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ABSTRACT
Sampling the weed population in the fields is the first step in identifying weed species, quantifying their growth
rate, and finally moving towards formulating a management plan. In order to investigate the effectiveness of
random, zigzag and diagonal sampling methods in seven sampling levels in estimating the weed population of
corn fields under drip, furrow, and sprinkler irrigation systems, a research was conducted in 2020 year in six
corn (Zea mays L.) fields in Saveh county. The results showed that increasing the sampling levels increased the
accuracy in estimating the number of weed species in different sampling methods. At low sampling levels (8-12),
the random sampling method estimated the weed density with less error than the standaed sampling method, but
with increasing sampling levels, the accuracy of diagonal and zig zag systematic sampling methods increased and
with 20 and 21 sampling units, respectively, they estimated the density of seedlings of the weed population with
acceptable accuracy. With the increase of sampling levels, the amount of error in estimating the density of
Chenopodium album species decreased, so that the lowest error was in levels IV (with 16 samples in random and
diagonal methods and 17 samples in zig zag method), VI (with 24 samples in random and diagonal methods and
25 sample in zig zag method) and VII (with 28 samples in random and diagonal methods and 29 samples in zig
zag method) were observed with 0.04, 0.02, and -0.06, respectively. In general, increasing the number of samples
in different sampling methods caused better coverage of the weed population of corn fields and estimated the
status of weed species more accurately. The zig zag sampling method estimated the weed population density in
drip, furrow, and sprinkler irrigation systems with an accuracy of 0.92, 0.98, and 0.96, respectively, but this
method is weak in estimating the density of weed species; especially in the sprinkler irrigation system. The
diagonal sampling method in the drip irrigation system estimated the density of Setaria verticillata and
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Table 1. Characteristics of selected corn fields in Saveh city.
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Gozal dareh 10 Drip igéggg;g June 2020 Producer June 2020
Gozal dareh 12 Drip ig:;ﬁ:ﬁg:g:g June 2020 Basin June 2020
Dasht louin 7 Furrow igggi;ig June 2020 704 Moghan July 2020
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Figure 1. Schematic illustration of the timed meander sampling method for obtaining initial information prior to the
commencement of the study.
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Figure 2. Schematic of the grid sampling method (5 m x 5 m).

o: Represent the sampling points.
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3. Random sampling method
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Figure 3. Schematic of random sampling method at different levels.

a: 4 quadrates (1), b: 8 quadrates (I1), c:12 quadrates (111), d:16 quadrates (1V), e:20 quadrates (V), f:24 quadrates(VI), g:28
quadrates (VII).
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5. Diagonal sampling method
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4. Systematic sampling methods
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Figure 4. Schematic of diagonal systematic sampling method at different levels.
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6. Zig-zag sampling method
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7. Nonparametric statistics

8. Mixed Model Analysis
9. Random effect
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Table 1. Species richness of weeds in the studied corn fields.
Type of irrigation systems

No. Weed Species Life Family _ Drip Furrow Sprinkler
cycle irrigation irrigation irrigation

F1 F2 F1 F2 F1 F2

1 Amaranthus blitoides S. Watson A Amaranthaceae . ° . . ° °
2 Amaranthus retroflexus L. A Amaranthaceae . ° . . ° °
3 Chenopodium album L. A Amaranthaceae ° ° ° ° ° °
4 Setaria verticillata P.Beauv. A Poacea ° ° ° ° ° °
5 Convolvulus arvensis L. P Convolvulaceae ° ° ° - ° °
6 Salsola kali L. A Amaranthaceae ° - ° ° ° °
7 Malva neglecta Wallr P Malvaceae ° ° ° - ° °
8 Portulaca oleracea L. A Portulacaceae - . . . - °
9 Tribulus Terrestris L. A Zygophyllaceae - - ° ° ° °
10 Heliotropium europaeum L. A Boraginaceae - - ° ° ° °
11 Sonchus oleraceus L. A Asteraceae ° ° - - ° °
12 Euphorbia inderiensis Less. P Euphorbiaceae ° ° ° ° - -
13 Hibiscus trionum L. A Malvaceae - ° - - ° °
14 Xanthium strumarium L. A Asteraceae - ° ° ° - -
15 Circium arvense (L.) Scop. P Asteraceae ° - ° ° - -
16 Chrozophora tinctoria (L.) Juss. A Euphorbiaceae - - - ° ° °
17 Tragopogon sp. P Asteraceae . . - - - °
18 Lepidium draba L. P Brassicaceae ° ° - - ° -
19 Erodium cicutarium L. A Geraniaceae - - - - ° °
20 Chodrilla juncea L. B Asteraceae - - ° ° - -
21 Echinops sp. P Asteraceae - - ° ° - -
22 Heliotropium aucheri DC. P Boraginaceae - - - ° - -
23 Galium aparine L. A Rubiaceae - - - - ° -
24 Anchusa ovata Lehm. A Boraginaceae - - - - ° -
25 Vicia sp. A Fabaceae - - - - ° -
26 Solanum nigrum L. A Solanaceae - - - - - °
27 Glycyrrhiza aspera Pall. P Fabaceae - - - - - °
28 Eleusine indica L. A Poacea - - - ° - -
Number of species 12 13 15 16 17 17

