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ABSTRACT

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Therefore, this study aims were: (1) informing the dominance and
diversity index of weeds due to tillage, (2) obtaining correlations of weed abundance on several
soil chemical characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate
herbicide on weed abundance in different tillage. It was conducted on farmland in Padang
Bulan, Medan Selayang Subdistrict, Medan City, Indonesia, from March to July 2021.
Furthermore, a non-factorial Randomized Block Design was used consisting of the no-tillage
(NT), 1-time tillage (T1), and 2-times tillage (T2) with three replications. The procedures
include identifying weed vegetation, sampling analysis of several soil chemical properties, and

spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha™. Based on the result, the
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weed species of Cyperus rotundus and Ageratum conyzoides were dominant in different tillage
with a moderate diversity index. The T2 showed increased A. conyzoides, Cynodon dactylon,
and Euphorbia heterophylla compared to NT, while a decrease was observed in the grasses
weed during one and 2-times tillage. Moreover, there was a positive and significant correlation
between E. heterophylla weed on the soil cation exchange capacity (0.727). In contrast, four
new weed species, namely Glyceria maxima, Leersia oryzoides, Scoparia dulcis, and
Anthoxanthum oculatum were found due to ammonium glufosinate herbicide in different
tillage.

Keywords: correlation; diversity index; dominance; tillage; weed abundance

Diversidad de malezas afectadas por labranza y por el herbicida glufosinato de amonio
RESUMO
Los agricultores de Indonesia suelen rociar herbicidas para controlar las malas hierbas
y utilizar la labranza durante las primeras etapas del cultivo; en consecuencia, estas actividades
afectan a la composicion y diversidad de las malas hierbas. Por lo tanto, los objetivos de este
estudio fueron: (1) informar el indice de dominancia y diversidad de malezas debido a la
labranza, (2) obtener correlaciones de la abundancia de malezas en varias caracteristicas
quimicas del suelo debido a la labranza, (3) obtener el efecto del herbicida glufosinato de
amonio en la abundancia de malezas en diferentes labranzas. Se llevo a cabo en tierras de cultivo
en Padang Bulan, subdistrito de Medan Selayang, Medan, Indonesia, de marzo a julio de 2021.
Ademas, se utilizé un disefio de blogues aleatorios no factorial que consistia en la no labranza
(NT), la labranza de 1 vez (T1) y la labranza de 2 veces (T2) con tres repeticiones. Los
procedimientos incluyen la identificacion de la vegetacion de malas hierbas, el analisis de
muestras de varias propiedades quimicas del suelo y la pulverizacion del herbicida glufosinato

de amonio a una dosis de 150 g ai.ha-1. Segun los resultados, las especies de malas hierbas
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Cyperus rotundus y Ageratum conyzoides fueron dominantes en las diferentes labranzas con un
indice de diversidad moderado. EI T2 mostré un aumento de A. conyzoides, Cynodon dactylon
y Euphorbia heterophylla en comparacion con el NT, mientras que se observd una disminucion
de las malas hierbas durante el laboreo uno y dos veces. Ademas, hubo una correlacion positiva
y significativa entre la maleza E. heterophylla en la capacidad de intercambio cationico del
suelo (0.727). Por el contrario, se encontraron cuatro nuevas especies de malas hierbas, a saber,
Glyceria maxima, Leersia oryzoides, Scoparia dulcis y Anthoxanthum oculatum, debido al
herbicida glufosinato de amonio en diferentes labranzas.

Palabras clave: correlacion; indice de diversidad; dominancia; labranza; abundancia de malas

hierbas

INTRODUCTION

Uncontrolled weeds on farmlands reduce production up to 80% (Cousens & Mortimer,
1995). Therefore, sustainable agricultural practices affect its abundance and density. The weed
abundance in the farmland is influenced by several factors such as seed bank buried in the soil
(Norris 2007), environmental factors (Fried et al. 2008; Pinke et al. 2012), availability of
nutrients and fertilization (Murphy & Lemerle 2006; Chemona et al. 2016), tillage and crop
rotation (Ulber et al. 2009; Nichols et al. 2015), and weed control through herbicides (Derksen
et al. 1995).

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Menalled et al. (2001) showed that different agricultural
management systems significantly affect weed abundance, diversity, and consistency in the
short and long term. Meanwhile, Derksen et al. (1995) reported that the germination of Synapsis

avensis and Brassica napus weeds after spraying with herbicides was higher in the no-tillage,
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but there was a reduction in total weeds. Thomas et al. (2004) also reported perennial weed
species such as Cirsium arvense and Sonchus arvensis was reduced tillage and no-tillage, while
annual weeds were found in various tillage treatments. In addition, Trichard et al. (2013) stated
that tillage favors weed seed bank germination and cause the extinction of other seeds.

On the other hand, different soil fertility in the planted area also affects the weed
diversity (Yin et al. 2006). Fonge et al. (2013) reported that weed diversity is affected by
organic-C content, nitrogen, calcium, and cation exchange capacity of the soil. Tang et al.
(2014a) added that phosphorus+potassium (PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica, and Geranium carolinianum weeds compared to
nitrogen+phosphorus (NP). Furthermore, Forcella et al. (2000) stated that the soil N
concentration plays an important role in ending dormancy by removing germination constraints
and stimulating seedling emergence. Tang et al. (2014b) reported that soil available-P is the
primary nutrient, regulating the composition of weed species and diversity, followed by N and
K nutrients.

The knowledge of farmers on the relationship between tillage and soil fertility status
with weed diversity is relatively poor. The interviews conducted in this study showed that the
farmers only carry out land clearing and manual tillage before planting, had never used
herbicides, and unknowingly the soil fertility status. However, a new problem was found: weed
growth was very rapid in a short time (2 days). Therefore, intensive control during one main
crop cycle is highly needed. This problem persisted during crop rotation. Unnoticed by farmers,
these activities impact the storage of the weed seed bank, and the tillage carried out, resulting
in the weed seed bank at a certain depth of soil emerging to the soil surface. Studies on weed
identification are needed to provide information on the relationship between soil fertility on the
dominant weeds and the use of one herbicide with a recommended dose to suppress the presence

of weeds. Therefore, this study aims were: (1) informing the dominance and diversity index of
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weeds due to tillage, (2) obtaining correlations of weed abundance on several soil chemical
characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate herbicide on

weed abundance in different tillage.

MATERIAL AND METHODS
Area and plot of the tillage

This study was carried out on farmland in Padang Bulan, Medan Selayang Subdistrict,
Medan (Indonesia) with the condition of continuous land use and a history of crop rotation for
the last two years for corn, cucumber, and cowpea as well as manual tillage using a hoe, without
the use of herbicides based on interviews with farmers. This study was conducted from March
to July 2021. The land was cleared and then plotted with the square method of 1 m x 1 m and

an interval of 2 m. Each plot was demarcated with plastic ropes at a distance of 0.2 m (Fig. 1).
1m

-
L

Im 02

L J

Figure 1. The size of plots with the square method.
Weed analysis
This study used a non-factorial Randomized Block Design with three replications: no-
tillage, 1-time and 2-times tillage systems. Tillage was carried out by hoeing as deep as 20 cm.
Meanwhile, the land was incubated for a month and then identified for weed vegetation using
the flora book and applying formulas according to Kent (2012) such as absolute density (defined
as the number of individual weed species in the sample plot), relative density, absolute

frequency (defined as the number of sample plots containing certain species), relative
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frequency, importance value, and the summed dominance ratio (SDR) as shown in equation 1-

4.

