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Extended abstract

Introduction

Medicinal plants are precious resources in Iran’s broad landscape of natural resources, which can play
an essential role in health, employment, and non-petroleum export if recognized, cultivated, developed,
and exploited scientifically and correctly. Given the limitation of water resources in Iran, the agricultural
sector’s use of unconventional water resources has been proposed as a solution. One of these methods
is to pass water through a magnetic field before irrigation to improve water productivity. The soil health
management is crucial for ensuring ecological and agricultural productions and maintaining plant
diversity. The negative impacts of chemical fertilizers forced the agrochemical companies to replace
them with Nano-fertilizers in sustainable agricultural systems in order to achieve desirable crop
productivity.

Materials and methods

With the aim of investigating the effect of foliar application of different nano fertilizers on the
quantitative and qualitative characteristics of peppermint under different irrigation conditions, an
experimental experiment was carried out in an agricultural field in Miandoab city in West Azarbaijan
province. The experiment was in the form of split plots based on randomized complete block design in
three replications. The main plot was assigned to the irrigation cycle (every 5, 7 and 10 days) and the
secondary plot was assigned to foliar spraying treatments (control (no foliar spraying) nano NPK, nano
Fe, nano Zn and nano Mn). chlorophyll a, chlorophyll b, carotenoid, plant height, number of leaves per
plant, leaf weight, fresh yield, dry yield, proline content, essential oil percentage and essential oil yield
was measured.

Results and discussion

Based on the results of data variance analysis, all investigated traits were affected by irrigation, foliar
application and the interaction of two treatments at the 1% probability level. The interaction of year with
foliar application on dry and wet yield of fodder was significant at the probability level of 1%. The triple
interaction of year x irrigationx foliar application and was significant only on proline content at the 1%
probability level. The results of the mean comparison of irrigation with foliar application interaction
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treatments showed the Foliar application of nano Fe under irrigation conditions once every 5 days had
the highest content of chlorophyll a, chlorophyll b and carotenoids (respectively with an average of 13.43,
3.61 and 4.12 mg g fresh weight), plant height (33.92 cm), leaf fresh weight (6.71 g), aerial fresh yield
(13121 kg ha), aerial dry yield (4600.1 kg ha*) and the lowest proline content (6.32 mmol g weight).
Also, the highest percentage of essential oil (0.67%) was attributed to nano Fe foliar spraying under
irrigation conditions of 7 days once. In this study, although the highest essential oil yield (24.74 kg ha-1)
was assigned to the application of nano Zn under the irrigation once every 5 days’ condition but there
was no significant difference between the mentioned treatment and Foliar application nano NPK and
nano-Fe in the irrigation treatment of 7 days’ treatments.

Conclusion

It can be stated that the use of NPK and Fe in the form of nanoparticles under mild water stress
conditions can improve the economic performance of the product and save water consumption. Also,
foliar spraying of this fertilizer it was able to significantly increase the essential oil yield of in this plant
under severe water stress conditions. Therefore, foliar spraying of nutritional elements in nano form can
be a solution to improve the essential oil yield in peppermint plants under water stress conditions with
different intensities.
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Culs bl Blgs 0«39 995 Bpan jlade 5 Jdg IS
JoIo NPK5b Lo 5o (39505 pate (092 (s )9
Syxe (99 Vb (eizras ol Lo (nl )0 89,15 Sone
=3l s 4 Wl oo 095 91 95 lajles yo )18
Gl S @iz g oS (ul o lie yolie w5 s5le
(Liuand Lal, 2015) ol olS 0, 0,90 Jsb ,o yolic
@ olgise ly ool (il slxe 51,0 Judg)lS (g5 090
gy 8bes Senr 9 Siledld o yare Gl 4B
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055l 5 SlaaSTy SlysSul aiile plasT ]
bwg Jd5)5 el e blis e (o 59,
(Ghorbanli, 2005) sls cows ¢St o531 sla JSG0!,
(Ocimum basilicum L.) ;o oLS (59, » iz 5o
Sima 501 095 ¢l g yal 855 5l soliiwl a5 0l cvaline
(Peyvandi et al., 2011) sls _zl;8l |, S, Ly ,lS
oS Conla 51 51 golass (sl e 935 BeS Sy oyl yare
(Claussen, 2005) as,ls 25 Judg IS g s 4o
czge 2l 3551 0 IS (lw; ol (55, » sladdllas o
Elfeky et al., ) o ol3 cpl jo Judsg IS asls il

Sl EUx 55 (o) 23590 Sl 1 ST Blndjl (g5 polie (LBl gl b )bl GiiSon Gl jlod (raSileo dunylin X Jgur
Table 3, Mean comparison of the interaction treatments of the irrigation with foliar application of micronutrient
elements in terms of effect on investigated traits in peppermint

