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Extended Abstract

1. Imtroduction: Spinach (Spinacia Oleracea L.) belongs to Chenopodiaceae and is one of the most
important leafy vegetables in the world. Spinach is a valuable human food source because its leaves are
rich in minerals, vitamins, antioxidants, and phenolic compounds. Weeds are one of the significant
challenges for spinach production. They can lead to a decrease in commercial biomass and spinach
quality. The incidence of herbicide resistance in spinach fields has led to the use of environmentally
friendly methods such as cover crops. These plants can cause physical suppression of the weeds by
creating adequate biomass and developing a canopy. The aim of this study was to provide a quantitative
study of the interactions of the cover crops (such as oat and daikon radish) and hand-weeding treatments
on the suppression of the weeds and their effect on the vegetative growth and yield of spinach.

2. Materials and Methods: The experiment was conducted in the crop years of 2020-2021 and 2021-2022
at the Research Farm of the Faculty of Agriculture and Natural Resources of the University of Mohaghegh
Ardabili with 1350 meters above sea level and geographical coordinates 38° 19" East and 48° 20" North
with cold and semi-arid climates. The experiment was performed as a randomized complete block design
with three repetitions. Experimental treatments included the first factor of oat (4vena sativa L.), daikon
radish (Raphanus sativus var. Longipinnatus), their intercropping (with 50 % seed ratio), and control
treatment (without cover crops). The second factor consisted of hand-weeding and non- weeding. The
seed rate of oat and daikon radish was 100 and 20 kg per ha, respectively, and were planted manually at
a 3x4 meter plots. In this experiment, the seeds of Spinach Viroflay were used. Seeds were sowed
manually among the residues of cover crops at 1.5 cm depth. Due to the amount of precipitation in two
years, irrigation was performed if needed. The inter and intra-row spacing was 20 and 10 cm. Hand-
weeding was done from the planting date to the final harvest of spinach. The investigated traits included
dried biomass of cover crops, the density of dominant weeds, and Simpson, Shannon-Weaner, and
Margalef indices.

3.  Results and Discussion: The biomass of cover crops was significantly affected by planting systems, seed
density, and year (P <1 %). The results showed that the highest biomass of cover crops (538.83 gm) was
obtained from oats. Also, the lowest biomass (325.83 g.m?) belonged to daikon radish. The dominant
weeds were consisted of three species such as lamb's quarters (Chenopodium Album), italian bugloss
(Anchusa Italica Retz), and common fumitory (Fumaria officinalis). The results showed that oat in two
years had the lowest weed biomass (10.64 g.m?) and density of lamb's quarters, italian bugloss, and
common fumitory (4.33, 5.00, and 4.25 number/m?). The maximum weed control efficiency index (57.67
%) was obtained from the oat monoculture. Also, the highest weed control efficiency index (51.47 %)
was obtained from the hand-weeding. Margalef's index decreased in the first and second sampling times
compared to 5.55 % and 9.85 % relative to the first year. The highest index of Shannon-Weaner's diversity
belonged to control and daikon radish (0.47 and 0.47). The highest baby spinach yield and final yield in
the first and second phases of sampling in two years were obtained from oats treatment (with 567.05 and
944 g.m?, respectively) and then from their intercropping (390.04 and 786.33 g.m?).

4. Conclusion: The results showed that oat and its combination with daikon radish had the highest biomass



compared to daikon monoculture. The effect of oat biomass on the decrease in density and biomass of the
total weeds was significant, which was due to the amount of oat seeds consumed compared to daikon
radish. In addition, hand-weeding reduced the density and biomass of the weeds more than non-weeding.
Hand-weeding led to the lack of opportunity for weeds' growth. As such, the improvement of the baby
spinach and the final yield was due to the hand-weeding of the weeds and the presence of the cover crops
biomass in the experiment. The results of are inferred that oat monoculture is suitable both in terms of
reducing physical competition of horticultural plants with weeds and improving spinach yield.
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Figure 1- Precipitation and temperature changes in two crop years (the first crop year 2020-
2021 (A) and the second crop year 2021-2022 (B)) of Ardabil city



ny V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

400 + a (o)

300 + T

250 +
200 +
150 +

gy BLS 8355 Eams

Cover crops biomass (g.m?)

