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Introduction

Confronting the crisis of water scarcity and the looming challenge of dwindling water resources is
undeniably a grave concern. Consequently, the focus of agricultural science researchers has shifted towards the
utilization of wastewater. One of the notable advantages of incorporating wastewater in agriculture is the
potential to curtail the expenses associated with procuring irrigation water and employing chemical fertilizers.

Materials and Methods

Sari has a longitude and latitude of 53°01" E and 36°33' N, respectively, and its weather conditions are humid
according to De-marten's climate classification. Its elevation is 21 above sea level and average annual
temperature and precipitation, arel7.9 °C and 650 mm, respectively). In order to evaluate the effect of water
stress and urban wastewater on the concentration of heavy metals, yield and some characteristics of basil, an
experiment in a factorial format based on a completely randomized design with experimental treatments
including; The first factor is the source of irrigation (1I): [treated wastewater (TWW) and well water (WW)], and
the second factor is water stress (S): [the lowest stress (S1, S2), medium stress (S3, S4) and severe stress (S5,
S6)] were performed in three replications at the research farm of Sari University of Agricultural Sciences and
Natural Resources (SANRU), Iran. Finally, the obtained data were analyzed using ANOVA of SASg,, and the
SNK post hoc test was employed to compare treatment means.

Results and Discussion

Based on the findings, Irrigation with wastewater increased plant height, stem diameter, fresh and dry weight
compared to irrigation with well water. So that the highest plant height, stem diameter, wet and dry weight were
related to irrigation with wastewater with 44.3 cm, 3.1 mm, 8.5 and 3.3 g, respectively. Also, the effect of using
treated wastewater on chlorophyll a, chlorophyll b, total chlorophyll and carotenoids was significant (P < 0.01).
while it did not have significant effect on flavonoid, phenol and antioxidant activity. In the lowest stress,
especially the S1 level, the amount of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, flavonoid,
phenol and antioxidant activity compared to the S6 level decreased by 63.3, 32.8, 40.7, 45.8, 46.3, 55.5, and
9.8%, respectively. while the highest amount of plant height, fresh weight, dry weight and stem diameter at the
S1 level was observed with 48.6 cm, 11.5 g, 3.51 g and 3.4 mm, respectively. The result shown that the Pb and
Cd concentration in basil under irrigation with wastewater was 3.4 and 2.5 mg.kg?, respectively, which
increased by 13 and 9% compared to well water. Water stress affected the Pb and Cd concentration, but the Cr
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and Ni concentration did not change significantly. The highest Pb and Cd concentration was related to high
stress level S5 and medium stress level S4 and the lowest level was observed in the lowest stress levels (S1 and
S2). Also, the results showed that the Pb and Cd concentration was affected by the interaction effect of irrigation
source and water stress. Thus, the highest Pb concentration was observed in irrigation with wastewater and water
stress levels S4 and S5 with 3.41 and 3.40 mg.kg™, respectively, and the lowest was related to irrigation with
well water and water stress level S1 with 2.2 mg.kg™. The highest Cd concentration was related to irrigation with
wastewater and stress levels S4 and S5 with 2.6 and 2.5 mg/kg, respectively, and the lowest amount were
observed in well water irrigation and stress levels S1 and S2, with 1.51 and 1.50 mg.kg™, respectively. while the
Cr and Ni concentrations did not significant.

Conclusion

Based on the findings of this research, irrigation with treated wastewater and application of water stress had
significant effect on the morphological and phytochemical characteristics of basil. while the use of treated
wastewater was ineffective on the biochemical characteristics of basil and only water stress conditions affected
their levels. The Pb and Cd concentration in basil increased under the influence of irrigation with wastewater and
water stress levels. But this increase was lower than the standards authorized reported by the researchers and did
not cause much concern. the results shown that the water stress levels S4 and S5 can be considered appropriate
in water efficiency and recommend the use of treated wastewater in basil irrigation considering the authorized
standards.