L shbdsbxe  addeyls  bUdals  wigelyl ws e Spola Sy
k! Foliar Chlorophyll  Chlorophyll g )l Plant Number of leaves Leaf
Irrigation application a Carotenoid  height per plant weight
—————————————— e R A e — cm g
Control walis 10.18¢% 2.74¢ 3.03¢ 28.17% 582.2¢% 4.57¢
LS 59,0 NPK gt 12.43%® 3.36% 3.81° 35.422 1094.42 6.21%®
Once Fe b 13.432 3.612 4.12% 33.92%® 926.6° 6.71%
every 5
days Zn gt 12.180¢ 3.43%® 3.76° 32.423c 948.8° 5.64°
Mn gt 11.18« 3.18% 3.45°¢ 31.67% 799.9¢ 5.50°
Control wali 8.31f 2.33¢ 2.52¢ 23.677" 464.4° 3.75¢%
HLS 59, Y NPK gt 9.93¢ 2.69¢ 3.02¢ 28.17% 588.81 3.65%
Once Fe b 9.93¢ 2.83¢ 3.11¢ 30.17¢ 582.2¢% 4.57¢
every 7
days Zn gt 9.43¢ 2.86% 2.94¢ 29.42¢de 480.0%f 5.74°
Mn &b 9.93¢ 2.74¢ 3.03¢ 26.55°f 597.7¢ 5.67°
oy Control wali 5.68M 1.68f 1.70¢ 22.309" 252.2" 2.54f
’i’& NPK 4l 7.93f 2.11¢ 237°  24.17% 4111 3.14¢f
gnce“ Fe b 6.689" 2.05¢ 2.05f 24.301 276.69" 3.37%
every 10 Zn ¢t 5.43 1.61° 1.62¢ 20.92" 374.41 3.95¢
days Mn g6 7.681 2.18¢ 2332 22.67% 370.0% 3.50¢%
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Table 3. Continues

alol.Y Jous

sk pesles TR ) g e
k! Foliar Fresh Sl Proline Essential Oil bl & o
Irrigation application yield Dry yield content Percentage Essential Oil yield
——————— kg hat------- mm.g* FW % kg hat
Control wali 9160¢ 3408.8¢ 5.11" 0.46°f 15.92¢
39,6 NPK ot 12425%  4823.52 6.46 0.37" 17.75¢%
g’;:; Fe b 13121*  4600.1%* 6.329 0.46°f 21.83%
every 5 Zn b 11425 4218.0° 6.369 0.58% 24,742
days Mn gt 9205¢  3462.5% 7.78¢ 0.57b 19.55¢
Control salis 7038 2688.41 7.58¢f 0.389" 10.77°
39,V NPK gt 8918¢ 3986.4% 10.44¢ 0.62% 24.07%
2:;; Fe b 10777¢ 3205.7¢ 9.43« 0.672 21.98%¢
every 7 Zn b 8591% 3359.8¢ 9.03¢ 0.57bcd 19.29
days Mn b 8918¢  3322.3° 9.43 0.55¢ 18.69¢%
Control wali 36441 2150.2" 9.31¢ 0.26' 5.599
39 NPK gt 55399 2730.6f 12.64° 0.36" 9.43f
2:;; Fe 4t 7296¢f 2129.3¢ 13.71® 0.431 9.87f
every 10 Zn gt 55979 1577.9%" 14.70? 0.51¢% 8.64
days Mn gt 4033h  2124.0° 12.78 0.44 9.56

A 5SS ae3l bl ais 0 G Jletl lacs 5o s e S| 081 S i Bgy sl slojles
Different letters indicating significant difference at p< 0.05 based on Duncans’ Test
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Fe 5 NPK 5 (50 Jslons S 53,8 s el Ll
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Sl e 5o bl 5 e il e 550 5 (8] Lo
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SIS S5y 5 o2l polie plojen 5 alSlaz 08 L
(Pirzad et al., 2013) o

(Rostami et al., 2017) ) Koo 5 (o, asdllas ;o
s Gl gl oS 50 Sp Jdg 5 sgte (YL
50 el Caws 4 Fe b il Jsle g (5,00 sals e
Tshw 45 38 55, 9 ol OIS 6l o5 Lo T asillas
ot )0 3938l (5 twsid Gladlb S, sy p (659
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Gl e il (55, 5 0T polie il Jolona Lol wcdly
Asle) casls oS3 25 Lylh cov Ldg IS sy
.(Mohammadi et al., 2021

Arvin et al., 2019) ol,Ken § cpg,l addllae ,o
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