100 +

350 + b —~br  (B)

:.’e.. Oul; OQ’S “ ").

=5 Jsl Jbo <= po> Jbo
First crop year  Second crop year

Lislesl sl L
Years of experiment

OB ¢ Livwes|
700 + [-11))
—_ (A)
E 600 +
&0
» 500 T+
é b
e 400 +
2 c
& 300 +
5
5 200 +
>
(=]
© 100 +
0
S 0F Yy
Daikon RV

radish 4t Daikon
- - . radish
g pllS glacS 5

Cover crops mixture

0085 Cunny j Wl it 9 (W) S 0 5 9 (1)) BV g1 (Lhcligy (LBLS 0395 Cnn§ (uSlio dany Lo Y S5
aoy0 0 Jliol mhw ;0 LSD fse5l jo S yite B0 S b slanSilo) () (£1y5 Jlw 99 50 (Siligy LS
(8,105 5l sixe gl
Figure 2- Comparison of the means biomass of oat and daikon radish cover crops biomass (A)

and the variation of cover crops biomass in two crop years (B) (Means followed by same letter are
not significantly different at p < 0.05 by LSD multiple range test)
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Figure 3- Dominant weeds of the experimental field Lamb's quarters (A), Italian bugloss (B),
and Common fumitory (C)
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Table 2- Mean comparisons for biomass and density of weeds in spinach field at the sampling stages
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Table 3- Mean indices variation of weeds in the sampling stages
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#Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.



wy V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

oSl amlie @l Gizes (0 Joux) 8L
S S5 oanlidl g et b Silo p2g GlalS
OV-o YVER FEOF Cpa) el Vs
5 (doys PVIYE 5 OFIBY SVOY &b-/FY X/
TN ) b o bl byl oS
9 YVAA B/ KFAAY YFIAY Yo/FY AY/-Y
gy ol yaan dall b avglie 1o (ao,o TV
65| sl b S pras Jsb o5y ol iliél o
589 S 5 0jg S SES Gjg S p 5 09 e
el @b (0 Jguz) o 5 6 S (5
sl s s s mslacile (fws (g poe g 2y
ey poe b awlie )0 5 alacile s (g &S
AYIYAXONANEIEN XV e ol coge (s
(S polawd (gauo 0 YA/ Y 5 YVA/YA YVIYY YO/FN
03995 2 5 059 g )l adsb ylas (S5 pes Jsbo
JS L Sl 09 9 e S5 5 (g S SaS
O Jguz) o
Baby ) 5, glawl Jpame 3Shee (n it
Slal e (rags 5 (sl 5o 2o 9 Shes ¢ (spinach
Sg S SS Gl ey e g9 50 )l paiges
et 5 (gpe e o o, AFE/AY 5 OSV/-0) s
Sies o5 g £y BYg bele cuns Il
i ol (g sie 5 p8 VASIFY o Ya-/-F)
oblS b cou zlawl o Shee iul33l (F US2)
adsl Jole yo jelacile Sy podle (cidg
5 0LLS nl e 5l (AU Wl oo gl il
2l s ol Jpame L5 3)00 e pobic (el
» &k Sl ,o .(Jahanzad et al., 2017)

Szl g3 Shae a3l (oibgy LS coe 3k
Gl ol o il (g5,0laS SV game o, Slas
Ghahremani et al., 2020; Gudarzi et al.,)
2021; Ahmadnia et al., 2022, »; Rostami
S g owes (Yangjeh et al., 2021
—ale s ey ol L3l Sl sl
glinl @l o Sdes g ) gliwl o Shos 550 o

