 abgs (058 (ialS ol adlllas s
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Introduction

Application of agricultural waste composts, in addition to improving soil fertility, has positive effects on the
quality of agricultural products and the environment by reducing the use of chemical fertilizers and recycling
agricultural waste. Spinach (Spinacea oleracea L.) is a suitable plant for studying the effects of composts and
chemical fertilizers due to some physiological characteristics such as high antioxidant activity and oxalic acid,
significant amount of mineral compounds and vitamin C, and nitrate accumulation. Despite relatively extensive
studies on the effect of different composts on plants, no study has been conducted so far to investigate the effect
of grape pomace (GP) composts on plants in Iran. Therefore, the objectives of the present study were: 1- to
investigate the effect of different GP composts on yield, nutrient elements, and some physiological parameters of
spinach in comparison with two levels of urea fertilization in a pot experiment in two consecutive growing seasons,
and 2- to investigate the relationship between nutrient elements and physiological indicators of spinach based on
principal component analysis.

Materials and Methods

To investigate the effects of GP composts on yield, nutrient elements, and physiological parameters of spinach
(Persius hybrid), an outdoor pot experiment was conducted in a randomized complete block design with eight
compost treatments, two levels of urea fertilizer (46%), and a control treatment (CO0) in three replications and two
consecutive growing seasons (spring and fall). Compost treatments included: High grape pomace (HG) (60-63%)
with chickpea straw and alfalfa (HG-Ch-A), high GP with chickpea straw and sugar beet pulp (HG-Ch-B), high GP
with alfalfa and sugar beet pulp (HG-A-B), high GP combined with chickpea straw, alfalfa, and sugar beet pulp (HG-
All); four other compost treatments included low level of grape pomace (LG) (37-42%) combined with other
residues/wastes similar to the first four treatments (LG-Ch-A, LG-Ch-B, LG-A-B, and LG-AIl). Urea fertilizer
treatments included: 150 kg per hectare (C150) (two-stage top dressing) and 500 kg per hectare (C500) (three-stage
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top dressing). Prior to planting, the composts were separately mixed into the soil (sandy loam) at a rate of 2% by
weight). The first crop was grown for 50 days in May 2018 and the second crop was grown for 45 days in September

2018. In both seasons, plant samples were taken in the early morning at the end of the growing season to determine
the fresh and oven-dried weight of shoot and root samples, leaf area, nutrient elements, and some physiological
indicators. Some of the shoot samples were wrapped in aluminum foil and stored in a freezer (-20 °C) to determine
the amount of chlorophyll (type a, type b, and total), carotenoids, total phenol, vitamin C, and antioxidant activity.
Oxalic acid, zinc, iron, copper, sodium, potassium, phosphorus, calcium, magnesium, and nitrate were determined in
oven-dried samples. One-way ANOVA was applied separately to spring and fall data, and mean comparisons were
made using Duncan's test at the 0.05% level. Principal component analysis was used to determine the relationships
between nutrient elements and physiological indicators of spinach.

Results and Discussion

The LG-Ch-A and C500 treatments (in spring cultivation), and the LG-A-B, LG-All, and HG-AII treatments
(in fall cultivation) had the highest leaf number, leaf area, and yield and were significantly difference from the CO
treatment. The high yield in C500, LG-Ch-A, LG-All, and HG-AIl treatments was associated with nitrate
accumulation in spinach. In both cultivations, there was a significant positive correlation between the amount of
P, K, Mg and Zn in spinach and the amount of these elements in the corresponding composts. A synergistic
relationship was also observed between P and Mg; P and Zn; and Mg and Zn in spinach. On the other hand, an
antagonistic relationship was observed between Ca and Mg in spinach because a high concentration of calcium
inhibits magnesium uptake by reducing cell permeability. In both seasons, the chemical fertilizer treatments
showed the highest amount of chlorophyll and carotenoids because these compounds increase with increasing
nitrogen availability. On the contrary, the amount of antioxidant activity was significantly higher in compost
treatments than in chemical treatments. In the spring cultivation, the highest and lowest amount of oxalic acid and
oxalic acid/Ca ratio were observed in the LG-Ch-B and HG-AII treatments, respectively. Interactions between
nutrients and physiological indicators were observed. The uptake of all micronutrients, P, and Mg (in both
cultivations) and K (in the fall cultivation) was inhibited by high Ca concentration. With the decrease of
micronutrients uptake, an increase in nitrate accumulation may occur because micronutrients are present in the
structure of nitrate reducing enzymes. The interdependence between Mg and oxalic acid/Ca (in spring), K and
oxalic acid (in fall), and Na and oxalic acid/Ca (in fall) may be related to the role of oxalates in the uptake of
mineral ions by plants, since oxalates are usually combined with Na, Mg, Ca, and K in the form of soluble and
insoluble salts.

Conclusion

The use of urea chemical fertilizer (at two levels) and agricultural waste composts had different effects on the
physiological indicators, growth and nutrients in spinach. Spinach grown in soils treated with composts rich in P,
K, Mg, and Zn had higher nutritional value. The grouping of treatments by principal component analysis showed
that chemical and control treatments were clearly separated from compost treatments with high amount of
chlorophyll, carotenoid, nitrate, K, and Zn and low amount of oxalic acid, oxalic acid/Ca ratio, antioxidant activity,
phenol, and Na. In general, the use of C500, LG-Ch-A, LG-All and HG-AII treatments is not recommended due
to nitrate accumulation in spinach.

Keywords: Grape pomace, Micronutrients, Nitrate accumulation, Oxalic acid
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Table 1- Characteristics of the initial soil and composts

adgl S Composts
Bawlid Initial soil s oA LG-Ch-A  HG-Ch-B  LG-Ch-B  HG-AB  LG-AB  HG-Al  LG-All
Indicators
pH 8.26 8.4° 8.1¢ 8.6° 8.4° 8.0¢% 8.3¢ 8.1¢ 8.0°
09 z/f\f ol 9.17 12,71 12,650 14.0% 15.4° 13.3%* 11.3¢ 12,4 10.7¢
S el
sl e 250 833" 1460° 546¢ 776" 800° 837" 642° 786°
EC (us em™)
s . 135 36272 3473% 3113t 3033°¢ 3083°¢ 2833°¢ 2713¢ 2573¢
P (mgkg™)
el . 265.3 125672 125672 117672 109002 106772 125002 123672 110002
K (mgkg™)
m- 155.6 2600 2090 ¢ 24307 2700° 2053° 24607 24273 2020°
Na (mg kg™)
reld . 1282.6 2296 2797 1587°¢ 1280° 2463 2088° 2714 3090°
Ca (mgkg™)
s 12.2 26092 760° 2761° 25332 963° 1343° 963° 1241°
Mg (mg kg™)
ol . 45 8104 7687 % 106892 8886 7555¢ 9565 9322%° 9839
Fe (mg kg™)
oo 0.39 1122 103 1152 1083 97t 106 104 105
Zn (mgkg™)
o 0.59 34.82 32.1° 355° 34.3° 35.1° 335° 34.3° 33.2°
Cu (mg kg™)
P}‘?}‘T be be be a be a b
26.4 2.8¢ 3.7 3.4 5.0 38.7 45 35.1 6.9
NH,* (mg kg™)
oi):g
§ 36.3 524° 12912 255¢ 483 362¢% 491 478 787°
NOj3 (mg kg™)
Jf ‘_J‘ u‘)f ab a a ab ab be be c
64 15. 19.1 19. 15. 16. 12, 14.2 10.
o (%) 0.6 5.6 9 9.5 5.0 6.0 5 0.0
5 0395 abc a ab c abc be be c
TN 06) 0.07 1.2 15 1.4 1.0 1.2 1.1 1.1 0.9

Byy> b sla p Sl (gt p y3 adgl dlge plos I JSuisie (Al 03455 oS :Ch ¢ uiie i B tassigy A €655 i 15 prdaws LG ¢S] a5 (VU padans (HG
(p<0.05) 15,)> (s fslins 3 glize

HG: High level of grape pomace; LG: Low level of grape pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: All
three raw materials. Means followed by different letters within a column are significantly different (p<0.05).
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SlcusgeS 13 395 yieS Hlade g9 L widhy 5lis CO Hlog b
bcusgeS oS PH st HG-All 4 LG-All LG-A-B
LSy ) de SB s o gomle Bl @l 5 () gis) ysSie
P SpanS polic g mie qawly chle (il la) cus

Wb (6413 pdiges S g olS 5l basee (pgd iy 0593 plasl 51
P SE ghdols bawlis (59) p adlae 390 slayless b
Jol Jead y> (Salarinik & Nael, 2024) cul oas <3l 55 dlso
iy il b3 (50)99 M0 FSVsb 9 3L (slo)S Jdoe S
Olesle oy o culS ped Juad jd ad 205 B 5 lg
OBy o 3l g led egene SRl bl (SWHL gy (oelislsn
By il plol asge I 5395 glidul Cudldy (65)5liS” Y guae
A b S g e dllgy 8l o salos dod LialS Jusay 50
ke Jyus gy ] S £9d Juad o ol ab; ol
s <l 58 gl b ool o\ lis) bty gl )y g5
g o3gll (SloSyy (3,5 poans 5 (il &ygod (So3d Sy |
A odlatol Veor 0 /Y s a4 )15 5 o odldtnl pien
@) U5 o)las I oluw and (818 ) gpSole o S Gl
A ookl (0 4 L5 Yo 4 ) o
Sl sy pdiges cdidy 0)g3 o plodl 5l dmy 0L 51 5,15 diges
9 485 )8 Al CSh 9y baaiges b el 395 o 53 olS
oRtalofl & by cla3i (3))) 5 oS 0)Shos (el pshaiody
w8 b bglibul paw (SB gl Sogll Gis (gl us Jite
Al bwg Sy v (@a3ld e Glp BSp AS jued
ows Image J jlsle 5 bawgi adll pl jlide g 0l (S!
WNAS (59 @y dises ) (i s ¢ (Rasband, 2018) au
B ogiedll s 01903 (o (i 3l o o3 sladiged Sl ot
2328 090 Szt sbawlid (S oms sl g 4D 0>
WSS (g g e polie e sy ladiges a4k A ()l
wgdleds .50s Sid celo YA Sdods a0 Ve glod )3 o9l g0
sl b bld S gl IS 5 0 55 028 cladiges i
b (S 5] sloigas J o5 +10 lié ol JS il (e
Huang & Schulte, ) 16 man 3uSTy 59,0 5 SO s Sl
Varian) ol ols o5 bwg e 5 ol (g, clale (1985
Spectra  AA 220 FS  atomic  absorption
b gy A el 9 e pdlie o «(Spectrophotometer

48 oy (PFPT film photometer, Janeway UK) (¢ yiog558
oKy lwy  bbly-clidsesawd by, 4 yewd  lide
ojlul (¢l (Estefan et al., 2013) ui pusxd (g yogigdg yiSuml
Cataldo et ) us (5,uSe e duwl Sl gy 5l @lyid (5,8
JIN olS ojlac il Lo /Y 4 &S Oy opl 4 (@l 1975
a8 Vo Sl g 8Ll wo o O Siliwdlo sl i) oo
O o VY (YL 4 pH U s adls] Jloy ¥ dgw i) o VA
B9y & e g wanlS Cale S COLE agl TN Ol e
poie (Cheng & Bray, 1951) sas (6,pSolul amwl s
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g ol IS cud b (S5 ladlo dgu0 Cpimen 9 (al., 2009
Hargreaves et ) cul odd ()55 SB (Siglan cullad 5ol58l
23,8 by (Machado et al., 2020) |, Ka» 4 555 (al., 2008
gl olS wd) jlade (gl pxe jobdy S & CumgraS ]38l &S
s ) el Hlew 0 Ay sl el g 0,Sles l5ae 2l iul5el
FoS Pl VIO G VO (o (e Jad )3) CL50 Jlogs )3 g (Juad 53
(¥ Jgi2) 292 CamgeeS slajlos ||

S 5eS 38es g 13 syasls CB00 Jlog by Jad
J5a) 2505yl bize MBI ) K pa «uild C150 jloy 4y s
SB gl le o558 coum o) (olhowd sdgS 5l oalazwl (Y
obS 43y lp 9p8 (I polis (S 8 wal BB
(Ahmadi & Jafarpour, 2015) %44 .

15 molty g 35550 ke Liulsél o HG-AIl  LG-All gla o
(Salarinik & Nael, 2024) (\ s f Joi>) (LG-A-B jlos
LG-Ch- jlas 3 b jlows 1550 51 yin b jlas ol 50 0,Ses jlade
A S oile b @l il g YU PH oS (5950 Jlade JJoay B
ol polic oal 2alS 5 PH (il i) il S, 5
CangaS Jlogd (n s Glysar (BrpaesS yole 5 mijsie
Cudls bajlosi (x> 1) glidwsl B (5 (oS slod ol b a3
b alin (Y Joio) b lis LG-A-B jles b (gl sxe M5! 5
3fdes g 0y Glaadls (n Cute Yoo (Stused oo cuiS
238 luide 3 dne Sglis pie oy e (1 Join) A osalia
Sy ald jles I jide (alesd 35 5 CavgeS (lajlos ples
ol ialisl Jsas JT cladgS 55,18 b zliawl 3, Sles yil3l
Boldrin et) ol (sl yolic cpl onl il 5 SB i
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Table 2- The effect of eight grape pomace composts and two levels of urea fertilizer on growth and yield parameters of

spinach

T A T
B)low s Syl Spgdle Ay “ Root Petiole s 7 s s
Treatments  Leaf Shoot fresh  Shootdry  Root fresh  Root dry length length Leaf  Leaflength Leaf
number weight weight weight weight width area
g pot*? cm cm?

M

Spring

Co 72% 451 6.5 4.1° 1.1° 1212 418 2.8% 4.6° 13.5°
C150 72%® 4454 6.8 3.9° 1.0° 10.52 432 2.7 4.7 13.2¢
C500 1072 74.2%® 10.0® 5.9%® 16%® 11.92 5.1% 3.4%8 5.9 18.3°
HG-Ch-A 89 60.3 ¢ 7.9%¢ 6.6% 18%® 10.42 55% 3.1¢% 6.8° 18.2¢
HG-Ch-B g7 68.7 3¢ 10.8% 6.5% 1.8%® 12.92 3.9 2.7 5.1¢ 13.6°*
HG-A-B 822 53.4 b 7.7%¢ 5.4%® 15%® 10.5% 458 2.8% 6.2° 15.9%
HG-All 8g%® 56.1 bed 7.1 45° 1.2° 11.32 432 2.9 5.9 15.5°
LG-Ch-A 1132 84.7% 11.82 8.0® 2.2¢8 12.32 4.42 2.8° 6.0° 16.2¢
LG-Ch-B 76 56.9 b 8.5 53%® 1.4%® 13.0* 458 3.1% 6.3% 16.7¢
LG-A-B 72% 66.22° 9.6%° 6.7% 18%® 11.62 46° 3.28 6.3 18.2¢
LG-All 56° 37.5¢ 5.4° 36° 1.0° 10.12 3.8 2.8° 4.7* 14.42

b

Fall
Cco 41° 21.6°¢ 2.8P 6.3° 2.4%® 18.7% 3.0¢ 2.7° 46° 11.9°
C150 47%® 41.0%¢ 5.2%® 11.9% 34%® 22.9%® 3.9¢ 35%® 6.1¢ 18.9%®
C500 49 40.6 49%® 8.2%® 2.0° 19.0% 3.32 3.4® 53?2 17.1%®
HG-Ch-A 49%® 43.9°%¢ 5.6% 18.2% 4.9% 26.9° 3.2¢ 3.6 6.1¢ 19.4%
HG-Ch-B 43® 29.0% 37%® 11.0% 4.7% 19.2% 3.4¢8 3.3%® 5.2¢ 15.9%
HG-A-B 40° 29.3% 3.9® 9.7% 43%® 18.5%® 3.0% 3.4® 48?2 16.3%
HG-All 52% 48.1% 6.3% 19.58 8.0% 25.2% 3.32 3.4® 6.22 19.2%®
LG-Ch-A 47%® 41.2%% 5.4%® 12.5% 4.1% 23.2%® 3.2¢8 3.6 6.0° 19.1%
LG-Ch-B 44 26.4" 3.2® 7.2% 25® 15.0° 2.82 3.0® 48?2 14.2%®
LG-A-B 58% 56.4?% 6.42 13.7%® 3.8® 23.0% 3.42 3.8 6.5% 22.3%
LG-All 53® 49.8% 6.4° 115 3.3%® 21.9%® 3.8¢ 3.8¢ 6.3° 20.7¢

is dlis B ey A 4l dlis o5 o LG £S5l A5 Y o tHG 051 JiSn 53 p,SskS de+ ©C500 £ o) LS ;3 p,S5kS 10+ :C150 tanlis :CO

