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Introduction

Quinoa (Chenopodium quinoa) is native plant in Bolivia, Chile and Peru, which is widely adapted to different
climatic conditions and can grow in all soils. This plant has shown adequate adaptation to arid and semi-arid areas
conditions and is planted from areas with low elevation (sea level) to areas with an altitude of 4000 meters above
sea level. Quinoa is often cultivated in areas with limited water resources, and it is rare to find quinoa cultivation
under full irrigation conditions. Some studies have shown that quinoa yields slightly better under full irrigation
(without water restriction) than quinoa under deficit irrigation. Crop growth models are very important tools in the
study of agricultural systems and they can be used to simulate the yield of crop in different conditions. Given that
the study of performance limiting factors requires numerous and costly research and experiments in different areas,
so finding a way to reduce the number, time and cost of these experiments is worthwhile. Aquacrop model is one
of the applied models that are used to simulate yield variations in different water and soil management.

Materials and Methods

This investigation was carried out in two growing seasons of 2019 and 2020 to determine the efficiency of
Aquacrop model for simulating Quinoa grain yield and biomass under imposing three stress treatments of 30, 50
and 70% of water consumption in development and mid-growth stages. Plant spacing was 40 cm between rows
and 7 cm between plants within rows. Seeds of quinoa (Titicaca cultivar) were cultivated in the first decade of
August 2019 and in the third decade of July 2020. The experiment was a randomized complete block design with
three replications. Three deficit irrigation treatments including 30, 50 and 70% of available water were considered
in two growth stages (development and mid-growth) in 18 experimental plots (3 x 4 m). Soil moisture in rooting
depth (about 40 cm) was measured by TDR and after the soil moisture of the treatments reached the desired values,
plots were irrigated until the soil moisture reached the field capacity. The results of grain and biomass yield in the
first year were used to calibrate the Aquacrop model and the results of the second year were used to validate the
model. Root mean square error (RMSE), normalized root mean square error (NRMSE), Willmott index (D), model
efficiency (EF) and mean error deviation (MBE) were used to compare the simulated and observed values.

Results and Discussion

The results of the first and second year were used to calibrate and validate the model, respectively. The results
of the first year showed that irrigation with 50 and 70% of available water in the development stage reduced quinoa
grain yield by 17 and 33%, respectively, compared to the control treatment. The application of these two deficit
irrigation treatments in the middle stage reduced the yield by about 12 and 28%, respectively. The results of
comparing the statistical indices of grain yield, biomass and water use efficiency showed that the NRMSE for
grain, biomass and water use efficiency were 9, 8 and 14% in the first year and 9, 6 and 9% in the second years.
Furthermore, the EF for these traits were 0.81, 0.77 and 0.64 in the first year and 0.68, 0.71 and 0.62, in the second
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year, respectively.

Conclusion
The results of calibration and validation of the model showed the accuracy and efficiency of the Aquacrop
model in simulating grain yield, biomass and water use efficiency of quinoa. This model can be used to provide
the most appropriate scenario and irrigation management for different levels of deficit irrigation managements.

Keywords: Evapotranspiration, Irrigation management, Plant modeling, Water stress, Water use efficiency
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Table 1- Some physical and chemicals soil characteristics on farm
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. ) ] FC PWP pH EC OC P K Mg Fe
Soil depth  Sand  Silt Clay Soil texture
cm YA YA YA - % % - dS/'m % mg/kg mg/kg mg/kg mg/kg
0-30 46 30 24 Loam 27 14 78 12 048 156 222 206 4.38
30-60 45 33 22 Loam 25 12 75 12 0.5 155 210 205 4.50
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Table 2- Quality characteristics of irrigation water
EC SAR pH Ca Mg Na Cl HCOs
dS/m - - mg/l._mg/l_ mg/l._mg/l mg/l
039 044 75 552 49 126 135 116
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Table 3- Quinoa growth phenology stages

0960 4yl sy e JUL
Stage name Initial Development Mid Final Total
I J i 3 20 30 25 15 90
First Year Day
o> Ju 92 20 30 30 10 90
Second year Day
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Figure 2- Comparison of changes in measured water requirement of quinoa plant during growth period with the results of
Aguacrop model and NIAZAB
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Table 4- Comparison of statistical indices of measured evapotranspiration with the model and NIAZAB
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Table 5- Measured yield, evapotranspiration and water use efficiency of quinoa in the first year

s S B3 G 2l Bpan o)
Treatment Yield Biomass ET WUE
t/ha t/ha (mm) kg/m? (ET)
T1 3.63 8.06 320 11
T2 3 6.83 250 1.2
T3 242 5.77 220 11
T4 3.63 7.28 300 1.2
T5 3.2 6.75 250 1.3
T6 2.6 5.94 200 1.3
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Table 6- Measured yield, evapotranspiration and water use efficiency of quinoa in the second year

Jowi 3,80as 039y Gigpt Ol dpas )
Treatment Yield  Biomass ET WUE
t/ha t/ha (mm) kg/m3 (ET)
T1 3.79 7.24 345 1.1
T2 3.07 5.94 268 11
T3 2.56 5.83 240 1.1
T4 3.20 7.24 295 1.1
T5 2.81 6.53 265 1.1
T6 2.58 5.89 214 1.2
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Table 7- Results of statistical analysis of model calibration in the first year
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Figure 3- Comparison of measured and simulated quinoa seed yield (first year)
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Figure 4- Comparison of measured and simulated quinoa biomass (first year)
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Table 8- Results of statistical analysis of model evaluation in the second year

MBE RMSE NRMSE D EF

41> > ,Slos 0.04
Seed yield '
BPCww; 32
Biomass
ol B pao oI, 0.03
WUE

0.09 0.83 0.68

0.06 090 0.71

0.09 064 0.62

(A Jgz) Mibe ol Bpan L

S 35 42
blyd 3 oS ol S @l 5 1528’ Qe 35 4 4295 L
G Aol 4 kg Of plie Codguos 35 g lgn g ol Cilise
o e 13 158 olS 5 Slae (5wt » SS1sST Jie
a5 ol 3 1 w0ad S5 jasede ()lleS g (o)Ll cilie
S 5 oy by il Jolpe ) (e84 IS ol STy
cilizee (glacy pao 3 lgS 5 Sles (ilwand > Ql)SlesT Jao
O 48l L gl Jlw gl 3,8 b)) g s sl

5 &ilwanis 4l Ol B yme L) polie duslie i en
Ll 48 1330 5L (A JS5) pod JLow 53 el (S e5l
9 9550395 5 St b 4 G (lie (ST 5l jlais e
Ol Gpae ohlS (ilwdws 1 e cavlio cdd g )8 Sl
(R=0.70) x5L_»
cails 3 Slas (g )lol (slo L dlio gl JS pobay
ddyy oS dmd e LS pgd Jlo ) Ol s S 5 0355y
9 035 eily 3 Shos (sl 02 Jloy gllad Slasye (150ke
Jre 2l 900 55 A dgis iy 4 Ol By ae L)
SSOLS &S oad puass </EY 5 /YN /PN iy 4 Slas oyl sy
9 035 cily 3,Sdae 35l 4D oo cwlio ol)8 g B>



Vo) g1 st — 313 yo oF 0yl FF als (S g of 4,5 P

@ Slas ol lp Jlo oS 00 95 A& iy e Jlo
A_wbu,o I9~5 DLS ui d)_a.a.n u.s‘)lf 9 o)yu_w) &l .))SJ.Q&
9 sl el Sl el Juo ol ) ples o il
SoleleS 5 L @l gl ) 1gnS oS ()bl e
21158 ol (o)ll syl g e o Sicamslio g o3l

OialS Coge iy 4y drwgi Al g 3 A5G U b Ve g 0
Osapd g 38l Hlos 4y Caus 1o d VY 5 WY 50 4 aily 5 Slae
ild 5,5 ‘S)Lai sl 2t dnlio piomed W00,5 o> YA
Ay, a8 ol s Jgl Jlw ol Byae Sl g o395
whlS g 0agic il gl oa i Joy slbd Slayye (1 SKbo

o ui d).«a.n u.:l)lf 9 03¢5 ) &l .))Slo& d)Lo] dL&auawa

&l

1- Alvarez-Jubete L., Arendt E.K., and Gallagher E. 2009. Nutritive value of pseudocereals and their increasing use as
functional  gluten-free  ingredients. Trends in Food Science &  Technology 21: 106-113.
https://doi.org/10.1016/j.tifs.2009.10.014.

2- Babazadeh H., and Sarai Tabrizi M. 2012. Evaluation of AquaCrop model under soybean irrigation management
conditions. Water and Soil 26(2). https: //doi: 10.22067 / jsw.v0i0.14156.

3- Bazile D, Bertero D., and Nieto C. 2015. State of the Art Report on Quinoa Around the World in 2013. Rome: Food
and Agriculture Organization of the United Nations (FAO) & CIRAD (Centre de coopération international).

4- Bitri M., Grazhdani S., and Ahmeti A. 2014. Validation of the Aqua Crop Model for full and deficit Irrigation potato
production in environmental conditions of korca zone, south-eastern Albania. International Journal of Innovative
Reaserch in Science, Engineering and Technology 3(5): 12013-12020.