The absolute density of a certain species

Relative Density (RD) = x 100% 1)

Total absolute density of all species

The absolute frequency of a certain species

Relative Frequency (RF) = x100% (2)

Total absolute frequencies of all species

Importance Value (1V) = Relative Density (RD) + Relative Frequency (RF) (3)

Relative Density (RD)+ Relative Frequency (RF)
2

Summed Dominance Ratio =

(4)

Weed populations based on morphology (broadleaf, grasses, sedges) and total weeds
were calculated. The species diversity index was calculated using the Shannon-Wiener index

formula (Shannon & Weaver 1949):

& ni ni
=-2 () )

Note:

H’= Species diversity index

ni = The proportion of species i

N = The total number of species

In = natural logarithm

The classification of the diversity index value for each tillage was conducted based on
Magurran (1988) stated that if H'<1 (low), 1<H'<3 (moderate) and H'>3 (high).
Correlation of organic-C and cation exchange capacity on dominant weeds

Soil samples at a depth of 0-20 cm were taken using a drill with a diagonal method on

each plot. Then it performed analysis on organic-C (Walkley & Black method) and cation
exchange capacity/CEC (ammonium acetate pH 7) using a spectrophotometer at Socfin
Indonesia Inc., Medan (Indonesia). At first, a natural logarithm was carried out on the organic-

C, CEC data, and the total of dominant weeds as well as analyzed using the Pearson correlation.
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Application of the ammonium glufosinate herbicide and data processing

The ammonium glufosinate herbicide was applied on 27 April 2021 at 10.00 to all plots
at a dose of 150 g a.i.ha™ after a spray calibration was carried out. Climatic data were recorded
during spraying, such as temperature 28°C, humidity 83%, and air pressure 1002 hPa. Weed
survival data were measured at six weeks after spraying (WAS).

Land area per ha

- = 202.90 L hat
Length x width of spray x water used = 202.90 L ha

The spray volume calibration=

Ammonium glufosinat e dose per ha

— =4.93mlL*?
The spray volu me calibratio n

Ammonium glufosinate =

The data of weeds (broadleaf, grasses, sedges, total) and soil (organic-C, CEC) were

processed using ANOVA and followed by DMRT level 5% using IBM SPSS v.20 software.

RESULTS AND DISCUSSION
Weed diversity due to tillage

The field observations obtained 16 species (Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria mutica, Cleome rutidosperma, Cynodon
dactylon, Cyperus rotundus, Eleusine indica, Euphorbia heterophylla, Galinsoga parviflora,
Mimosa pudica, Oxalis corniculata, Pennisetum purpureum, Polanisia icosandra, and
Stylochaeton lancifolius) with 6639 populations from three tillage systems (NT, T1, T2) as
presented in Fig. 2. The result showed that three dynamic patterns due to tillage, such as (1) an
increase in the weed diversity due to 2-time tillage for A. conyzoides, C. dactylon, and E.
heterophylla, (2) a decrease in weed diversity due to 2-time tillage for A. gangetica, A.
compressus, B. alata, C. rutidosperma, and E. indica, (3) a fluctuating pattern, indicating a
decrease in weed species in 1-time tillage and then an increase in 2-time tillage or vice versa
for B. mutica, G. parviflora, M. pudica, O. corniculata, P. purpureum, P. icosandra, and S.

lancifolius.
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Weed population due to tillage based on morphology and total weed
The tillage had an insignificant effect on the number of broadleaf, grasses, sedges, and
total weeds (Fig. 3). However, increasing the tillage by 2-times (T2) increased the broadleaf

population and total weeds by 41.73% and 25.19%, respectively, compared to no-tillage (NT).

800 - 120 -
A 557.00 ns 01 B
600 - 470.00 ns (41.73%)
39(30-00/% ns  (19.59%) 90 1 4733ns
° (0%)
400 A 60 - 23.33 ns 35.00 ns
I (- (-26.05%)
200 ~ 30 - 50.11%)
0 ! 0 T T T
NT Tl T2 NT T1 T2
600 1| ¢ 1500 1| p
825.00 ns
400 { 21867ns 23267 233.00ns 1000 1 659.00 ns zlzg'gg;i (25.19%)
0 ns (6.55%) (0%) 62%
%) (77700 -
200 - ' ' 500 -
0 . 0
NT T1 T2 NT T1 T2

Figure 3. Weed populations based on morphology (A= broadleaf; B= grasses; C= sedges) and
total weeds (D) due to tillage (NT=no tillage, T1= 1-time tillage, T2= 2-times tillage).
The values followed by the ns (not-significant) in the graph are not significantly
different at the 5% level based on the DMRT. The vertical line shows the standard

error.
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Figure 2. Total populations of weeds due to tillage. NT
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Furthermore, the population of sedges weeds increased at 1-time tillage (T1) by 7.77%
compared to NT and decreased to 6.55% at 2-times tillage (T2). The population of grasses
weeds experienced the highest decrease in 1-time tillage (T1) of 50.71% compared to NT.
SDR and weed diversity index due to tillage

The dominant weeds (SDR) and diversity index due to tillage are presented in Tab. 1-
2. Inthe no-tillage (NT) treatment found in five species with the highest SDR sequentially were
C. rotundus, M. pudica, A. conyzoides, C. rutidosperma, and P. icosandra of 22.78%; 13.37%;
12.50%; 10.90%; and 10.49%, respectively. In the 1-time tillage (T1) found in five species with
the highest SDR sequentially were C. rotundus, M. pudica, A. conyzoides, A. gangetica, and E.
heterophylla of 22.61%; 16.42%; 16.41%; 10.87%; and 9.63%, respectively. Moreover, in the
2-times tillage (T2) also found in five species with the highest SDR sequentially were A.
conyzoides, C. rotundus, M. pudica, E. heterophylla, and G. parviflora by 22.20%; 18.76%;
12.67%; 11.36%; and 9.90%, respectively. The diversity index (H") due to tillage (NT, T1, T2)
were 2.261; 2.196 and 2.234 respectively, therefore it was moderate.

Correlation of organic-C and cation exchange capacity on dominant weeds

The tillage significantly increased cation exchange capacity (CEC) but it had insignificant
effect on soil organic-C (Fig. 4). There was an increase in the CEC due to T1 and T2 by 16.56%
and 13.14%, respectively. The correlation analysis of soil organic-C and CEC on the dominant
weed population due to tillage is presented in Tab. 3. The results showed that only CEC had a
significant and positive correlation in increasing the E. heterophylla by 0.727, but it was
insignificant for C. rotundus and C. rutidosperma. Similarly, soil organic-C had an insignificant
effect but was positively correlated to the population of C. rotundus, A. conyzoides, M. pudica,

and E. heterophylla.



231  Table 1. SDR of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage).

Replicate 1 Replicate 2 Replicate 3
Weeds Species

AD RD AF RF v SDR AD RD AF RF v SDR AD RD AF RF v SDR
NT= no-tillage
A. conyzoides 19 294 5 1190 1484 742 148 2087 5 1220 33.07 1653 96 1546 5 11.63 27.09 1354
A. gangetica 58 896 5 1190 20.87 1043 48 6.77 5 1220 1897 948 42 6.76 5 11.63 18.39 9.20
A. compressus - - - - - - - - - - - - 50 805 4 930 1735 8.68
B. alata - - - - - - 2 028 1 244 272 1.36 - - - - - -
B. mutica 4 062 3 714 776 388 - - - - - - 12 193 4 930 11.23 5.62
C. rutidosperma 64 989 5 1190 2180 1090 - - - - - - - - - - - -
C. rotundus 387 59.81 5 11.90 71.72 3586 109 1537 5 1220 2757 13.78 160 2576 5 11.63 37.39 18.70
E. indica - - - - - - 1 014 1 244 258 129 - - - - - -
E. heterophylla 20 309 4 952 1261 631 92 1298 5 1220 2517 1259 @ - - - - - -
G. parviflora 24 371 5 1190 1561 781 112 1580 5 1220 27.99 14.00 40 644 5 11.63 18.07 9.03
M. pudica 49 757 5 1190 1948 974 96 1354 5 1220 25.74 1287 145 2335 5 1163 3498 17.49
P. purpureum 22 340 5 1190 1531 765 10 141 4 976 1117 558 43 692 5 1163 1855 9.28
P. icosandra - - - - - - 91 1283 S5 1220 2503 1252 33 531 5 1163 16.94 8.47