OB ¢ Livwes|

gl 5,5dos sl52 9 0 ySos
NEVY VD Ll Sl eSile duslio mls
VYO 9 YOIYA AFIYA DAY AEY AVEY
@dsb Jla8 (S ped Jobo o Sl o S ey
55 039 S S G905 n 5 iy g ES)]
Oelal 5o solys gl Jlo b dunlie jo JS' Stz (59 5
s cimen (F Jgaz) o9 gl cils p al> e
Sg bole ciS 5 S SS Sl anlie
slizl g o 8dee Gl Sle v 05 5 )
O 5 o 9 2y B (a5 ST o gliinl 5 Shos
S5 & O dehes 05 b oy Sy bolie et
g ol e el b avolis jo (ol)5 SYg o5
FYXD Do/ AYXD BFNS il e
ks gy VEI-F 5 SV e Vel BYIVY
039 g U] cadobs Hla oS pes Jsbo o5 olass
039 9 S S5 5 s S SES 09 S p S
Vg bylie cuiS (F Joiz) o aig JS St
AVIOF FOIDY Lol g i ks 5 § a8l
OY/TY 5 QYNY £Y/Bbe FF/AY FY/YA XYV
@dsb Jd (S ped Jobo o Sl o e gy
S5 039S Sl 0j9 S p 5 Gj9 A )]
Oy sold b asliae jo 4igy JS Sis (59 9 Gy
S ey oeized (F Jguz) ab (pidg ol
35 S ey poe Ll b avslie ) 5 e slacale
ARV XO/De IV FYIVY Gl coge
ol Ay o, YY/IOA g VEIAN YO/« FANY
039 A gl )| adsl S8 oS es Jobo o5 olass
039 9 Bg 5 5 iy S S 09 o Sp S
Ome9d Sl Jolo @l (F Jguz) ad JS &5y S2s
Jsb o5y olass 45 ols olis (o pdiges Al e
039 S S 0jy g gl @dsb b (S s
S J5 SS9 9 S 5 5 s S SeS
b anslie ;o pgo Jlo jo o2ly; sladle 130 cos
AOEY AYYE 0 -AY g el Jsl e
L33l o0 VWIS 5 B/3) YVIYY YY/EY )/ A



Tliwl 8 yShoc 5,0 slacile Siwd (g g (g LS 5l golow 5T TP

9 OYIYY (il Kby 5o oly5 sladls eSilee
el o, Nles g 1, zlawl o Slos sam )0 FANY
Jml (F JS) cwl el pgo Jlo o gl
Slosd el pslacile S8 5 ogdle 39,00
(Ahmadnia et al., 2020,) S s psdol> wib
by ollS bwg (gl polie b
CblS i 9gugs w90 (Jahanzad et al., 2017)

el s gl 8 Slas Lil33l

—le fhwd ey pas b aglie 10 a5 (5 5k 400
o, es g ae 3 VPIAY 5 Zliawl o Slas 5,06l
L JSs) bl il ao o VAT zliawl ol
55 5eelacile (s (g pas Llyl o J
5 (R yo 30 p)5 YAYIVA) 5, zlawl o, Sles
o g (g yo 0 5 FYVIAY) ol o,Skee
i sldle fuws ey Ll b Sl S
iy Rl by LS Cgllas 3l KL
colie Lolyh (oonld g 5 slacile o159 0095

1200 + O Baby spinach yield 3, zliwl o Sl
— . : .
T 1000 | a [ Spinach yield zliwl s Slee
o
i = 800 T
§ £ 600 + d
4 =
3 2 400 +
w .g D %
2. 200 T
m PR
0 f f f I—Z_I {
5 b oy Apts o S+ Y g el
Oat Daikon radish ~ Oat+Daikon Control
radish

sy OlS slacaS 5
Cover crops mixture
P S te B S b sl Sile) (Shubgy GLS 15T cond gl 315 9 (2l &S hos Ol i —F UK
(35,05 gyl s Dol wo 0 O Jlai>l oy 4o LSD Qﬁ"}]
Figure 4- Variations in the final and baby yield of spinach under the influence of cover crops
(Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test)

(=
S
|
T

claw! o Slos

Spinach yield (g/m?)
— WA U Oy
S
[«

(=]
S
|
T

S
S
|
T

(=]

O Baby spinach yield 3, zlawl s Slee
& Spinach yield zlawl s Sloe

b

T

S a9

S ey P

Hand-weeding S > C}(@,Non hand-weeding
Hand-weeding levals
o3e3 3 S a8y S b lacnSilon) (Swsd (g il o glidasl 32 9 2l 3N et Ol ks -0 JSCs
(35,105 (5 lo ire gles 2oy O Jlais] e 0 LSD
Figure 5- Variations in the final and baby yield of spinach under the influence of hand-weeding
(Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test)



