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Extended Abstract

Background: Lentil (Lens culinaris Medik.) is one of the main food legume crops in Iran, where
it is grown as a rainfed crop in spring in cold regions. One of the obstacles of spring cultivation
in cold regions is drought stress exposure at the end of the growing season in the late cultivation
date, which dramatically increases null pods and decreases seed yield. Until introducing autumn
cultivation, specific, and cold-tolerant lentil varieties, the only solution for this problem is to find
ways to deal with the damage of drought stress. Nanotechnology serves as a precursor of the new
industrial revolution that has the potential to bring alteration in agricultural production.
Nanoparticles (NPs) have been applied for enhancing seed germination, growth, physiology,
productivity, and quality traits of various crops under normal or stressful conditions. Therefore,
to reduce the negative effect of drought stress at dryland conditions in late cultivations, the effect
of ZnSO4and Fe.03; NPs at 0.5% and 1% were studied on the agronomic, physiologic, root traits,
and antioxidant system of lentils in the cold region.

Methods: A field study was carried out at the Dryland Agricultural Research Center (DARI) in
Maragheh during the 2019-2020 growing season. Experiments were conducted in rainfed
conditions using a complete block design with three replications. Treatments were no spray, 0.5%
nano ZnS0q, 1% nano ZnSO4, 0.5% ZNnSQO4, 1% ZnSO4, 0.5% nano Fe,03, 1% nano Fe,03, 0.5%
Fe,0s, and 1% Fe,Os. Treatments were applied at two stages (10 days after the plant first
establishment and 50% of flowering) in the early morning and not on windy days. The Bilesavar
variety, which is suitable for spring cultivation in cold regions, was used in this experiment. Plant
height, relative water content (RWC), cell membrane stability (CMS), canopy temperature, and
the normalized difference in the vegetative index (NDVI) were recorded during the growing
season. The seed yield and 100 seed weight (HSW) were calculated after harvesting. The activity
of ascorbate peroxidase (ASP), catalase (CAT), glutathione peroxidase (GPX), superoxide
dismutase (SOD), peroxidase (POX), and the contents of proline, chlorophyll a, chlorophyll b,
and carotenoids were calculated in gathered leaf samples during the growing season.

Results: Differences between treatments were significant for RWC, CMS, canopy temperature,
NDVI, and seed yield at 1%, and for HSW at 0.5%. The highest seed weight was observed in
using nano Fe;0s 0.5%, and the lowest belonged to no spray treatment. The lowest RWC, CMS,
and the highest canopy temperature were recorded in no spray treatment. Analysis of variance
results showed that differences between treatments for all biochemical traits were significant at
the 1% level. Chlorophylls a and b contents increased using NPs, and the highest level belonged
to 1% nano ZnSO4 treatment and as expected the lowest calculated in no spray treatments. The
highest carotenoids, and the activities CAT, ASP, GPX, and SOD were observed in 1% nano
ZnS0O, treatment. The lowest activity of these enzymes as well as the highest H,O,, proline, and
malondialdehyde (MDA) belonged to no spray treatment. According to the results, seed yield was
significantly correlated with CAT (0.81), GPX (0.88), SOD (0.80), H.O, (-0.82), MDA (-0.90),
proline (-0.89), chlorophyll a (0.83), chlorophyll b (0.64), carotenoids (0.74), HSW, (0.50), NDVI
(0.86), canopy temperature (-0.76), RWC (0.84), and CMS (0.95) at the 1% level. The highest
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root length was respectively measured in 1% nano ZnS0Q4, 0.5% nano ZnSQO4, 0.5% nano Fe;0s,
and 1% nano Fe;Os. NPs had no effect on average diameter while applying 1% Fe.Os led to the
highest effect on the root volume. Root surface showed the highest increase by using 1% nano
Fe203, 0.5% nano ZnSO4, and 0.5% nano ZnSO.. The highest root length belonged to 1% nano
ZnSO4 and 0.5% nano ZnSO4 while this trait was lowermost in no spray treatment.