(p<0.05) 5)l5 (g,l5 sime BMBT cglie By > b (sl 1 Slio ¢yt o 53 fadgl dlgo plos 31 JSuiie :All 3956 oIS :Ch
CO0: Control; C150: 150 kg ha* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different
letters within a column are significantly different (p<0.05).
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Table 3- Pearson's correlation test between growth and yield parameters of spinach

9 adlw b)’U 399 alw SWis 339

o3l je SWiA 05y Jeb

S 3l ) ) . . T dled Spose Spld
Leaf Sy S ) e S petiole Leaf Leaf
number Shoot fresh Shoot dry Root fresh  Root dry Root length width length
weight weight weight weight length
e
Spring
S gl ol i 760" 1
Shoot fresh weight
SpydleSiS ol gggn 888" 1
Shoot dry weight
Ay o3l s 520" 8017 867" 1
Root fresh weight
S g 520" 801" 867" 1.000" 1
Root dry weight
) Jib 252 446" 505" 550" 550" 1
Root length
fwl“’ Jsb 404" 482" .342 403" 403" .105 1
Petiole length
Sr e 309 508" 4917 525" 525" 328 646" 1
Leaf width
S sk 4317 622" .548™ .691™ .691™ .386" 734™ 737" 1
Leaf length
S ok - o o *x ox x
»ghe .335 .617 488 .592 .592 232 718 .889 .846
Leaf area
b
Fall
S gl ol 9 825" 1
Shoot fresh weight
Spydle K Gj o ggn 956" 1
Shoot dry weight
iy o3l s 590" 690" 718 1
Root fresh weight
iy S g 418" 454 518™ 886" 1
Root dry weight
) Jib 530" 568" 625 723" 577" 1
Root length
o Jb 442" 580" 553 258 079 351° 1
Petiole length
s “’9 s~ 551" .826™ .838™ .580™ .340 507 .584™ 1
Leaf width
S ik .650™ 837" .853™ .650™ 407" .682™ .695™ .889™ 1
Leaf length
S e 554" .843™ .843™ .584™ .328 4817 625™ 973" .924™
Leaf area

o oo Ui 1y Lo yd B 9 ) zolaw 43 (gyld xe cud g F 9 F

*

** and *indicate statistical significance at 1%and 5% levels, respectively.

HG- jlos (Jb ool b (¥ Joio) i sanlice aylass (e 50 oS
o ) sl bojlosd e 53 1) (695 9 wasliy e oy pir CH-A
polis opl Y Hlade b gunars 48" (MQ/LOOGFW V/YY o VY- V/Y
(Salarinik & Nael, 2024) sl o (oyblie CuavgreS o

Sl 53 pajeie o yied Gy e g yieS 5 et HMe i
YJYJ/V 9 \i/i "/V\ c\'V/\ g.,u.’).scb) A5 edmlie LG-AII

368 daw iol38l Lo Slas g udy slo s ls da g JB Jials
Ko g B b duopd 10+ 9 WO & o pd Voo 5l ol
Sl 00 45 )l35 (Ghaly et al., 2017)

olss 4a ‘sfl.l\.é yolic
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Ssbas )y (S 35 CowvgeeS gy 9 SB > 0gyi
@YU anlp 3955 b LG-A-B 5 LG-All HG-All slalos
s (Salarinik & Nael, 2024) (V gdllio F Joao) S okt
CawgeaS )3 05 Gy Ja ) Joiz) plojblie CungeeS
o Al (658 glidul ey lyia (N Jga2) oldyblize
SE oS ey o b 95 ceald 929 b 5 CS00
e 9 by o (a8 Cull (6 oS glidl mrly (slye
Sk cppidn LG-Ch-A Jlag .14 oalie HG-AIl Jlos
Capnd 6yl e 9 «Culd byjlod plod (g 3 1) Had 5 masly
Fob goal b guen ppl il CungeS slajles plo
CuwgeeS 33 Ol & (S Sl 05 e g jhud g s (1940
@ (06 Gig e Ve 3 p Sk +IVA) CO s 53 (59, lade 35
g2 HG-All o oty cumgraS’ (sbaloss | ik (5 3 5xe 5k
€0 (o )log & G 5205 0] g)lsine gt LG-AIl Jlos

sl HG-AIl 4 HG-Ch-A £500

e 9 3] e e 3yt LG-Ch-B Loy .(Mg/100gFW
9 M0 NOIA NF /Y ) cuilh |y puadS Hlade oy a8 o
sixe ysbas HG-A-B Jlog 3 yiuud jlaie (MQ/L00GFW AF/)
5 LG-A-B LG-Ch-B il ¢ slasds cloyleg j| it (o)l
e 5 OB piad oy s oz e C150 lagi .36 LG-All
ol 45 el €500 jlass & s (68 mamsly jlado g il
5 onl e (S (F Jgaz) g1 sl ime e sl o loglis
o b gyl ime M3 g s sanlie HG-AIl Jlag )5 o
b e C150
(sixe OMBT olS (e 5 yand cuandS (Slgimo ol S
Ghon 3 pely e (F Jsan) 2 ol bajles o ()b
LG-A-B 5 LG-All HG-All clojlos jds casgpeS (sl ylos
5 & oS ueoly o 355 C500 Jlos j1 yis (6l sine yobots
ol CanrgeoS ol 9 ST )3 quls Jlude ol b cov
o2l® 4 (59555 9 el O (21w sdally 3929 Joey oSL

Tlewl (2l solie Jule 1 0yg) (o lwow 395 zebaws 93 9 46501 WL CumigroS jlowi Cuiid (51 -€ Jgun

Table 4- The effect of eight grape pomace composts and two levels of urea fertilizer on nutrient contents of spinach

oo ] S oS’ e Hd o2l 89 o
Treatments K Na Ca Mg P Fe Zn Cu
mg 100g™* FW
e
Spring
Co 1453.8¢ 43.2° 205.0° 51.1bcd 36.5bede 11.46% 1.162 0.48°
C150 1425.9¢ 51.2% 152.5% 54,30 36.7 bete 16.952 1.132 1.152
C500 1529.32 25.6° 164.4%® 44.3% 23.9¢% 11.47% 1.172 0.55°
HG-Ch-A 1701.7° 50.9% 152.4% 76.8™ 52.g3ke 13.39%® 1.222 0.74%®
HG-Ch-B 1397.7° 32.4° 17152 88.5° 59.2® 13.67%® 1112 0.73%®
HG-A-B 1321.52 41.0° 173.62 71.8° 65.1° 13.16% 1.212 0.74%
HG-AlI 1359.72 37.9° 177,52 42.4% 47,6 %cde 9.13° 1.022 0.43°
LG-Ch-A 1287.6° 31.4° 136.3% 88.4° 46,3 3 12.00%® 1.172 0.71%®
LG-Ch-B 1346.72 35.0° 84.1° 140.1* 33.6% 15.89% 0.732 1.052
LG-A-B 1513.92 48.0° 171.32 77.5% 34,7 bede 13.32% 0.79° 0.71%
LG-All 1354.42 107.12 186.72 33.7¢ 19.9¢ 15.65%® 0.712 0.94%®
b
Fall
Co 1003.3%® 22.1%® 46.8° 112.92 32.32 6.35% 0.78* 0.19°
C150 967.1%® 15.7% 4792 112.22 28.7¢ 5.00%¢ 0.66% 0.21°
C500 891.4% 10.3% 66.02 85.6%® 32.82 7.42° 0.67%® 0.18*
HG-Ch-A 1037.0° 11.4% 68.6° 85.0% 31.32 6.07% 0.61° 0.17*@
HG-Ch-B 1017.0® 19.1%® 75.5% 59.3° 30.1° 5.55¢ 0.54% 0.10°
HG-A-B 1025.82 7.9° 61.0° 61.7° 30.72 3.76% 0.45°¢ 0.11°
HG-AlI 835.1°¢ 6.0° 63.5° 57.8° 3292 6.19% 0.64% 0.15°
LG-Ch-A 1082.92 6.6° 58.6° 93.8% 35.72 4,383 0.60% 0.10°
LG-Ch-B 1031.2° 24.02 63.02 70.3%® 33.42 4.73%¢ 0.57% 0.092
LG-A-B 961.2°%%¢ 16.6% 73.4% 72.0% 31.32 5.34 3¢ 0.51% 0.12®
LG-All 964.6% 14.7% 58.3° 80.0% 32.2° 2.28°¢ 0.57" 0.15°

is dlis B ey A sl dlis o5 o (LG £S5l A5 Y o tHG 051 1o 53 p,SskS B« + LC500 £ o) LS, p,55kS 10+ :C150 tanlis :CO

(p<0.05) 5)l5 (gls sime BMB] cgline Bgy> b (sl 1 Slo ¢yt o 53 fadgl dlgo plos jI ISiisa :All 395 olS :Ch
CO0: Control; C150: 150 kg ha'* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different
letters within a column are significantly different (p<0.05).
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CawgeaS (sboylas 5l pioS olowd 365 (sloslasi ;0 &S 55k
Jaie opyiaS LG-AB § LG-Ch-B slojles 55 tals
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HG-Ch-A HG-Ch-B LG-Ch-B (sla,las jl s (s o sine
CcugweS > s polie b swes (pl e C150 4 HG-AII
Jlosi 53 e cutS 53 Gl jlade (e () Jgiz) 390 i bl
sl <utS 53 9 o3l 0jg p)5 Vee 3 p)S ke VYIF) HG-Ch-A
salia (o5 (i po5 Vo0 3 p)S sk 18/+) LG-Ch-B jlos >
Fesl @ oS onb Cond g opb PH Jdoa LG-AIL jlos 5
() Jsiz) 5 blie cungeeS’ 3 Cliis (VL clale 5 b3l S
Sshiles om 2 ) Ol g e (il Jad 5 p
5 HG-Ch-B sl jlas olae cutS ;5 (0 Jgds) Cudls CosgueS
oS 352805 Ualas oy 53 |y el SIS Jadia 2 LG-Ch-B
o ol HG-AIL 5 slesd slojles b (sl ine oM
LG-Ch-B jloas ) oaadS 0 sl SUIST s Jlade gy
u)/v.og 2l ol b jlog sdon L d)bu-;-’“’ OWA] aS” W sdalin
oanlie HG-All 5 ol canld sloyles 5 4asld ool o
as” 6)S e (Machado et al., 2020) )Kan 4 950
CuwgeeS los AD Jidg IS Cuns 98 Jodg IS« JS' Jidg)lS (e
S 9 392 (2liond 395 b CugeeS (oS 5 slajlowd I it
Mo il 03,8" ()15 w5959) S 9 B idg)lS Jlade sl |,
buwg oy (omld Rl b glael )3 uS955)5 9 Jis)lS
(Machado et al., 2020) cusl osis ()55 ;555 ylaa>s

5 caitS LSSl am SB ol oS e 5 cov sy e oyl
(Salarinik & Nael, 2024) (V (gdlio F Joio) sil Hlow 0y
5351 B ylogs (cdan 5 i C150 5 CO (cloylasi 1 ojuio e
HG-Ch-B § HG-A-B HG-AIl sla)les b (o)l sxe M3
(¥ Jods) ol oyl

Capd g (slislas pidin )3 o S )3 olS jand jlado
b5 el 555, CH00 o o158 solon 3 18L5 (sla o &
CavgeaS youwd jldo g olS yowd Hlade po e (Siawed b
Cawl i (505 2ol b gamen sdaliie (pl (1=+/¥0) L5 sanlie
ol g cul b xie JI odle (Hargreaves et al., 2008)
i (Sl S8 S5 1y oS Loy il M55se
adyy Llidl g (Yang et al., 2013) yaws _wyiwd Lialdl ¢ JI
Sy il il ela
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ol &yl Jodo B 3 poli) Cudld 2939 CavgeeS jd polie oy
5 Caogsa MO i b gl P i ey isto Stsad (o
5 M b 2] ZN (s 5 (SusgeoS P glil Mg () ol
g (esgenS 70 b il P 5 MG ) oSl 5 s P
Jdie 5 CusgseS 53 polic ol e b 5,Slas ke (p ite s
dgg sodiad ylis Llgi o el pl i sdalie glawl jd polie -yl
O (it (Shased (e Bl polie (ol o Il sdlal,
Ored g zliawl MO L CuwgeS Ca zliawl ;0 Mg 4 Ca jluds
ol wlgr so 45w oanliie 3 Slas b CuwgeS Ca 4 zliawl Ca
Om M) i A3k mjie g eendS pais 9 (935l (sl
b 13 .05 010lie 3,Slos 5 zliind ZN 5P b CusgeaS Ca ko
(Stauzan oS F 5 70 L (g e § ) S5 70 ko (s il
pae cle (sl o 1)) Jodn LB > puls) A sanline bl
Sy olS 3 polie clile e (Stwen b 5 (Sten
Llgy Jdo 4 )50 polie gwyiws bl ol G Jd> 4 Wl oo
5 (Mengel & Kirkby, 2001) yolc o 2libled 5 63)5len
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Table 5- The effect of eight grape pomace composts and two levels of urea fertilizer on physiology parameters of spinach

[Wveve)
. . . S35 oolis . . oSl cudled S35
o addelS bUSs USUdgl e ”"’C S FC BN s o]
B)lo Chlorophyl Chlorophyl Chlorophyl - . N . . Nitrat Total e cT
Treatmen la 1b 1T Carotenoid  Oxalic ~ Vitami e phenol Antioxidant oS
ts acid nC activity Oxalic
acid/Ca
mg 100g" FW l'a‘ggff?‘EV %
e
Spring
Co 44.4% 14.8 59.2 18.9% 2582.7%c 1422 1955 160.6% 36.6% 12.7¢
C150 55,38 18,13 73.4%¢ 24,28 2184.4¢ 14.2* 15.8° 130.12 25.2¢ 14.4%
C500 71.0° 24.3 95.3° 30.4° 2319.7°%¢  145%  46.6° 111.9° 19.0¢ 14.1°¢
HG-Ch-A 63.2% 20.1%® 83.3% 27.1%® 2612.7% 135> 12.6° 132.7¢ 42.2% 19.4%
HG-Ch-B 37.6¢ 13.3% 50.9% 17.4% 2956.4° 13.4° 17.4°¢ 162.02 49.8¢ 17.8%
HG-A-B 49,92%¢ 15.6%¢ 65.4 8¢ 22.2%¢ 2756.8%  136%® 195% 140.9° 44,02 17.3%
HG-AII 52,53 17.0%¢ 69.6 % 22,58 2288.1% 138% 13.7°¢ 117.9° 37.9® 13.3¢
LG-Ch-A 41.1% 13.0% 54.1% 18.1% 2736.3%  138%® 20.3% 110.4¢ 42.1° 22.6°
LG-Ch-B 33.0°¢ 10.0¢ 44.1°¢ 15.6¢ 2932.7¢ 13.3° 17.5¢ 145.32 46.72 35.5%
LG-A-B 34.8¢ 11.4¢ 46.2° 16.2°¢ 2829.5%c  13,7% 2220 135.0® 43.02 17.7%
LG-All 40.1% 13.1% 53.2% 17.6% 2895.6% 133 32.1° 160.5° 46.62 15.5%
b
Fall
Cco 109.9% 32.6% 142.5% 52.3% 1304.1¢° 29.7° 28.1° 131.1% 9.0° 28.8°
C150 132.9% 40.7% 173.6%® 62.6% 931.9%  304° 2732 90.9%® 8.9° 19.62
C500 148.9° 45.6° 194.42 68.7¢ 1020.9®  28.1° 20.6° 90.3% 9.1° 15.92
HG-Ch-A 119.43* 37.43¢ 156.8 ¢ 56.9 %% 1103.6° 4292 20.7¢° 89.3%® 23.1¢ 18.32
HG-Ch-B 103.3% 29.6" 132.9% 48.4% 1061.42 30.3° 31.8% 87.7% 28.7¢ 15.62
HG-A-B 91.2¢ 26.9¢ 118.1°¢ 44.9¢ 1094.6%  35.2% 20.8° 90.0%® 28.4% 19.7@
HG-AIl 100.3% 29.1% 129.4% 487" 1229.32 354% 37.0° 85.2%® 26.5¢% 23.4%
LG-Ch-A 102.9 29.9%¢ 132.8% 48.8% 1001.5%  33.0® 36.3° 87.1® 30.9° 30.1*
LG-Ch-B 89.5¢ 25.2°¢ 114.7°¢ 44.6¢ 1192.2%  28.4° 19.0° 93.9® 33.12 19.5°
LG-A-B 131.5%® 40.2% 171.7%® 61.0% 1077.8° 27.4° 2542 61.5° 22.3% 15.62
LG-All 116.42* 36.3%° 152.6%° 54,8 %% 1018.1° 32.1% 37.3%7 89.7% 30.7¢ 28.9¢

Gazze Al B taosgy A £S5l a1 daw (LG el Allas (YU o (HG <0yl JiSa 45 p,55LS 04+ :C500 ¢ o 5] S y3 p,55LS V- :C150 <sals :CO

(p<0.05) 5,ls (g,ls sime BMB] cglite Bgys b (sl SSlio ¢y i 53 fadgl dlgo plos 51 JSuie :All 3456 oIS :Ch
CO0: Control; C150: 150 kg ha* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different

letters within a column are significantly different (p<0.05).
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Figure 1- The principal component analysis (PCA) of the plant data (nutrients, physiologic parameters, and fresh shoot and

root weight (FY and FR, respectively)) for the first (a) and the second (b) cultivations. For abbreviations of soil treatments see
Table 4.
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Introduction

Appropriate and practical use of agricultural waste reduce the pressure on the environment. Recently, there has
been significant promotion of biochar utilization in agricultural lands. It serves as a valuable source of organic
material for enhancing plant growth and as an effective soil amendment to improve soil properties. Due to its
unique chemical and physical properties, biochar can be used as a soil conditioner and has many benefits for
optimal agricultural and environmental management. Studies have shown that biochar is a useful amendment for
improving the physical and chemical properties of soil and effective in maintaining organic matter and soil
moisture.