5- Bois J.F., Winkel T., Lhomme J.P., Raffaillac J.P., and Rocheteau A. 2006. Response of some Andean cultivars of
quinoa (Chenopodium quinoa Willd.) to temperature: Effects on germination, phenology, growth and freezing.
European Journal of Agronomy 25: 299-308. https: //d0i:10.1016/j.eja.2006.06.007.

6- Christiansen J.L., Jacobsen S.-E., and Jrgensen S.T. 2010. Photoperiodic effect on flowering and seed development in

quinoa (Chenopodium quinoa Willd.). Acta Agriculturae Scandinavica, Section B - Plant Soil Science 1-6.
https://doi.org/10.1080/09064710903295184.

7- Choukr-Allah R., Rao NK., Hirich A., Shahid M., Alshankiti A., Toderich K., Gill S., and Ur Rahman Butt K. 2016.
Quinoa for marginal environments: toward Future Food and Nutritional Security in MENA and Central Asia Regions.
Frontiers in Plant Science 7: 346. https://doi.org/10.3389/fpls.2016.00346.

8- Colak Y., Bozkurt A., Yazar A., Alghory and Tekin S. 2021. Yield and water productivity response of quinoa to
various deficit irrigation regimes applied with surface and subsurface drip systems. The Journal of Agricultural
Science. https://doi.org/10.1017/S0021859621000265. 1-12.

9- Geerts S., Raes D., Garcia M., Vacher J., Mamani R., Mendoza J., Huanca R., Morales B., Miranda R., Cusicanqui J.
and Taboada C. 2008a. Introducing deficit irrigation to stablize yields of quinoa (Chenopodium quinoa Willd.).
European Journal of Agronomy 28: 427-436. https://doi:10.1016/j.agwat.2008.02.012.

10-Geerts S., Raes D., Garcia M., Condori O., Mamani J., Miranda R., Cusicanqui J., Taboada C., and Vacher J. 2008b.
Could deficit irrigation be a sustainable practice for quinoa (Chenopodium quinoa Willd.) in the Southern Bolivian
Altiplano. Agricultural Water Management 95: 909-917. https:// doi:10.1016/j.fcr.2008.04.008.

11-Geerts S., Raes D., Garcia M., Mendoza J., and Huanca R. 2008c. Indicators to quantify the flexible phenology of
quinoa (Chenopodium quinoa Willd.) in response to drought stress. Field Crops Research 108: 150-156.
https://doi.org/10.1016/j.agwat.2009.06.020.

12-Geerts S., Raes D., Garcia M., Taboada C., Miranda R., Cusicanqui J., Mhizha T., and Vacher J. 2009. Modelling the
potential for closing quinoa yield gaps under varying water availability in the Bolivian Altiplano. Agricultural Water
Management 96: 1652-1658. https://doi:10.2134/agronj2008.0029xs.

13-Heng L.K., Hsiao T.C., Evett S., Howell T., and Steduto P. 2009. Validating the FAO AquaCrop Model for Irrigated
and Water Deficient Field Maize. Agronomy Journal 101: 488—498. https://doi.org/10.1081/FRI1-120018872.

14-Jacobsen S.E., Mujica A., and Jensen C.R. 2003. The Resistance of Quinoa (Chenopodium quinoa Willd.) to Adverse
Abiotic Factors. Food Reviews International 19: 99-109.

15-Jamali S., Sharifan H., Hezarjaribi A., and Sepahvand N. 2016. The effect of different levels of salinity on germination
and growth indices of two cultivars of Quinoa. Journal of Water and Soil Resources Conservation 6(1): 87-98.
https://doi: 10.1111/jac.12069.

16-Lavini A., Pulvento C., d’Andria R., Riccardi M., Choukr-Allah R., Belhabib O., Yazar A., Ince Kaya C., Sezen SM.,


https://doi.org/10.1016/j.tifs.2009.10.014
https://doi.org/10.1080/09064710903295184
http://dx.doi.org/10.1016/j.fcr.2008.04.008
https://doi.org/10.1016/j.agwat.2009.06.020
http://dx.doi.org/10.2134/agronj2008.0029xs
https://doi.org/10.1111/jac.12069

YY) el alio oy yie 18 g 5 5Shos (g jbwdunis 15 I )S19ST Juo (1)l oyl K02 g Slonol

Qadir M., and Jacobsen SE. 2014 Quinoa’s potential in the Mediterranean Region. Journal of Agronomy and Crop
Science 200: 344-360. https://doi: 10.22059/ijfcs.2017.128439.653907.

17-Mamedi A., Tavakkol Afshari R., and Sepahvand N. 2017. Quantifying seed germination response of quinoa
(Chenopodium quinoa Willd) under temperature and drought stress regimes. Iranian Journal of Field Crop Science
48(3): 615-623. https://doi: 10.22059/ijfcs.2017.128439.653907.

18-Oelke E.A., Putnam D.H., Teynor D.M., and Oplinger E.S. 1992. Alternative field crops manual-quinoa. USA,
University of Purdue. https://doi.org/10.1081/FRI1-120018864.

19-Rojas W. 2003. Multivariate Analysis of Genetic Diversity of Bolivian Quinoa Germplasm. Food Reviews
International 19: 9-23.

20-Raes D., Steduto P., Hsiao TC., and Fereres E. 2012. Reference manual AquaCrop, FAO, Land and Water Division,
Rome, Italy.

21-Steduto P., Hsiao C., Hereres E., And Raes D. 2012. Crop yield response to water. FAQ irrigation and drainage, No,
66.

22-Yazar A., Sezen SM., Bozkurt Colak Y., Ince Kaya and Tekin S. 2017. Effect of planting times and saline irrigation
of quinoa using drainage water on yield and yield components under the Mediterranean environmental contitions.
International Journal of Research in Agriculture and Forestry 4: 8-16.


https://doi:%2010.22059/ijfcs.2017.128439.653907
https://doi.org/10.1081/FRI-120018864

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

Research Article
BT Vol. 36, No. 3, Jul.-Agu. 2022, p. 333-349

Evaluation of Different Levels of Drip Irrigation Water on Yield and Yield
Components in Canola

N. Salamati™!, A. Danaie?, V. Yaaghoobi?

Received: 23-11-2020 How to cite this article:
Revised: 13-07-2021 Salamati N., Danaie A., and Yaaghoobi V. 2022. Evaluation of Different
Accepted: 25-07-2022 Levels of Drip Irrigation Water on Yield and Yield Components in Canola.

Available Online: 22-09-2022  journal of Water and Soil 36(3): 333-349. (In Persian with English abstract)
DOI: 10.22067/JSW.2022.67062.0

Introduction

Drought stress is the most important environmental factor limiting growth and development of plants
worldwide. Growth reduction due to drought stress has been reported more than other environmental stresses. So
far, many studies have been conducted on the relationship and correlation between important agronomic traits in
rapeseed, which have introduced 1000-grain weight, number of seeds per pod and number of pods per plant as the
most important traits with high correlation in yield. The results showed that the application of drought stress had
an effect on the yield components of sesame and the cultivars that were more sensitive to drought stress had a
greater decrease in their yield. The aims of this study were to investigate (1) the effect of consumed water volume
as the independent variable on other variables of the study, and (2) the effect of total independent variables (yield
components and other independent factors) on yield and water productivity (dependent variables). Finally, the
most important independent variables affecting water productivity and the most sensitive variables to the amount
of consumed water were determined.

Materials and Methods
In order to achieve aforementioned objectives of this study, an experiment was conducted during two growing
season of 2011-2011 and 2010-2011 in Behbahan Agricultural Research Station. The experiment was conducted
as randomized complete block design with 4 replications. The applied amount of water in drip irrigation was
composed of four levels of 50, 75, 100 and 125% water requirement in main plots and two canola varieties Hyola
401 and RGS003 in sub plots were placed.

Results and Discussion

The results of the analysis of variance of the regression model showed that the higher absolute value of beta
coefficients and t-statistic of each independent variable caused that variable to be introduced as the most sensitive
independent variable affecting the dependent variable. Therefore, the independent variable of water volume, with
beta coefficient of 0.860 and t-statistic of 13.246 had the greatest effect on plant height variable. In terms of yield,
the studied variables (the number of pods per plant, the number of seeds per pod, and 1000-seed weight, consumed
water volume, flowering period, growth period and plant height) showed 74.1% of variation (R? = 0.741) of
dependent variable (Yield of canola). The consumed water volume with the highest absolute value of beta
coefficient of 0.563 and t-statistic with 2.967 had the most significant effect on yield at the level of 1%. Among
the dependent variables, the consumed water volume with the highest absolute value of beta -1.013 and t-statistic
at -12.415 had the most significant effect on water productivity at the level of 1%. consumed of water volume with
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the highest absolute value of beta coefficient of 0.563 and t-statistic with 2.967 had the most significant effect on
performance at the level of 1%. The results of Pearson correlation coefficient showed that the highest correlation
between the number of pods per plant and seed per pod with both plant height were calculated to be 0.763 and
0.849, respectively, indicating that increasing plant height was effective in increasing the number of pods per plant
and seed per pod.