e: Indicates the presence of weed species, -: Indicates the absence of weed species
A: Annual, B: Biennial, P: Perennial
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Table 2. The estimated values of the weeds population of the studied fields using the standard grid sampling method.

Mean plant density/ m?

Field i;%/g:tioc:n Species  Total N
system* No. plan_ts A. belitoieds retrofelexus C.album S. verticillata  C. arvensis
density
1 Dri 12 23.84 11.88 0.72 4.3 0.64 3.16
2 Dri 13 51.33 29.46 19.14 1.00 0.11 1.27
3 Fur 15 19.56 11.38 0.51 0.11 0.05 0.36
4 Fur 16 10.07 3.10 0.35 0.01 0.04 0.00
5 Spr 17 192.77 110.87 49.22 5.23 6.77 0.81
6 Spr 17 13.47 0.13 0.69 0.11 4.87 3.99

*. Dri: Drip irrigation, Fur: Furrow irrigation, Spr: Sprinkler irrigation.
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Table 3. Variance analysis of the efficiency of sampling methods levels on the accuracy of estimating the species
richness and density of the weed population.

Probability level

Source of Degrees of Species  Total plants A A C S C

. * ] ] ] ] ]
variance freedom No. density blitoides retroflexus album verticillata ~ arvensis
Irr type (IT) 2 0.2405 0.1373 0.3944 <.0001 0.9214 0.6325 0.8063
SM type (SMT) 2 0.6981 0.0062 0.0518 0.7689 0.0505 0.0197 0.0001
ITXSMT 4 0.1050 <.0001 0.0209 0.2777 0.4721 0.0095 0.0015
SML 6 <.0001 0.0298 0.7713 0.9656 0.0509 0.8133 0.9543
ITxSML 12 0.1217 0.6232 0.9463 0.9996 0.3881 0.8634 0.9723
SMTxSML 12 0.9738 0.0175 0.7911 0.9804 0.8205 0.9201 0.8049
ITx SMTxSML 24 0.9286 0.0741 0.4954 0.9989 0.9944 0.9875 0.9995

P <0.01: significant at 0.01 probability level, P < 0.05: significant at 0.05 probability level and P > 0.05: no significant.
*. Irr: Irrigation, SM: Sampling methods, SML: Sampling methods levels.
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Figure 6. Comparison of the average effect of sampling levels on the accuracy of estimating species richness of weed populations.
Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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Figure 7. Comparison of the average interaction effect of irrigation system type x sampling method on the accuracy of
weed population density estimation.

Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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Figure 8. Comparison of the average interaction effect of sampling method type x sampling levels on the accuracy of

weed population density estimation.

Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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Figure 9. Comparison of the average interaction effect of type of irrigation system x sampling method on the accuracy
of estimation of A. belitoides density.

Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.

-6y sbas ¢l odalin A. retroflexus « o r§|J.:
4,55 e 48 65 oS5 LT s onl 53 S
b 3,5 s (oS5 b pl VO Ol
O 0515 2587 5 53 (6510 i sad sla gy sl
aauly 4 2255 Gk LT e 53 55 65
S Sle a5 oS Py Qb e sl
skt OT g is Cysgdons 28 (6,18 31
S S 5 8L JhalS Goacale Hed G4l

(Ve JSK) w587 5 /NN 5= /0 8

A. retroflexus 4595 o1y 3,97 ¢
88 oS5 5,50 s LT rss g5
Loy ¢SS Jla| 7w > A retroflexus
Oﬁwsgﬂ\q@jl{.(\”d;&)aﬁ)b@”
Soge 4 &S Glod LT gt 3 S
Al s ess assge dsb s &b glalg
(sl § 50 ke ladi g ) ggb 0 g Lesis

Sl ptigad Sl o i LT hay ol o



A w gaazalS o515 3581 53 B3l 5 Sl (5505 g3 Slab sy 35 2L

reference line
&
in

1

—
(=]
1

Variation in the Amaranthus retroflexus population
found using each sampling method relative to the
En
1