Materials and Methods

This research was conducted with the aim of investigating the effects of biochar on the physical and chemical
properties of soil under conditions of water stress and irrigation using saline water. The experiment was carried
out in a factorial based on a completely randomized design with three replications in greenhouse conditions. The
treatments include three irrigation water treatments (60, 80, and 100 percent water requirement of the plant,
respectively, 11, 12, and 13), three treatments of biochar prepared from northern forest trees at a temperature of 300
degrees Celsius (0, 2, and 4 percent by weight of potting soil, respectively, B1, B2, and B3) and three water quality
treatments (with electrical conductivity 1, 4 and 7 dS/m, respectively, S1, S2 and S3). The pots were weighed
every other day and at each level of biochar and salinity, the water deficit up to the agricultural moisture level was
calculated based on the changes in the pot's weight. After harvesting (in the first half of April 2022), in order to
investigate the effect of biochar on the amount of soil nutrients and some physical and chemical parameters of the
soil under the conditions of water stress and irrigation water salinity, sampling was done from the soil of each pot.
The samples were taken to the laboratory and parameters of apparent and actual specific gravity, acidity and
salinity of the soil, percentage of nitrogen, phosphorus and potassium absorbable of the soil were measured in the
laboratory. Referring to the yield to irrigation water ratio, water productivity is obtained by the following relation
(Payero et al., 2009): WP=Y/IR, where, WP represents water productivity (kg/m?), Y denotes the yield (kg/ha),
and IR shows the amount of irrigation water (m%/ha). Analysis of variance for the results obtained from different

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Ev distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
https://doi.org/10.22067/jsw.2024.83859.1322


https://jsw.um.ac.ir/
mailto:H_piri2880@uoz.ac.ir
https://doi.org/10.22067/%20jsw.2024.83859.1322
https://doi.org/10.22067/%20jsw.2024.83859.1322
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jsw.2024.83859.1322

V¥ iyl — (5295958 ) oylad FA ol (S g T a5 Vo

treatments was conducted using SAS software (SAS 9.1, SAS Institute, Cary, NC, USA). The mean values of the
main factors and interactive effects were compared using the Duncan method at the 1% and 5% levels of
significance.

Results and Discussion

The results showed that the amount of biochar, irrigation water and water salinity and their mutual effects had
a significant effect on the measured parameters at the probability level of one and five percent. Adding 2 and 4
mass percent biochar to the soil increased the amount of phosphorus (35 and 60%, respectively), potassium (57%
and 61%), nitrogen (83% and 91%), pH (13% and 13%) and electrical conductivity (EC) (13% and 57%) of the
soil. By adding 2% and 4% of biochar to the soil, the actual specific gravity of the soil decreased by 13% and 21%,
respectively, and the apparent specific gravity decreased by 11% and 22%, respectively. The actual and apparent
specific gravity of the soil decreased by adding biochar to the soil. Decreasing the depth of irrigation water and
increasing water salinity increased the amount of phosphorus, potassium, nitrogen, pH and EC of the soil. The
amount of irrigation water had no significant effect on the apparent and actual specific gravity, however, the
salinity of the irrigation water caused a significant increase in the apparent and actual specific gravity of the soil.
Although the addition of biochar to the soil increased the nutrients required by plants in the soil, high amounts of
biochar in the soil should be used careful, because the addition of this organic matter to the soil at high levels
increased soil EC significantly. Based on the findings derived from the research, the utilization of biochar is
recommended as a viable approach for enhancing both the chemical quality and productivity of nutrient-poor and
sandy soils.

Keywords: Apparent specific gravity, Electrical conductivity, Nitrogen, Phosphorus, Potassium
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.(Lehmann & Joseph, 2009)
obei 9 95w Jlie » lron ilub 4 2y L
S la Sy deue 4 g SYeb et S JI olge
Gl Ll coge S a4y Mol ol Ky lassd Lo
it pole wped culli g el ls cud b ¢ ols
29550 1 (5045 Cd b s g 6 ,pll pogasie pyx il
b ST g0k 05s dew Juoay lasu (Liang et al., 2006)
yolie oguin] il lbgu (Laird et al., 2010) aas o inlS
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olly el Ol )58 sl 5l g, (B3 4 B2 B iy
3yoliS 45 39 aulllas 390 dilaie )3 Hei O slacSals d9>g
ool S o o3lisel (65,5l (sl WncSals oyl o ) adlaie
30 ddlate )3 (pdie bawgs 0l ol Clallas (ol 55 )lrge
sy90 slalls (Mir et al., 2021) sl o1 ] adlias
g2 yia Bl Vo glis)) g jlad b (Sgudly IS 5ui>s 5 oslitul
ok 5 &yto s ¥ SISl s ools youe S s B L Loy ls
oy b £l JalS gty aAlS 11l s sloge iliska
5 de IS pye s abilig T i ) eSSl sl nluls
lysa 5 xSeilul s @b ol el (s ST oS b
(Mir et al., 2021) 1 45,8 155 5 Lelyj cudys clls o oy
£9d dog 43 TitICACA K8) louS ,d die ol Dlaw lAS ya j>
3 oAb 4l S paw l gyte o ¥ Ges 3 VFee U]
5 il i A 3 oS dw & LS ples Ay 3 ol il
5 Jol Cygon bpluls plot warmals il oloj b el o
6395 Slos s 15 )] 1)) sl 1 B g e T
015 035 e )3 59y S Oygots oS b Jlesl o)llS
sl Cagb) 1o b Ol 5008 (6508 5 Jlagn e 0
(Sl Sl e sl (g 9 45 dplxe IS p > Sy

5 bl g ]

S,k bausgto (shls (S5 g 8 weldl b dilate ] Cal ok
o Do v e B¥Ar+ WLy e g sio o 00 adlaie SLLs
ailato S 8l e 0l o st0 FAVY 3 b ) gli] 4 20
cél L SB dawl (Negaresh & Latifi, 2018) wisl o o oo
lon o dgg dilate S gyta ol Yo b+ glesl 5 i bl
Ol omimed 5 031 yoe yio Lo ¥ SISl s g 05 S
290 g b ()l pise ()l CudeS e g 35 odlitul 350
Ol el > gily b 551 00,5 €5 53] 3o 53 sl
Suid Sy g 2S5l )lrgn g lp ki )90 <S58 A8 ()l
5 ¢l Ll .l 03,8 oalazwl 55k bl (I LS > ond
a0 Voo (glod )3 L g 00D (glbdlun odd SiS oS
b Caol odd 02> Cylis ianST el byl 40 g s
ol 05 0351 V' g )3 olil 3y90 Jlogn 9 SB g Ol ayo
Voo o Sl kg (Sl Colin g PH 6 Sojlul 6l
(Guvili et al., 2016) x5 oslizwl jaio T b Hlgu
@9 JgSl (o) 4 g (Bolal Wl 5k B > gy
S s > WS 3 V¥ ol LT 3 1SS aw b SIS &g
9423 ¥V g (Syd Job adBd VA 5 423 7Y oldlie Cusdoe L
w3 ol O Jols laygisb s 1ol Jlad oye aiids
Iz 912 d1 sy oylol O Jude o> Voe g Ar &2 maw
St iy oy iarjed Y 9 F ) )l Ol (69 gaw ds
@ G SB ez 2o T oY ) Jlogn gaw 4w g (S35 S2
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Table 1- Some physical and chemical characteristics of soil, water and biochar

ol

o (6 010 (S S S50l Ry, FLI™ Water sk
Measured characteristics Measured method Biochar 3 2 ST Soil
pH Ao PH 5 bl J5 (5,5 olae 73 712 742 781 830
S colan el Saturated paste extraction and, pH 6.1 7 4 1 0.6
EC (dS/m) and EC meter
Organic carbon (%) Walkly Black (1934) method
At (VA3 a9 5 o) ol P9, 4 39865 039 034 026 1045
Phosphorus (mg/kg) Olsen method (Olsen and Sommer, 1990)
o (VA2:) iy P9, 5 Eledl IS (55 e 237548 074 065 041 110.63
Potassium (mg/kg) Saturated paste extraction and Westman method (1990)
J}b“ m‘“ﬁ A (e c
Lol o,lac 175 1464 825 2.05 0.42
Dissolved calcium (meg/L) e Js drf ’
ol e ogid puld olKiwd
, e (VAY i) 1160 1016 574 295 075
Dissolved magnesium (meg/L) ‘=
Jsloxe ppes Saturated paste extraction and flame photometer spectroscopy

Dissolved sodium (meg/L)

(Page, 1982)

3.70 18.95 9.87 420 0.63

DI (VA o) JMS g, & 1950
Kjeldahl method (Bremner, 1996)

Nitrogen (%)

- - - 0.02
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de 5100,5 o odnlive a5 jabo yled el ond 00ly LS Y Jgus
s > o Sy » ol Llite Slpl g Jlse 5 (5098 ()l &
dunlie £ BT Jolis ccawl 09y jId iz by iy by 9 S Jlais]
o 5 | 005 5,53l (sln Sy Wit 5 ook 011 (sSike
cos ) SB plerd 5 (Sojd e sl Shy g aimd
lhesd 5 g S SRy 2 lagm U w8 5E
B w350 aLBdS dmd b calite yldise lawyg SB
ol Gt S5y JLagm 29381 45 00l pasetio g Cosl 4b S
N oyen & 1) S cuas dagp el 5 dad o yuw |,
(Lehmann & Joseph, 2009)

siels cel bl Of Ges 2l ¥ Jous gillas 3,Shes
13 )l o GidlS cpl Lol ai &ild 5 Sloe sy YA/AS 5 VV/AQ
5 g (05 S sS4 e I A I3l 095 foine 12
5 &l 1 S8 5 Al 553 RIS S e 5L inlS
A5 4l 3 Slee ials ol Jlise

Sl 0¥ (23958 ol dos i) cetS” fab (LY 5l s
Sy SE ol JB ol polie Gl polben S ey
Sl isd s ol G5 lalyd pp S ohesd 5 (So3d Sl Sk
sBiuloj] 4 lndiges .0 pbuil Sy S 5| g yld paiges s )b
g Shdel (A 5 sl pogate pr b Shy A5 Jitie
Olsen &) cpudgl 35y & SB Cls B j4ud ud 8
posgel liwl alugas odlitwl b wuwly o (Sommers, 1990
5 ol g y0ud clale (Westeman, 1990) ui ¢ 50 lac
O39r oyd b (sl plogid ould g plogidy Sl ol5ind bawgs
5 430 J(Bremner, 1996) s (¢ pSejlul JluloS hgy 4 JS
ol 1> y90j] b byl duglio 9 SAS il 5 L baools o
G850 &S pl g b i posl o 0 0 el e 53 S5l (4!
b jlows b el i w8l Canol 0393 lginS oS}l dmy psls
ol 005 03,91 £ BY Johis 5 5 19S5, Ses

Jypazme 3,Slos § S (51 519 (9311 423 9 Ot yo (8Sle) (il ly @325 S -V Joua
Table 2- Results of analysis of variance (mean square and degree of freedom) of soil property and crop yield

Il W
Sl e D oo T B f“:w oo ey P aYieId
MS @3l3! 52l s pH S S Nitrogen  Potassium  Phosphorus
DF Bulk Actual EC
density density
[
2o 0.002* 0.106* 0.056** 39.69** 0.005**  6345.52** 8.42%* 1151.43**
(B) Biochar
Solel ST e
Amount of water 2 0.000 ns 0.828 ns 0.02* 11.98* 0.002* 5716.69** 11.35* 291.82**
(1) irrigation
Gl O yps
Salinity of
irrigation 2 0.003* 1.187* 0.002* 27.179** 0.004**  3825.32** 10.26* 625.84**
Water
)
I*B 4 0.014ns 3.226ns 0.03* 4.466* 0.003* 3196.27* 9.78* 48.14*
1*S 4 0.002* 0.589* 0.013* 1.751* 0.006**  2873.49* 5.62* 16.42*
B*S 4 0.004* 1.153* 0.018* 11.078* 0.003**  2597.55* 8.54* 85.29**
1*B*S 8 0.002 ns 2.194 ns 0.023* 23.543** 0.002* 2358.41* 6.39* 124.69**
- 12 0.003 0.965 0.008 5.136 0.001 19.41 1.32 12.18
Error
Coefficient of - 10.549 22.668 1.280 19.283 20.510 14.26 16.27
variation (CV)
*

Sl ixe pae NS o> S g duoyd gty Jlain] o j5 (gl ixe™ g

*and ** significance at the probability level of five percent and one percent, ns non-significance.
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aly 5, Sloe de (HlSa jd p,5LS OF+/VY) (S 11B3 oy
bl O 50,8 b g 1 edlal cusly by olg go sl |,

ol Ay My Ay g LS:‘J.C— .)‘90 9 ui e p.lbl)_‘? el icwlo
oial3él 4 (Ibrahim et al., 2015) o, Sen g pal ol .l 033,
ool ()l g s sl (slless o SIS 5 oS 5 Shae ity
Voo g ke et layles b awglio ) oS o 5l as s A
Oy e pols Guind zols b aS 15,8 o,lsl olS I L5 ao)yd
2 (S £ Sl WARIEY) &l 5 Slas o gl Gudss )
()l>9¢u u.:)9 o ) Y oolaiwl 9 DLS u.»‘ )Ly Jo )y A') 12B2 )L"t'?
Vo ) IBBL jlos po (1S 45 £,55LS AAS/VY) &l 5 ,Sas 5 s
bl O Jlize 3l 5g (Slogu 5l edlil pae g olS ol 5L ao o
ol g ol o (o8 Gl L o ol (7 Jga2) 509
aly 5,See oyt b ials &b 3Sles Bpae O ges
1251 jles s odmlie 13S1 jlos 5l (i )3 p)T5liS” VYYF/AY)
Oolas a5 8,5 148 sin 45y 40 JlS 13 p,S5lS VYYE/AD Hlade b
b ool 1 ol Yu of ola i 53 sl 1381 Jlas bl dxe
ol Y 5l (6 0 Sles gl Gials el ol cuds
& 3l Jole 5 (gt )3 jriuwgid Al 4 (g oo ) 0, Shos
donl pd Wlg o o ol &5 ol i Ay edgae jd (S
Oexed 9 Wjg) Colin (EalS o (p)SaSlie 29)9 lals
9 sow 5l (Netondo et al., 2004 ) sil Sy waw il
5 Audy) 039450 )3 e )i (Gt D (ol Juiliy Sl
03918 JU| ywo )3 oS c2ge ((BLS slasle > ol SEalS
O b ablie (el ada) sladgle > ol 2o g sFRgE sl
ol S > Il 655l Lials on oyl s dalgs alols
opl 4508 By oy 65 Ol Wla (gl b 3,8 dalgs Iy 1,
Sy g2 s (S (sl Jsbo 5 (s 5mel sl I3 p e
@ ddy sl Joko ;5 oad adle J1dlge gess canl (] )3 (o
S9oxa |y (oiygy A) LBlate 5 lge (slaplil o 4 o Jlas!
Piri et al., ) us aled 5, Sloe jials @ mio ol ;o 9 adlo
L: sl %) (G Js.\>) d)L.sI u‘ d)y» 9 )l>}u JJLM ).»‘ (2022
s 3Slas (Bpae lagn (il 5 (3 952 Jlag) 9 ol 5,8
u‘) B].Sl )‘.4.».: & LS)"YL’ ( » re)S}LS VWY Y/A\“) &l
bl yd ) €dS plgi e cnlpli ity (Jloge Spae pas 5 )9 s
5 e Gilial ]y aly 5 ,Slae wlg5 o Jlogn s O 5l oolazul
syles > ab D/SJA& S3 552 (695 b yoi ol ) ool Lol
¥ oV )l 5l juiw (BIS3 § BIS2 slajless) )logu oolaiwl pac
Y& abeles ml; 3, Slee b ks ol 5l Lol Dy jlagn (59 Ao yd
M sixe olas (B2S3 4 B2S2 (gla jloys) witily jlaguw (Sjg Ao yd