Conclusion

The results of analysis of variance of regression model showed the effect on volume of consumed water as an
dependent variable through other variables (number of pods per plant, number of seeds per pod, yield, water
productivity, 1000-seed weight, flowering period, growth period and plant height). Results showed a significant
effect of all variables at the level of 1%, except for the variable of flowering period which had a significant effect
but just at 5%. The volume of consumed water by r= 66.2% on grain yield variation in the pods, had the most
significant effect on yield components. Therefore, seed number in the pods received the most negative effect from
reducing water consumption due to drought stress. With increasing the growth period of canola, water productivity
showed a significant decrease at 1%. The results of Pearson correlation coefficient showed that grain water
productivity had a negative and significant correlation at the level of 1% with all variables. The highest correlation
between water productivity (r = -0.939) was calculated with volume of consumed water, which indicates the
importance of reducing water consumption in increasing canola water productivity.

Keywords: Consumed of Water volume, Evapotranspiration, Plant height, Variety
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Figure 1- Pictures of the implemented research project
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Table 1- Water sample analysis results

Year EC T.D.S Anions (meg/l ) Cations (meg/l )
(uS/m) P Mg/lit o S04 HCOs Na* Mg*2 Ca*
2010-11 1640 1140 8.8 8.0 32 8.0 3.2 8.8
2011-12 1790 1140 8.7 8.1 3.2 7.9 3.2 8.8
Sl 51 U ale S1S diged o gl -Y Jgoe
Table 2- Sample analysis of soil samples before planting
FC : ol
Jlw moisture  (g/cm®)  (mg/kg) (mg/kg) ~ ©Organic pH (as Soil Soil
%) carbon (%) m) depth texture
(cm)
2010-11 24 1.57 246 95 0.64 75 2.8 0-30 S"Ig’a‘r:r:ay
2011-12 24 1.57 250 9.2 0.66 75 3.0 0-30 Silty clay

loam
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Table 3- Water requirement from transpiration evaporation calculated for the treatment of 100% water requirement and
leaching requirement (mm) (from November 6 to April 23)

ok A > ool Sl oady9yd Cudgudyl (gl 5 £gocne
Year October- November- ~ December-  January-  February  March- April- leaching Totz;ll
November December January February -March April May requirement
2010-11 111 22.3 441 62.8 107.9 121.8 8.9 15.9 394.9
2011-12 144 19.9 41.9 69.2 1174 102.2 102.2 7.2 388.6
ol 12.7 21.1 43.0 66.0 112.7 111.9 111.9 8.1 391.8
Average
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Figure 2- Rainfall of the crop year 2010-11 (A) and crop year 2011-12 (B) (from November 6 to April 23)
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Figure 3- Daily evapotranspiration calculated in the crop year 2010-11 (A) and crop year 2011-12 (B) (from November 6 to
April 23)



1Fe) 599y — 010 yo ¥ o ylods FF alo (S g ol 4,25 Y

] s 51305 o5 Slis (ko il ly 458 s
Sl g0 Ald S5 (yjg iy ) (25 s sla el 5
aly dlass g 4 Gxe Aoy Y e j3 B0 IS 090 g Ay gla)|
Sl (g 25392 5l (dine 303 B s 3 5 Sdos g (2yg>
395 sz 8 ald den 2 o) 9 ()bl Jlite Il g o5,
009 0 me 040 Y3 iz Aoy N o w o &S W gl
Sligios gl b 596 slopasld » )l il pga o
9 25,5 (Daneshmand et al., 2008) Lo 5 dso—iil>
Kassab et ) l,Ken 5 olus” (Dargahi et al., 2014) |, Ken
Shokoufar and ) slj5 a8 2y ¢ , 805 S5 4 (al.,, 2012
(¥ Jsia) cusly caisllas (Yaghoobinejad, 2012
P Ghpan Ol oo Jitue yite (il )ly oo g 455 b
OgeyS ) lao )3 o juite culymd 5 0 Joao 3 (o)) Je
i daly (sl it &) Capns (B pe O oo Jitis yiito (4
o Sdas ally Jl5n ()59 (uygd ) 45N A g )3 et
O & o 5 iy glis)) g by 059 ¢ 23S 0393 o] g y90 0
2 e3> M dtunly uste ;3 a8 2 LS oS Ll 20 00l
(RZ=+/$5F) do ) F5/F (b yno ] oo s i el

oaZube 5 Byesie (o (s daily g (s Sy (39 I gme (S50
4 @gme jl cia Bpae O g B Jsi2) (P</-)) 2
do)d FEIY (RZ=4IAY) ao)d MY slalsedss ( Jo3
sl ysie bl wg jI (RE=4/YA) o £Y/A 4 (R?=+/55Y)
50,5 s 1y 3,Sdas g o yg5 50 Al dlas (Ol (690 00 Al
A pasie 5o b ysie oy (S daily 5 g5y (992 5
039 yiie y By—an Ol o> Sl S (B Jsz) (P<+/))
9 OgemeySy b dulxe (RZ=4/4AY) o AV e b (23 IS
(& Jgi2) 392 Iosime 303 0 o )3 o piiie (e (s dlal
Sl oite So g sS) 2 Sl ax Friae Yol ol
039 gt > A Ol gy )3 gt olass Ay sl ste
W)l 5 4 093 (@3S 0y90 ol (59058 Sl il o
oy b (Bpas Ol poe sl oai ooy LI S o o g
ysa 1y Bl S e WWIYES lseds to)lal g </ASe L

bl e glasl

2- Stepwise

9 () ably ) (o9l 5L ggeome Jmols 131 5L 5590 O Jlaie
¥ B olo (LI g6 5l) cniiS Jad Jsbo )3 algy (3,5 ps
Jlo 5355 aili) (SH)L (1 Jgia) 0,5 awloes (slocsige)|
dlre ailjg) 3y 5 9 (B g A -Y) U 5o (talejl pl]
s> 4L (B g A -Y) IS ,» ETcalculator ,l58ls 5 b oa s
Slods

2)9> (bl ) 9 45 < (2SS 0y93 Job (25 Jad b
1 ol Woy 53y yed A ASle Jlaw cusldy 3l L8 4 ud,
g &Lé.':’)\ 9 gi (590482 il J)Slo.c @Sl )l)’.m 039 e )
@559 (ilejl eyl bl 3 10,5 4 wlome L (6 S0 jl0]
Solas Jol slocSsh o)lel 25k 903l ol st i)l
20,8 sl yarie las (gl oad 05 LSS s g0
54555 <l b plosl MSTATC J3le s by (g)lol o0
Pl 3 TP 4 plS gy a0 s 0 piie diz a5y il
Sl Gljee e slaiods (398 4 )25 AS 485 oy SPSS16
o 390500 9 2y Sos e cdloleo puxd 5 JEL e (gl yuiie
A5 plo] duly ki lgieds 13I8

059 2> 0 Aol Wy o et Sl Gla s ]
4 @ glis) 5 05) 0)93 (IS 0393 ((Bpan Ol e cally g
Olpedn (o0 9 38bes p aiuly Loyl lsie
05 Ul bawgs (o ol 9 B (o S (sl ito)ly
st 5 51t plodl SPSSL6 o 5 L 5 s5msS (ool
b 39 St 203 0 5l ()3 dne aw (gn)S) i)y 4525
) yio dae a toylol o 3Sodp a8 i e (slayial )b Bl
B 2905 Iy ol (glals po b8 cpl dizme (yamw,S ) 4320 b aidls
25 4 Pl g5y Jho puibly 355 Jge 6yl ine o
S Sy (Y105 L =VAE) L YIOF L VRS 4 (a5, il
oV 50 ok ) cuday dily yuaie y JBiwe i
Pl o gllhoyad g i gl & gy 10 g )b Gxe
21l g Sl cn ot 09 G5y ob)ly v i Jeia
Aol b (55 0jlul o jialyly 5l Juols gl (o lel dumlia (ol
cCJL.s J..bu 9 4 A5 ool OG0 M L.,u‘)..o )‘ 0
b)SJ.Q.c ‘Jb'.m Lgl.m).uﬁ.o M wl)..o OO )bu.l;w u»l.wl 2
A5 plol 23 0 9 ) zolaw 53 Ol (9050 9
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Table 7- Analysis of variance in regression model for yield dependent variable
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Sources Degrees of Mean squares F o The R-square ¢
Change freedom Value regression Corrected R- Sig.
> square
coefficient
Model 1o 7 1042747.552 22.863 0.861 0.741 0.708 0.000 **
Error s 56 45607.663
Total J 63
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=xSignificant difference at 1% level, *: Significant difference at 5% level, n.s: There was no significant difference.
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Table 8- Coefficients of variables in the regression equation for variables yield dependent

Unstandardized Coefficients - t caw
Coefficients dsloo
Model Juxo T &3 oo
FXw .
Baups  The jhes clad Beta t Value Sig-
B coefficient  standard error
constant number <ol sas 3024.327 1690.663 - 1.789 0.079n.s
Number of pods per <4 )3 cpa 53 Sas=Xy
SeT -1.334 4.594 0.773n.s
plant -0.031 -0.290
Number of seeds per pod ;)95 5 4ils shws=X; 3.085 14.195 0.030 0.217 0.829n.s
The weight of one thousand «ls 5 ;5=Xs
57.077 102.175 0.579n.s
seeds 0.052 0.559
Volume of water _spae Ol pos =Xy
- -67.004 29.247 0.004 **
consumption 0.563 2.967
Flowering period _ 255 s,95=Xs -2.960 7.865 0.203 2291 0.026 *
Growth period .3, 653 =Xs 8.027 4.925 0,030 -0.376 0.708 n.s
Bush height &4, glis, =Xy 3024.327 1690.663 0.311 1.630 0.109 n.s
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==Significant difference at 1% level, *: Significant difference at 5% level, n.s: There was no significant difference.
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Table 9- Analysis of variance in regression model for water use efficiency dependent variable

&b : o b L O el s
o N HECSY Sl yo pSilee Aol F . B S e 0 Jyass ]
o Degrees of o F oo o ; / R- Cymd - Sl
Sources freedom Mean squares Value Regression -~ Corrected Sig
Change coefficient q R-square )
Ja 8 0.345 162.248 0.979 0.959 0.953 0.000 **
Model
Error U 55 0.002
Total J 63

D)l 2929 (6> me BMSIN.S.