==

T

Dri

Fur Spr
Irrigation type

A retroflexus o5 1y 3397 9 83 ¢ (ST i £ 1 uKibo duglio -1+ <o
Figure 10. Comparison of the average effect of irrigation system type on the accuracy of A. retroflexus density
estimation.
Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.

aw jloslamal L oyd a0 55 5, glacale ol
WIS St Gl iy
N3 g s 3 5 )l Sl
Gholami Golafshan & Yasari,) <38
So> paiss oy &S sl Ol mb (2012
o515 35872 53 15 st il o S ols
T sy Lls K he 5o sbaale g S
235 glacale slaa 8 m ) 5 o o dinils gl
Sl piiged S sy LS 5 as e el
Gholami Golafshan & ) s 138 31 Cabises

.(Yasari, 2012

Chenopodium album 4ig5” 515 35971
r_ﬂj.? 3581 5 83 5 (G)ls pdiges g g5 S
xe o3 iy il mlaw 55 C.oalbum Y
Gl pises G Sy, (F Jsdx) se Ll
ST S 53 185 5 (6 b S lozn
&S cpl s oS53 G 2081 2 e ke
—/BY 5 /08 gl L s ja g Lisls Ol
bb);JM;,?vsbszﬂ,u,wd%
S phises gy S Sl J= 55 cpl sy
88 oS15 e S8 L /YA sl L sl
Glandllas ;3.0 JSK5) 5 S 5,57 1, C. album



(V4 5,8 slacide (2l aloea /OVFAY) OSn 5 (5 )lee

YO

0.4

0.2 -

Variation in the Chenopodium album population found
using each sampling method relative to the reference
line

-1.0 -

0 -
0.2
04 -
-0.6 -
0.8 -

Diagonal

Random Zig Zag
Sampling Methods

.C.album o571 39T 3 288 » (510 pdiged W9y £ #1 cpFilo dwglio —11 <o
Figure 11. Comparison of the average effect of the type of sampling method on the accuracy of C. album density estimation.
Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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Figure 12. Comparison of the average effect of the sampling levels on the accuracy of C. album density estimation.
Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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Figure 13. Comparison of the average interaction effect of type of irrigation system x sampling method on the
accuracy of estimation of S. verticillata density.

Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.

55 de 68 G o S15 55575 53 oo gk ses
bawlis 5o 1) Vb lost 5055 Jos Cand
S5 pisad Shgy By Hlas (GuuaSs g,
aslin 531y (6 S (sllast — /70 gllast b dolias
e Ll Sl ()13 pages Sla iy, L
b e kB 5 (Balal (5)ls paised sl s
Sl paisad oy bawslde j3 /WY 50 /AW Gl
ST e 3 15 s o 208 lrs (6u0aSs
33 SIS ey o J s slisls olas Sk
S5 gl 53 C. arvensis Y oI5 20T,
JSKE) 3 yls 1y 0 /F0 gl 503 S fas Cand

(¥

Convolvulus arvensis 495 (5 3591
215 505 55 X GOT s ¢ 55 ol 31
o 5> Carvensis £ 8 5 oS5 3,57 » 25
390 55 (¥ Jsda) 35 Hls cae deoys &S Jlaz>|
b w5 b 5 C. arvensis dluds 4,5
2 A i b s i S S S
12 phised iy dw p Slojkd oLl ptn
285 6y 1 S1555T 5 5515 (oS sl
ey B lme GUaSS s b oawlis
TSI NVAL Gt TS R EPTp
e N gl L SIS oyls 4 e
Sy (S1F s n ooy s op i 5 o S
—).5.A;LL\JA:JLE.»:)}»QJSCJ\J'»):J;JLAAJK

3y he Gkl e 5 S J



\YA s 6\.&&{;&\:\5 VS‘JS :J"iﬁ BL ‘}ALASJ s&&'w ‘5J‘.>J.343}u' ‘5\.&&}) 3 @L&}J'

1.0
0.5

-0.5
-1.0
1.0

0

-0.5
-1.0
1.0
0.5

reference line

-0.5
-1.0

Variation in the Convolvulus arvensis population
found using each sampling method relative to the

Diagonal

g

e —

ug

in4
adfy uonebru|

e —

ids

Random Zig Zag

Sampling Methods

.C.arvensis o5 1§ 3,597 9 B3 (518 pdignd 995 % (ST inaw £ Jliio 1 uilo duglio —1F <o
Figure 14. Comparison of the average interaction effect of type of irrigation system x sampling method on the
accuracy of estimation of C. arvensis density.

Values greater (positive) and less (negative) than zero indicate a lower and greater estimate than the true value, respectively.
Bars indicate standard error of mean.
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