Keywords: Antioxidant activity, Cadmium, Plant height, Sever stress, Total chlorophyll
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Table 1- The maximum authorized standards for the use of wastewater for agricultural purposes based on the IRNDOE,

WHO and FAO (Alizadegan et al., 2022b), and the characteristics of the wastewater and well water used and the
characteristics of the experimental soil

b Ss pH NTU TDS TSS EC TP COD N Ca Na Mg Pb Cd
Characteristics (ds.m) (mg.I™) (ng.It)
TWW) Gl 8.1 2.9 663 27 1.06 49 17 05 100 58 181 0.13 0.01
ol>
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Table 3- The ANOVA results for the effect of irrigation water source and water stress on the morphological characteristics of

basil
Olagyo (ibe
FCAJOVES 37 oS DRSS Mean squares
S.0v df ols gl ¥ 039 SUiS 39 Swid 03l wuoyd a8l ylad
Plant height Fresh weight Dry weight Dry matter Stem diameter
Sl e 1 104.38** 4.818* 0.49** 44.667ns 0.5878**
Water source (W.S)
o3 5 149.9491** 26.2046** 0.3849** 441.1249** 0.6478**
Stress (S)
W.S xS 5 6.5176ns 0.0784ns 0.0526ns 17.0284ns 0.1057ns
s
24 96.3133 26.027 1.267 1254.4734 1.2467
(Error
S s - 46 12.6 71 136 75
CV(%)

bl o ()13 gxe pas 9 O O paw ) )b e gl oaimd Ui s Sy NS g 4

, “and ™ significant at p<0.01 , p<0.05 and non-significant, respectively.
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Table 4- The effect of irrigation water source and water stress on the morphological characteristics of
basil

(Morphological characteristics) 3599390 S S39

SLid : b woyd
w . ol £ | 5 o 03 " 4Bl b8
N e J L EI Plant height  Fresh weight wEi;)rqt o Stem diameter
reatment eve ry matter
cm mm
(em) (@) ©) (%) (mm)
 aie (TWW) Cluy 44.3a 8.5a 3.3a 42a 3.1a
Water source (WW) ol> 40.9b 7.8b 3.1b 39.8b 2.8b
S1 48.6a 11.5a 351la 26.5¢ 3.40a
; S2 46.8ab 9.7b 3.50ab 35.6b 3.30a
<l ois S3 41.1b 7.1c 3.20b 43.4ab 2.90bc
Water stress S4 45¢ 8c 3.10b 44.2ab 3.03b
S5 37.9d 6.8dc 3b 44.7a 2.71c
S6 36.2d 5.8d 2.8¢c 5la 2.70c
255 SNK 9051 31 03kl b duoyd V Jlais] gaws )3 I iize gl S e g yn gyl dlael gt o )
In each column, the numbers with similar letters are not significantly different based on SNK test (p<0.05)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
u..m(P < 001).)9.’ )bu“"“’ )Lu.u.i c).u ul?o) DL.S Lsswsu ‘f*l:\*j‘,:\:\g GLA‘_;}:'}

yii s g d)LJ J zeio iz Slas ol i jwbylg & 500 Py
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@ J9)l8 i p )bl Of wte b i ly 4 jos @l
gl gl Lo oS Sy A9, S Lido)lS D LidglS
Gl S5 ol 3 o LA 56 (P < 0.01) 95 13 ine o
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Table 5- The ANOVA results for the effect of irrigation water source and water stress on the phytochemical characteristics of

basil
e K a R R e
S Gy S b s S U5 b i5 2555,
S.0.V df Py Chlorophyll b Total Chlorophyll Carotenoid
Sl e 1 0.2178%* 0.0336%* 0.0576%* 0.0386%*
(W. S) Water source
o 5 0.1163%* 0.0535%* 0.2384%* 0.0092%*
Stress (S)
Xl e 5 0.0091%* 0.0124%* 0.0362%* 0.0036%*
W.SxS
s
24 0.0363 0.015 0.0245 0.0089
Error
N et 48 33 19 6.4
C.V (%)