70 gdaw 5> > gme W3]
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**:Significant difference at 1% level, *: Significant difference at 5% level, n.s: There was no significant difference.
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Table 10- Coefficients of variables in the regression equation for variables water use efficiency dependent

3, abiusl pué sl s 3 Ikl gl p
- . Standardized
Unstandardized Coefficients Coefficients donsloeo t
Joo AP R Oy
Model o Sig.
B o The e slas Beta tValue
B coefficient standard error

constant number <ol sae 2.606 0.375 - 6.943 0.000 n.s
Number of pods per plant «g; 5 e 55 Slas=X1 0.001 0.001 0.041 0.955 0.344n.s
Number of seeds per pod (ye, ) «ls slas=Xo 0.000 0.003 -0.010 -0.178 0.859 n.s
The weight of one thousand seeds «l> )l;a ;5=X3 0.004 0.022 0.008 0.201 0.841ns
Yield »,Slee=X4 0.000 0.000 0.427 8.000 0.000 **
Volume of water consumption _s,ze ol w5 =Xs 0.000 0.000 -1.013 -12.415 0.000 **
Flowering period 255 s5=Xs 0.000 0.007 -0.004 -0.117 0.907 n.s
Growth period ., o5 =X7 -0.007 0.002 -0.141 -4.353 0.000 **
Bush height 4 glis =X -0.004 0.001 -0.279 -3.575 0.001 **

210 3929 (513 me BMEIN.S.

70 g o gime NS s

7N g 3 )l gime NS st

**.Significant difference at 1% level, *: Significant difference at 5% level, n.s: There was no significant difference.
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Introduction
Arid and semi-arid climates prevail in Iran. The precipitation is also sparsely distributed in most areas of the
country. Therefore, there is a need for management measures to overcome the water crisis. One of these
measures is designing rainwater harvesting systems that can meet some of the non-potable needs and reduce
runoff in urban areas. The main components of rainwater harvesting systems in residential regions include the
catchment area, storage tank, and water transfer system from the catchment area to the tank. The storage tank is
the biggest investment in a rainwater harvesting system, as most buildings are not equipped with a storage
system. Therefore, tank capacity should be determined optimally to minimize project implementation costs. The
stored water volume and the project profit increases with increasing the tank volume. However, in this case, the
price of the tank increases. Therefore, the tank capacity should be optimally designed to justify economic

exploitation.

Materials and Methods

In order to evaluate the feasibility of using rainwater harvesting systems, the tanks’ volume was optimized.
Due to the higher rainfall of Ardabil relative to the average rainfall of the country, it is expected that this area has
a good potential for the implementation of rainwater harvesting systems. Therefore, this region was selected as
the study area under the scenario of a residential house with 100 and 200 m? catchment areas and four
inhabitants. The amount of rainfall in the region is one of the primary parameters in determining the volume of
rainwater collection tanks. Some of the precipitated water is always inaccessible due to evaporation from the
surface. Nonetheless, since there is almost no sunlight during and immediately after rainfall, and also the
received water enters the reservoirs shortly after precipitation, evaporation was assumed to be zero. Daily
precipitation data for 42 years (from 1977 to 2019) were retrieved from the Ardabil Meteorological site. The
daily water balance modeling method was used to analyze the rainwater harvesting systems due to the simplicity
of interpretation, high accuracy and better general acceptance. Daily precipitation data were entered into this
model and used as the primary source to meet the domestic demands. Simulation of rainwater harvesting systems
was performed using daily precipitation data in MATLAB software, and the reliability of these systems was
calculated for different tank volumes. Then, considering the price of drinking water and the current price of tanks
in the market, the optimal volume of tanks was calculated using the Genetic Algorithm. Finally, the annual
volume of water supply and the amount of water savings in case of using the optimal volumes of tanks were also
estimated.

Results and Discussion
The results showed that the percentage of reliability is directly related to the volume of the tank, thus, the
reliability percentage also increases with increasing the tank capacity. As the volume of the tank increases, the
slope of the increasing reliability percentage decreases continuously, to the point that this slope becomes almost
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zero. Comparing the reliability percentage obtained for 100 and 200 m? rooftops indicated that 200 m? rooftop
had a higher reliability percentage than 100 m? rooftop due to receiving much more rainfall and meeting the
water need for a longer duration. By comparing the results of overflow ratio for 100 and 200 m? rooftops, it can
also be concluded that using a fixed size tank, the overflow in 200 m? rooftop is higher, which is due to receiving
more water volume than 100 m? rooftop. The results also showed that by using a 5 m® tank, 44.5 and 24 m?® of
water can be stored annually from the 200 and 100 m? catchment areas, respectively, these are equal to 28 and 19
md, respectively, if 1 m? tank is used. The optimal tank volumes for 100 and 200 m? rooftops are equal to 0.59
and 1.66 m®, respectively. Since the tanks are made in specific volumes, the obtained volumes were rounded to
the closest volumes available in the market. Thus, a 1.5 m®tank was used for a 200 m? rooftop and a 0.5 m?® tank
was applied for a 100 m? rooftop.

Conclusion
Application of a tank of 0.5 m? for the rooftop of 100 m? was the most profitable for saving 17% of water
consumption, annually. Moreover, the optimal tank volume for the 200 m? rooftop was selected to be 1.5 m?,
saving about 32 % of water consumption per year. Water-saving percentages indicate the high potential of our
study area for the implementation of rainwater harvesting systems.

Keywords: Genetic Algorithm, Optimization, Reliability, Simulation
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Introduction

Grape is one of the most important horticultural products in the world and Iran which has been noticed due
to its cultivation area, high economic and nutritional values. Annually, about 68 million tons of grape are
produced in the world. Iran, with 309,000 ha cultivation area and about 3.3 million tons share of production, is
the 11™ largest producer of this fruit in the world. Recent studies have shown that plant nutrition and soil fertility
have significant effect in the reduced yield quality in the grape fields of our country. Plant nutrition as an
influential factor is a function of the interaction of nutrients and environmental conditions. Assessing the
nutritional status of plants is necessary to achieve the relationship between nutrients availability in the soil, the
amount of elements in the plant and yield. Plant analysis method is used to optimize fertilizer application and
diagnose plant nutrition disorders. The plant analysis method is useful for evaluating plant nutrition if an
appropriate method to be used to diagnose and interpret the results. Tissue nutrient status can be diagnosed by
the Critical Value Approach (CVA), the Diagnosis and Recommendation Integrated System (DRIS), and
Compositional Nutrient Diagnosis (CND). Only DRIS and CND provide nutrient imbalance indexes, although
no threshold value has been validated yet for diagnostic purposes. CND method expresses interactions by
considering the ratio of one element to all elements. In this method, high and low functional groups are separated
with great accuracy with the help of mathematical and statistical methods and the application of the cumulative
function of variance ratio of nutrients and chi-square distribution function. A critical CND imbalance index was
derived from the chi-square distribution function. Due to the importance of grape production in the country and
the lack of required nutritional norms, this study was conducted to investigate the nutritional status of grape
fields using the CND method.

Materials and Methods

In order to evaluate the nutritional status of grape fields in the Hamedan province, this study was conducted
in the cropping years of 2017-2020. Every year, 40 different orchards were selected in each of the regions. The
orchards were selected in such a way that they had different ranges of yield and soil properties. A database
containing laboratory and field data was created for each grape field. The geographical location was recorded for
the orchards. In each orchard, plant (leaf) samples were prepared and analyzed based on suitable laboratory
methods. At the end of the season, the yield and its components were determined by visiting each orchard.
Concentrations of nitrogen, phosphorus, potassium, calcium, magnesium, iron, zinc, manganese, and copper
were measured in grape leaves. The project database was completed and CND indices were calculated for each
nutrient element. The selected grape fields were divided into two groups with high and low yield based on yield.
The CND norms and indexes were computed according to computation steps of Parent and Dafir. The Cate—
Nelson ANOVA procedure was used to partition yield data between two groups by maximizing the between-
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groups sums of squares to determine the threshold values for CND indexes required to compute the critical CND
r? value. We used 83 observations for developing the nutrient norms.