Total 647 42 100 709 41 100 621 43 100
T1= 1-time tillage
A. conyzoides 181 27.18 5 11.63 3881 1940 73 1217 5 1190 24.07 1204 213 2313 5 1250 3563 17.81
A. gangetica 82 1231 5 11.63 2394 1197 - - - - - - 65 706 5 1250 1956 9.78
A. compressus - - - - - - 5 083 2 476 560 280 - - - - - -
B. mutica - - - - - - 4 067 2 476 543 271 3 033 1 250 283 141
C. rutidosperma - - - - - - 21 350 5 1190 1540 770 23 250 5 1250 15.00 7.50
C. dactylon 5 075 3 698 773 386 9 150 4 952 1102 551 - - - - - -
C. rotundus 193 2898 5 11.63 40.61 20.30 255 4250 5 1190 5440 27.20 259 2812 5 1250 40.62 20.31
E. heterophylla 53 796 5 1163 1959 979 54 900 5 1190 2090 1045 44 478 5 1250 17.28 8.64
G. parviflora 22 330 5 1163 1493 747 36 600 5 1190 1790 895 54 586 5 1250 1836 9.18
M. pudica 87 13.06 5 11.63 2469 1235 137 2283 5 1190 34.74 17.37 245 26,60 5 1250 39.10 19.55
P. purpureum 25 375 5 1163 1538 7.69 4 067 3 714 781 390 15 163 4 10.00 1163 581
P. icosandra 18 270 5 11.63 1433 7.17 - - - - - - - - - - - -
S. lancifolius - - - - - - 2 033 1 238 271 136 - - - - - -

Total 666 43 100 600 42 100 921 40 100

T2= 2-times tillage
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A. conyzoides 146 1557 5 11.36 26.93 1346 256 4767 5 1190 59.58 29.79 339 3390 5 12.82 46.72 23.36
A. gangetica - - - - - - - - - - - - 50 500 5 1282 17.82 8091
A. compressus 2 021 2 455 476 2.38 2 037 2 476 513 257 - - - - - -
B. mutica 3 032 3 682 714 357 1 019 1 238 257 1.28 10 1.00 4 10.26 11.26 5.63
C. rutidosperma 24 256 5 1136 1392 6.96 16 298 5 1190 1488 7.44 - - - - - -
C. dactylon 26 277 4 909 1186 593 - - - - - - - - - - - -
C. rotundus 304 3241 5 11.36 43.77 21.89 53 987 5 1190 21.77 10.89 342 3420 5 12.82 47.02 2351
E. heterophylla 178 1898 5 11.36 30.34 1517 43 801 5 1190 1991 9.96 51 510 5 1282 17.92 8.96
G. parviflora 76 810 5 1136 1947 973 43 801 5 1190 1991 996 72 720 5 12.82 20.02 10.01
M. pudica 150 1599 5 11.36 27.36 1368 85 1583 5 1190 27.73 1387 81 810 5 12.82 2092 10.46
O.corniculata - - - - - - 6 112 4 952 10.64 532 - - - - - -
P. purpureum 29 309 5 1136 1446 723 32 59 5 1190 17.86 8.93 - - - - - -
P. icosandra - - - - - - - - - - - - 55 550 5 1282 1832 09.16
Total 938 44 100 537 42 100 1000 39 100
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Table 2. Diversity index of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage).

NT T1 T2
Family Weeds Species

ni ni/N  Inni/N H’ ni ni/N  Inni/N H’ ni ni/N  Inni/N H
Asteraceae A. conyzoides 25.00 0.125 -2.079 0.260 3283 0.164 -1.807 0.297 4441 0.222 -1505 0.334
G. parviflora 20.56 0.103 -2.275 0.234 1707 0.085 -2461 0.210 19.80 0.099 -2.313 0.229
Acanthaceae A. gangetica 1941 0.097 -2.333 0.226 1450 0.072 -2.624 0190 594 0.030 -3517 0.104

Araceae S. lancifolius - - - - 0.90 0.005 -5.398 0.024 - - - -
Capparaceae C. rutidosperma 727 0.036 -3.315 0.120 10.13 0.051 -2982 0.151 9.60 0.048 -3.036 0.146
Capparidaceae  P. icosandra 13.99 0.070 -2.660 0.186 4.78 0.024 -3.735 0.089 6.11 0.031 -3.489 0.107
Cyperaceae C. rotundus 4556 0.228 -1.479 0337 4521 0.226 -1.487 0336 3752 0.188 -1.673 0.314
Euphorbiaceae  E. heterophylla 12.60 0.063 -2.765 0.174 19.26 0.096 -2.340 0.225 2272 0.114 -2175 0.247
Fabaceae M. pudica 26.73 0.134 -2.013 0.269 32.84 0.164 -1.807 0.297 25.34 0.127 -2.066 0.262
Oxalidaceae O. corniculata - - - - - - - - 355 0.018 -4.032 0.072
Poaceae A. compressus 578 0.029 -3543 0.102 1.87 0.009 -4.675 0.044 330 0.016 -4.105 0.068
B. mutica 6.33 0.032 -3453 0.109 275 0.014 428 0059 6.99 0.035 -3.354 0.117
C. dactylon - - - - 6.25 0.031 -3466 0.108 395 0.020 -3.924 0.078

E. indica 0.86 0.004 -5.449 0.023 - - - - - - - -



P. purpureum 15.01 0.075 -2590 0.194 1161 0.058 -2.847 0.165 10.77 0.054 -2.921 0.157

Rubiaceae B. alata 091 0.0056 -5.396 0.024 - - - - - - - -

Total -39.350 2.261 -39.915 2.196 -38.110 2.234

234
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235  Figure 4. The soil organic-C (A) and cation exchange capacity (B) properties due to tillage

236 (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). The values followed by the
237 different letter in the graph are significantly at the 5% level based on the DMRT. The
238 vertical line shows the standard error. ns= not-significant.

239

240 Table 3. Correlation analysis of organic-C and CEC of the soil on the dominant weed

241 populations due to tillage.

Correlation coefficient
Dominant weed species

Organic-C CEC
C. rotundus 0.449ns 0.262ns
A. conyzoides 0.132ns -0.154ns
M. pudica 0.147ns -0.054ns
E. heterophylla 0.127ns 0.727"
G. parviflora -0.063ns -0.240ns
A.gangetica -0.298ns -0.482ns
P. icosandra -0.021ns -0.646ns
C. rutidosperma -0.095ns 0.591ns

242  Note: Correlation is significant at the 0.05 level (2-tailed). ns= not-significant.

243
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Changes in weed vegetation due to the ammonium glufosinate

Changes in weed vegetation due to ammonium glufosinate application at a dose of 150
g ai.ha! on different tillage (NT, T1, T2) by species are presented in Fig. 5. The results showed
an increase in B. alata and B. mutica due to the ammonium glufosinate in NT and 2-times tillage
(T2). Meanwhile, others decreased, and two new weed species were found in NT, such as
Glyceria maxima and Leersia oryzoides, and one new weed species were found in T2 (G.
maxima). Similarly, the 1-time tillage (T1) increased B. alata, B. mutica, and E. indica. At the
same time, other populations decreased, and four new weed species were found, namely G.
maxima, L. oryzoides, Scoparia dulcis, and Anthoxanthum oculatum.