Conclusion: According to the results, 1% Fe.Os exerted the highest effect on agronomic and
physiological traits while 0.5% ZnSO, was effective on the antioxidant system, and ZnSO4 NPs
positively affected the root length and average diameter. While Fe,O3; NPs were effective in
improving the root surface area and volume.
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Table 1. Physicochemical properties of the soil at the experiment site

H N% P K Zn Fe_ EC Texture Clay% Sand% Silt%
P OSors b poreliy <9 ol Sslliegha cdl o) e s
(mg/kg) (dS/m) Loam
7.8 0.14 101 661 0.9 5.4 0.71 es) 17 40 43

Moo o\ 3l 35 (S 8l 315 10 Jausy 555655 s
5 )5 1,5 EDTA jVse Lo +/0 4 (PH=7.5) claus
A sl dayd ¥ oglod o adds VO ey gy
w3l cdls (Janmohammadi, 2012) 15,3 5gus ko
A5l (Abei, 1984) | i, Leluly 5YGI
Bl 2 o VB Jolis 28Ty bsle i oo ¥ pslite ot
Ha02 yid ke /0 (PHZT) Ygo ko Voo by i
Sl g oad gl gl mpl e /00 Yge e VO
SETH202 b iiSTy oais and s Jeo ¥ ey ) U 05990
3 g H2O2 a5 anslono 3 5l w3l clled i 05
(Loreto & Velikova, 2001) 15589 ¢ 55550 (05, (32,
g s8] 16 g dgenS Ty 900 Cedlad .5 dreoloro
Cakmak & Marschner, ) i )lo g SWSK hg) yoluly
9 b el @ Jdg)l5 lie S sl (1992
(Lichtenthaler, 1987) Jluiz] by, (wlely baades,ls
A Al iegighg Sl ealaiwl L g

Top/ ) 5008 (ygole gmusles 5 oolatwl L i geilS slod
A5 6,508l 5l bje e 59y 9 s 5> (TPGC-100
455 Sldg e oygejl 3l gy Slio (il 55 Coled
S g ) dnwlre GenStat e 5 lawgs i)l
A duwls (LSD) by ixe (OS]

o Sl Jsbo o i) 4 bpye Sl radyy U
Rhizo Vision Explorer jl33le 5 il oolatwl b poes g pdaw
Ol g 0,155 1 53 o ya 5155 dulxe (2.0.3)
15 okl MalS Wy gl a8 y30 53 45 O ppol & S
b g 258 pll g b Sl ady) )5 aS0I U
S ) B ) gy ) Bres Hi> g0ty g o S8
398 gt HO S 5 5688 )5 O 3 e
oM xSl jobateds 38 Jitte oBlllejl 4 e
Ol b wald g (sl glaady) 5 Lol ady,
ool PR Olawsd Lo ‘)ilb J}Lm )I oo d)‘b).»).sya.:

(NDVI) (8L iy s Jlo i b L

, Green seeker (Trimbel, USA) 05w ;1 oolawl b
1 gy 5ol (BME (0 5y g AS) als yo 3
29 @ doye 93 3 (RWC) ouusi Cugh, (glgiomo
I oS0 Sy 5 b0 sasiay Sy sladiges BME 0
G oad g & Bb s ogleer s Ceonnd
GHyn ol » bl oloj by Jitie elSilo]]
Cidody a5 b (6503100 ladigel 5 59 A (6)10a5S
S wobol 51 s (i 9 i 0l H18 Ol 3D o el VY
Osl 9 din Sy Saedy LSy ol B 6,50l hasee
b s ol KB 59 5 €85 )15 01,8 il 2y V-
ool (slaizne alre jslaieds (Unyayar et al., 2005)
25 olaiwl 4 J9A).9 5| o