Results and Discussion

The results of the indices calculated by the method of CND showed that the grape fields were deficient in
nitrogen and potassium among the macronutrients and iron and manganese among the micronutrient elements.
There was a correlation (0.25) between nutritional balance index and yield that was significant at 1 percent
probability level. Potassium index was negative in 83% of low yield orchards. After potassium, nitrogen had a
negative index in 58% of medium and low yield orchards. Phosphorus had the most positive index among
macronutrients and was positive in most orchards. Among the micronutrients, manganese, iron, and zinc indices
were negative in 59%, 49% and 73% of the orchards, respectively. The presence of calcareous conditions in the
soils of the region can be the reason for this deficiency. The boron index was positive in some orchards and
negative in some other orchards. Furthermore, in total, the index of unknown factors was negative in 41% of
grape fields in Hamadan province.

Conclusion
The results indicated that management of evaluated orchards was not suitable and application of chemical
fertilizers was unbalanced. The results of this study can be used in grape fields to increase yield and product
quality. Therefore, it is recommended to use deficient elements in the fertilization program to improve yield.

Keywords: Grape, Nutrients, Nutritional status, Optimum level
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Table 1- Grape intermediate yield estimation by cumulative variance of nutrients logarithmic ratio
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Nutrients  Determined yield
N 9523 Y=7E-13x® -2E-08x? -0.003x +110 0.99™
P 33333 Y=2E-12x3 -2E-07x% +0.0027x +87.8  0.99™"
K 37619 Y=7E-13x3 -1E-8x? -0.0034x +108 0.98™
Ca 33333 Y=1E-12x3 -1E-07x% +0.0004x +96.3  0.99™"
Mg 14815 Y=-9E-13x3 -4E-08x? -0.0026x +130.1  0.98™
Fe 16667 Y=-2E-12x3 -1E-07x? +0.0009x +98.5  0.99™
Cu 29167 Y=8E-13x3 -7E-08x? +0.001x +26.1 0.98™
Zn 16667 Y=2E-12x3 -1E-07x? +0.0007x +92.7 0.98™
Mn 33333 Y=2E-12x3 -2E-07x% +0.0016x +98.8  0.99™"
B 33333 Y=-1E-12x3 +1E-07x% -0.0078x +151.9  0.98™
ouilesdly o 33333 Y=2E-12x3 -2E-07x2 +0.0028x +82.1  0.97"
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Table 2- CND norms and its SD for nutrients and residual compounds in the studied grape fields
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Nutrient ~CNDNorm  Average  spofCND  “\verage concentration in SD
CND norm norm grape fields with high
yield (%)
N VN 3.24 0.15 2.82 0.44
P V' 1.005 0.33 0.32 0.11
K V'k 2.45 0.12 1.27 0.13
Ca V'ca 3.09 0.21 2.46 0.52
Mg VMg 0.93 0.23 0.29 0.05
mg kg
Fe Ve -2.13 0.35 126 41
Zn Vzn -3.61 0.42 32.7 16
Mn VMn -2.5 0.44 99.1 46
Cu Veu -4.44 0.26 13.3 3.6
B V's -4.68 0.12 10.3 13
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Table 3- Nutrients index and sufficiency and critical range for 10 nutrients in grape fileds
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KV 0.9 0.95 -0.95 9524
1% 1.1 1.05 -1.05 33333
1%« 1.95 14 -1.4 37619
12ca 0.15 0.39 -0.39 33333
12mg 0.7 0.84 -0.84 14815
1%re 0.18 0.42 -0.42 16667
12cy 0.4 0.63 -0.63 29167
12zn 0.15 0.39 -0.39 16666
12Mn 0.2 0.45 -0.45 33333
1% 1.8 1.34 -1.34 33333
oz 7.53 37619
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Figure 1- Relationship between yield (kg ha') and CND r?in grape fields of Hamedan
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35000 -0.28 -1.05 -0.83 -064 -114 054 1.47 -1.68 0.36 2.80 Mg>P>K>Ca>N Zn>Mn>Fe>Cu>B 12.6
33000 0.65 1.12 24 -0.33 114 021 -157 081 -103 -1.29 Ca>N>P>Mg>K Cu>B>Mn>Fe>Zn 18.5
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8000 -0.49 2.1 -5.9 -0.15 -0.81 -041 -045 -045 -0.13 -0.20 K>Mg>N>Ca>P Cu>Zn>Fe>B>Mn 50.7
o5k -0.02 049 -247 006 -001 -006 001 -0.01 -019 0.13 K>N>Mg>Ca>P Mn>Fe>Zn>Cu>B
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Introduction

Given the energy crisis in the world, increasing environmental pollution, clean, renewable energy and the
reduction of environmental pollution are needed. Soil is the main source of agricultural production. Therefore,
maintaining soil health and fertility is very important for sustainable food production. Nanotechnology is a good
way to reduce soil issues in agriculture, a promising method to improve soil properties and significant capacity to
increase yield. Nanotechnology is one of the newest technologies that is used in all fields of science and research
due to its high potential and unique features, including natural resources and soil protection. Nanoparticles have
the ability to change some physical, mechanical and chemical properties of soil due to their very high specific
surface area and activity. Nanoparticles increase the cation exchange capacity of soil and soil porosity. Among all
nanoparticles, zinc oxide (ZnO) is one of the most widely used nanoparticles. Zinc oxide nanoparticles due to their
high specific surface area can act as a bonding agent between particles and stabilize the soil structure by
flocculating soil particles. Although many studies have used zinc oxide nanoparticles (ZnO) in the field of heavy
metal contamination in soil, aqueous solutions and plants, the effect of one nanoparticle on soils with different
textures has been less reported. Therefore, objective of this study was to investigate the effect of zinc oxide
nanoparticles on some physical and chemical properties of soils with different textures.

Materials and Methods

In this study, three soil samples with different textures, including sandy loam, loam and clay were collected
from three locations as Malayer, Abbasabad and Nahavand, in Hamedan province, respectively. Samples were
taken from soil surface (0-20 cm depth). The soil samples were transferred to the Soil Physics Laboratory. After
air drying, they were passed through a 4 mm sieve and mixed with specific weight percentages of zinc oxide (ZnO)
nanoparticles (zero, 0.5, 1 and 3 % W/W) in three replications. After preparing the treated samples, the soils were
homogeneously poured into plastic containers measuring 18 x 5.5 x 18 cm with a specific bulk density related to
the field. The treated soils in plastic containers, were wetted and dried with municipal water for 120 consecutive
incubation period. After 120 days from the start of incubation, the samples were taken from the containers. Some
physical and chemical properties including pH, cation exchange capacity, organic matter, calcium carbonate and
electrical conductivity were measured.

Results and Discussion

The results showed that the use of nanoparticles increased the cation exchange capacity in two textures of
loamy and clay soils. The increment was significant compared to the control in loamy soil at two levels of 1 and
3% and in clay soil in all three levels of 0.5, 1 and 3%. Electrical conductivity increased and decreased (P <0.05)
at 3% level for loamy soil and at 3% for sandy loam and clay soils, respectively. In contrast, the application of
nanoparticles led to a decrease in pH and organic matter content (P <0.05) in sandy loam and clay soils,
respectively. At the level of zero and 0.5%, the order of pH was: sandy loam> clay> loamy soil, with significant
differences. But at the level of 1%, the order of pH was: sandy loamy> loamy> clay, with significant differences.
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At 3% level, the order of pH was: loamy> sandy loam> clay, with significant differences. At all levels of zero, 0.5,
1 and 3% of zinc oxide nanoparticles, the amount of organic matter was significantly in loamy> clay> sandy loam.
Application of different levels of zinc oxide nanoparticles in clay soil reduced the percentage of calcium carbonate
(P <0.05) (at the 3% by weight level), but had no effect on the amount of this variable in sandy loam and loamy
soils. At all levels of zero, 0.5, 1 and 3%, the amount of soil calcium carbonate was significantly in the following
order: clay> sandy loam> loam.

Conclusion
According to the results obtained in this study, it can be concluded that the use of nanoparticles can be a good
solution to reduce the harmful environmental effects of chemical fertilizers. In addition to the positive effect of
zinc oxide nanoparticles on physical and chemical parameters in different textures, the selection of the most
optimal level of zinc oxide nanoparticles should be economically applicable. This requires further studies to
determine the significant effects of nanoparticles on the physicochemical properties of the soils in different
conditions to determine the optimal amount of nanoparticles, in order to save costs.