Based on morphology, the effectiveness of ammonium glufosinate on the weed-type
abundance at different tillage (NT, T1, T2) is presented in Fig. 6. The herbicide application can
decrease the abundance of broadleaf weeds by 82.13-84.98% and sedges by 8.15-19.05%.
However, there was an increase in the grasses weed abundance in T1 and T2 tillage by 167.74%

and 26.67%, respectively.
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Figure 6. The effectiveness of ammonium glufosinate on the weed-type abundance at different

tillage.
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262  Figure 5. Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 g a.i.ha™ on different tillage.
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Effect of tillage on weed diversity

Based on the results, there were three dynamic patterns of weed diversity due to tillage,
namely increasing, decreasing, and fluctuating patterns. The increasing weed species due to 2-
times tillage (T2) include A. conyzoides (2.81-folds), C. dactylon (41 populations), and E.
heterophylla (2.43-folds) compared to no-tillage (NT). It was caused by the seed banks of A.
conyzoides, C. dactylon, and E. heterophylla during T2 tillage were triggered the emergence to
the soil surface. Furthermore, soil fertility also supported its growth more rapidly. This was
supported by the organic-C, which was positively correlated with the presence of A. conyzoides
(0.132) and E. heterophylla (0.127). Besides, soil CEC was also significantly and positively
correlated with the presence of E. heterophylla (0.727) (Tab. 3). These results are similar to
Oziegbe et al. (2010); active weed seedbanks at deeper soil depths lead to lower oxygen
availability and reduce the access to light required to support germination. In addition, Hossain
et al. (2021) that the seed bank of A. conyzoides was not found at a depth of 0-10 cm, but 10-
15 cm, and experienced an additional seed bank of 43.82% during conventional tillage.
Horowitz (1972) reported that 88% of C. dactylon rhizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had the second-highest abundance of 19.53%
after Tridax procumbens in Benue State, Nigeria.
SDR, diversity index, weed population due to tillage

The results showed that C. rotundus had the highest SDR in NT and T1 tillage, while

A. conyzoides was dominant in T2 tillage. This was due to the presence of higher seed bank of
C. rotundus and A. conyzoides at certain depths. Therefore, when the soil is tilled, the seedbanks
trigger emergence on the soil surface. These results are similar to Hossain et al. (2021) which
reported that up to 24% of the C. rotundus seed bank were found at a depth of 5-10 cm, while
21% of the A. conyzoides were found between 10-15 cm. Furthermore, Santin-Montanya et al.

(2013) reported that the weed abundance, diversity, and evenness were greatly increased in the
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no-tillage treatment. In this study, the results showed that the diversity index due to tillage (NT,
T1, T2) was 2.261; 2.196; and 2.234 (moderate) (Tab. 2). The decrease in diversity index due
to T1 and T2 compared to NT indicates that tillage decrease weed diversity. Mas & Verdd
(2003) reported that the highest value of the Shannon-Wiener diversity index was found in the
no-tillage treatment, while Amuri et al. (2010) suggested that no-tillage treatment contributes
to the suppression of several weed species. Sepat et al. (2017) also reported that the lowest weed
population was found in untilled beds.

The results showed that T2 tillage increased the broadleaf and total weeds. The
population of sedges weeds increased at T1, but decreased during T2 tillage. In general, only
grasses weeds decreased during T1 and T2 compared to NT, and the highest decrease was found
at T1 tillage. This is linear with the Shannon-Wiener diversity index at T1, lower than other
tillage (Tab. 2). These results are supported by Murphy et al. (2006) which reported that the
weed density is only affected by tillage. Similarly, Hossain et al. (2021) said a decrease in the
seed bank of grasses weed during conventional tillage by 76.31% at a depth of 0-5 cm compared
to the no-tillage.

Correlation of organic-C and CEC to dominant weeds at different tillage

Cation Exchange Capacity (CEC) was significantly and positively correlated (0.727) with
an increase in the population of E. heterophylla. The content of CEC and organic-C was also
positively correlated but had an insignificant effect on the populations of C. rotundus, C.
rutidosperma, A. conyzoides, and M. pudica. This was due to the higher content of CEC and
organic-C in T1 and T2 compared to the NT (Fig. 4). When the weed seed bank at T1 and T2
emerged to the surface and received light and soil fertility than NT, it tends to support the
growth of more weeds as indicated in the total weed population, which grows higher with
increasing tillage (Fig. 3). These results are similar to Patzold et al. (2020) which reported that

soil organic-C affects weed species variability by 8.4%, while Gaston et al. (2001); Nordmeyer
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& Hausler (2004); Korres et al. (2017) reported that organic carbon, texture, and nutrients of
soil affect the emergence of weeds. Furthermore, Dorneles et al. (2015) reported that reduced
tillage had a higher CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

Changes in weed due to the ammonium glufosinate herbicide at different tillage

There was an increase in populations of B. alata (49), B. mutica (30), and E. indica (24)
after spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha with different
tillage (NT, T1, T2), although C. rotundus (612) was more numerous than the other weeds. In
general, four new weeds species, namely G. maxima, L. oryzoides, S. dulcis, and A. oculatum
were found in NT, T1, and T2 due to the ammonium glufosinate herbicide. Glyceria maxima is
a new weed species with the highest population in the NT, T1, and T2 tillage. Furthermore, the
increase in population and new weed species was higher in the grasses weeds (B. mutica, E.
indica, G. maxima, L. oryzoides, and A. oculatum) and two new species from the broadleaf
weeds (B. alata and S. dulcis). Therefore, the ammonium glufosinate herbicide at different
tillage decreased the abundance of broadleaf (Fig. 6) compared to the grasses weeds.

Using herbicides on tillage (T1 and T2) exposed the seed bank of grasses weeds to the
soil surface to adequately obtain oxygen and light needed for growth. This is supported by
Wibawa et al. (2009), which reported that the herbicide of dose 200 g.ha? significantly
suppressed broadleaf of 94.68% compared to the grasses weeds by 59.65% at two weeks after
spraying. Tampubolon et al. (2019) also found that the herbicide at a dose of 300 g ai.ha™
significantly removed 100% of the glyphosate-susceptible E. indica, while Alridiwirsah et al.
(2020) reported that the grasses was higher by 52.76% compared to the broadleaf and sedges
weeds in guava plants. In addition, Gtowacka (2011) stated that the number of Echinochloa
crus-galli (grasses weed) was more dominant with mechanical control (18.0 populations) and
herbicides (10.3 populations) in maize plants compared to other weeds including G. parviflora,

Chenopodium album, Cirsium arvense, and Polygonum lapathifolium. Uddin et al. (2018) also
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added the abundance of grasses weeds was higher by 130.1% than broadleaf (108.5%) and

sedges (61.4%) weeds in the rice and potato cropping pattern.

CONCLUSIONS
The 2-time tillage (T2) increased the A. conyzoides (2.81-folds), C. dactylon (41

population), and E. heterophylla (2.43-folds) compared to the no-tillage (NT). C. rotundus had

the highest SDR at NT and T1, while A. conyzoides was found in T2 tillage with a moderate
diversity index. Based on the classification, only grasses weeds decreased in T1 and T2 tillage.

Furthermore, there was a significant and positive correlation between E. heterophylla weed

with cation exchange capacity (0.727). Atotal of four new species of weeds, namely G. maxima,

L. oryzoides, S. dulcis, and A. oculatum were found on NT, T1, and T2 tillage due to the

application of ammonium glufosinate herbicide.
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Research Article

Weed Diversity as Affected by Tillage and Ammonium Glufosinate Herbicide

ABSTRACT

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Therefore, this study aims were: (1) informing the dominance and
diversity index of weeds due to tillage, (2) obtaining correlations of weed abundance on several
soil chemical characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate
herbicide on weed abundance in different tillage. \It was conducted on farmland in Padang
Bulan, Medan Selayang Subdistrict, Medan City, Indonesia, from March to July 2021.]
Furthermore, a non-factorial Randomized Block Design was used consisting of the no-tillage
(NT), 1-time tillage (T1), and 2-times tillage (T2) with three replications. The procedures
include identifying weed vegetation, sampling analysis of several soil chemical properties, and
spraying the ammonium glufosinate herbicide at a dose of 150 g ha™. Based on the result, the
weed species of Cyperus rotundus and Ageratum conyzoides were dominant in different tillage

with a lmoderate diversity indexl. The T2 bhowed increased A. conyzoides, Cynodon dactylon,

and Euphorbia heterophylla compared to NT, while [a decrease was observed in the grasses
weed during one and 2-times tillage. Moreover, there was a positive and significant correlation
between E. heterophylla weed on the soil cation exchange capacity (0.727). |In contrast, four
new weed species, namely Glyceria maxima, Leersia oryzoides, Scoparia dulcis, and
Anthoxanthum oculatum were found due to ammonium glufosinate herbicide in different
tillage.