(S G5 a3l s > Slas inlS Sy cilises L 35
sl (Telahigue et al., 2017; Elewa et al., 2017) sl .0
Rl elal )3 g 595,95 5Las GEals LS > (Sas A Sl
9 0LS elis)] pials & pote Joho a8y ials a3l o b ok A,
WSy by (Jolo Ad)y Lials b ogd 0 Sl odle Ay Eals
Mhair o Kt o3 15 g Sogh sz g n ol
aly 5 Slas jlogm Jig Moy ¥ 2,5 (Mohkami et al., 2022)
oislielly &l 5 Slos (B3 jlas) jlogu i oolasiwl by i3l 1,
Jdsay oS sl b gme b jlagn Bras pis jleg b Lol ol
s @l A8l oo ylrgm b plie 38 I Jols (6598 ol
Lo ol oad aisby o 4y bl (5 a5 S 6)98 p ylogu il
aw can (SUn et al,, 2019) o Kon 5 o ool g5i50 ol
oyl aalllas a3l )13 51 2,90 A5 LS (5, 21yl
3, 8as ilidl cely oy Sy 5 Yo B A 2,8 ol lis
SUN) 45 puiS 5 Slas L2alS Cage o 5 i 3,8 Lol 43 puiS
S8 51 o Sles Sislidl il oLy cpdis (et al.,2019
239290 @M polic) paite I Jdsa Slg5 00 SB- 55 g
9 (023 Joas Jlrgn & Sl wpd Wl (b & edgcum
O (SB ) 5 liosd (S5 Lo Sy 29:00) waliions i
S 10 p Sl AYAS/YO L B2 s (Major et al., 2010) wsl,
dlie pyieS S 3 pySolS ASVIAS | Bl Jlag o i
abj Joss (o gl jogate pp isb 1) ab 5 Slee
el LB gy (6,105 o 5 W igslS ol
SBgplol g el Pl el Gl esl b
(Fathi & Mirseyed, 2015) 395 o0 3 Slos g oLS A, i34l
wielie s 4 (Mohkami et al., 2022) ) Ken 5 (o0Soxe
g8 5, Sos yiali8l el jlo g il oolatwl 55,8 Ly 5 L8l Cawd
Mogize Sals el (o)l Ol (g9 05 (Sis 15 by
Fo y i jewd ¥ uaS b Ol (Y Jgas) as aly 5,Slas ludo
Jasi b Lol 1 ails 5,Slas oy VBV gl 4y i (S2 L)
Jozi a5 3l 1S S e o oyl ol sl Hly dme cuglas S1
Cel (6ph G5 Mble palie L (LS oll O 598
Foawgid rals ady ) bwg O o > IS (el jlis ]33]
Do o a5, Slas yialS di ) g (6 Fuwgid .)|9A oeals wlS
&g yd b las (Algosiabi et al., 2015) )\ Sen g (uad!
all.cal yuals 1S al Ses o p M)L{*’Jf <YL sl
O s plas 533 i (F J52) et 5 cssbel ool blise
Stal3l als 5, Slas Sjp 2oy Y B jlag Gyas Lalsél b ol
38das puals esl (59 20> ¥ jlosd) sla g it Sl .8l
(BL) Jogn Bpan pas jlas b o G35 golaw 0 05 &b
bl (B3) jlge (59 o> ¥ jlews 4y G (6 i aily 5 Shas
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PSS 33 5 o YYIAY) i Jltia iy (S3 o) o
dgge polis Cund 39 33L5 Gl |y o) Js sl |y (S
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Gl O sl J) S a3 F Jsis ke cdl Ll
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Sl b T cladsS 36y (S p)SelS 3 5,5 e WW/DD)(13B1
Oezed b o Liliel S ol yolie g B0k ass jo
rolis Mo SR caw (g )Se Called (nl33I L T olge
5 b .(Agegnehu et al., 2016) Los o SB ;o Haud Al
ol AJgi Hlagm 939381 L ol sl (Yao et al., 2009) 4, Sen
Sl S 3 ol G B i S s ST & e 35
Lok ol (0 Jgio) olel o 69 5 slrgm Sz 51 .ol
2l il jhud e (Bpae slrgn g olel Ol (5)98 Ll
Jos (S oSS 2 S e YHAR) jiud e 5t
Cuwddy (o riorj e V (5998 5 om0 20,3 ) ASC3
oriorisd ¥ (639 5 slrom 02 0> V) A2C3 Yo | oS ol
Js2) osd 5 el o Jlite Sl cudlis s gme lis (520 o
u]da.cumlfbd)b] ol G5 golaw 51 Sy a0l oL (5
dgie ) ggose ol > il Gl jaud uke gl
andld Ol obj zokaw 3,8 51,0 SB lie slge (soutiuns
S (S S 55 oS ke YHISR) i o (it
@ (Ol 6y yio p uiosjed ¥ g )bl Ol aoy> £+) B1C3
Bl s xe @iglas B2C3 jlow b aS el canwd
s 5 )ksm as)lel O DI Joir sallas ety
e Bpae g GElEl L el b e 8 SB by
@SB @ by (o2 2o T o ¥ 958l 8l Gl el
2 by e G () dne ©gl5 D (g 208 pac) aali

bl
b o3litol bl jlage jlde SIS Joux illas 2 yd
e Hlagu 305 L g b dxe dio 3 & Jlain! pdaw ;o SB
35 oo YEINF) 5 e sl Gl ol B i
ol sty Jlrgn o2 20> ¥ pase Jlagi )3 (SB p Sl
Psine ©oldS (o 2o ¥ Bpae b jlase (o 103V Bpan
Jan sl sl > @l BB jiud il il oa L
b5 ) slo eSS LS5 5 g 438 b Slgicos
Bl cge g 4SSl jiud b duolio )3 parisell 5 (ol eandS
Oidey Sl ogMea igd o JSS jud jhud gy Sy
>l Jhed Cut Cad )l gegn bawgi OI)D pdaw > Lable
Cublb Wiy o Jlbew (Kang et al., 2008) sas o ials |,
G951 Iols b s l8l g (e e Gopb Sl ) jhud edlitl
4 ,bgw 8,k jl 4 (Chintala et al., 2014) aa> )38l S
ms 9 A8 0 O] jind 3 weditine yslody phnd 2 4z gl L
5 &30 pai -(Zahoor et al., 2017) 545 0 S jaud )3l
Slosle 39331 53,8 olo (Shirmardi & Tofighi, 2014) _a.se5
O 9o SB 4y o 8Ll pand (b3l I3l carge S 4
o0 )S 8lsl ws S ol (Hasanpour et al., 2022) |,Sen 4 59
G By s gime 33l G (iipg) oSS 3 )L
w5 yhud 033 329 Jdoas &5 ad sald Jlog 4 s S
Geazs ) (Forohar et al., 2017) ) Sen g y2g,8 .Cunl (63,18
Jade Sal clbSB )5 cgl5 565 g 5l ool aisly by 29
- ho ¥o/V jlade 4 S p)SolS 15 p)5 Lo £/ 5], S jaud
s Yo 039U 1y ol e g 313 Gl S g SHLS 3 8
9358 ol (SBp)SokS )3 p )5 (Jeo A ) (5l 355 slo g 13 39290
ool 4 09s Guams > (Thaghafi et al., 2021) ))\Ken o a8
SB jaud e el SB oy jlrgn (3953 & L) doxis
o L8 Clidss g sivs o @bt b a8 ey b e Ll
Heetal., 2017; Louetal., ) xs,8 5,55 1) SB yaws o158l
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Mo I jioS” 3855 53 oMol )90 Jlrgu yhud (slgie (ivren
S5 o jlibe Col diwilg oo oplpls g 0 aals S yaus
Uiboh o (Zhang etal., 2015) ) Sen o SSl5 s il5all,
20)3 B s 33 g GHS 5 015 g 99381 45 3l ot 355
4 Cond 00wl JB y2ud (g0 3 WA g )3 cixe (]38l 4y e
0 0SS 7Mool (99381 Cuwl 02l i Cledllas u Hlagn ol Hlewd
g SB lie yolie il Cow g w5l SB 4 JT oo
Zhang et al., ) 208 0 Yoo Ao lidl 9 (g5dols
Jhd e 05 & 3o G 1 (S5 e (I3 L (2015
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al gl (Cheng et al., 2008) usb o (s i sloyingh 4 5L
g ol Lo Lt (0 Jgaz) (o)l Of 6y 5 g Jlite
Tolaw (solod 3 Bl il maliy jlade (B pan slage iljEl
o 20 ¥ 9V 3 L sliy polie (i ()3 sine gl (5595
I wdw Qda by 98 G35 Bl lagy Al odalis jlogn
ol b iast (Akhtar et al., 2015) o o ials S oo
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Rahimi-Alashti et al., ) LU o (il pewby Jol5 5 Joloro
ol (Abrishamkesh et al., 2015) ) \Sea 5 (iSauis ol (2021
iy pod CBl b SB L osd Ll goy Sl Jlgn 635
9 g5 b Jald e 4 Cons Gl BB ol Rl o
d opl 4 39 3o > (Forohar et al., 2017) f,Sen
) SB prslsy o (Sl S8 55 (69l8 358 Jlagn 2,8 L
S pS5hS 3 oS ke YA: 4 S £S5l )3 25 e VO
g 5l o L Wlgs e ol oyl sl ol bl ol )38l
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5 Sily il o] S ale ] pewly e ilebyy Caw 4 b
&S aob ol a5 iash y» (Wang et al., 2018) Ko
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Aad o il ]y S gy Cds BB ey liee 5 00d S o
a5 oyl 4 (Zhang etal., 2020) ) San § KI5 500 adllas )
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ey 4 1) 1o)aiS maasliy, s S 0950 Cumer a3l
slde 39> (Zhang et al., 2020) wisy o g s (o yuod B
seo (b N panly gite Sy lgiear ]y ol a3 oty 50U
3 yil38l 1y ol 5, Sas 5 iy Wilgs o 45 03,8 8 ymo oLS (gl
g Cal (LS Brasy joliejl S mly .(Gopal et al., 2020)
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Table 3- The results of comparing the average of the measured characteristics of the soil

; cubld ioa
; pepate @y 2
. . pepase @y . R . P
bl (s losd © o> & o] Cylus Q97 Wb Phosphorus ""_ﬂw
Experimental 3 ) Actual ;)|:| S S Nitrogen  Potassium (mg/kg) Yield
treatments Bulk den35|ty density EC (%) (mg/kg) (kg/ha)
(gr/icmd) 3
(gricmd) (dS/m)
Sloon 0 1.78a 2.75a 8.13b 8.96¢ 0.12b 112.63b 15.47b 967.86b
) 2 1.58b 2.38b 9.21a 10.16b a¥0.2 190.26a 23.95a 1386.45a
Biochar(%) 4 1.39c 2.15¢c 9.26a 21.13a a¥0.2 200.48a 24.84a 985.27b
bl O e 60 1.42a 2.33a 8.25a 19.52b 0.26a 175.34a 24.86a 959.76b
(1) 80 147a 2.33a 8.17a 14.47a 0.24a 168.55a 23.51a 1189.46ab
Pl
AmC_)UDt 0_f water 100 1.48a 2.36a 7.29ab 12.82a 0.16b 144.78b 20.97b 1350.12a
irrigation
bl o 6y90 1 1.36bc 2.05bc 7.28ab 10.33c 0.17b 123.37c 17.11c 1219.75a
R L 4 1.47b 2.23b 8.45a 13.38b 0.21a 163.36b 22.01b 1047.33ab
(520 2 ionj o3)
Salinity of water 7 1.65a 2.52a 8.86a 19.68a 0.23a 201.18a 24.84a 758.63¢
irrigation

5 s ine NS 70 Jlais] o 13 (S5l g0l bl g GlaS By (sl (slacnSile (gt a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 4- Comparison of the average intraction effects of biochar and the amount of irrigation water (B*I) on the measured
characteristics

o e S Nitrogen Potassium  Phosphorus Yield
Treatment pH EC (dS/m) (mg/kg) (mg/kg) (kg/ha)
Bli1 8.12b 12.53d 0.16¢ 140.82d 18.34d 621.57d
B211 9.18a 16.96b 0.22a 208.56a 23.95a 697.41dc
B3I1 9.36a 21.25a 0.24a 218.13a 24.45a 540.12¢
B1I2 8.23b 9.87e 0.17c 136.25d 18.29d 721.82c
B212 8.75a 13.14d 0.2ab 193.46b 22.91b 1186.61a
B312 8.85a 15.63b 0.21a 200.08ab 23.51ab 784.53c
B1I3 7.68c 8.56ef 0.15cd 128.91e 17.55de 986.27c
B213 7.86bc 10.58e 0.19b 159.57¢ 20.97c 1371.29a
B313 8.41ab 14.78c 0.19b 164.32c 21.71c 1002.47b

Al (B39 2o T o ¥ e ply s e slale B3 9 B2 BLwlS o jli oo Ver A &+ ly o)ll O e clajlog 13 51241 a0
In Table 11, 12, and 13, the amount of irrigation water treatments are equal to 60, 80, and 100% of water requirment, B1, B2, and B3,
the amount of biochar treatments are equal to 0, 2, and 4% by weight.
505 o ina S5 70 ot a3 (5315 (gl el 2 iy By (S (slaeSibie gty
In each culomn, averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 5- Comparison of the average intraction effects of biochar and irrigation water salinity (B*S) on the measured
characteristics

. QoPao @ 5> ups*au-”f o ) Colan olar ool o r"Tf 5,Slas
. & o] . ; osphorus _
I sl > - S S Nitrogen  Potassium (mg/kg) Yield
Treatment Bulk den:‘lty actual der315|ty pH EC (dS/m) (%) (mg/kg) (kg/ha)
(gr/icm?®) (gr/icm?®)

B1S1 1.14dc 2.06d 8.11b 8.46e 0.11e 119.63e 16.66f 1057.24b
B2S1 1.13d 2.04d 8.13b 10.52d 0.14d 121.12e 17.75e 1302.53a
B3S1 1.13d .02dy 9.11a 11.72cd 0.14d 123.65e 18.11e 804.49c
B1S2 1.42b 2.45b 8.26b 10.63d 0.16¢ 167.16d 20.08d 817.36¢C
B2S2 1.19¢ 2.22¢ 9.25a 12.25¢ 0.19 184.28b 22.61b 754.29d
B3S2 1.15¢c 2.12c 9.6% 14.85b 0.19b 187.37b 23.21b 624.05e
B1S3 1.66a 2.75a 8.57ab 12.56¢ 0.17c 176.13c 21.12c 696.85de
B2S3 1.22¢ 2.25¢ 9.61a 18.23a 0.23a 211.26a 24.54a 604.28e
B3S3 1.16¢ 2.15¢ 9.94a 20.65a 0.24a 216.54a 24.99a 547 81f

A3lige (35 2oy ¥ g Yl s e slojles B3 5 B2 BL ey iterjed Vs ¥ )l )] o 655 slale S8 582 81 Jgae >
In Table S1, S2, and S3, the irrigation water salinity treatments are equal to 1, 4, 7 dS/m, B1, B2, and B3, the amount of biochar
treatments are equal to 0, 2, and 4% by weight.
3505l gine NI 7 0 Jlezs] s )3 (55313 pgail obl 1 s By sl (sl pSiie gt
In each culomn, averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 6- Comparison of the average intraction effects of irrigation water amount and irrigation water salinity (I*S) on
measured soil properties

o

Slowi SAB pogatw oy (i ogate @ & o] Calws I Wu Phosphorus a’%’”‘
Treatment Bulk density actual density H Sy Nitrogen  Potassium (00 Yield
(gr/cm?) (gr/cm’) P EC@s/m) ~ *%)  (mykg) (kg/ha)
1151 L44cd 1.19cd 6.23b 10.75¢ 0.18c 152.82d 20.23¢ 1085.25b
1251 1.38d 1.16d 6.14b 10.63¢ 017cd  143.63d 18.44d 1326.85a
1351 1.32d 1.13d 6.06b 9.56¢d 0.16¢ 138.18d 17.92d 1334.57a
1152 1.62b 2.38b 7.31ab 15.74b 023ab  176.57b 2321ab  1014.52bc
1252 1.56bc 2.330c 7.22ab 14.36b 022b  169.42bc 22.01b 1027.39b
1352 151c 2.28¢ 6.45b 11.58¢ 0.19¢ 158.52¢ 2052c  1258.6%b
1153 1.75a 2.48a 8.98a 20.14a 0.27a 202.21a 24.69a 724.56¢
1283 1.71a 2.41a 8.26a 18.24a 0.25a 186.46a 23.65a 876.47c
1353 1.48¢ 2.24c 7.12ab 14.28b 0.19¢ 164.78¢ 20.97bc 915.68¢

Al iy 2o Vo g A Fe il ol Ol e slojleg 13 912 1 (2o 5 uitarjewd Vo ¥ Ol )l O 558 slo)le S3 982 ST Jgue 5
In Table S1, S2, and S3, the irrigation water salinity treatments are equal to 1, 4, 7 dS/m, 11, 12, and 13, the amount of irrigation water
treatments are equal to 60, 80, and 100% of water requirement.

