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Article Info ABSTRACT

Article type: Background and Objectives: Evaluation of penetration resistance is
Full Length Research Paper  necessary as a part of a sustainable management strategy to maintain the
physical quality of the soil. Nanoclays are promising naturally occurring
nanoparticles in soil amendment-due to their low-cost and effective

Article history:

Received: 02.02.2024 features. Natural nanoparticles are promising in improving soils and
Revised: 06.26.2024 increasing plant yield, whichshas an.impact on penetration resistance and
Accepted: 06.29.2024 other physical properties of soil. The quinoa plant, as a new strategic crop

and alternative to wheat, istaffected by the characteristics of the soil,
including penetration. resistance. However, the simultaneous effect of
Keywords: nanoclay on the physical characteristics of the soil and, as a result, on the
Nano montmort Honite, yield and characteristics of the quinoa plant root has not been investigated
Penetration resistance, : . . .
Root mass in any research so far. The study aimed to improve the penetration
Soil water retention resistance and soil water retention with the application of montmorillonite
nanoclay and increase the root growth and yield of quinoa plants in two
soil textures.

Materials and Methods: In this study, a factorial experiment with a
completely randomized design was conducted. The first factor was
montmorillonite nanoclay at two levels of zero (control without cultivation
and with cultivation), and 3% by weight, and the second factor was soil at
two levels of sandy loam and loam soil textures, in six replicates. Quinoa
seeds were planted at a depth of 2 ¢cm in the soil of all the columns except
for the control without cultivation treatment on August 23, 2020, in the
greenhouse of the Faculty of Agriculture of Bu-Ali Sina University,
Hamedan, Iran. At the end of the growing season (December 8, 2020), 3
replicates of each treatment were selected to measure root wet and dry
mass and seed yield, as well as three more replicates were used to measure
soil water retention and penetration resistance.

Results: The results showed that the application of montmorillonite
nanoclay decreased root mass by 26% and 54% in sandy loam and loam
soils, respectively. The use of nanoclay increased the retention of soil water
content at matric suctions of 10, 30 and 100 kPa in the range of 2% - 28%.
The penetration resistance of loam texture was lower compared to sandy
loam texture at matric suctions of 30 and 100 kPa (23% - 11%). The
increase in the soil water content decreases the cohesive forces applied
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between individual soil particles and decreases the frictional resistance
caused by the sliding of the soil particles during the penetration of the
growing roots, which was higher in loam soil texture.

Conclusion: The application of nanoclay in both soils increased the
retention of water in the soil by changing the pore size distribution,
porosity, and density of the soil. Soil resistance is highly dependent on soil
moisture, and soil penetration resistance decreases with increasing soil
moisture content. The results showed that the nanoclay increased root
growth in loam soil by providing water and nutrients to the roots. While in
sandy loam soil, due to the high ratio of coarse pores, the application
percentage of nanoclay was low, and it did not have a significant effect.
Also, despite the current high cost of nanoclay compared to other modifiers
such as biochar, superabsorbent, etc., the authors believe that the findings
of this study can help to develop a method to improve and, manage
sustainable agriculture.
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Table 1. Physicochemical characteristics of experimental soils.
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Figure 1. XRD and FESEM of Montmorillonite nanoclay.
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Table 2. Selected structural properties of the nanoparticle used in this study.
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Figure 2. A figure of soil columns and plant cultivation.
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Table 3. Analysis of the variance of the yield parameters, penetration resistance and volumetric water content
at different matric suctions in the soils with montmorillonite nanoclay treatments.
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g)'.’.\fl"" (Y") J)\b L5'<:~d (OJ.:.O 39 LAJ ‘(-5'3“)‘9 Jwtﬁ
slacke 1SS Ul8 0 a8 g0l 4 4 g L
ps Al sl ) dly) e alS
I5.S olS Gizal 555 L sla,ds s Titicaca

(o B 9 ol CL&.?)l sl a4 ar g LS s

q.

\/Oé;._ol.?,\.:\jj&a 4..:..1) “’LS CLG;)‘MMAS
S il gy dle iie else 4 OlalS

9 ui b"}i L}AJ.“WJJ )J) u_]a.“w Ja-i‘j‘:' 9 )L?}LA



Sy s 5 115 4] o S (Sud SS9 5 095l T

Sol3 sme J.:.,L, ool 0358 &S J- sl e
a Vpome T 4 s 53wty gL (CE
w&}@\)}bﬁ&eb\bw&b)éé‘j
53 .(FE) 2l 54 gT«.ng:,.u)«.iw vSl)J
o2k ol @l B D b Rash S
Sk Ol O3 i 55 b S cl add 1S
ol o T 53 iy Ad) elS ady; ¢l
Gl Sy 4 i, ad, (F0) wbs Rl
S ol 5 ol (St Ol (glyims o suames
Liy g Klg e S oSI5 s ol (o
Il ol Tl 3 & Oy ol 4 5,10 LG
Lg.lcliﬂjbjsﬁdadtﬁ-gfg@)wﬁﬂ;);
5o Rt il (S5 a5 sl g
JI>}.4 \) ol.:f jxu EREw3 cJ)lb ‘-5:.,\,\» J‘j.d u.l;-
- wlS g.j Slygoe @alsl & hsm )3 5 LS e