Keywords: correlation; diversity index; dominance; tillage; weed abundance. [please, use more

meaningful words

[ For do: Fonte: Ndo Negrito J

[ Comentado [A1]: present the history of cultivation in the studied
area

[ Excluido: ai. ]

Comentado [A2]: what does moderate diversity index mean? the
authors should indicate the obtained value to better exemplify

Comentado [A3]: increased by how much percent? indicate the
value obtained

Comentado [A4]: decreased by how much percent? indicate the
value obtained

Comentado [A5]: Could the new weed species found in the areas
where the herbicide was applied be due to the selection of plants
resistant or tolerant to the mechanism of action of GS?

How long has the area been managed with the same herbicide?

[ Formatado: Fonte: Nao Negrito ]
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INTRODUCTION

Uncontrolled weeds on farmlands reduce production up to 80% (Cousens & Mortimer,
1995). Therefore, sustainable agricultural practices affect its abundance and density. The weed
abundance in the farmland is influenced by several factors such as seed bank buried in the soil
(Norris 2007), environmental factors (Fried et al. 2008, [adjust all] Pinke et al. 2012),
availability of nutrients and fertilization (Murphy & Lemerle 2006; Chemona et al. 2016),
tillage and crop rotation (Ulber et al. 2009; Nichols et al. 2015), and weed control through
herbicides (Derksen et al. 1995).

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Menalled et al. (2001) showed that different agricultural
management systems significantly affect weed abundance, diversity, and consistency in the
shortand llong term]. Meanwhile, Derksen et al. (1995) reported that the germination of Synapsis
avensis and Brassica napus weeds after spraying with herbicides was higher in the no-tillage,
but there was a reduction in total weeds. Thomas et al. (2004) also reported perennial weed
species such as Cirsium arvense and Sonchus arvensis was reduced tillage and no-tillage, while
annual weeds were found in various tillage treatments. In addition, Trichard et al. (2013) stated
that tillage favors weed seed bank germination and cause the extinction of other seeds.

On the other hand, different soil fertility in the planted area also affects the weed
diversity (Yin et al. 2006). Fonge et al. (2013) reported that weed diversity is affected by
organic-C content, nitrogen, calcium, and cation exchange capacity of the soil. Tang et al.
(2014a) added that phosphorus+potassium (PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica, and Geranium carolinianum weeds compared to

nitrogen+phosphorus (NP). Furthermore, Forcella et al. (2000) stated that the soil N

[ Excluido: ;

[Comentado [A6]: how long? 10years?

[Comentado [A7]: reduced how much?
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concentration plays an important role in ending dormancy by removing germination constraints
and stimulating seedling emergence. Tang et al. (2014b) reported that soil available-P is the
primary nutrient, regulating the composition of weed species and diversity, followed by N and
K nutrients.

The knowledge of farmers on the relationship between tillage and soil fertility status
with weed diversity is relatively poor. [The interviews conducted in this study showed that the
farmers only carry out land clearing and manual tillage before planting, had never used
herbicides, and unknowingly the soil fertility status. However, a new problem was found: weed
growth was very rapid in a short time (2 days). Therefore, intensive control during one main
crop cycle is highly needed. This problem persisted during crop rotation. Unnoticed by farmers,
these activities impact the storage of the weed seed bank, and the tillage carried out, resulting
in the weed seed bank at a certain depth of soil emerging to the soil surface. Studies on weed
identification are needed to provide information on the relationship between soil fertility on the
dominant weeds and the use of one herbicide with a recommended dose to suppress the presence
of weeds[. Therefore, this study aims were: (1) informing the dominance and diversity index of
weeds due to tillage, (2) obtaining correlations of weed abundance on several soil chemical
characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate herbicide on

weed abundance in different tillage.

MATERIAL AND METHODS

Area and plot of the tillage

h’his study was carried out on farmland in Padang Bulan, Medan Selayang Subdistrict,=

Medan (Indonesia) with the condition of continuous land use and a history of crop rotation for

the last two years for corn, cucumber, and cowpea as well as manual tillage using a hoe, without

Comentado [A8]: Is this information the result of the research? if
50, it should be presented in the results and discussion section.

Better present the problem under study and the hypotheses

[Formatado: Normal, Justificado, Recuo: Primeira linha: 1 cm ]




77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

the use of herbicides based on interviews with farmers. This study was conducted from March

to July 2021.,

Weed analysis

This study used a non-factorial Randomized Block Design with three replications: |no-

Comentado [A9]: Describe clearly the management used in each
system... where was the herbicide used?

Movido para baixo [1]: The land was cleared and then plotted
with the square method of 1 m x 1 m and an interval of 2 m. Each

plot was demarcated with plastic ropes at a distance of 0.2 m (Fig. 1). ¢

1
1
1
1
Figure 1. The size of plots with the square method.

tillage, 1-time and 2-times tillage systemsl. The land was cleared and then plotted with the

square method of 1 m x 1 m and an interval of 2 m. Each plot was demarcated with plastic

{

C do [A10]: Describe clearly the management used in
each system... where was the herbicide used?

(

Movido (insergéo) [1]

J
)

ropes at a distance of 0.2 m (Fig. 1).

FEigure 1. The size of plots with the square method.

Tillage was carried out by hoeing as deep as 20 cm. Meanwhile, the land was incubated
for a month and then identified for weed vegetation using the flora book and applying formulas
according to Kent (2012) such as absolute density (defined as the number of individual weed
species in the sample plot), relative density, absolute frequency (defined as the number of
sample plots containing certain species), relative frequency, importance value, and the summed

dominance ratio (SDR) as shown in equation 1-4.

The absolute density of a certain species

Relative Density (RD) = x 100% 1)

Total absolute density of all species

The absolute frequency of a certain species

Relative Frequency (RF) = x100% (2)

Total absolute frequencies of all species

Importance Value (1V) = Relative Density (RD) + Relative Frequency (RF) (3)

Relative Density (RD)+ Relative Frequency (RF)
2

Summed Dominance Ratio =

(4)

Comentado [A11]: It is not clear whether this is the area of the
plots in each treatment (NT, T1 and T2) or the area used to sample
the weed community.

[

Comentado [A12]: Species dominance could be determined
based on species biomass.
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Weed populations based on morphology (broadleaf, grasses, sedges) and total weeds
were calculated. The species diversity index was calculated using the Shannon-Wiener index
formula (Shannon & Weaver 1949):

L ni ni
H=-3 () Y
Note:

H’= Species diversity index

ni = The proportion of species i

N = The total number of species

In = natural logarithm

The classification of the diversity index value for each tillage was conducted based on
Magurran (1988) stated that if H'<1 (low), 1<H'<3 (moderate) and H>3 (high).

Correlation of organic-C and cation exchange capacity on dominant weeds

Soil samples at a depth of 0-20 cm were taken using a drill with a diagonal method on
each plot. Then it performed analysis on organic-C (Walkley & Black method) and cation
exchange capacity/CEC (ammonium acetate pH 7) using a spectrophotometer at Socfin
Indonesia Inc., Medan (Indonesia). At first, a natural logarithm was carried out on the organic-
C, CEC data, and the total of dominant weeds as well as analyzed using the Pearson correlation.
Application of the ammonium glufosinate herbicide and data processing

The ammonium glufosinate herbicide was applied on 27 April 2021 at 10.00 to bll plots<

at a dose of 150 bha‘l after a spray calibration was carried out, Climatic data were recorded

during spraying, such as temperature 28°C, humidity 83%, and air pressure 1002 hPa. Weed
survival data were measured at six weeks after spraying (WAS).
The data of weeds (broadleaf, grasses, sedges, total) and soil (organic-C, CEC) were

processed using ANOVA and followed by DMRT level 5% using IBM SPSS v.20 software.