Keywords: Metal oxides, Zinc oxide, Nanoparticles, Cation exchange capacity, Organic matter
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Table 1- Characteristics of sampling sites of soils under consideration

$12 piged Jomo
Sampling location
2o N oole Lgles
Malayer Abbas Abad Nahavand
&) pdises Joxo ale (slbuws, LT ole ae 50 o S5 gliwg,
(Sampling location) Maliche village Abbas Abad Farm Kirk Sofla village
"9’;" fj’b 48° 36" 24"E 48° 28 40" E 48717 14°E
e 34° 15 2"'N 34° 47 26'N 34°9 58'N
(Latitude & Longitude)
_@é’b’ ) Xeric Xeric Xeric
(Moisture regime)
- ] -
lehad Mezic Mezic Mezic
(Thermal regime)
ey Regosols Inceptisols Cambisols
(Classification)
(Land use) Cultivation of barley Bayer Cultivation of rainfed lentils
o) > g 5l 5 1852 1814 1652
Height above sea level (m)
Vo 55b ke
AVl ()b opSole 376
(20 o) 385 323
Average annual rainfall (mm)
(Logpder 2.2) VL slo3 (550l 8.5 113 125

Average annual temperature (degrees Celsius)

4 Sk cdl jolio pay WHa b (550l Jsere sla b,
L Fesl8 Jols cud )b (Gee and Or, 2002) yiog)uud s,
oS @l )S 9 (Bower et al., 1952) pgugel izl 5l oxliul
(Page et al., 1982) Sy fowlis bgy 4 SB Joleo
Lo 4 ) ojlas o shie OF L S5 PH (i oh 505 (6,505l
Thomas, ) (77P Jso NeoMet) o pH oo 3l osla il
oo g B 4y ) ojlas o (S Sl colia culils 4 (1996
( Rhoades, 1996) (¥a)+ Jio JENWAY ) mi_wcolin
Walkley and Black, ) 39, b JI osle jlade x50 (¢ ,S0;lul
LD g pSojlul (1934

e @ b ol gu g B3k 85851 Zn0 ey gt
03 5 o Shy 353 (wyp yobate & A dgd 40> AV
(SEM) (—ing) (98Ul 098y S oSS 5l adlllas 390
Y5 o olKitslojl )3 BET <SS 5 (XRD) Sl anil ol
3 oolawl b (gg,0 ST &l )36 PHZPC (yuass 21005 plosi] ol a5
45,8 bl (Fiol and Villagscusa, 2009 ) (¢)galooe i,
ol 02l ¥ gdo )3 g9y damST 136U ST sla Sy (S

oS 01 Jlags sladiges (g wodlel j| g 51 bgls o
P aeyie bgpe 5pals jog—ase pi b g (Sen &y obs
WA Ay e Sl A X B/ X VA bl 4 (Sl g )l 51
(St 8 VY = (53] (o3 56 ) ¥) 58 75 gucne 5

23,5 03be] ladiges JS (glp (Sk sl »

2)9> OV (sl ((Sdly B9 )b (93 01 Hlas slas
Bab SS9 5 e 2l b e sl 09y VW e igraslisSl
oMb Sis x5 gl YU Sl ladiges & & pgo s
o SSE o)ligd ails 53,05 dhai do b oa s jlo SLS
b b Jlste b (St 5 b pludl ol S e gl o1
OsrobgSl 955 5l joy VW e CddS jlam L ashsl g, VY
Foasdeily ladiges g9y 3 ploxl B )b I ()l peiges
bl PH (95l b5 cad b dlaylass Jlosl 5l o Lacdils
S Josle ao)d g Joleo S @l )8 ¢ S S Colan
A5 s Sl
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Table 2- Some characteristics of soils under consideration

sl SB cal
Unit Texture
Sandy Loam Loam Clay
Sand (%) 60.4 45.12 15.68
Clay (%) 19.6 23.6 43.6
Silt (%) 20 31.28 40.72
Pb (gcm?®) 1.39 1.06 1.08
Ps (gcm?®) 2.43 2.25 2.36
TP (VIV %) 0.43 0.53 0.54
MWD (mm) 0.29 1.14 0.38
052 K 0
rovel (%) 26.5 2.06 6.96
CEC  (cmolc kg?) 21.13 29.30 30.59
pH - 8.62 7.15 8.07
EC dS mh 0.0235 0.0625 0.1329
OoM (%) 0.34 4,71 1.34
CaCOs3 (%) 145 5 33.75

i1y PH S 55l ol (2obeS CEC dawliss b 559 0:Ske MWD ¢ JS Jdss (TP ¢ i jogasio p 2 S ¢ (6,0l ogass py2 Pb
Jolee pudS liyyS s CACO03 ¢ T ssle OM ¢ S i8Il cylun bl EC s

pb: bulk density, TP: Total porosity, MWD: Mean weight diameter of aggregates, CEC: cation exchange capacity, pH: Potential
hydrogen, EC: electrical conductivity, OM: Organic matter and CaCOs: Calcium carbonate.

odle a5 5lc il )3 oS (6)6—b b oS odguzes 40 adlllas
o S S b T osle b sbacSs in dpgd S ]
oS Josle b cacSB g3 55 ) SB 5 YU S ool gl
sbSE quaea (Charman and Roper, 2007) Sud G guoxe
5 ol Gk gunaib > Sal i i 5l ) 5 dpg)
Horneck et al., ) w85 )8 o5 SKal odgase )3 o9} SLS
(2011

SEM (bS5 b ) Sliogad 335 oy sl
Eloogas 5 cusl 01 odlizal (Y JS5) XRD 5 BET () JS_s)
355 O b ) (sl g

390 @) gL ea 3 gpSoill sla Shy S r e en
Wl 0ad 035l ¥ Jgan ) aulllas

S5y I g1 3 g a8 313 LS b sy p i
Journal of ) (cs,8 L @y (gpmlls JS5 o6y Moo (¢ yals
Cabild ¢ oLl L ws odga5xe 4> PH (Nanoparticle Research
03 0jl8l S 5 mipeyio FY/AY 0509 pdaws YU (S5 sl Colin
Flg5 ol JBs 000/ jogds ds 3 eyl VoY
bl e e yio Lo p)S

2- Shapiro Wilk

5 pbul SAS. 9.2 13dle 5 5l oolizl b gyl ulosis 4359
390 dmo)> B e 53 S35 (903l 52yl o Silie Auslie
Sy sloedly ololis daosly Juloo g 4300 5 L8 .cd 5 a4y 350
sla gl 5ol wl b Uns xij 99 Jloy b plscl
Razali and Wah, ) Yl —g L o' g ol —3g,S galsS
390 Jbo slad @js (o9 oy oniadlis & Al () (2011
Excel )l38le 5 5l o jlages muoy (gly (Cannl oauis 00l> lis laodls)
b odlatwl 2013 ases

2 s )90 SSE (olerd 5 (S3d S SRy S
Wl 03 035l ¥ Jgas
ly g bwgio 0390 ) (idpg S (o5l o5 (oS
(Metson, 1961) 8,5 1,3 YU odgdme 13 ) 5 (09} sl S
G WS > ipy SB 0l 5 pSojlul pH el
P ) SB g (13 GSE N 3 (e SB L8l
Bruce and ) <8 )18 LLS b wgie job 4 slaSE WS
350 SB 4w o Sl ol e LLE (Rayment, 1982

1- Kolmogorov- Smirnov
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Table 3- Properties of nanoparticles under consideration
P N RS
)_50 ’ ’ °79 @aﬂ’ @ e
L s 5 EC olyd RESA Specific . Jdss
et yl.’ Jyes? (@dsm Pointof part?de Pore surface ‘-”9]" Porosity
Nanoparticles Formula  pH ) Zero size size area Purity (cm® cm3)
Charge (hm) (nm) (m2 gt) ()
Ry
90 zZzn0O  7.78 0.0558 7.23 20-30 4141  43.93 99.9 0.45
Zinc oxide

500 9l 3,8 ol (SB il go pil a8 ol L odel Cowd
2> 9 3,8 Zohaw x SB cdl g )b 9> S a rzed

2 92318 Jalsl & 5 53 5 9 paeas) &l 53 g3l sl
ik ol > oliuldyge (sl jeate 48 i)y 4 jo0 @l
& OleMbl byl 450 guls (sl odds ool (L ¥ Jods 5o
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o pd Y Hlesd j0 Lol ccuslas (gl me Siul38l aald o dy Coud
(P < 0.05) s sine oglis 1alb o L 5 392 o 30505 5
0SB Lite b Lol mlis )1 S Loy si g T slge il
—ipy Sy e e 4y .(Sparks, 2003) W, oo jlo—i
Sy ol clplis el 308 Joslo g oy (liee 0052
55 o 5 o) SRS &y s S S ol b
» Slglyd cuenl JTlge (Mirkhani et al., 2005) asL o
ot aST 5 a3 ls SB awilS ol iuloeS il
o 0,530 s s o 13 413 ixo) T o3lo jlade tlS cvgo
4 S 0)3950 o0 ¥ g ) zolaw 3 )by xe) PH 5 (ol
2 e oty 3 (b T S 5 ¥ US5) idpg) S5 (anls
A SeolS ol LinluS Lials cage 0,0 9 40958l S1B -yl
(e ¥ gV /B jiio) 0)3 6 3y gl (olos 5
o 4 S35 Lyl () g ong) GBS g8 Jols ialoS
5392 )10)95 2 6 VL i Sl (Gdpg ST 4 Caid g S,
i S &y Cad oy § 08 GBS T oslo 5 PH 3300
4 G 35 S YL G958 oo (xS ol s g 03 YL
e PH g I 8lge oy o ps il 31 b o)y sipgd S
Ol o )3 9 48ly Ll SLS laangls e Loyl
Mirkhani et ) uS' o lay (iol38l 50 SB S8 Iols iulsS
(al., 2005