wa V¥ bl g lg ) 050es 18 0393 A Jlo b g o pole soke aoliladgs

900 +
800 +

E 700 + T

2600 1
=
= 500 +
2

27400 +

=
2300 + [

o= |

200 + Sl

claw! o Slos

100 + SRR

OB ¢ Livwes|

B Baby spinach yield ;,, zliwl s Slae
B Spinach yield zliwl s Skae

=y sl Jbo
First crop year

s pes Jbo
Second crop year

oialojl sla L
Years of expremint

S e By S b sl Sile) b3l s Jle il cond gliw! 3y 9 ol 0 ,5dos Ol pugdi —F S5
(35,105 (5l gimo ©gles duoy0 O Jlas! mhaws ;o LSD 4051
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Table 4- Mean of comparison of yield and yield components of baby spinach in the first sampling stage

SS9 SS9

Spola  Sywes Job  adgb k3 wigeld,l Sy P o) P 5 T
Number of Petiole Steam Plant Fresh » . Total fresh
leaves length diameter height leaf weight Dry. leaf Total.drled weight
(Number) (cm) (cm) (cm) (g.m?) Welglzlt welglzlt (g.m?)
(g.m°) (g.m°)
I Jlw
Jotd *9.45, 4.00y 2.85 11.964 29.93, 345, 35.07, 316.03,
First year
Lw
ps°d 10.08, 4.69° 3.46, 13.09, 35.39, 3.97, 40.04, 373.13,
Second year
gy LS
Cover crops
m
. 6.504 3.90, 2.184 10.38, 19.464 1.704 17.334 186.544
Control
SY gy
14.83, 4.45, 4.44, 15.56, 46.68, 531, 65.93, 567.05,
Oat
e o 7.66, 4.28c 2.49, 10.64 28.50 3.45, 30.04, 234.67,
Daikon radish
. oy
phe O +SYS 10.08, 4.73, 3.50 13.53p 36.01y 4.35, 36.92, 390.04y
QOat+Daikon radish
i gladle (Shwd oug
Weed hand-weeding
S (ya> g 11.08, 4.92, 3.83, 13.92, 38.72a 4.28, 44.87, 376.38,

With hand weeding

O (g s 8.45, 3.76y 2.47, 11.14, 26.60, 3.13 30.24b 312.78p
Non-hand weeding

D3l 6l sre gl auoyd O Jleil ghas ;0 LSD (503 jo 5 jtiie By G L sl Siloost
#Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Table 5- Mean of comparison of yield and yield components of spinach in the second sampling stage

SS (439 SS 439

Y JONSERS Bob S e, SnF ok P ¥ 855 o
Number of Pe tioie leneth Stem Plan’t neisht Fresh leaf x ) Total fresh
leaves (cm) g diameter (cm) g weight Dry. leaf Total. dried weight
(Number) (cm) (g.m?) Welglzlt welglzlt (g.m?)
(g.m*) (g.m%)
Il
JslJ *13.62p 4.80, 3.56, 13.79 34.73, 4.17, 4219, 676.98
First year
o
F9° J 15.29, 5.47, 422, 15.51, 44.56, 5.54, 49.35, 719.31,
Second year
gy lS
Cover crops
L;)
ae 10.584 4.42, 2.69 11.854 26.25, 2.66¢ 27.874 429.504
Control
g 19.08, 5.63, 5.49, 17.63, 52.52, 6.86, 71.20, 944.83,
Oat
St oy 12.83. 5.15, 3.20, 13.27. 37.19 4.70 39.33, 631.92,
Daikon radish
S 0 + SV g 15334 533, 4.18, 15.85 42.69, 5.19, 46.124 786.334
Oat+Daikon radish
i sbale Jwwd (g
Weed hand-weeding
S 9 16.164 5.92, 472, 15.61, 48.00, 5.62, 53.56, 768.46,
With hand weeding
S 9 pOE 12.75, 434, 3.05, 13.69, 31.29, 4.09, 38.70, 627.83;

Non-hand weeding

W5 gl se Dglas dey0 B Jleis | a0 LSD OQA)'T 3 S e B SO L sl Silos
=Means followed by same letter are not significantly different at p < 0.05 by LSD multiple range test.
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Table 6- Pearson correlation results of biomass and weed density and spinach yield in two crop years in the first sampling