[Comentado [A13]: Abstract and figure

[Formatado: Recuo: Primeira linha: 1 cm

[Comentado [A14]: no-tillage? Or T1 and T2 too? got confused

Comentado [A15]: what was the equipment used for spraying?
CO2 pressurized equipment, with a 6-tip bar (model?), with xxbar
pressure and 202.91/ha application volume....

What was the size of the weeds at the time of application?

[ Excluido: a.i.

Excluido:
Land area per ha

The spray volume calibration=

Length x width of spray

x water used = 202.90 L ha{
Ammonium glufosinate =

Ammonium glufosinat e dose per ha
The spray volu me calibratio n

=493mlL*
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RESULTS AND DISCUSSION
Weed diversity due to tillage

The field observations obtained 16 species (Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria mutica, Cleome rutidosperma, Cynodon
dactylon, Cyperus rotundus, Eleusine indica, Euphorbia heterophylla, Galinsoga parviflora,
Mimosa pudica, Oxalis corniculata, Pennisetum purpureum, Polanisia icosandra, and
Stylochaeton lancifolius) with 6639 populations from three tillage systems (NT, T1, T2) as
presented in Fig. 2. The result showed that three dynamic patterns due to tillage, such as (1) an
increase in the weed diversity due to 2-time tillage for A. conyzoides, C. dactylon, and E.
heterophylla, (2) a decrease in weed diversity due to 2-time tillage for A. gangetica, A.
compressus, B. alata, C. rutidosperma, and E. indica, (3) a fluctuating pattern, indicating a
decrease in weed species in 1-time tillage and then an increase in 2-time tillage or vice versa
for B. mutica, G. parviflora, M. pudica, O. corniculata, P. purpureum, P. icosandra, and S.

lancifolius.

v

Comentado [A16]: the Figure should be presented right after it
has been cited in the text

Comentado [A17]: We suggest presenting separately the weed
community that occurred in each system evaluated (NT, T1 and T2),
and then comparing the community diversity of each area
graphically.

Excluido: Weed population due to tillage based on morphology
and total weed{

The tillage had an insignificant effect on the number of broadleaf,
grasses, sedges, and total weeds (Fig. 3). However, increasing the
tillage by 2-times (T2) increased the broadleaf population and total
weeds by 41.73% and 25.19%, respectively, compared to no-tillage
(NT). 1

1

1
1
1
<objeto>

800 A
557.00 ns

470.00 ns 41.73%
600 1 393.00ns  (19.59%) ( R

(0%)
400 -

200 -

NT T1 T2




mNT

— N
[
| |
D,
Vi,
<)
7y
9 8
L 2 —
i
| s

1472
L9V

900 -

T
o
o

suolye|ndod €101

167



35

30

20
| | | |
0 I I I

spl sp2 sp3 sp4 spl sp3

sp5 sp6 spl sp2 spd  sp5

Density (plant m-2)

=
o

wv

NT T1 T2
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Weed population due to tillage based on morphology and total weed

The tillage had an insignificant effect on the number of broadleaf, grasses, sedges, and

total weeds (Fig. 3). However, increasing the tillage by 2-times (T2) increased the broadleaf

population and total weeds by 41.73% and 25.19%, respectively, compared to no-tillage (NT).

800 ' s57.00ns 120 '

470.00ns  (41.73%)

600 1 393.00ns  (19.59%) 90 { 473315
(0%) o)
400 1 60 2333ns  35.00ns
- (-26.05%)
200 1 30 | 50.71%)
0 0 .
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NT NT T1 T2

600 1500 | D |

720000 522:00ns
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Figure 3. Weed populations based on morphology [(A= broadleaf; B= grasses; C= sedges) and

C do [A20]: What is the unit of scale for the data on the Y

total weeds (D) due to tillage (NT=no tillage, T1=1-time tillage, T2= 2-times tillage).

The values followed by the ns (not-significant) in the graph are not significantly

different at the 5% level based on the DMRT. The vertical line shows the standard

error.

axis of the graph? Density (plant/m2)?... keep the same scale of the
graphs to improve comparison between them

See Fig 2
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Furthermore, the population of sedges weeds increased at 1-time tillage (T1) by 7.77%
compared to NT and decreased to 6.55% at 2-times tillage (T2). The population of grasses
weeds experienced the highest decrease in 1-time tillage (T1) of 50.71% compared to NT.
SDR and weed diversity index due to tillage

The dominant weeds (SDR) and diversity index due to tillage are presented in Tab. 1-
2. In the no-tillage (NT) treatment found in five species with the highest SDR sequentially were
C. rotundus, M. pudica, A. conyzoides, C. rutidosperma, and P. icosandra of 22.78%; 13.37%);
12.50%; 10.90%; and 10.49%, respectively. In the 1-time tillage (T1) found in five species with
the highest SDR sequentially were C. rotundus, M. pudica, A. conyzoides, A. gangetica, and E.
heterophylla of 22.61%; 16.42%; 16.41%; 10.87%; and 9.63%, respectively. Moreover, in the
2-times tillage (T2) also found in five species with the highest SDR sequentially were A.
conyzoides, C. rotundus, M. pudica, E. heterophylla, and G. parviflora by 22.20%; 18.76%;
12.67%; 11.36%; and 9.90%, respectively. The diversity index (H') due to tillage (NT, T1, T2)
were 2.261; 2.196 and 2.234 respectively, therefore it was moderate.

Correlation of organic-C and cation exchange capacity on dominant weeds

The tillage significantly increased cation exchange capacity (CEC) but it had insignificant
effect on soil organic-C (Fig. 4). There was an increase in the CEC due to T1 and T2 by 16.56%
and 13.14%, respectively. The correlation analysis of soil organic-C and CEC on the dominant
weed population due to tillage is presented in Tab. 3. The results showed that only CEC had a
significant and positive correlation in increasing the E. heterophylla by 0.727, but it was
insignificant for C. rotundus and C. rutidosperma. Similarly, soil organic-C had an insignificant
effect but was positively correlated to the population of C. rotundus, A. conyzoides, M. pudica,

and E. heterophylla.
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Table 1. SDR of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). [Please, explain the meaning of all acronyms in the

Comentado [A21]: The table presents complex data that does not
allow for understanding the results. The IV and SDR indices already
cover the DR and FR and could be presented as suggested for the

table] data in Figure 2.
Replicate 1 Replicate 2 Replicate 3
Weeds Species
LA\D RD AF RF‘ v SDR AD RD AF RF \V4 SDR AD RD AF RF v SDR Comentado [A22]: The formulas AD and AF were not described
in the methodology
ANT: no-tillage Very large tables that exceed one page should not be used
) [Formatado: Fonte: Nao Negrito
A. conyzoides 19 294 5 1190 1484 742 148 2087 5 1220 33.07 1653 96 1546 5 11.63 27.09 1354
A. gangetica 58 896 5 1190 20.87 1043 48 6.77 5 1220 1897 9.48 42 6.76 5 11.63 1839 9.20
A. compressus - - - - - - - - - - - - 50 805 4 930 1735 8.68
B. alata - - - - - - 2 028 1 244 272 136 - - - - - -
B. mutica 4 062 3 7.14 7.76  3.88 - - - - - - 12 193 4 930 1123 5.62
C. rutidosperma 64 989 5 1190 2180 1090 - - - - - - - - - - - -
C. rotundus 387 5981 5 1190 7172 3586 109 1537 5 1220 2757 1378 160 2576 5 1163 37.39 18.70
E. indica - - - - - - 1 014 1 244 258 1.29 - - - - - -
E. heterophylla 20 309 4 952 1261 631 92 1298 5 1220 25.17 1259 - - - - - -
G. parviflora 24 371 5 1190 1561 7.81 112 1580 5 1220 27.99 14.00 40 6.44 5 1163 18.07 9.03
M. pudica 49 757 5 1190 1948 9.74 96 1354 5 1220 2574 1287 145 2335 5 1163 3498 17.49
P. purpureum 22 340 5 1190 1531 765 10 141 4 976 1117 5.58 43 6.92 5 1163 1855 9.28