(e Cugo) (slgizme = (S Std (59 — olel

F o Sp 0js ISR Suid i =S 5 0jg) ¥V
29 25 doyo 93 )3 ((CMS) Johw sLid g)luly
B olasd 4 &gy olotl Coand 51 (S sladiged «OME yu
@ ond g e BB s ogleer <8 S L
Sn ol gl ooy Uy Jime oliilej]
Cpgot wipgd ol b osdind Gl gy b (eSS
o S5 0300 518 e 50 5 i So g8 (slacSiud
oSl colin aids Yo Saeds p)5 Ol o (6 )haSS
i35 Vo ety Baes adiges (C1) A3 (£565050] ndiges
oSl colam g ws oy 8 ds gy Ve gl g
Pk sLi )lul (adls cales )3 (Co) 28 xSl
D dplxe 25 90y )b |

Jelw slie g5luL = (1- Cof Cp) X100

3ol Sy sladiged johtacnd i abombon Slwlx
9 8glae S S Ve LA ol & wgy oLl Cuand
Sloj g Jite slislejl 4 mole ol (gols SeoMs S5 )
Zhsl Gy s haSs mle @l Sb s iles]
gansd S Tygus 3l SlyoSsl GYBE (glagy 5l

1- Relative Water Content 2- Cell Membrane Stability

3- The normalized difference in the vegetative index
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Table 2. Analysis of variance for agronomic and physiological traits
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Table 3. Means of agronomic and physiological traits
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(6Sa 3 p55kS) s @ sl ok e Caghy (e s5la)
211.10 0.27 376 0.47 0.63 21 79 1
424.02 0.42 325 0.64 0.75 21.66 5.06 2
411.67 0.41 35.7 0.65 0.74 21.33 5 3
240.40 0.29 372 051 0.64 21.33 5.03 4
324.58 0.34 36.9 0.55 0.68 21.66 5.03 5
473.97 0.42 314 0.68 0.76 21.66 5.1 6
480.29 0.46 309 0.74 0.81 21.66 5.1 7
288.17 0.37 36.4 0.52 0.66 21.66 5.03 8
370.77 0.39 36.06 0.61 0.70 21.66 5.03 9
358.33 0.377 34.99 0.600 0.711 21.51 5.04 Total Mean
: : : : ' ' : (L o5le)
LSD5%
24.00 0.035 2.42 0.037 0.035 0.600 0.125
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Table 4. Correlation between traits

VEY Y ojlouds /o 5l o / 2ly; LS 2ol 4ol ying sy

SSIpge (+IM) STy esbslS (+/AY) VB
150163 yglle =+ TAY) (59,800 emSTy o+ TA+) SBgansd
b J:d9 )l {+/AY) @ Jidg)lS (/M) gy {/12)
oasls (+/00) wlas ojs (- IVF) bases) s (+/5F)
(= I¥8) aolS slod (+/AF) oS ids oad oy
(+198) Jsbo (518 5l 5 (+/AF) (s o Slsi
bl dao )0S§ a5 b pixe (Susod
Glise Jolpe 53 ol 28T 3 gl 5,8 Cute 50
My e Cude (Suwed Cowl ol (5155 llS gud,

Ol o (S =¥ Joi>

17 16 15 14 13 12 11 10 9

8 7 6 5 4 3

2 1
1 1
1 0.46" 2
1 0.82" 027 3
1 088"  0.81" 0557 4
1 -0.57 -0.8™7 -0.57 0.25 5
1 0777 -0.87 -0.9” -0.87 -0.31 6
1 089" 0597 -0.8" -0.8™ -0.8™ -0.5™ 7
1 -0.87 -0.87 -0.6™ 079" 086"  0.88 0.36 8
1 074" -08" -0.7 -0.3 0877 074" 083" 0.80" 9
1 091™ 086" -0.8" -0.87 -0.4" 091™ 0827 088" 067" 10
1 0.74" 0.64™  -0.8" -0.8™ -0.9™ -0.87 0.80™ 0.88" 081" 015 11
1 050"  0.03 0.004 0.16 -0.2 -0.3 -0.57 0.10 0.27 0.35 -0.3" 12
1 04™ 034 -0.17 -0.25 0.13 -0.1 -0.2 -0.67 -0.04 0.29 0.02 -0.6™ 13
1 0.3 0.32 086" 075"  0.65 071" -0.8 -0.8™ -0.77" 0.84™ 088" 0737 021 14
1 -0.77 -0.1 -0.2 -0.77 -0.8™ -0.7" -0.9™ 070" 088" 0.64" -0.77 -0.8™ 0.8" -0.31 15
1 -0.57 067 04" 087 084" 041 0.36 0627  -067 -0.67 -0.87 0.46" 062" 0677 -0.13 16
1 09™ 07" 0.8™ 0.36 05™ 095" 067" 0.60 079" -0.8™ -0.8™ -0.8 0.82" 83"  0.09 17