TWB LD ID CD NL PEL SD PL FLW DLW TDW TFW

TWB 1

LD 0.924™ 1

ID 0.899"  0.881"" 1

CD 0.886"™  0.895™  0.854™ 1

NL -0.626™  -0.591"  -0.578" -0.638" 1

PEL -0.460  -0.587"" -0.481" -0.676™  0.401" 1

SD -0.608  -0.611"" -0.572" -0.724™ 0.836™  0.602™ 1

PL -0.561"  -0.570"" -0.582™ -0.671"" 0.900™  0.588"  0.869" 1
FLW -0.706™  -0.658"  -0.637" -0.705 0.804™  0.559"™  0.814™  0.795" 1
DLW -0.765"  -0.684™ -0.687 -0.688" 0.772""  0.486™  0.797"  0.753"  0.888" 1
TDW -0.708"  -0.655"  -0.650" -0.694™  0.895™  0.395"  0.809"  0.813""  0.873"  0.837" 1
TFW -0.630”  -0.604™  -0.623  -0.624"  0.879" 0.363" 0.786™  0.838"  0.823"  0.812"  0.936" 1

b plosl ey o 99 50 Jol (610 paiges ;o zlinwl o Sles 5 5 pslacile o515 5 00gicun ) 5l o VY Gl D=FA L g 0 (Sio
agy gyl «(SD) adsbs a3 (PEL) S 100 Jsb «(INL) S5 slows (CD) 050l o515 «((ID) sig b398 o515 «(LD) o ek o515 (TWB) j0slacale JS oogicen )
Pearson correlation with n=48 was done for 12 traits of biomass and density of weeds and spinach yield in the first sampling in two crop years.

Total weed biomass (TWB), Lamb's quarters density (LD), Italian bugloss density (ID), Common fumitory density (CD), number of leaves (NL),
petiole length (PEL), stem diameter (SD), plant height (PL), fresh leaf weight (FLW), dried leaf weight (DLW), total dry weight (TDW) and total fresh
weight (TFW).
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Table 7- Pearson correlation results of biomass and weed density and spinach yield in two crop years in the second sampling
TWB LD 1D CD NL PEL SD PL FLW DLW TDW TFW

TWB 1

LD 0.729" 1

ID 0.834™ 0.899" 1

CD 0.903™ 0.727" 0.786™ 1

NL -0.744™  -0.749" -0.785" -0.704™ 1

PEL -0.674™  -0.799" -0.826™ -0.527"" 0.716™ 1

SD -0.695™  -0.814™ -0.792" -0.646™ 0.897""  0.725" 1

PL -0.723™  -0.731"" -0.748™ -0.719" 0.891"  0.653"  0.856™ 1
FLW -0.676™  -0.750"" -0.782™ -0.644™ 0.792™  0.697"  0.851™  0.753™ 1
DLW -0.726™  -0.706™ -0.762" -0.732""  0.763"  0.582"  0.793™  0.801"  0.878" 1
TDW -0.698™  -0.730™ -0.750"" -0.746™ 0.880" 0.611™ 0.857" 0.832™ 0.860"" 0.835™ 1
TFW -0.785™  -0.723" -0.756"" -0.740™ 0.881" 0.644"" 0.815™ 0.904™ 0.697"" 0.720"" 0.820"" 1

A plel elys e 99 50 pgo (5,0 paiges ;o Fliawl o Slee g 5 o slacile 1 S15 5 005 5l Cao VY Gl N=FA L gm0 (Sion
oy £lis )| «(SD) ashs ;i (PEL) 500 Jsbo «(NL) 555 slass (CD) o 50l (51,5 (ID) s 535 w515 (D) 0 ks o515 (TWB) 5o slacile JS o355y
b oo (TEW) S 55 0339 5 (TDW) S St 55 (DLW) 5 (St ()30 (FLW) 551 5 )39 «(PL)
Pearson correlation with n=48 was done for 12 traits of biomass and density of weeds and spinach yield in the second sampling in two crop years.

Total weed biomass (TWB), Lamb's quarters density (LD), Italian bugloss density (ID), Common fumitory density (CD), number of leaves (NL),
petiole length (PEL), stem diameter (SD), plant height (PL), fresh leaf weight (FLW), dried leaf weight (DLW), total dry weight (TDW) and total fresh
weight (TFW).
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