P. icosandra - - - - - - 91 1283 5 1220 2503 1252 33 531 5 11.63 16.94 847
Total 647 42 100 709 41 100 621 43 100
T1=1-time tillage [Formatado: Fonte: N&o Negrito
A. conyzoides 181 2718 5 11.63 3881 1940 73 1217 5 1190 24.07 1204 213 2313 5 1250 3563 17.81
A. gangetica 82 1231 5 11.63 2394 1197 - - - - - - 65 706 5 1250 1956 9.78
A. compressus - - - - - - 5 083 2 476 560 2.80 - - - - - -
B. mutica - - - - - - 4 067 2 476 543 271 3 033 1 250 283 141
C. rutidosperma - - - - - - 21 350 5 1190 1540 7.70 23 250 5 1250 15.00 7.50
C. dactylon 5 07 3 6.98 773 38 9 150 4 952 11.02 551 - - - - - -
C. rotundus 193 2898 5 11.63 40.61 20.30 255 4250 5 1190 5440 2720 259 2812 5 1250 40.62 20.31
E. heterophylla 53 796 5 1163 1959 9.79 54 900 5 1190 2090 1045 44 478 5 1250 17.28 8.64
G. parviflora 22 330 5 1163 1493 747 36 600 5 1190 1790 895 54 586 5 1250 1836 9.18
M. pudica 87 13.06 5 11.63 2469 1235 137 2283 5 1190 34.74 1737 245 2660 5 1250 39.10 19.55
P. purpureum 25 375 5 1163 1538 769 4 067 3 714 781 390 15 163 4 1000 11.63 581
P. icosandra 18 270 5 11.63 1433 7.17 - - - - - - - - - - - -
S. lancifolius - - - - - - 2 033 1 238 271 136 - - - - - -
Total 666 43 100 600 42 100 921 40 100
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T2= 2-times tillage

A. conyzoides 146 1557 5 1136 2693 1346 256 4767 5 1190 5958 29.79 339 3390 5 1282 46.72 23.36
A. gangetica - - - - - - - - - - - - 50 500 5 1282 1782 891
A. compressus 2 021 2 4.55 476 2.38 2 037 2 476 513 257 - - - - - -
B. mutica 3 032 3 6.82 714 357 1 019 1 238 257 1.28 10 1.00 4 1026 11.26 5.63
C. rutidosperma 24 25 5 1136 1392 6.96 16 298 5 1190 1488 7.44 - - - - - -
C. dactylon 26 277 4 9.09 1186 593 - - - - - - - - - - - -
C. rotundus 304 3241 5 1136 4377 2189 53 987 5 1190 21.77 1089 342 3420 5 1282 47.02 2351
E. heterophylla 178 1898 5 1136 30.34 1517 43 801 5 1190 1991 99 51 510 5 1282 1792 8.96
G. parviflora 76 810 5 1136 1947 973 43 801 5 1190 1991 19.96 72 720 5 1282 20.02 10.01
M. pudica 150 1599 5 1136 2736 1368 85 1583 5 1190 27.73 1387 81 810 5 1282 2092 10.46
O.corniculata - - - - - - 6 112 4 952 1064 532 - - - - - -
P. purpureum 29 309 5 1136 1446 723 32 59 5 1190 17.86 8.93 - - - - - -
P. icosandra - - - - - - - - - - - - 55 550 5 1282 1832 09.16
Total 938 44 100 537 42 100 1000 39 100

[Formatado: Fonte: Nao Negrito
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Table 2. Diversity index of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). [Please, explain the meaning of all

acronyms in the table]

Comentado [A23]: Very large tables that exceed one page should
not be used.

NT T1 T2
Family Weeds Species
ni ni/N  Inni/N H| ni ni/N  Inni/N H’ ni ni/N  Inni/N H Comentado [A24]: Use only the data for H' for the discussion.

Asteraceae A. conyzoides 2500 0.125 -2.079 0.260 32.83 0.164 -1.807 0297 4441 0222 -1505 0.334 =il

G. parviflora 2056 0.103 -2.275 0.234 17.07 0.085 -2461 0.210 1980 0.099 -2.313 0.229
Acanthaceae A. gangetica 1941 0.097 -2.333 0.226 1450 0.072 -2.624 0.190 594 0.030 -3.517 0.104
Araceae S. lancifolius - - - - 090 0.005 -5.398 0.024 - - - -
Capparaceae C. rutidosperma 727 0036 -3.315 0.120 10.13 0.051 -2.982 0.151 9.60 0.048 -3.036 0.146
Capparidaceae  P. icosandra 1399 0.070 -2.660 0.186 4.78 0.024 -3.735 0.089 6.11 0.031 -3.489 0.107
Cyperaceae C. rotundus 4556 0.228 -1479 0337 4521 0226 -1487 0336 3752 0.188 -1.673 0.314
Euphorbiaceae  E. heterophylla 1260 0.063 -2.765 0.174 1926 0.096 -2.340 0.225 2272 0.114 -2175 0.247
Fabaceae M. pudica 26.73 0.134 -2.013 0.269 3284 0.164 -1.807 0.297 2534 0.127 -2.066 0.262
Oxalidaceae O. corniculata - - - - - - - - 355 0.018 -4.032 0.072
Poaceae A. compressus 578 0.029 -3543 0.102 187 0.009 -4675 0.044 330 0.016 -4.105 0.068

B. mutica 6.33 0.032 -3453 0.109 275 0.014 -4286 0.059 6.99 0.035 -3.354 0.117
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C. dactylon - - - - 6.25 0.031 -3.466 0.108 395 0.020 -3.924 0.078

E. indica 0.86 0.004 -5449 0.023 - - - - - - - -
P. purpureum 15,01 0.075 -2590 0.194 1161 0.058 -2.847 0.165 10.77 0.054 -2.921 0.157

Rubiaceae B. alata 091 0.005 -5.396 0.024 - - - - - - - -
Total -39.350 2.261 -39.915  2.196 -38.110 2.234
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Figure 4. The soil organic-C (A) and cation exchange capacity (B) properties due to tillage

(NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). The values followed by the

different letter in the graph are significantly at the 5% level based on the DMRT. The

vertical line shows the standard error. ns= not-significant.

Table 3. Correlation analysis of organic-C and CEC of the soil on the dominant weed

populations due to tillage.

Dominant weed species

Correlation coefficient

Organic-C CEC
C. rotundus 0.449™ [adjust all] 0.262ns ( Formatado: Sobrescrito
A. conyzoides 0.132ns -0.154ns
M. pudica 0.147ns -0.054ns
E. heterophylla 0.127ns 0.727"
G. parviflora -0.063ns -0.240ns
A.gangetica -0.298ns -0.482ns
P. icosandra -0.021ns -0.646ns
C. rutidosperma -0.095ns 0.591ns

Note: Correlation is significant at the 0.05 level (2-tailed). ns= not-significant.