(¥ Jgiz) 645 )l ixe

P byl 2 0p395 3,8 ilises ggbaw I (5:50ke anlie
byl tal5dl vge D b 5l oozl a8 ol lis S8 igwls
2 ORIBlcpl oS b () g (o S CBLY S5l ol
T 4wy 53 (o) SB 33 9 200 T 9 ) aw 93 )5 (o S
(a7 JS5) 299 40 dize dald 4y Cans Aoy Y g )+ /D

Fo YYIR) YU jlews o3y o 2 d2g5 b g9)ST )5 5L
diben obe sloog)S sliw (Il czge dpS 0 @y
CEC _iul38l ascs jo 4 (Ostan, 2004) p > a5l 10 JowS'syiun
o9 S > 05 g A sl g g o S
DI (DY JS2) 25 S5 PH 3] crge (53t
23 948l Ll ate )b oline PH & atuly sl el 4, pH
Sparks, ) b oo palEl SIS S5l Jobs (ialonS aons
»l (Kananizadeh et al., 2011 ) ,Kan 4 03lj SleS™ (2003
dibate (o) SLSE 1) Colishyge Cige (o) @IS 9L 2 )8
o 2Bl Cuwd @i ol g 030 58 (o 3)90 (IS SRS
S S5l Pl cad )b ialS cage ) 9 o) ¥ (3558
5 ik S5 clbys ol 4 13,5 lie Iyl el oa
oy PU Ao T L Shps SL slaw) oS 5 > CEC
Ol ole 08Ty 4 S czge () S g 0390 Jlide (35S
ol 04 S 5

(i—iped SB o as ol LS oaly 1k 4 nlie gl
(5530081 S35 515 3,8 s Gl oS LS saloriS

S JT ok jluio 5 Jolre panndS by S ¢ S oSN Cylud CalslB PH ¢ Gerl6 Jol5 i S g9 b ylowd 551wl g 41505 gl —F Jgus
Table 4- Results of variance analysis of effects of treatments on cation exchange capacity, pH, electrical conductivity, calcium
carbonate and organic matter

CEC pH EC CaCOs oM
[CHJOVES I ¥ 19 &350 s pvalue
Source of variations Degree of freedom
L_ﬂ& <t 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(Soil texture)
0y b (Y
2 9225 gl 3 <0.0001 <0.001 <0.0001 01399  <0.0001
(Nanoparticle application levels)
0,3 il 0,8 x cdb go
» A 22) ga & 6 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

(Texture x Nanoparticle application levels)

Ol yus oy
Coefficient of variation

24311 0.1479 3.9205 6.5128 2.6913

B ST ole Jaie OM 5 SK Jsles gl liy,S :CAC03 1S Sy 8| cobin il E£C 15K 28y PH (S gl Jols ubes :CEC

CEC: cation exchange capacity, pH: Potential hydrogen, EC: electrical conductivity, CaCOs: Calcium carbonate and OM: organic
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Figure 3- Interaction effect of type of soil texture and application levels of zinc oxide nanoparticles on (a) soil cation exchange
capacity (b) Potential hydrogen (c) electrical conductivity and (d) Percentage of soil calcium carbonate

Similar letters on the columns indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The
vertical line on bars shows the data’s standard deviation.
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vertical line on bars shows the data’s standard deviation.
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Introduction

In addition to the minerals, weathering in soil which depends on soil forming factors and processes, plants
rhizosphere release components which affect soil minerals and finally their weathering. If the soil is polluted by
heavy metals, root exudates will be influenced resulting in decreasing microbial activity. Many studies showed
minerals weathering in rhizospheric medium for both natural soils and pure clay minerals but information about
the effect of pollution of rhizosphere on clay minerals weathering is limited. This study was conducted to
investigate the effect of cadmium pollution on the transformation of clay minerals in wheat rhizosphere in a
dominant soil of Shahrekord plain (Chaharmahal soil series).

Materials and methods

Soil samples were collected from 0-20 cm depth of Chaharmahal soil series based on the 1:50,000 scale soil
map. A factorial experiment as completely randomized design with three replications and three cadmium levels
(0, 5, and 10 mg kg from cadmium) was performed in two environments including bulk soil and rhizospheric
soil (18 samples in total) in greenhouse conditions for 16 weeks. Necessary care was taken during the growth
period and the soil moisture was kept constant at the field capacity. At harvest time, the rhizosphere soil was
separated from bulk soil. Then, the soil samples were air dried and passed through a 2 mm sieve. The mineralogy
was examined by X-ray diffraction (XRD) in the studied soil after plant harvest (including rhizospheric soil and
bulk soil) in unpolluted samples. Then, results were compared with minerals in polluted rhizosphere media.
Dissolved organic carbon (DOC) and pH in the rhizosphere and bulk soils were also determined.

Results and Discussion

The results showed that the effect of contamination on soil pH was not significant but the pH value in
rhizosphere soil was significantly lower than the bulk soil. The average pH in the soil was 7.8 and in the
rhizosphere reduced to 7.5. The interaction of medium (rhizosphere and bulk soil) and contamination on the
amount of dissolved organic carbon was significant (p < 0.01). The amount of dissolved organic carbon in the
rhizosphere at 170.6 mg Kg™ was significantly higher than the bulk soil (104.6 mg kg*), which could be due to
root secretions. In the rhizosphere, increasing the contamination level to 5 mg kg decreased by 19% and
contamination of 10 mg kg™ caused a 21% decrease in dissolved organic carbon. The amount of dissolved
organic carbon in the rhizosphere was 39% higher than the bulk soil. The average of dissolved organic carbon in
the rhizosphere and bulk soil was 170.6 and 104.6 mg kg, respectively. Based on mineralogical results, mica,
smectite, chlorite, kaolinite and palygorskite minerals were detected in the bulk soil. Comparison of clay
minerals samples in the bulk soil and rhizosphere showed that the trioctahedral chlorite transformed to hydroxy-
interlayer vermiculite (HIV) in the rhizosphere soil. The presence of HIV was identified by an increase in the
intensity ratio of the 10 and 14 angstrom peaks after K-saturation. In rhizospheric soils, the intensity of the 14
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angstrom peak decreases in K-550°C treatment. Furthermore, in the rhizospheric soils, a clear increase in the
intensity of the 10 angstrom peak was observed from K-air dried to K-550°C treatments which can be related to
the presence of HIV which can be attributed to the changing conditions of the rhizosphere, including reducing
pH and increasing the dissolved organic carbon and the activity of microorganisms. Comparison of
diffractograms for clay fraction of rhizospheric soil with different contamination levels after cultivation showed
that the type of minerals in contaminated levels was similar to non-contaminated conditions, but the amount of
trioctahedral chlorite was the highest in higher contaminated soil. The peak intensity of 14 angstrom in
potassium saturated sample heated at 550°C was lower in non-contaminated soil. Also, at the level of 10 mg kg
cadmium contamination, the chlorite peak had the highest intensity which indicates less chlorite was transformed
to HIV in the contaminated soils.

Conclusions

The results showed that DOC in the rhizosphere soil was significantly higher than the bulk soil, whereas pH
significantly decreased in the rhizosphere soil compared to the bulk soil. In both the rhizosphere and the bulk
soils, increasing the contamination caused a decreasing trend in dissolved organic carbon. Mineralogical results
of the rhizospheric and the bulk soils showed that trioctahedral chlorite was transformed to hydroxy-interlayer
vermiculite (HIV). In addition, rhizosphere contamination reduced the chlorite transformation. The results
suggest that soil contamination with a negative impact on plant activity and soil could even prevent the
availability of nutrients from the clay minerals structure.
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Table 2- Analysis of variance for the effects of contamination and environment (rhizosphere and bulk soil) on pH, available
soil cadmium and dissolved organic carbon (DOC)
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ns, *, ** and *** are nonsignificant and significant at 5, 1 and 0.1% probability levels, respectively.
a:(Df): Degree of freedom, b: DOC: Dissolved organic carbon.
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Table 3- The effect of environment and contamination on the amount of dissolved organic carbon (DOC) in the

studied soil
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Figure 1- Diffractograms for clay fractions of the studied soil in non-polluted soils of bulk soil (a) and rhizosphere (b). Mg:
Magnesium saturated sample , Mg-Eg: Magnesium saturated sample with ethylene glycol, Mg-g: Magnesium saturated

sample with glycerol, k: Potassium saturated sample , K-110: k: saturated sample heated at 110° C, k-350: K saturated
sample heated at 350°C , K-550: K saturated sample heated at 550 °C.
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Figure 2- Diffractograms for clay fraction of Shahrekord soil rhizosphere in the soil with pollution levels of 5 and 10 mg kg*

cadmium. a) Soil with contamination of 5 mg kg cadmium. b) Soil with contamination of 10 mg kg*. Mg: Magnesium

saturated sample, Mg — Eg: ethylene glycol saturated sample, Mg —g: Glycerol saturated sample, k: Potassium saturated

sample, k -110: Potassium saturated at 110 °C, k-350: Potassium heated at 350°C and k-550: K heated at 550°C.
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Introduction

Precipitation is one of the most important components of water cycle. Accurate precipitation measurement is
essential for flood forecasting and control, drought analysis, runoff modeling, sediment control and management,
watershed management, agricultural irrigation planning, and water quality studies. Determining the correct amount
of precipitation in cities and rural areas is also important for managing floods. The precipitation process is
completely non-linear and involves randomness in terms of time and space. Therefore, it is not easy to explain that
with simple linear models due to various climatic factors and may contain major errors. Therefore, various methods
and models have been proposed to evaluate, and predict precipitation. This study aimed to estimate the daily
precipitation of Tabriz based on hybridized tree-based and Bagging methods by using neighboring stations.