Al o (550 gixe ol pAs NS g 2o)d B ) Jloin] o )5 I3 dne gl odind Ll o354y NS g 3 e

P

Olio cp i a5 3 s ot puizmen () JSS) wb samlie
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o gste Jolize 310 JS5) 592 03 013y 25 2 p S e <17
€8 3 1y oy 1855)5 9 IS Jedg)lS i ol G55 9 o)l
235,89 JS Jdg)lS e (e oS (5ygbdy 00l 1,8 156
9 VAY L (e 5y SB s (a5 s 5 ol b (gyll Llps o
L Ladl s 2S5 45 oanlito ol ()i )5 1 p ) e </
9 MV L 5y ST S5 (508 s g 0l T L ()l Ll
395 d0)S 0jg prS p S ishee /T 9 VAT Ly <YV
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A Jbg S clale @ly o) Gso oligS b g Gde 3y Cunl S
Canlo b (SIS bl gl ol a5 28L (a5955) 9 b ido)lS
Lol ) i yad Laas SUlgy sdimd olis g 3,15 Ol dgue8
Sloime iol5-81 (Razmi et al., 2013) w_sb o Sis i
2 ok (#8> Foly So o5 b (lugad) 4 cunl (Sas Lidg S
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2 P ezmen 5 PSII (g5sid i d (S 316
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yob a Csl San imad i 36 oyl ode (2021
el b a8 Bl JbgJS slaJsSlso 311, o o (6
porio el (s o8 355 0950 Ja5] 0525 5 O sl
(Yang et al., 2015) 35 oLS Jud5,lS" slgizee o 55 &

, “and ": significant at p<0.01 and p<0.05, and non-significant, respectively.
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Figure 1- The interaction effect of irrigation water source xdifferent levels of
water stress on the chlorophyll a, b, total chlorophyll and carotenoid contents in basil (SNK, p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
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(Jadg)lS" uinwyold JialS”  JIs (Hajihashemi et al., 2020)
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Table 6- The results of ANOVA for the effect of irrigation water source and water stress on the biochemical characteristics of

basil
Oyt 2o &35l deyn Jis Migighd Ol 51
S.0.V df Phenol Flavonoid Antioxidant
Sl g 1 4.5298ns 75.778ns 9.5481ns
Water source (W. S)
O 5 643.2915** 651.5782** 69.0017*
(S)Stress
OB X )lel ae 5 0.7468ns 51.4523ns 2.5813ns
W.S xS
s
24 65.2844 1601.0336 88.1881
Error
Sy o po ) 3.1 13.1 A
C.V(%)

bl e ()l gz Ggldl pas g Moy B g ) Zokaw ) I me Cglas odimd LS i iay NS g e
™, “and ™ significant at p<0.01 and p<0.05, and non-significant, respectively.
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Figure 2- The effect of thedifferent levels of water stress on the Flavonoid, phenol and antioxidant activity in basil (SNK,
p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
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Table 7- The results of ANOVA for the effect of irrigation water source and water stress on the heavy metals of basil

5 g ol am s (Pb) o (Cd) poredls (Ni_) S (Cr) ey
Lead Cadmium Nickel Chrome
SOV of (ppm) (ppm) (ppm) (ppm)
(Water Source) s bl aso 9.009%* 11.0002%* 44.5136%* 0.25ns
( Stress) i 5 6.9112* 7.3036%* 65.2316ns 0.7544ns
(W.S x S) L5 % (6,l] i 50 7.4260%* 5.0116** 52.1502ns 1.8846ns
(Error) s 24 1.2630 0.4283 1.6041 01675
S w2 8.6 8.4 6.5 7.6
CVv)
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and " significant at p<0.01 , p<0.05 and non-significant, respectively.
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Figure 3- The interaction effect of irrigation water source xdifferent levels of water stress on the heavy metals concentration

in basil (TWW: Treated wastewater and WW: Well water) (SNK, p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
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