515 I ine BT 7 0 Jlais] pas y3 5503 el olil 1 GlaSy gy (el (ol 5Silon gy
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Introduction

Saline soils resulting from natural and/or anthropogenic processes are very diverse and widely distributed under
all climates. Soil salinity as a serious environmental problem has negative effects on plant growth and development
in arid and semi-arid as well as humid regions. Since increasing global food security is a fundamental goal to feed
the growing world population, it is necessary to develop suitable and efficient techniques for the rehabilitation of
salt-affected soils and their exploitation. Chemical fertilizers are usually used to provide nutrients required for plant
growth in order to increase crop yield, but application of these chemical components has negative environmental
effects and reduces the quality of soils and agricultural products. The use of beneficial microorganisms (bacteria and
fungi) as fertilizers and biological amendments has a high potential to improve productivity in saline soils. The aim
of this study was to investigate the effect of using Acidithiobacillus bacteria along with mycorrhiza on the production
of some photosynthetic and biochemical metabolites in maize under salt stress and comparing it with control
conditions.

Materials and Methods

To perform this experiment, a surface soil sample was collected from a depth of 30 cm from the campus of
Ferdowsi University of Mashhad, and some physical and chemical properties of the soil were measured by usual
laboratory methods. To prepare saline soil a mixture of four compounds MgS0O4.7H,0, Na,SO., NaCl, and CaCl..
2H,0 were used. The mycorrhizal fungus (Funneliformis mosseae) and mesophilic Acidithiobacillus bacteria species
two types of bacteria, Acidithiobacillus thiooxidans PTCC No: 1692 (DSM 504) and Acidithiobacillus ferrooxidans
PTCC No: 1646 (DSM 583), were purchased from Turan Biotechnology Company (Semnan Science and Technology
Park) and Iran Microbial Scientific and Industrial Research Center (PTCC), respectively. In this research, the effect
of biological treatments including: two levels of mycorrhiza (inoculation and non-inoculation), two levels of salinity
(0.96 and 6 d/m) and four levels of Acidithiobacillus control (C), Acidithiobacillus thiooxidans (T), Acidithiobacillus
Ferrooxidans (F), Acidithiobacillus thiooxidans and Ferrooxidans (T+F) were compared with each other on some
photosynthetic and biochemical characteristics of Zea mays under greenhouse conditions in the form of a completely

©2024 The author(s). This is an open access article distributed under Creative Commons
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randomized design with factorial arrangement with three replications. 10 gr of salt mixture (this amount of salt was
obtained to reach electrical conductivity of 6 in the pre-experiment) was added to 5 kg of soil and the soil moisture
of the pots was kept for one month in the field capacity. Bacterial treatments were inoculated with 30 mL of cell
suspension per pot (approximately 107 CFU mL™). In the simultaneous use of two bacteria, 15 ml of each bacterial
cell suspension (15+15) was added to each pot. Single-cross 704 variety of maize was grown in pots and soil moisture

was maintained during the growth period in the field capacity by weighing. Chlorophyll a, b and carotenoid,

concentrations of flavonoids, anthocyanins and proline and electrical leakage were measured in fresh leaf samples
(third leaf on the stem).

Results and Discussion

The results showed that salinity decreased the percentage of root colonization and chlorophyll a and b content in
leaves. Salinity decreased chlorophyll a, b and carotenoid in leaves by 27.9, 68.42% and 50%, respectively. Salinity
increased proline concentration (42.62%), electrolyte leakage (33.30%), anthocyanins concentration (96.36%) and
leaf flavonoids (84.73%) compared to control soil. Inoculation with mycorrhiza compared to no inoculation had a
remarkable and significant effect on all investigated parameters in both saline and control soils. In saline soil,
mycorrhizal inoculation reduces electrolyte leakage (56.75%) and increases chlorophyll a (2.3 times), chlorophyll b
(6.6 times), carotenoid (1.3 times), proline concentration (24.39%), anthocyanins amount (24.07) and flavonoids
(20.4%) in the plant. The effect of bacterial treatments on the investigated parameters in plants inoculated with
mycorrhiza was greater than non-inoculated treatments. The effectiveness of the simultaneous application of both
bacteria was greater than the effect of each of them alone. In saline soil, simultaneous inoculation of mycorrhizae with
both bacteria species reduces electrolyte leakage (14.72%) and increases chlorophyll a (39.80%), chlorophyll b
(106%), carotenoid (50%), proline concentration (10.12%), the amount of anthocyanins (14.17%) and flavonoids
(4.06%) compared to mycorrhiza treatment alone. The results showed that these bacteria can probably be considered
as helping mycorrhizal bacteria.

Conclusion

The objective of this study was to examine the impact of simultaneous inoculation of mycorrhizae and
Acidithiobacillus bacteria on select photosynthetic and biochemical metabolites of maize subjected to salinity stress
conditions. Confirming the results of other studies, the results of this research also showed the clear and distinct effect
of mycorrhiza on increasing chlorophyll and producing metabolites effective in increasing plant resistance to salt
stress. In addition, the results showed that although the use of each species of Acidithiobacillus ferrooxidans and
Acidithiobacillus thiooxidans alone was effective on the measured parameters in both saline and control soils, the
simultaneous inoculation of both Acidithiobacillus bacteria species and mycorrhiza had the greatest effect on
increasing chlorophyll, production of proline, anthocyanins and flavinoids and reducing electrolyte leakage and as a
result, increasing tolerance to salt stress. In other words, these bacteria can be considered as mycorrhiza helper
bacteria, whose activity can improve the function of mycorrhiza. On the other hand, mycorrhiza symbiosis may have
increased the efficiency of these bacteria by changing the soil conditions and the environment around the roots.
However, further greenhouse and field experiments with other plant species are necessary to confirm these findings.

Keywords: Biofertilizer, Mycorrhizal helping bacteria, Mycorrhizal symbiosis, Proline, Salt affected soils
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Figure 1- Interaction of salinity, mycorrhizal inoculation and bacteria species on presentage of root colonization
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)

(P < 10) sl bajlos oy 3 sine oglis oimd i oglitie g8 Loy >
Means with the same letters are not significantly different at 5% probability.
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Figure 2- Interaction of salinity, mycorrhizal inoculation and bacteria species on chlorophyll a
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous
ferrooxidans (F) and co-inocoulation of both bacteria species (T+F)
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Figure 3- Interaction of salinity, mycorrhizal inoculation and bacteria species on chlorophyll b
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous
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Figure 4- Interaction of salinity, mycorrhizal inoculation and bacteria species on Carotenoid
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
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Figure 5- Interaction of salinity, mycorrhizal inoculation and bacteria species on proline
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
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Figure 6- Interaction of salinity, mycorrhizal inoculation and bacteria species on Electrolyte leakage

Non bacteria inoculation ©, inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans (F) and

co-inocoulation of both bacteria species (T+F)
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Figure 7- Interaction of salinity, mycorrhizal inoculation and bacteria species on Anthocyanin
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
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Figure 8- Interaction of salinity, mycorrhizal inoculation and bacteria species on Flaffinoids
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans (F) and
co-inocoulation of both bacteria species (T+F)
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Introduction

Forests, encompassing approximately 30% of the Earth's land area, hold significant ecological importance due
to their rich biodiversity and the multitude of environmental services they provide. These ecosystems outperform
other terrestrial habitats, making them invaluable to all life forms on our planet. The destruction of forest habitats
and changes in land use patterns exert significant impacts on the variability of soil quality indicators. The
consequence of forest degradation encompass various adverse consequences, including the destruction of wildlife
habitats, climate change, global warming, diminishing plant and animal biodiversity, and reduced water
conservation capacity. Extensive research has been conducted to investigate soil quality in diverse land uses within
temperate regions. However, there is a noticeable scarcity of studies focusing on semi-arid regions. It is imperative
to note that a comprehensive and practical assessment of soil condition necessitates the simultaneous measurement
of physical, chemical, and biological indicators. Such an integrated approach ensures a thorough and effective
evaluation of soil quality. The primary objective of this study was to assess the impact of various land uses, namely
natural forest (C. betulus - P. persica), plantation (Q. castaneifolia), garden, rangeland, and agricultural lands
(rice), on the physical, chemical, and biological properties of the organic and mineral soil layers. Specifically, the
investigation focused on the evaluation of fauna and flora, microbial communities, and enzyme activities. The
study was conducted in the semi-arid region of Kajur Nowshahrmourd.

Materials and Methods

To achieve this objective, contiguous sections of the study area were carefully chosen, ensuring minimal
variations in height above sea level, percentage and direction of slope. Subsequently, three slice of one-hectare
dimension plots (100 x 100) were selected within each study habitat, with a minimum distance of 600 meters
between them. From each one-hectare plot, four leaf litter samples and four soil samples (30 cm x 30 cm, 10 cm
depth) were collected and transported to the laboratory for analysis. In total, 12 litter samples and 12 soil samples

were collected from each of the habitats. The soil samples were divided into two parts: one part was air-dried and

then passed through a 2 mm sieve for subsequent physical and chemical testing, while the other part was stored
at 4 degrees Celsius for biological assessments. One-way analysis of variance tests were employed to compare
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the characteristics of the organic layer and soil among the studied habitats. Furthermore, Duncan's test (P>0.05)
was utilized to compare the average parameters that exhibited significant differences among the different habitats.

Results and Discussion

The findings derived from this investigation underscore the substantial variability in organic layer
characteristics across different vegetation types. Natural forests emerged as the most prominent in terms of
thickness, nitrogen content, and calcium concentration, whereas agricultural areas exhibited the lowest values.
Grassland areas displayed the highest carbon content and carbon-to-nitrogen ratio, while agricultural and natural
forest areas demonstrated comparatively lower values. Agricultural lands demonstrated elevated bulk density and
sand content, whereas natural forests exhibited the lowest values. Notably, natural forests showcased the highest
porosity, aggregate stability, silt percentage, and macro- and micro-aggregate quantities, while agricultural areas
presented the lowest values. Chemical analysis of the soil indicated that natural forests recorded the highest values
for most chemical characteristics, while agricultural lands displayed the lowest values. Biological attributes
generally exhibited the highest levels in natural forests and the lowest levels in agricultural areas. Specifically, the
abundance and biomass of epigeic and endogeic fauna did not exhibit significant differences among different land
uses during the summer season. Managed forests demonstrated the highest values for moisture content, basal
respiration, substrate-induced respiration, and microbial biomass carbon. Conversely, agriculture exhibited the
lowest values in these regards. The microbial biomass carbon-to-nitrogen ratio was highest in agricultural areas,
while natural forests displayed the lowest value. Natural forests displayed the highest values for most nitrogen
transformation characteristics, whereas agricultural areas exhibited the lowest values. Nitrogen nitrification and
mineralization showed a decreasing trend across different land uses during the summer and autumn seasons. The
type of vegetation cover also significantly influenced the variability of soil ammonium and nitrate levels.

Conclusion

Based on the results obtained from this study, it can be inferred that the preservation and conservation of natural
forest cover should be given utmost importance. Additionally, in degraded areas, the establishment of woody
vegetation can serve as a viable approach for the restoration of ecosystems with similar ecological conditions.
Furthermore, the presence of tree covers, specifically C. betulus and P. persica, is of greater significance compared
to rangeland and agricultural land uses in enhancing soil fertility and creating favorable biological conditions. As
a result, this research provides valuable insights into the impact of different land uses on the characteristics of the
organic and mineral soil layers in mountainous habitats. The information obtained can be instrumental in guiding
natural resource managers and offering practical assistance in decision-making processes.

Keywords: Land cover, Rangeland, Microbial activity, Soil carbon and nitrogen mineralization
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Job 3 0,lac 51,3 4 Idophenol blue method 59, 4 pgsigel
2 ol ool 48) W plool giwcids olwd buwgs iegil SO zge
Sogth olSd b s (65 Sojlil g (Cunl pgsigel 5 b e (ST
Chpdy Oype Sl by & (gl YVe zee Job )
(yoemlSaiigal (claan]yd i ¢ly (Robertson etal., 1999)
A5 o3l (ygde dusS (b9 5l (1955 (MBS0 9 (gelSud i

.(Singh et al., 2009; Wang et al., 2010)

oty g ol &y 32

Jloy lnl daosly duslie pisred g Juoo 5 4jo0 jelaiedy
3ol b oy (San g Bgiyranlidy SoalsS igeil b el g2
e Golds pae b Opll awyp polateds W3S w9l
Sy ol Glajide L byl o adlas 3)50 sladasuine
DS ) ) 5 elosd (S SpdY slhdasie
0ol b ol ab oSy il ly 25 5l (a5 Ll Jgual
alS as 4B )5 )5 4 (pShe ANy awlie jslateds 55 (S
pLsl Y+ 45 SPSS (g )l38le 5 a3 (5ol (sl iloss g 42329
bLo)| s g opite diz U] plodl pslatody cpizmen 2l
2lond s 548 sladasuin o uﬂ Y polie b g sbacdld
L (PCA) Llol sloailse Julow ¢l el iy glsil 5 S
3590 WINdows cos PC-ORD aby; ,5 dlols il syl
85 )18 (s

A Y sladaidie

2 Y (o Shg sbne sled @glis 32y 5l (S s
Waolbus polie oy yidis biwly cpod )0 ] Calisee (slaolKiys,
Mo (pyiaS g oab SR Jidgy 1> Sl pudS g (790
S (2550 by eiomed (cudly 3l (5)9liS & ldaseie )]
S 9 Syl ioss 4 (S Ced )8 plie on il
Al b IR 5 (55)3liS )0 s baasiie (l ol
> gine OS] (G)s 5 1ot wosute 5 oseolty sladuasiie Ll
() Jsiz) wily oo o)l LS sloidyy oy

CubsS g Mo 2lS (Ldg £g iy slogiagh elaly
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Table 1- ANOVA (Mean * standard error) for organic layer characteristics in the studied habitats

oy, owlbyly 4500
Habitats ANOVA
I a¥ s S A N L omks
Organic layer properties b &) &Y &y p ) s sxe
Natur 2 Garde Rangel _ F S
al Planta n and  Agricu value 9
tion Iture
forest
Culies $963  £7.60 575 394  #3.30
Thickness (cm) 024a 034b 094c 053d 063d 19701 0.000
S 3008 E™h o6 5285 3631
o +59. 142, +52. +36.
Carbon (%) asab 2% aash 2192 350D 3874 0.008
OI9re +2.31 +1.98 +1.16 +1.18 +0.91
Nitrogen (%) 01la 032a 019b 02lb 022b 7493 0000
D395 % 01 S £1751 +28.82 $48.35 $50.10 +56.42
CIN ratio 170a 468a 731b 822b  847b 7543 0.000
S +411  $399 416 323 239
Phosphorus (%) 020a 036a 066a 039b 030b 3397 0015
ool 4267 227  £196 205  +165
Potassium (%) 033a 018a 049a 022a 027a lazr 0237
felS $303  +193 174 116  +108
Calcium (%) 046a 37.00b 04lb 022b 022b 4975 0002
e $084  $0.79 064 068  +051
Magnesium (%) 003a  004a 020a 006a 009a 1560 0.198

Psw) SB 8l pa (S j5bas gy led 4 SB 5l ST e bl @l onims olis byl 4 gl

Il 5 55 15k ieSTyie i S g gllas S plazsl
5oS SB s pls jogase pyx donl )3 w3 yide S GlSL
Wb odalie b K> )0 Wy, ol (Kooch, 2012) g5 o0
225 £ 19958 )b s (o) (S (b Ll o
(Silver et al., 2000) s s 5YL adol Mg &5 5 S s
S o8 g oy by polie (93505 B (aLS SdisS (iomen
slail L slae a5 (Jagadamma et al., 2014) xad o yuss
@ ) Meyd (el 35 300 (nl @l Ml pSl gk
O 5 ) Olgee O (siete dlaily 9 Sl 3l (b JSix doye
Ui 0 S lawliS g Slo oy .4 sanlive S g ,See
(Marcos et al., 2010) wib o K> o sblio 5 b aub
092 » Jl oS cblis coge balSBy S & bl
CbalS Ly Slo £ SUSS 1w ole Ky tin 5 o il
Six et al., 2002; Aminiyan et al., ) ol o Clus 4 SB
SB baliSE S 5 o 5 Lt Jsie BAISE 5L (2015
2l o 3aios ol gl oauS A4S o (Li et al., 2016) witws
A odmline K piaewsST 50 alaSB yoolde oy iy 4S5 okas
Gl Sily ciliseo (glacs )8 50 lassd sloyiolly o)

g hde xSl gy aub K 3 slowd sladnsuis (ST a8
b UK 0 (Y Jgin) adl e jlade JBlus (gl (g5y5liS