Materials and Methods

In the present study, the rainfall data of adjacent stations in Urmia lake basin (Sahand, Sarab, Urmia, Maragheh
and Mahabad) were employed in 1986-2021 to estimate the daily rainfall in Tabriz. About 70% of data were
considered for calibration and 30% of data were applied for validation. Using the correlation matrix and Relief
algorithm, various input components were identified. Modeling was performed using tree-based data mining
methods including M5P, RT and REPT and Bagging method. The daily precipitations of Tabriz was decomposed
into their components by seasonal-trend analysis method. Its components, including trend, seasonal and residual,
were used in different input scenarios to investigate the effect of these components on improving the modeling
results. To evaluate the modeling performance, the indices of correlation coefficient, Root Mean Square Error,
Nash-Sutcliffe Efficiency and modified Wilmot coefficient were applied.

Results and Discussion

RT and REPT methods increased the accuracy of the model and decreased its error when they were used as the
basic algorithm of the Bagging method. This was not the case with the M5P method, as the results were slightly
weaker. It was also observed that Tabriz rainfall is largely influenced by Sahand rainfall, as the most models gave
reliable estimates by using the rainfall data for Sahand station. This can be explained by the high correlation
between Tabriz rainfall and Sahand. The results showed that the first scenario (Sahand) for M5P, RT, REPT and
B-M5P method, the fifth scenario (Sahand, Sarab, Urmia, Maragheh and Mahabad) for the B-RT method, and the
fourth scenario (Sahand, Sarab, Urmia and Mahabad) for the B-REPT method were the best scenarios. The best
performance was found for the scenario 1 of the M5P decision tree model, followed by the Bagging method with
the M5P base algorithm. In general, it was concluded that application of the Bagging method produced reliable
results. Modeling without considering the decomposition components was compared with modeling with
decomposition components. Adding seasonal, trend and residual components to the modeling input combinations
significantly improved the accuracy of the results. Application of Bagging method in most cases also increased
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the modeling accuracy. The first scenario (Sahand and residual) for M5P and B-M5P methods, the tenth scenario
(residual, trend, seasonal, Sahand and Sarab) for RT, REPT and B-REPT methods, and the eighth scenario
(residual, trend and Sahand) for B-RT method were selected as the best scenarios. As a result, among the stations,
Sahand, due to proximity and high correlation, and Sarab, due to greater correlation, had a great impact on
precipitation in Tabriz. In general, the Bagging method with the basic M5P algorithm (B-M5P) was best suited in
the first scenario. Thus, adding precipitation analysis components and using the Bagging method improve the
modeling results with tree-based data mining methods.

Conclusion

Our results showed that Bagging method provided acceptable results in most cases. In the first case, the first
scenario of M5P method including Sahand precipitation data was selected as the superior method and scenario. As
a result, Sahand was the most effective station in estimating Tabriz rainfall with the highest correlation and the
shortest distance from Tabriz. In the second case, with the decomposition components, the accuracy of the results
increased significantly. The Bagging method with the basic M5P algorithm, the parameters of Sahand precipitation
and the residual of Tabriz precipitation was considered as the best modeling algorithm. It can be concluded that
using Bagging method and decomposition components with the closest station to the studied station results in the
highest accuracy. Therefore, Bagging models with tree-based algorithm can be considered as simple and widely
used methods.

Keywords: Bagging method, Decomposition, Modified Wilmot, Tree models, Urmia lake basin
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Table 1- Statistical characteristics of precipitation data and geographical location of selected stations in the statistical period
of 36 years (1986-2021)
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Figure 1- Location of the studied stations along with the correlation and distance between the target and other stations
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Table 2- Scenario Selection Methods and Involved Parameters without Seasonal-Process Analysis Components
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1 Sahand Correlation Matrix
2 Sahand, Sarab Correlation Matrix
3 Sahand, Sarab, Mahabad Correlation Matrix
4 Sahand, Sarab, Mahabad, Urmia Correlation Matrix
5 Sahand, Sarab, Mahabad, Urmia, Maraghe Correlation Matrix
6 Sahand, Sarab, Urmia Relief
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Table 3- Scenario selection methods and parameters involved in it considering the components of seasonal-trend analysis
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Table 4- Evaluation criteria for tree-based and bagging methods based on defined Scenarios without seasonal analysis
components - trend

(Method) (g,
Scenario M5P RT REPT
R RMSE NS Dr MAE R RMSE NS Dr MAE R RMSE NS Dr MAE
1 0.85 1.54 069 079 058 0.75 1.82 056 075 063 0.80 1.70 0.62 0.78 0.59
2 0.84 1.56 068 079 057 0.63 2.23 035 069 070 0.78 1.75 059 080 0.56
3 0.83 1.58 0.67 080 055 0.60 2.34 028 069 070 0.77 1.77 059 079 057
4 0.82 1.59 0.67 079 057 0.65 2.16 039 072 067 0.78 1.72 061 080 0.56
5 0.82 1.60 066 079 057 0.69 2.07 044 071 068 0.78 1.72 061 080 0.56
6 0.83 1.58 0.67 079 057 0.64 2.20 036 070 068 0.78 1.74 0.60 080 0.55
Scenario B-M5P B-RT B-REPT
R RMSE NS Dr MAE R RMSE NS Dr MAE R RMSE NS Dr MAE
1 0.85 1.55 068 078 058 0.76 1.81 057 075 063 081 1.67 0.63 0.77 059
2 0.84 1.57 068 078 058 0.71 1.95 050 074 064 0.79 1.72 061 0.79 057
3 0.83 1.60 066 078 059 0.75 1.82 056 079 058 0.80 1.68 063 081 054
4 0.83 1.58 0.67 079 057 0.78 1.73 061 080 055 0.81 1.64 0.64 082 0.53
5 0.80 1.67 0.63 058 058 0.79 1.68 063 081 055 081 1.65 0.64 082 0.53
6 0.83 157 0.67 079 057 0.78 1.72 061 080 056 0.80 1.67 063 081 054
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Figure 4- Radar diagram of correlation coefficient for the studied methods
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Figure 5- Taylor diagram of top scenarios before analysis
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Table 5- Evaluation criteria for tree-based methods and bagging methods based on defined Scenarios considering seasonal
analysis components — trend

(Method) 9,
Scenario M5P RT REPT

R RMSE NS Dr MAE R RMSE NS Dr MAE R RMSE NS Dr MAE
1 0.97 0.72 093 098 016 095 0.89 090 097 022 0.89 1.25 079 0.97
2 0.97 0.72 093 098 016 095 0.90 089 097 022 094 092 089 098 0.20
3 0.97 0.72 093 098 016 095 0091 089 097 021 094 0091 0.89 098 0.20
4 0.97 0.71 093 098 016 095 0.90 089 097 022 094 092 0.89 098 0.20
5 0.97 0.71 093 098 016 094 0.96 088 097 022 094 0091 089 098 0.20
6 0.96 0.75 093 099 011 095 0.88 090 098 018 095 0.89 090 099 015
7 0.96 0.74 093 100 008 095 0.86 090 098 016 095 0.89 090 099 014
8 0.96 0.80 092 098 017 094 092 089 097 022 094 092 089 097 020
9 0.96 0.80 092 098 016 095 0.89 090 097 021 094 092 089 097 020
10 0.96 0.74 093 100 008 095 0.85 091 098 016 095 0.89 090 099 0.14
11 0.96 0.74 093 100 008 094 095 088 098 017 095 0.89 090 099 014
12 0.96 0.74 093 100 008 095 0.92 089 098 018 0.95 0.89 090 099 0.14

Scenario B-M5P B-RT B-REPT

R RMSE NS Dr MAE R RMSE NS Dr MAE R RMSE NS Dr MAE
1 0.98 0.61 095 098 016 095 0.88 090 097 020 0.95 0.90 089 098 0.19
2 094 093 089 098 017 095 0.86 090 098 019 095 0.89 089 098 0.19
3 094 093 089 098 017 095 0.87 090 098 019 095 0.90 089 098 0.19
4 095 0.88 090 098 017 095 0.86 090 098 018 0.95 0.0 089 098 0.19
5 095 0.88 090 098 017 09 084 091 098 018 095 090 089 098 0.19
6 0.96 0.74 093 099 011 09 084 091 099 015 095 088 090 099 014
7 0.96 0.74 093 100 008 096 0.86 090 099 015 095 0.88 090 099 0.14
8 0.96 0.82 091 098 017 096 0.82 091 098 018 095 0.89 089 098 0.19
9 0.96 0.81 091 098 017 095 0.88 090 098 019 095 0.89 089 098 0.19
10 0.96 0.74 093 100 008 09 084 091 099 013 095 087 090 099 0.14
11 0.96 0.74 093 100 008 095 0.85 090 099 014 095 0.87 090 099 014
12 0.96 0.74 093 100 008 095 0.88 090 098 016 095 0.88 090 099 0.14
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Figure 6- Taylor diagram of top scenarios after analysis
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