0% Nano Clay

Asls 3 beas 1 oS a5 A
308 sl das e ol 0 IS &S boles
aly aal 1S olS glaaie, Job ady sl
Dl 1y Ghlesl 3)5m S Ogm 31 2V g
S5 e Waly) fea S I s log e S
W56y il glaad, a0 JSE) daaly
e Il e 6508 (5S) Syt s slse oS
o baiy, S s das s olantl 4y,
(V) s o olanstl 3w |) S5l 5 A
oS al) J&o ol 38 L ES Ol ey
L sls 0L s ol 4l ials, o Pl s 1S
REFPWITRNS IS C]““ S ol ol als
S0 L gl )l e sl sl
Sl s Gl (Sl ) St s st
oS Al Rl s e T e 5wl
5 O0T) 8 S of cuabd& sl
53 ool 28 L ad SENL s &S sboles
A0S (S L dals 4 i Sb (ST 5 S

ol Bl S 568 055 L SHU glaady, Al

3% Nano Clay

Sandy loam | |==

Loam

kg e iy SUTY 5 Al e 5 ey 5 e S Bl s IS ol 4y, -0 S
Figure 5. The root of quinoa plant in sandy loam and loam soils in the control and 3% montmorillonite nano clay.

9



A EXE AN D)Loa:} do 5)9':‘),"5’-L-f~ .ngSQJst).’.\odarw

ol ol S s 55 Sl cdeay PR s
FSE e Bl el e Sl
Sy PR oAl 4 e &8ss e Ol
Sl 4 Ol L a8 opl cle nl il
b bl am U Sl e 4 (G555, Coeslie
Clws) S 5y Glgoee ST aS wls s S 5,
Sde Sl S ke (Gres S Ve 2) ey osdlew
255 S Of caba (a3l caw 358 Sl
Shssde S Gausp Caeglis JalS e
e Bl 4 Lgiad (69,5 ,8 Cueglie D oss )0y
£ 8) Sbt oletlu s Ol pss & 4L Sk oyl
B) JT osle (gl gimen dile ol ge J.JU;,DJ 345 d g
(YY) 5 5ls v_<:w.., (cel WLMJAS

S sl il caw oS s
sosls i L Sl by asls I slse 55
Soslis A o (V) JS8) Zugby SRIHL
Cdew UJ Sk ((F4) 353 0 S s (5959,
e St B s s e sl 2y
Sl Goosp Sueslie GeS g all o s
4 G Saslie sl pd el S G
Skt s JK8 5 b ol e Sl il
Jst) ot G dlse 2sms nlptiels (Samy
Caglin Sy Sl sl Sloy ) S s ()
wnl esdle (E0) dad e EalS 1, St gy,
S glas s s Ak, el S clad
Gl bl Sl Slstle i, Jl s slaads
ik g1l Gy e i 3,108 Jhic
P o3 a8l i Rl Sl el (S
ssba (6 5 EY ) was e Sl iy gk
0> Dla cpl S Cl edd asie (IS
St T Ul il O o S sla S5
LS o Jls ) bl S 8 gl o
(80 588) Xy e HISCET

ay

(G929 Cwslis p sk peiss eyl f
LsSB 3 as sl Ol Waesls uills a5 c,\:.,
Vv e 5 BB Seslle Sl
(P<e/00) Kl shs Yo 5 (P<e/0)) JCal ks
ST T S I P e
Sl sSU s G GRSea s s sk el
b2y 5l plS s 2 s 3,0l mlaw 5 S
(¥ s 355 3 sinn
JELL LS Vee 5V S0 55 (0008 el
N O T IS VA LTIV A R NSRRI E T
Goodd 4 S cweslie (A K5 5y s “J
N R e B P S CUIE { AN
S8l 5 plaosl S o s 15 Sl 23 S
b Caslda nlaly 5 das e Sl
Ll DJ CLSE Sepl a5 Lodas o Jals
b o) LS 4l 5 b 5 )
J}L@flj bl gl 5 5 ol ys g.j Cuil3a L ls
IRy g FYCH VL 5 KO OV PR of s ol
St O Glgme iboos S (50,5 Caslio
Cod) Sk gl S s o sl o
Seslie p g Jelse onSeee S 50 (S
salS L PR & ol sds 518 ks (5505
A OT e s sl RIBIL e (S5
ge ool b sl s s (S s
Glbl S i s o eSS = il s S )
ASUOV) Al o s S o sl il 5i
S S e s b il b4 lalas
Shalpl Gl S e e (il &S diles S
Sl ol 3l & (aren s e PR
Sl S Glsime Ll L PR &S Wles S
wslos (149A) OKes 5 ol blie 53 4l s
2o Sl B ) S s PR &
G 7E 5 (G Ses W0 ) ) esdleny Sli)

Gl 5l U ek (A el a8l alS Y4



Sy s 9 S5 41 o S (K508 St st 99U T

1.4 B) 2

1.2
= b
g 1
g
£ 0.8
g{ 0.6

0.4

0.2

0

Sandy loam Loam

SB sl
Soil texture

PR;pp, (MPa)

(A) a b

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0

0.1

Sandy loam Loam
SBocsl

Soil texture

(B) ISl S Vv 5 (A) ISl ghS ¥ 2Ke 53 55,05 Conslin p cilisee slasled T il aslie =N K3

Oga3) A y5 0 ch.u);)lagbu Sle sy pe okl Wl giw 51 G a6y p alie Sy 3 (JKE A s

aas e QLIS 3 kel Gl il O 5w (55,5 » (53908 b s il o o SSls
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