Sl oy 2j90 SoBllng) o > SB (b S
Py e cpyiin a5 o ol sl Camsa @l (Y Jeis)
g bl Bl (6)yoliS otag) SB 4 b 5 50l ogate
);“5l.x> Ao odblie b Ko lbaasuie O'.’.l Jldo u;/u.af
Al s g ) Mo WS gylul (s polde
3 o i (a8 5 18 6 So3la] b JSi2 3 3 5
oWing) > 0l pogasie p (¥ J9i2) 292 (55,9l oK)
h polie cpyide B SR 5 (b S 4 Cus (55)9liS
Cogume o Jol Jole (639)9 JT odle line g canl 03l L
SN sl osase gy (Schulp et al., 2008) 545 o
Xiao et al., 2021; Zhou et al., ) 5> S J S L oYL
SB 3 ol pogase p Gl (Gingh cnl ) (2015
Cudls Loy o5 (Jolo 4y g ) (50 Sy jl (6)le dilaie
Sk cdl 4> )31 .(Schulp et al., 2008; Wen-Jie et al., 2011)
Jb 52 5o Ll ogde (i S el Ly laaasete ) (S
{Meyfroidt et al., 2013) ,Ken 5§ Cugyime i)l L illae
S5 Mgiege Sasil 3 S (s 5 oo (33) Bl e
Dby s ly pimen 5 SOV gd davly 4 ]y ()b xe
@l il e il Simgd gl b Lly o &5 e Lt LalS



VWY sl oy 50 S Gare g JTaY o Sy » (ool il glag )l 51 oyl l%0n 5 z o5

Candld (b iz )3y 2bj po> 5 (2L Sidgy e 092
SB 59 0,30 Lhals )b il .(Sharrow & Ismail, 2004)
Oigr e 9 CusS (il Iy (65,5l g (o pe oKy 5
oS polie lyoms g oRilngy (pl Cod (£39)9 I dlge 40
o lod I 039 & S Camd g loyd I (59550 csleyd
Cundg Slasd SB S 0595 9 I S 0 e Jdda il
Jis cov Jglme JT 5955 ilsél ((Jiao et al., 2020130
ol o Gme g Y Gt VL ol b WIgie xbo
@l b (Fouché et al., 2020) asl bls) 55 Wolfiys,
ol LB m25e 5 pedS iy hud lie (3o g (i
b chle (Vb plie b ssmlie (6))sliS 5 b JSix
@ jhed @y &2 b ladye Sl (Sae 00d ()5 S (3bLa
WL yhud yide syiee b (oS pulY (gilo (Sane g 425 Sl
4 .(Chase & Singh, 2014) 545 0 S jaud Liul38l Coge oS
G398 oS Cals SladisS (LS lasye Lulyd > S b
A Ly 50> cladiss 4 cund |y a5l 03Vl jlie
—o 00 g sl dgvg JWd 4 S5 o 50 (Kooch et al., 2016)
SE e omb plie 4295 )3 Ol g Moo GRS )by
Chietal., ), o,lsl Jole cplay 5,0 (ide 5l (g)le ddlaio 4
(2016
S Sl Ao 0395055 GioR (nl @B b Blas
K > cupa 5ol QUi oy 3y90 Solitagy o 0 )
WS g9 > Sldscudly 1)l oy i £l g ()5 UK b
SrolRidng) 5> adyiy e Clywss LY> ) 2L ids g9
OS948 Gl (arnb S 85 (g pgbody .l (34855 3590
395 |y gy ddy)ny 039565 £l b duslie ) 055 slaady,
Gl a8l (ialS Gud & Ay i) 09976 (5550 srdisS 243
SR SB w0550 a3y 035555 odalidie 0> Y5 ]
2 @he polie jog 4 Gl > ady) (iSly Cusl (Sen (b
polis & Jdy (o piod S QLS sbadiy) o) &2 sl S
Wl Gopnd SB 3l gt g 3 38 5l 3y glie
Jobs ol 4l 55 (Sayer etal., 2006; Yuan & Chen, 2010)
P SE ghodols a4 gdaxie o jingh (g opl
L 4uslie 3 o 31 (Augusto et al., 2015; Qiu et al., 2015)
Copde g (RS by Ol 4 s SB Gl Shy ple
e Sl (padld plgisas gy cnl S (oo i iy (3]
Alkorta et al., 2003; ) $5,5 o )8 oolatwl 350 S s
dep Jl> pl b .(Guangming et al., 2017; Lee et al., 2020

sanlie (65)5liS o o] ko (a8 9 SB 1Sy ke o it
SNSRI a8 (53 Jdey g alate > STy e
Nsabimana 2008) )|,Kes g blegus! Glisios b gllee 5039 b
ool else G inte Sl ol e 5 IS oS et al,
i1y 5 N olge o bl ab ladoys > SB STy
Slae iuli8l b as ASs 4y 5yl dgng (g0 pixe e dlayly S
3 ol @3 51 (8L ) 3T (90 5 e S5 4 (53959 I
Sy g oad Sl b3l g Al )3 o 390 yide
Olyuss s opl o (Kooch et al., 2022) Ll . als S
B bl Slas 5 AUB L Sy e (oSl el
lord CLS 5 g9 4o (> (LS Gidg o (pl 4wt 5 230
S Ealin s S e s 55 ST S S olin 1L
P MBS sy bz 5y by cos S
sibo ol Spd¥ CudS g (15,0 Sy g glo slaaasuls
pas 5l S s opl sbadl (Haghdoost et al., 2011)
cod S oS 0 g JI ) slbdasude o ixe &t
P Glagiady duy oo slai 4 Bl e (Sl slagidy gl
(1]0m Sl & S (8 Lol o 1 S L 03,0 )
Lo oS Slgime s (o 390 SloolSiygy 5 s
2 e ()5 i dgug gl (g 53 AiBl oo (ol
2 Gl 0390 (550 (ladigS deg Jdody LB 4,500 4 9,5
@ dog b oS wlansh oldl ot Glagiagy dwl) Gues
2opd (pizmen g OJeyi g (1S Chgime ged SE plele
Wb glite o ool)) slagidg gl 1 LAl Sua g 9 S
Spdoms oy opl 5l (Lee et al., 2020; Zhao et al., 2021)
&b 5 039 yiite sl AL glial 3 (17905 5 (05 Clige
Kumari et al., ) cwl alS b jids g4 g olRisgy blys
N oke §1 age s3> S5 IS o355 -(2011; Sofo et all., 2020

Aol oMb (wgegn g 225 Gl 2 o3k 2> Uy cul S
OSayas opyieS g oy e J(Kooch et al., 2023) sl o wiglase
SR 53 0595 a5 g AL 980 9 9,51 ()9t (S JS
Cuto U (o3b5 lahagh oAb odalie (65)9liS g (amb
SB (5ot 003D Gl ) (95 oIS ClS sladigS g
Kimmins, 1997; Vogel & Gower, 1998; ) wlawsly o,Lal
Coge (Oieyws oYL clale L S sy (Rothe et al., 2002
Berg &) dpdie SB pfeis e ileid
solRisg; w45 (McClaugherty, 2008; Mao et al., 2010
oebaidlags al) (595 03 (VL b JKa (B0 )50
Oloj CubdS g MK ide i 50 odmd LS egi 4 aS b
Yo s @ plgice ) Gl cnl sl ST (g pis (Saalsl



VPe¥ Colgmdyl - 139599 ) oyleds FA wle (S g ol s VYY

@ypbols polie (ol b ool cudS L JTolge 3959 S I
015 (5)5liS g (50 oy por 3l s led cdl el S
sla o)l ols s ) odel Cund 4 gl b Lwlyen ol
S5 s (or 5 S0 S 55 (Srnod 2 ive (tiie
S Jols g (Zhang etal., 2021) olesd g (S0 Slusgas
ol &3l calises slaol&iyg, 5> (Wenxiang et al., 2002) S

Ll

5503 b awslie )3 byl 5l (B ol (Sen g A8 oy >
(Wangetal., 2012) xms s |y (568 byt &l puis by 351
L;o))j el as sl olis yobs adllas ks Lol Cpo 3D
28 o3 DS iy g9 U o8 soine b SB
e dlge (IS 59,05 (Cheng et al., 2013) SB- STy jolie
5 slosd (I 0355 dmeie 9 melS oy Red) (oyid
15 sl 030y Il 1y ST slap 5T b ¢ Jglee T 5950

oy g 0lnl 6w LS idgr i il cov S slag 3]

addlbao 390 (SW0ung; 1> S (S S5g (Hlero slitcdl  (1SSlo) (uily g 42525 -F Jguo
Table 2- ANOVA (Meanz standard error) for soil characteristics in the studied habitats

8K "'“9) U”';li)'s 49‘)'9‘6
S b S Habitats ANOVA
Soil properties b S 50K & & S 509LiS Folae (gl
Natural forest Plantation Garden Rangeland Agriculture F value Sig.
@l pogats gy 1.06+0.02a  1.14+ 0.03a  1.30+0.08b 1.32+0.05b 1.45+0.05 b 9573 0.000
Bulk density (g cm™)
Gt pogate p 265:007a  260£007a  261£003a  270£005a  2.67+007a 0.376 0.824
Particle density (g cm®)
J"_d"“" 0.60+£0.01a 0.56+0.02b  0.50+0.03 bc 0.51+0.02bc  0.45+0.02¢c 5.997 0.000
Porosity (%)
‘%{'“‘ﬂli 7242+096a  65.62+417b  60.87+4.28b  55.02+4.17bc  45.10+3.33c 8.311 0.000
Stability (%)
o8 1758+1.18d  21.75+1.79d  24.00+1.30c 28.58+2.00b  38.58+248a 19.580 0.000
Sand (%)
S_“L‘“'I't ) 4217+1.80a  4183+247a  4325:133a  4467+2.10a  4550+256a 0.566 0.689
I (]
o 40.25+2.08a  36.42+189b  3275+1.12b 26.75+129¢  15.92+0/60 d 40.488 0.000
Clay (%)
Cad > Bl 34.75+4.39a  31.00+506a  2842+2.28a  2550+3.73ab  17.17+121b 3.368 0.016
Macro-aggregate (g kg?)
o s 57.75+4.63a  43.67£3.86b  41.17+500b 36.25+3.58h  22.33+4.10c 9.023 0.000
Micro-aggregate (g kg™)
Sy 4 Cudyd LS Cons
Macro/Micro-aggregate 0.65+0.09 a 1.03+0.42 a 0/94+0.22 a 0.85+0.21a 1.03+0.15a 0.427 0.788
ratio (g kg™)
u“if l 6.97+0.13a  6.82+0.16ab  6.32+0.14b 6.33+0.18 b 6.31+0.23 b 3418 0.014
p
S eeba 030+00la  026£004a  0.25+00la 024+002a  0.22+0.02a 1771 0.148
EC (dS/m)
Cvzgj | 4.44+0.26 a 4.43+0.40a 457+042a 4.96+053a 3.72+0.38a 1.208 0.318
0
o o 46.98+256a  50.27+424a  59.63+6.78a 64.01+6.08a  54.62+6.26a 1.615 0.183
C stock (Mg ha?)
Cudyd SlsE o oS
C in Macro-aggregate 454+031b  487+015ab  5.05+0.20ab 541+ 0.15a 3.66+0.33 ¢ 7.749 0.000
(gkg?)
Sop S 5 S
4.36+0.21a 4.39+0.21a 412+0.24a 4.16+0.35a 3.01£0.28 b 4.694 0.002

C in Micro-aggregate
(9kg™)
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by IS 8 Caa

BRS
Macro/Micro-aggregate
C ratio (g kg?)
Jobre J 08
Dissolved organic C
(mg kg™)
sl Jens
Particulate organic C
(mg kg™)
oS Capde sl
Carbon management
index
4 Jol Gos uJT odle s
P9
OM1/OM2 ratio
U395
Total N (%)
I9F S
N sequestration
(Mg ha)
by SISB s y5e 00
N in Macro-aggregate
(@kg?)

520 SIS 53 (559
N in Micro-aggregate
(9kg?)

Cadsyd S 59 5 Cnnd
BRS
Macro/Micro-aggregate
N ratio (g kg?)
Jobe I 3ot
Dissolved organic N
(mg kg™)
oy JI 3y
Particulate organic N
(mg kg™)
039558 4 (p)S Comd
C/IN ratio
I 39S 4 ) S
Jobe
Dissolved organic C/N
ratio
N O3 4 S S
&y
Particulate organic C/N
ratio
prom.
Available P (mg kg)
Available K ( mg kg™)
oS
Available Ca ( mg kg?)

3
Available Mg ( mg kg

1.08+0.10 a

38.37+5.52 a

3.94+0.49 a

732.90+77.49a 790.71+101.86a 956.85+181.86a

5.82+0.32 a

0.46+0.03 a

4.85+0.27 a

0.54+0.08 a

0.24+0.04 a

3.43+0.90 a

26.62+3.48 a

0.45+0.02 a

9.75+0.37d

1.85+0.41 a

8.98+1.22 a

39.95+1.98 a

404.67+23.50a 302.33+15.97b

291.25+ 13.52 a

72.58+4.06 a

1.14+0.08 a

35.9445.00 a

3.10+0.38 ab

5.96+0.50 b

0.38+0.02 b

4.36+0.26 ab

0.50+0.04 ab

0.23+0.03 a

4.95+2.57 a

18.20+2.88 a

0.33+0.02 b

11.48+0.52 cd

2.28+0.41 a

9.72+1.38 a

30.59+0.95 b

202.42+3.65 b

50.83+3.57 b

1.28+0.10 a

31.26+2.87 ab

2.62+0.34 b

4.68+£0.30 b

0.35+0.03 bc

4.51+0.45 ab

0.40+0.06 ab

0.22+0.04 a

5.55+3.11a

13.16+1.08 bc

0.24+0.03 ¢

13.41+0.90 ¢

2.58+0.35a

13.29+2.85

25.18+1.28 ¢

272.00£17.57 b

194.67+6.40 bc

40.08+2.13 ¢

1.43+0.15a

24.23+2.43 b

2.48+0.43 b

116.60+238.28 a 803.28+162.74a

5.05+0.18 b

0.29+0.03 ¢

3.78+0.31 bc

0.36+0.06 b

0.18+0.03 a

2.80+0.77 a

11.64+0.55 ¢

0.22+0.02

16.82+0.74 b

2.19+0.26 a

12.59+2.82 a

19.37+1.64d

204.25%17.30 ¢

171.58+7.67 ¢

32.17+2.45¢

1.32+0.16 a

15.98+1.01 ¢

0.94+0.07 ¢

1.9740.10 b

0.20+0.02 d

2.96+0.37 ¢

0.19+0.02 ¢

0.12+0.02 a

3.53+1.38a

7.07+£0.79 ¢

0.13+0.02 d

18.98+0.97 a

2.64+0.37 a

14.97+6.45 a

13.74x1.72e

137.50+6.24d

113.92+8.20d

20.92+2.78d

1.322

5.890

8.772

1.164

8.439

15.591

4.774

6.190

2.529

0.338

12.322

27.018

26.537

0.767

0.514

42.298

35.151

56.604

40.843

0.273

0.001

0.000

0.337

0.000

0.000

0.002

0.000

0.051

0.851

0.000

0.000

0.000

0.551

0.726

0.000

0.000

0.000

0.000
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Coarse root biomass ~ 1518.83+67.28a 72358+93.80b 80158+5310b  124.25:834c  50.42+1.00c 113.625 0.000
(kg he.)
M el 64.15:6.73a  46.39+6.92bc  48.54+6.19b  31.87+195cd  28.60+3.73d 6.844 0.000
Fine root biomass (g m?)
Sloysl o33l
Urease 26.62+1.57 a 20.30+1.21b 16.78+1.35¢c 11.66+0.75 d 7.92+0.62 ¢ 40.160 0.000
(Mg NH"-N g™ 2h™)
3blad Sl o )‘ﬁ
Acid phosphatase 406.08+25.47a 277.75+27.03b  210.92+22.44 c 181.67+£14.88 c 93.58+8.64 d 31.275 0.000
(Mg PNP g*h™)
g ol o 51
Arylsulphatase 107.25+£12.03 a 98.08+8.94 a 88.50+5.84 ab 69.831£5.89 b 47.1745.09 ¢ 9.001 0.000
(Mg PNP g*h™)
3Byg0! 31
Invertase 144.92¢15.63a 121.92+10.84ab  103.17+952b  9450+7.83b  42.92+3.65¢ 13.718 0.000
(ug Glucose g1 3h™)
Jas o K o yp0 diwly ol 52 .(2006; Sabrina et al., 2009 SB S sladediie