60 " 0727 0.
(1. APX)- (2. CAT)- (3. GPX)- (4. SOD)- (5. H202)- (6. MDA) (7. PRO)- (8. Chla)- (9. ChIb)- (10. CARS)- (11. YLD)- (12. 100SW)- (13. PH)- (14.

NDVI)- (15. Canopy Temperature)- (16. RWC)- (17. CMS)
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.(Wu et al., 2015; Thounaojam, 2014)

Table 5. Analysis of variance for biochemical traits
M
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d9dise Same Ase Gyl > JS> sl
Ol Jlag 53 g by Juad lol yo .(Faroog etal., 2009)
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A5 odalie bl Jedoe pae 0 jlade eSS g duoyd )
as’ WS yo)l55 (Tullui et al, 2021) 4, Sen o (ool
Sy yd 9l 3l ealatwl aseis 3 5956 olS Judo IS l5ee
OhlSer g (350 ;500 (sladlas o ] aBl ilsél
paS a1y Jdg S l5ee 501581 (Behboudi et al., 2019)
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CARs Chib chla — pro L Hoz 5P CXe  car X
JslS Uy wodle R LT ) 1 R Slyswl g sov
958 O i STy Y
b a : KAV ; Ugauyd sy sy
14286 12079 2726 830 18.02 494 271 0068 0006 248 2 Rep(),59)
11531 5648™ 14589 31.99” 9554 238" 376" 016™ 0037 006 8  Treat ()
17.9 321 1462 081 1.05 0.14 0.08 0003 00006 0007 16  Error (Ls)
CV
410 10.12 9.84 2.92 351 12.66 412 8.18 1945 839 A
(St p0)

** significat and 1% level
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Table 6. Means of agronomic and physiological traits
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Table 7. Root traits for different levels of ZnSO4 and Fe2Os spraying

Volume (PX3) Sur{gggz?rea Avg. diameter (PX) Length (PX) Treatment
92520649.9 2239602.25 95.95 7627.47 No spray ( 5L Jale pac)
183695498.9 4984098.66 71.59 22703.45 Nano ZnS04 (0.5%) (Lo y> s g9y ldlgw g5b)
122831561.4 4309477.99 48.07 28612.79 Nano ZnS04 (1%) (do > S 55y Sligw o)
157145631.9 3363989.84 107.51 10373.59 ZnS04(0.5%) (Ao yd s 59y Sl gu)
120633005.6 2518613.23 103.07 7956.12 ZnS04 (1%) (10> S (59, ldgus)
209446274.9 5025204.31 75.08 20765.24 Nano Fez0s (0.5%) (lo)d pus ;r“i KW
227448087.2 5471050.39 83.65 20526.25 Nano Fe203 (1%) (Lo <SS &“j KW
132925936.2 3182651.81 76.05 13757.31 Fe203 (0.5%) (10> pu &mi SpST)
159630031.6 3943782.56 74.38 16756.56 Fe203 (1%) (dwoyd S5 O,&J SpST)
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Figure 1. Effects of foliar application of different levels of nanoparticles on agronomic, physiologic, and biochemical
characteristics and mean compare using LSD5%.
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Figure 2. Effects of foliar application of different levels of nanoparticles on length, average diameter, surface area,
and volume of lentil roots and mean compare using LSD5%.
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Figure 3. Root samples were analyzed with Rhizo Vision software
(samples belong to the first replication of the experiment)
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