oSy slp ) aebual Hlw balis Sos ooy, @ o
St Ol CulsS Sl gk 53 Cuwl 03,8 3bul SB el
a8 )l (15 ials & e (2550 ol 45 (YL C/N)
Birkhofer et al., 2011; Lazarova et al., ) cuwl oss Sb
53 2 st 53 (o5 CIN) iy ki S o Jo 53 (2021
001 @y 1y LS cblas i g aish S > lbgsge (ST,
s Y 5l 668 Cuobus ¢ > (pen 4y (SONg et al., 2016)
e G (S35 sl il Conl o ool JSix ol 5
5 39 SB Chbsrse W15 g Sy ond alSll iww
@S 50 o zea LS sLl g4 .(Vohland & Schroth, 1999)
Wadud ) 545 S 55 Caliseo slapadl §,S00 syl el Llg o
255 » Sl e oS ((Khan et al., 2019; Heydari et al., 2020
(LS Gide 0,3 sl dilise balypd cov S sapuslS)
Sluogad 5 olS losladl g5y by oMo piisussS] 3
S5 b 55 S o) w815 5 Losiins Wilgs o S
pr) S (638 oled cuze ia (Brinkmann et al., 2019)
Fo )0l oezan 5 VL S S (s ogasie
W .(Asadu et al., 2015) 5,8 oLl g wS15 0 (Lo S
2 SB STy YL polie Cote il oIl pols Gubss
5 aS" (Korboulewsky et al., 2016) S5 S slap,S o515
5 (Matute, 2013) sl (Erdmann et al., 2012) sl
b oawlis o s olRiyg, 4o (Rgnn et al., 2001) 545595
slo b anglie 3 (> (Sl gjysliS 5 @lie Sid
28 & e &5 )l (6L (ol alS (sla iy ¢l

et al., 2019; Gharibreza et al., 2020; Arias-Ortiz et al.,
Oluogad (w9 ohesd Sluogas L awlis » (2020

sbdasuio » b e d)LJ Sl dgng 5l (S ls
@l Bk b (wyp 390 (S slagpidy » SB e
by b S oKingy 50 baastie ST Loy sdel covty
slie (ppeS s (gjyaliS anpe 3 &8 b 3 lade g it
» u_i.\j)s.b] 9 A_g;j)u.ﬁl 0.395‘_5) 9 LS"‘?‘)B .A.wl)L;a > diastio U"l
S re AN ey bl Lad jo calisee slas,l8 o
oSl dld Cogby yoolie oy il baidl illke Al
OpeS g Culy 3l (S US> 4 (S 29,50 03505 xSl
&S Jbpd il plaid] 5)0lis doye 4 dasuin (pl polis
4oy 2 Giar & S (955 039k Cumd e yiSh
(V' Jgaz) 4 osalio (gl K> )3 ol JBlas 9 (g5y5l8
SptugsS] 3los )3 (oo il (2L Slotdy ly]
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a8y, olly 4
Sl g b el Habitats ANOVA
Climate, soil fauns and flors  Jud P SIS & Sy Silss L ccodlPT oo
Seusan Natural forest Plantstion Garden Rangeland Agriculture nll,u e
S Cuds; Sumimer 25252100 ob 24650100 5 21124086 he 1B K064 ¢ 15.10:0.78 ¢ 17,789 1000
Moistire {%) Autusrn WET=1500 NA3:15w 2TH5:205 % 2195073 b 1797140 h 11755 0,000
N R Sumimer 21 8=1.12¢ 19892060 ¢ M4.05:40.73 % 2539:001 b 20621056 5 200 0000
Tompermiursi"C) Autvern 15582057 0 145821 05 » 1349161 » IRTI=1 47 182821250 2,087 0,095
SIi Ay Summer 025401000 0330220 008008 » 00000005 0000000 4 1538 0.204
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Kl 939455 Summer 476280 2T4e2028 06610.66 & 0.00-0.00 3 0.00:401.00 1942 nlle
Vipageic biomass (mg m™) Autuaten 1663420 u 1277308 » 1A% L0 116 0X1 b 0.00:0.00 b 10.326 0000
S A Sumimer 0584019 5 017011 b 0174017 h 0.00:0.00 b 0.00:000 b 1667 nue
Anccic density (n m”) Avtirre 016T+026 8 0472019 o 0.00:0,00 b 0.00:000 b 0.00:400 b 4.656 0.003
IOE P Summer 66142300 33223 3 L7 4 0.00:000 b 0006000 b 280 0.031
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Table 4- ANOVA (Meanz standard error) Nitrogen transformation characteristics in the studied habitats

ISyt 2, oilyly 520
0595 : . _ Ha?ltats . : A“NOVA
Nitrogen Juas b S LN & & S39les Folade  biine
transformation  Season Natural forest Plantation Garden Rangeland Agriculture F value Sig.
g
o Summer  2657+208a  19.12+126b  17.46+098b  11.85+0.38c 6.52 +0.64 d 38.630 0.000
NO3 (mg kg?)
g0l
P59 Summer  11.02+058a  10.54 +0.43a 8.33+0.38 b 6.68 +0.65 C 4.01 +0.49 d 31.493  0.000
NH, (mg kg™)
Nitrification Summer 0.32+0.03¢c  019%005abc  0.27 £0.05 bc 0.16 +0.02 ab 0.10 0.03a 3.540 0.012
(mg NOs™ kgt)
O9elSaisigel
Ammonification Summer 0.36 #0.03 a 0.22 £0.04 b 0.23+0.05b 0.13 £0.03 bc 0.08 £0.03 ¢ 8.704 0.000
(mg NH4" kg?)
B
N mineralization ~ Summer 0.09+0.05a 0.07 £0.03a 0.06 £0.04 a 0.04 £0.03a 0.03£0.02a 0.360 0.836
(mg N kg soil™)
Ol s
e Autumn 1692+ 1.29a  1353%1.18b 8.86 £0.33 ¢ 4.78 £0.43d 2284020 e 53.982 0.000
NOs (mg kg™)
W
Poese Autumn  620%0.80a 3.29 020 b 2.22 £0.24 be 1.89 £0.12d 0.91 £0.05d 27.175  0.000
NH, (mg kg)
Nitrification Autumn 0.24 £0.04 b 0.22 £0.04 b 0.20 £0.01 b 0.10 £0.02a 0.05+0.01a 9.146 0.000
(mg NOs™ kg?) '
O9elSaisigel
Ammonification ~ Autumn 0.22+ 0.05a 0.16 +0.01 ab 0.13+0.01 b 0.05 +0.01 ¢ 0.00 £0.00 ¢ 14.403 0.000
(mg NH4" kg '
OI9 P8 B FAxe
N mineralization ~ Autumn  0.06 + 0.02a 0.06 +0.04 a 0.07a+0.02a 0.05 +0.02 a 0.050.01a 0.891 0.278

(mg N kg soil?)
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Figure 2- The relationship between different land use: Natural forest (NF), Plantation (P), Garden (G), Rangeland (R) and
Agriculture (A). (a) with the characteristics of the organic, physical and chemecal soil, (b) and the biological characteritics of
the soil in principal component analysis
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Introduction

Phosphorus is an essential element for all living organisms, and it cannot be replaced by any other element.
Phosphorus has however a limited resource, and it is estimated that the extracted phosphorus resources (Apatite)
will last for another 50 to 100 years. One of the most widely used technologies for recycling phosphorus is the
precipitation of phosphorus from sewage sludge and leachate. Phosphorus Recovery as struvite
(NH4MgPO4.6H,0) from sewage sludge has attracted special attention due to its potential for use as an ecological
and slow release fertilizer. Struvite is a white, grain-like solid, odor-free and sludge—free ingredient, composed of
magnesium, ammonium and phosphate at equal molar concentrations. Therefore, this study is designed to examine
the effect of struvite replacement with triple superphosphate fertilizer on some physiological parameters and
phosphorus availability in wheat plants in calcareous soils deficient in phosphorus.

Methods and Materials

Soil with phosphorus deficiency was collected from 0-30 cm depth under arable lands of Hajjiabad-e Seyyedeh
located in Ghorveh township, Kurdistan Province, Iran. The soil was air-dried and ground to pass through a 2-mm
sieve, followed by laboratory analysis to determine its physico-chemical properties. The struvite used in the
research was obtained by optimizing the three main factors of sulfuric acid concentration, solid-to-liquid ratio, and
time for the leaching process, and the three key factors of Mg:P ratio, N:P ratio and pH for the precipitation process
by Response Surface Methodology. To achieve the aim of this study a factorial experiment was carried based on
completely randomized design with 4 replications. The factors included the application of different proportions of
struvite replaced with triple superphosphate (S0:P0O, S0:P100, S25:P75, S50:P50, S75:P25 and S100:P0) and 3
levels of phosphorus (50, 100 and 150 kg TSP ha) and a total of 54 pots. The application rate for struvite was
calculated based on total phosphorus (P20s). Then 10 wheat seeds were planted in each pot at 2-cm depth which
after plant emerging and greening, declined to 4 plants in each pot. The pots were randomly moved twice a week
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during the growth period to eliminate environmental effects. Irrigation and weeding operations were applied by
hand. Plants were harvested 60 days after planting (beginning of flowering), washed with distilled water and dried
with tissue paper. The samples were air-dried and then oven dried at 70°C to a constant weight in a forced air-
driven oven. Phosphorus concentrations in plant extracts were measured by the molybdenum vanadate or yellow
method and chlorophyll content (a, b and ab) and carotenoids using the Arnon method. The statistical results of
the data were analyzed using SAS software and LSD test (at 5% level) was used for comparing the mean values.

Results and Discussion

Based on the obtained results, all the investigated treatments and their interactions were significant at p<0.01.
However, the interaction effect of fresh weight shoots and height was significant at p<0.05. The comparison of the
average data showed that the highest amount of fresh weight shoots (7.79 g pot™), dry weight shoots (1.130 g pot-
1y and height (29.66 cm) was obtained from the application of S75:P25 150 kgTSP ha’. By use of struvite instead
of triple superphosphate fertilizer, the phosphorus concentration and uptake of wheat increased at all three fertilizer
levels, so that the highest phosphorus concentration (0.174%) was obtained from S75:P25 150 kg TSP ha.
However, there was no statistically significant difference for S100:P0 (0.169%) treatment. The highest amount of
phosphorus uptake in wheat with an average of 0.197 g pot™ was obtained from the S75:P25 treatment (150 kg
TSP ha'), compared to the treatment of 100% struvite (5100:P0) and 100% triple superphosphate fertilizer
(S0:P100) with the averages of 0.158 and 0.109 g pot™, respectively, showing 19.79 and 44.67 percent increase.
Also, the results showed that the treatment of 150 kg TSP ha 100% struvite (5100:P0) compared to 100% triple
superphosphate fertilizer (S0:P100) increased the amounts of chlorophyll a, b, ab and carotenoids by 7.78, 3.82,
6.44 and 6.84 percent, respectively.

Conclusion

Despite struvite's low solubility, it is a highly soluble phosphorus fertilizer for plants . However, the reasons
for this apparent contradiction and also the specific mechanisms of struvite dissolution are still unclear. Hence,
further accurate measurements at different pH and EC conditions with different physical and chemical properties
of soil studying phosphorus fractionation in soil will help to better understand the use of struvite. Therefore, it is
recommended to optimize the timing and application rate of struvite in relation to the demand for different
agricultural and garden crops.

Keywords: Chlorophyll, Phosphorus, Struvite, Wheat
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1- Struvite
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3- Expert Design
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1- Response Surface Methodology
2- Central composite design
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Table 1- Some physico-chemical properties of soil tested before planting
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soil ~ Clay Silt  Sand S ton P ° zn Fe e H
texture (mg kg™") ( Kk . (mgkg?)  (Mgkg?)  Ec (dsm?) P
-
) Py
Clay 32 37 31 0.58 0.06 2.54 260 1.24 8.28 0.372 7.18
loam
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Figure 1- Recovered struvite from sewage sludge ash (magnesium ammonium phosphate) (right) and commercial phosphorus
fertilizer (triple superphosphate) (left)
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Table 2- Some physico-chemical properties of struvite used in this study
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Chemical formula Chemical formula
ol Jlore yiud i
Sy
Water soluble P20s 12.46 >39 As (rr{ I)< 1 109 <50
(%) 9%
Sl )3 Joloro yaud andlS
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Table 3- Analysis of variance of the effect of different levels of Struvite on some of growth parameter and Phosphorus
availability in wheat
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C.V (%)
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ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively.
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Table 4- Means comparison of the effect of different levels of Struvite on some of growth parameter and Phosphors
availability in wheat

@la! P339 @l Sis 39 @ @l M cdale @l M RS
slie 2yles wilg ol Heigéht ;Iant il o
Resources Treatments Shoot fresh Shoot dry (cm) Shoot P Shoot P uptake
weight (g pot!)  weight (g pot™) concentration (%) (%g pot?)
aals 3.25¢9 0.498% 22.16" 0.094" 0.047"
S0:PO
Cland g 223+ 49 0.529% 23.50°" 0.134¢ 0.070"
S0:P100
Y0 + Co gyl %V0
i pygw 4.82¢f 0.538 23.33¢foh 0.124° 0.072'm
S25:P75
sy p)S5kS 0 70+ gy sl %00
S 5o lawd i pygw 5.18% 0.5821 250def 0.128 0.074'm
50 kg TSP hat S50:P50
TV + o gg il %V0
i pygw 5.41% 0.619" 25.16°%¢ 0.128 0.0794
S75:P25
Caggyiel 2+ 5.43% 0.635%" 25,50 0.135° 0.0865
S100:PO
sals 3.48¢ 0.498% 23 0.094" 0.047"
S0:PO
Slandygg 20,33+ 5.27% 0.672% 250t 0.136° 0.091i
S0:P100
TV + o gg il %Y0
i pgw 5.50% 0.679¢f9 24.66%1 0.144¢ 0.091M
S25:P75
Ry PSS Tt gy il %60
S 55 lawd i pgw 5.53¢% 0.6999%f 24.66%1 0.144¢ 0.1019"
100 kg TSP ha' S50:P50
TYO + o gg il SV
Slind g0 5.52¢% 0.727¢% 25.66% 0.154% 0.112¢f
S75:P25
Caggyel 71 5.88% 0.744¢ 260 0.159° 0.118°
S100:PO
sals 3.33¢ 0.531k 22.66" 0.094" 0.050"
S0:PO
Slondig 20,33+ 5.83% 0.718%f 24,830 0.152¢ 0.109'
S0:P100
V0 + Ca gyl %V0
Olind pygw 5.87% 0.846° 26.66™ 0.154 0.130¢
S25:P75
Ry pSskS N0 70t Cgg el %00
S 53 lawd Olind pygw 6.53 0.902° 25.83% 0.155% 0.139°¢
150 kg TSP ha' S50:P50
TV + Cagg il %V0
Ol pygw 7.79% 1.1302 29.66° 0.174° 0.197¢
S75:P25
Cagpyiel 2+ 7.31% 0.934° 27.66° 0.169° 0.158"
S100:PO
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Figure 2- The effect of surface application of 150 kg ha™* of struvite on height of wheat plant
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Table 5- Analysis of variance of the effect of different levels of Struvite on the physiological traits of wheat

Wlry po (o
Mean square
Oyt @lio @il 4, a Jsdy 5 b Jadg 5 IS Jadg i5 g,
Source of variance df Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
“5,°?§ gsha 2 0.162** 0.024** 0.310** 0.016**
Fertilizer levels
355 slajle 5 0.123** 0.020%* 0.241%* 0.007**
Fertilizer treatments
. ‘_5395 gsh # oo 10 0.010** 0.001** 0.016** 0.0008**
Fertilizer levels * treatments
ks 36 0.0018 0.0000 0.0016 0.0000
Error
St e 7.01 191 4.77 2.90
C.V (%)
Bl o oy iy 9 S el e j3 (gyblize g (g)loline yuE iy g NS

ns, * and ** are non-significant, significant (P<0.05) and (P<0.01), respectively.
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Table 6- Means comparison of the effect of different levels of Struvite on the physiological traits of wheat

&b
Resources

slow

Treatment

adedy i bJady 5
Chlorophyll a (mg g*) Chlorophyll b (mg g?)

JS Judg 5
Total Chlorophyll
(mg g?)

Carotenoid awgd i
(mg g*)

2 land pgw p)SslS 0

Bl ey
50 kg TSP hat

2l g p)SelSY

S
100 kg TSP ha't

Aals
SO0:PO
Oland yygur Juopd Vo v
S0:P100
gm0 YD + Coggyiel HYO
Olawd
S25:P75
g LB+ gy sl %00
Slawd
S50:P50
gm0 YD + Coggyial %VO
Slawd
S75:P25

Caggyial Z Ve
S100:PO

Slad pgw p)Sks 10

e
150 kg TSP ha'

by
S0:PO
Oland g Juopd Vo v
S0:P100
g LYD + gyl SYO
Olawd
S25:P75
g LD S gg yiol %00+
Olawd
S50:P50
g AYD + gyl VO
Olawd
S75:P25

Caggyl Ve
S100:PO

by
S0:PO
Oliud yygur Juopd Vo v
S0:P100
R Y0 + g9yl %Yo
Glawsd
S25:P75
a9 L+ Cagg sl %o+
Glawsd
S50:P50
gm0 YO + Caggyial %VO
Glawsd
S75:P25

Caggyl Z Ve
S100:PO

0.372¢ 0.161*

0.527¢ 0.1891

0.495¢ 0.218

0.473¢ 0.223

0.476¢ 0.238"

0.614¢ 0.2579

0.373° 0.159*

0.637™ 0.274f

0.620¢ 0.274°

0.710° 0.275¢

0.749 0.283¢

0.7372 0.296¢

0.372¢ 0.164¢

0.699% 0.302%

0.706% 0.304%

0.7272 0.310

0.766° 0.332%

0.758? 0.314°

0.533f 0.191¢

0.716° 0.203k

0.714° 0.205!

0.697¢ 0.218!

0.713¢ 0.220°

0.872¢ 0.220°

0.532f 0.177™

0.911¢ 0.232"

0.895¢ 0.246°

0.988° 0.250

1.033%¢ 0.259¢

1.032%¢ 0.265%

0.536 0.183™

1.001° 0.272%

1.01% 0.282™

1.037%¢ 0.291%®

1.09% 0.296*

1.07%® 0.292%
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Introduction

Cadmium (Cd) contamination has been a widespread concern in paddy soils because of its subsequent transfer
to the food chain. Biochar amendment is proposed to stabilize Cd in the contaminated soils. However, the pristine
biochar shows limited functionality towards Cd sorption in practice. Recently, Mg-modified biochars have
attracted much attention for their low toxicity. These biochars are coated by MgO or Mg(OH). precipitates during
the pyrolysis process. Magnesium chloride (MgCl,)-modified biochars have been used widely in the removal of
heavy metals from the aqueous solutions. However, there is little literature about their performance in soils. The
present study therefore was conducted to investigate the effects of application of unmodified and MgCl,-modified
rice husk biochars on the kinetics and isotherms of Cd sorption in a calyey paddy soil.

Materials and Methods

The unmodified and MgCl,-modified biochars were produced from rice husk at 600°C. Some relevant
characteristics of the produced biochars (including elemental composition, pzc, pHi.10, ash content and BET
surface area) were determined. Moreover, the studied soil was taken from a paddy field (0-20 cm) in the
Qaemshahr region of Mazandaran province. The biochars (< 0.5 mm) were added to the soil samples at three levels
(0, 3, and 5% wi/w) and the amended soils were incubated at 25°C for 45 days. Then, the kinetic experiments of
Cd sorption at a concentration of 375 mg Cd/L at times of 0.25, 0.5, 1, 2, 4, 8, 16, 24 and 48 hours and the
isothermal experiments of Cd sorption at concentrations of 50, 100, 150, 200, 300, 350, 400, 600 and 800 mg Cd/L
were performed. In both kinetic and isotherm experiments, a 0.01 M KCI solution was used as the background
electrolyte. Finally, the relevant kinetic and isotherm models were fitted to the sorption data and their parameters
were calculated.

Results and Discussion

Biochar characterization indicated that modification with MgCl. resulted in an increase of the O/C ratio (from
0.27 to0 0.48) and pH (from 7.67 to 8.60). This modification also increased the H/C ratio (from 0.032 to 0.071) and
the specific surface area (from 195.6 to 231.2 m?/g). As a result, the MgCl.-modified biochar was more hydrophilic
and less carbonized than the unmodified one. Moreover, the characteristic peaks of the MgCl.-modified biochar
(3700, 1428 and 500 cm*) were present in its FTIR spectrum. The results revealed that about 74 to 89% of the Cd
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sorption by the soils occurred in times less than 2 hours. With MgCl,-modification, the sorption equilibration time
was reduced from 48 hours to 24 hours. In contrast, the unmodified biochar had no considerable effect on the Cd
sorption kinetics. Among the kinetic models, the Elovich model with lower SEE was the best to fit the Cd sorption
kinetic data. The intra-particle diffusion model was not satisfactory for Cd sorption on the biochars. Freundlich
model with lower SEE well described the Cd sorption isotherms. Application of 3% and 5% MgCl,-modified
biochar increased the Freundlich Kg parameter by 2.4 and 2.8 times as compared to the control. Moreover, the
aforementioned treatments increased the heterogeneity parameter of the Freundlich model (n) from 3.48 to 6.08.
The Temkin model could not reasonable fit the sorption data. In contrast, the unmodified biochar did not show any
considerable effect on the Cd sorption capacity of the clayey soil used in this research. This finding means that the
unmodified biochar could not improve the sorption performance of negatively charged soil clay particles.

Conclusion

According to the results obtained, it could be concluded that the Cd sorption behavior of the soil treated with
unmodified rice husk biochar was similar to that of the untreated soil. Whereas, the MgCl,-modification improved
both sorption rate and sorption capacity of the soil for Cd. Application of MgCl,-modified biochar improved the
Cd sorption properties of a clayey soil with high intrinsic sorption ability. Thus, this may be a promising approach
in remediation of Cd-contaminated paddy soils with the aim of reducing Cd mobility and availability. However,
there is need to do more research to create awareness about the importance of biomass nature as well as pyrolysis
temperature, the ratio of MgCl, to biomass, the mechanism of Cd stabilization and the desorption of Cd from soils
treated with MgCl,-modified biochars.

Keywords: Cadmium availability, Clayey soil, Elovich model, Freundlich model
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2- Bruker Vector 22 FTIR Spectrometer

3- Globar infrared source

4- Deuterated alanine doped tri-glycine sulphate
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Table 1- Some general characteristics of the soil used in the
study
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Table 2- Some characteristics of the rice husk-derived biochars (unmodified and MgClz-modified biochars)

solyb XV 7 WA AT MgCl, U salzMo! lagn
Parameter Unmodified biochar  MgCl,- modified biochar
oS
53.5 38.0
C (%)
s
1.7 2.7
H (%)
OS]
121 18.4
O (%)
03555 05 05
N (%)
PP 0.0 0.0
S (%)
oS & wmf | o 03 05
O/C ratio
OS5 4 OF9rked Cond
H/C ratio 0.03 0.1
(D) e o
pH1.10 7.7 8.6
s S e 6.0 9.0
Point of zero charge (pzc)
S slyies 356 432
Ash content (%)
ghe colus 1956 231.2
Surface area (m? g%)
S 48.0 72.0

Total Cd (ug kg™)
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Figure 1- FTIR spectra of unmodified (a) and magnesium chloride-modified (b) rice husk biochars
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Figure 2- SEM-EDS images of unmodified (a and c) and magnesium chloride-modified rice husk biochars (b and d)
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Figure 3- Kinetics of Cd adsorption on the soils, a) SBO: Control soil (without biochar), SNB3: Soil amended with 3%

unmodified biochar and SNB5: Soil amended with 5% unmodified biochar, b) SB0: Control soil (without biochar), SB3: Soil
amended with 3% modified biochar and SB5: Soil amended with 5% biochar
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Table 3- The results of fitting the pseudo-first-order, pseudo-second-order, parabolic diffusion and Elovich models to the
adsorption kinetics data of Cd in the soils

Jol 4 0 s P93 43 50 dnad 1030953 oS 99!

)w Pseudo-first order Pseudo-second order Intra-particle diffusion Elovich
Treatment ki 2 SEE ko 2 SEE Ko C r? SEE o B > SEE
r 0.5 r (mg/

(Uh) (mg/lg)  (g/mg h) (mglg)  (Mg/gh™)  (mgig) (mg/g) (mgigh)  (g/mg) )

SBO 0.09 0.93 1.72 0.156 0.99 0.98 0.46 376  0.82 0.52 4.19 0.60 0.98 0.12
SB3 0.89 0.88 1.16 0.140 0.99 0.98 0.34 5.12 0.69 0.49 5.50 0.47 0.92 0.26
SB5 0.136 0.95 1.04 0.137 0.99 0.97 0.29 569  0.68 0.44 5.94 0.40 091 024
SNB3 0.138 0.97 1.77 0.160 0.99 0.96 0.45 3.65 0.81 0.48 4.07 0.60 0.92 0.15
SNB5 0.178 0.97 1.74 0.164 0.99 0.99 0.44 3.60 0.79 0.50 4.01 0.60 0.97 0.19

SBO: Control soil (without biochar), SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5%
unmodified biochar, SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% biochar
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Figure 4- Fitting of pseudo second order equation to the adsorption kinetics data of Cd in the soils, a) SBO: Control soil
(without biochar), SNB3: Soil amended with 3% of unmodified biochar and SNB5: Soil amended with 5% unmodified
biochar, b) SB0: Control soil (without biochar), SB3: Soil amended with 3% modified biochar and SB5: Soil amended with
5% modified biochar
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Figure 5- Fitting of Elovich equation to the adsorption kinetics data of Cd in the soils, a) SBO: Control soil (without biochar),
SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5% unmodified biochar, b) SBO: Control
soil (without biochar), SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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Figure 6- Isotherms of Cd adsorption on the soils, a) SBO: Contro soil (without biochar), SNB3: Soil amended with 3%
unmodified biochar and SNB5: Soil amended with 5% unmaodified biochar, b) SB0: Control soil (without biochar), SB3: Soil
amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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Table 4- Parameters of the Langmuir, Temkin, and Freundlich models fitted to the data of Cd adsorption isotherms

X rypSd Ol PARUYE

Sl Langmuir Temkin Freundlich
Teatment b Ke SEE 2 Ky Ka SEE 2 n Ke SEE 2
(mg/g) (L/mg) (mg/g) (mg/g) (L/g) (mg/g) (Lig) (mg/g)

SBO 8.19 0.033 070  0.99 -029 127 0.47 093 357 146 0.28 0.96
SB3 9.37 0.210 1.09 099 3.63 0.85 0.77  0.86 6.28 347 053 0.95
SB5 1054  0.130 119 099 454 093 0.98 0.88 588 4.06 055 0.94
SNB3 8.13 0.024 0.69 0.98 -039 127 0.46 093 354 140 029 0.97
SNB5 8.09 0.020 0.60 0.99 -0.60 1.29 094 0.9 342 132 0.28 0.98

SBO: Control soil (without biochar), SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5%
unmodified biochar, SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% biochar



\f"”%)}‘—o.lé),)é‘\e)m“‘/\.\lq‘gﬂa’jgi4.1)..;".3 \oF

gls o Gl Koo oS 263" oolatus | dgy 0l Apd oo luo
el o laools a4 gdugyd Jao Jod BB 53l il gl
D)].) dldu\j.\»} u.\> 9 oJ.».Su» C9.E_w Y uio.tbb )l w&>
duwlio ;3 SB (slales woMea, (Al-Ghouti & Da'ana, 2020)
el ggbw gycnl jls 555N sell L SNB (bl L
P A5 g pesleSh e ol slagisl Ly oSeals
oddsp Mol g od g Mol glaylagn (V [S5) SEM-EDS ,,glas
SB slales p % J.\.o Q;"I K )::.pl)li el Doy dgh—wio i

S slis ioli8 SNB (sl jlaw 4 Coms

(<)

101 ()

— SB0
—— SB3
. ——sB5
S 0.8 4
g
j=2]
S
=
>
(=2
j=2
S 064
0.4 4 A

log C,(mg/l)

U o5 el tipMol Jlsn (9581 b bbb oyl ogMea,

NY) 20l (o (o) S el eodlS Qo byl (0855 )18
S Slp el Cda cudil (S0 1 S (25 2 eSS ke
00NN, 1972) 55 (5 1 p,5 e ¥14) SIS o, sla S5
4 bl ash upedld o byl ks S MECL2 L o Mo |
3 weedl Gl s @S g yebas by LIl Sl ol Gls
g2 s plp VIV (304 SNB (gl o 4 G SB (gl o
Ay VY (Tao et al., 2019) ) 5 8 zulis ;o (51580 oy
2> 00v (slod ) 48 (gl olS S lag ) ]Sk mogy 0l gy

(1d4)
104 (@)
—— SBO

S 081
f=2]
E
53
f=2)
2 o064

0.4 4

05 10 15 20 25 3.0
log C, (mg/l)

Jeon Moy ¥ L S ISNB3 o jla gu 951) sald S5 :SBO (W SE wg puedlS Coda sloodld 4 gedigd ddlee (i3l —V IS
0 L S :SB5 g oadiztol jlagm w0 yd ¥ L SK :SB3 )l g 4518) aalds S1& :SBO ( stz io! Hla g w03 0 b S5 :SNB5 g sz ol
saig ol Hlagw noyd

Figure 7- Freundlich equation fitted to the data of Cd adsorption on the soils, a) SBO: Control soil (without biochar), SNB3: Soil
amended with 3% unmodified biochar and SNB5: Soil amended with 5% unmaodified biochar, b) SBO: Control soil (without
biochar), SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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Figure 8- Langmuir equation fitted to the data of Cd adsorption on the soils, a) SB0O: Control soil (without biochar), SNB3: Soil
amended with 3% unmaodified biochar and SNB5: Soil amended with 5% unmaodified biochar, b) SBO: Control soil (without
biochar), SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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Introduction

Snow is a prevalent form of precipitation, particularly in mountainous and high latitude regions, characterized
by ice crystals in various microscopic structures. It naturally accumulates in cold and elevated areas through the
freezing of air and the unsuccessful melting of water into crystalline form (WMO, 2022). Snow cover plays a
crucial role in determining water reserves, especially during warmer seasons. Monitoring snow cover is a
specialized field within weather and climatology. Snow cover plays a key role in the balance of energy due to its
high albedo. Climatologists and meteorologists, who analyze global climate changes, emphasize the significance
of snow monitoring due to its impact on both daily weather patterns and long-term climate shifts (Bashir et al.,
2010). Spatial studies of snow cover by using satellite data have become one of the high priority topics in geomatics
research due to their applicability and high accuracy. Considering that the snow cover area in many regions of the
world, including mountainous regions, affects water resources and meteorology, accurate spatial analysis and
investigation of changes in the area of snow cover is very important. In this regard, use of satellite data and new
tools in the spatial analysis of the snow cover area, as an efficient method in geomatics research, has received
much attention (Cheng et al., 2019).

Data and Method

This research examines the changes in snow cover in the western part of Iran from 2001 to 2021. The study
area includes the provinces of Kurdistan, Kermanshah, llam, Hamadan, and Lorestan, covering a total area of
466,121 square kilometers. The region is located between latitudes 31°51'36" to 36°49'45" N and longitudes
45°27'18" to 50°04'26" E. It encompasses the northern part of the Zagros Mountain range, which serves as the
entry point for western weather systems into the country. Snow cover was assessed using Modis satellite images,
with the NDSI index used to identify snow. The analysis revealed a trend in snow cover, which was further
examined using the Mann-Kendall method. The spatial distribution and changes in spatial components (length,
width, and height) were assessed using the G* Index.

Results and Discussion
To analyze snow cover in the western region, the snow cover index was calculated by averaging the images
for each period. The area of snow cover was then determined for each period. Analysis of the winter snow cover
area revealed a decreasing trend. The application of the Mann-Kendall method confirmed this decreasing trend,
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which is statistically significant at the 95% confidence level. Additionally, considering the annual sinusoidal
behavior of snow, it can be concluded that the seasonal component is the dominant factor in the region, with
temperature changes primarily driven by seasonal variation due to its relative distance from the equator. Spatial
analysis indicated that the distribution of snow cover follows a northwest-southeast direction, as evidenced by the
standard deviation ellipse. More than 99% of snowfall is concentrated in high-altitude areas with a specific spatial
arrangement. The hotspot map shows that surface snow cover is clustered in the west and southeast directions,
predominantly at altitudes above 2200 meters. The clustering pattern of snow cover is more pronounced at higher
latitudes and towards the western borders. These findings have important implications for water resource

management, drought prediction, and the development of strategies to mitigate droughts.

Conclusion
This research demonstrates a decreasing trend in the area of snow cover during the winter season in the western
part of lran. Spatial analysis reveals that the major axis of snow distribution follows a northwest-southeast
orientation, aligned with the mountainous terrain in that direction. The hotspot map highlights that surface snow
cover is concentrated in the west and southeast directions, particularly at altitudes above 2200 meters. Hotspot
analysis indicates that snow cover is clustered towards higher latitudes and more pronounced towards the western
borders.

Keywords: Kendall trend, Moran, MODIS sensor, Snow cover
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Figure 1- Location of the studied area in Iran
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Figure 2- Mid-winter snow cover map of western country in the studied period
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Table 1- The percentage of the area covered by snow in the study area in the study period

2015-2021 2008-2014 2001-2007 %3 %3t
Period

Cobus
Avrea (%)

6.62 19.43 39.76
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Table 2- Man Kendall results of seasonal changes in snow cover area
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Table 3- Summary of the calculated overall Moran's statistic

P-value Z-score Variance
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Figure 5- Graphical results of Caripoli function analysis
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