Changes in weed vegetation due to the ammonium glufosinate
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Changes in weed vegetation due to ammonium glufosinate application at a dose of 150
g ai.ha’* on different tillage (NT, T1, T2) by species are presented in Fig. 5. The results showed
an increase in B. alata and B. mutica due to the ammonium glufosinate in NT and 2-times tillage
(T2). Meanwhile, others decreased, and two new weed species were found in NT, such as
Glyceria maxima and Leersia oryzoides, and one new weed species were found in T2 (G.
maxima). Similarly, the 1-time tillage (T1) increased B. alata, B. mutica, and E. indica. At the
same time, other populations decreased, and four new weed species were found, namely G.
maxima, L. oryzoides, Scoparia dulcis, and Anthoxanthum oculatum.

Based on morphology, the effectiveness of ammonium glufosinate on the weed-type
abundance at different tillage (NT, T1, T2) is presented in Fig. 6. The herbicide application can
decrease the abundance of broadleaf weeds by 82.13-84.98% and sedges by 8.15-19.05%.
However, there was an increase in the grasses weed abundance in T1 and T2 tillage by 167.74%

and 26.67%, respectively.
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Figure 6. The effectiveness of ammonium glufosinate on the weed-type abundance at different

tillage.
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F49 Figure 5. Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 gha™* on different tillage. ( comentado [A26]: 7722 see Fig 2
[ Excluido: a.i.
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Effect of tillage on weed diversity

Based on the results, there were three dynamic patterns of weed diversity due to tillage,
namely increasing, decreasing, and fluctuating patterns. The increasing weed species due to 2-
times tillage (T2) include A. conyzoides (2.81-folds), C. dactylon (41 populations), and E.
heterophylla (2.43-folds) compared to no-tillage (NT). It was caused by the seed banks of A.
conyzoides, C. dactylon, and E. heterophylla during T2 tillage were triggered the emergence to
the soil surface. Furthermore, soil fertility also supported its growth more rapidly. This was
supported by the organic-C, which was positively correlated with the presence of A. conyzoides
(0.132) and E. heterophylla (0.127). Besides, soil CEC was also significantly and positively
correlated with the presence of E. heterophylla (0.727) (Tab. 3). These results are similar to
Oziegbe et al. (2010); active weed seedbanks at deeper soil depths lead to lower oxygen
availability and reduce the access to light required to support germination. In addition, Hossain
et al. (2021) that the seed bank of A. conyzoides was not found at a depth of 0-10 cm, but 10-
15 cm, and experienced an additional seed bank of 43.82% during conventional tillage.
Horowitz (1972) reported that 88% of C. dactylon rhizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had the second-highest abundance of 19.53%
after Tridax procumbens in Benue State, Nigeria.
SDR, diversity index, weed population due to tillage

The results showed that C. rotundus had the highest SDR in NT and T1 tillage, while

A. conyzoides was dominant in T2 tillage. This was due to the presence of higher seed bank of
C. rotundus and A. conyzoides at certain depths. Therefore, when the soil is tilled, the seedbanks
trigger emergence on the soil surface. These results are similar to Hossain et al. (2021) which
reported that up to 24% of the C. rotundus seed bank were found at a depth of 5-10 cm, while
21% of the A. conyzoides were found between 10-15 cm. Furthermore, Santin-Montanya et al.

(2013) reported that the weed abundance, diversity, and evenness were greatly increased in the

Comentado [A27]: The way the data was presented hinders the
better understanding and comprehension of the results. We suggest
the authors to consider the suggestions to improve the figures and
tables and to adapt them to the writing of the text.
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no-tillage treatment. In this study, the results showed that the diversity index due to tillage (NT,
T1, T2) was 2.261; 2.196; and 2.234 (moderate) (Tab. 2). The decrease in diversity index due
to T1 and T2 compared to NT indicates that tillage decrease weed diversity. Mas & Verdl
(2003) reported that the highest value of the Shannon-Wiener diversity index was found in the
no-tillage treatment, while Amuri et al. (2010) suggested that no-tillage treatment contributes
to the suppression of several weed species. Sepat et al. (2017) also reported that the lowest weed
population was found in untilled beds.

The results showed that T2 tillage increased the broadleaf and total weeds. The
population of sedges weeds increased at T1, but decreased during T2 tillage. In general, only
grasses weeds decreased during T1 and T2 compared to NT, and the highest decrease was found
at T1 tillage. This is linear with the Shannon-Wiener diversity index at T1, lower than other
tillage (Tab. 2). These results are supported by Murphy et al. (2006) which reported that the
weed density is only affected by tillage. Similarly, Hossain et al. (2021) said a decrease in the
seed bank of grasses weed during conventional tillage by 76.31% at a depth of 0-5 cm compared
to the no-tillage.

Correlation of organic-C and CEC to dominant weeds at different tillage

Cation Exchange Capacity (CEC) was significantly and positively correlated (0.727) with
an increase in the population of E. heterophylla. The content of CEC and organic-C was also
positively correlated but had an insignificant effect on the populations of C. rotundus, C.
rutidosperma, A. conyzoides, and M. pudica. This was due to the higher content of CEC and
organic-C in T1 and T2 compared to the NT (Fig. 4). When the weed seed bank at T1 and T2
emerged to the surface and received light and soil fertility than NT, it tends to support the
growth of more weeds as indicated in the total weed population, which grows higher with
increasing tillage (Fig. 3). These results are similar to Patzold et al. (2020) which reported that

soil organic-C affects weed species variability by 8.4%, while Gaston et al. (2001); Nordmeyer
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& Hausler (2004); Korres et al. (2017) reported that organic carbon, texture, and nutrients of
soil affect the emergence of weeds. Furthermore, Dorneles et al. (2015) reported that reduced
tillage had a higher CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

Changes in weed due to the ammonium glufosinate herbicide at different tillage

There was an increase in populations of B. alata (49), B. mutica (30), and E. indica (24)
after spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha* with different
tillage (NT, T1, T2), although C. rotundus (612) was more numerous than the other weeds. In
general, four new weeds species, namely G. maxima, L. oryzoides, S. dulcis, and A. oculatum
were found in NT, T1, and T2 due to the ammonium glufosinate herbicide. Glyceria maxima is
a new weed species with the highest population in the NT, T1, and T2 tillage. Furthermore, the
increase in population and new weed species was higher in the grasses weeds (B. mutica, E.
indica, G. maxima, L. oryzoides, and A. oculatum) and two new species from the broadleaf
weeds (B. alata and S. dulcis). Therefore, the ammonium glufosinate herbicide at different
tillage decreased the abundance of broadleaf (Fig. 6) compared to the grasses weeds.

Using herbicides on tillage (T1 and T2) exposed the seed bank of grasses weeds to the
soil surface to adequately obtain oxygen and light needed for growth. This is supported by
Wibawa et al. (2009), which reported that the herbicide of dose 200 g.ha significantly
suppressed broadleaf of 94.68% compared to the grasses weeds by 59.65% at two weeks after
spraying. Tampubolon et al. (2019) also found that the herbicide at a dose of 300 g ai.ha
significantly removed 100% of the glyphosate-susceptible E. indica, while Alridiwirsah et al.
(2020) reported that the grasses was higher by 52.76% compared to the broadleaf and sedges
weeds in guava plants. In addition, Gtowacka (2011) stated that the number of Echinochloa
crus-galli (grasses weed) was more dominant with mechanical control (18.0 populations) and
herbicides (10.3 populations) in maize plants compared to other weeds including G. parviflora,

Chenopodium album, Cirsium arvense, and Polygonum lapathifolium. Uddin et al. (2018) also
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added the abundance of grasses weeds was higher by 130.1% than broadleaf (108.5%) and

sedges (61.4%) weeds in the rice and potato cropping pattern.

CONCLUSIONS
The 2-time tillage (T2) increased the A. conyzoides (2.81-folds), C. dactylon (41

population), and E. heterophylla (2.43-folds) compared to the no-tillage (NT). C. rotundus had

the highest SDR at NT and T1, while A. conyzoides was found in T2 tillage with a moderate
diversity index. Based on the classification, only grasses weeds decreased in T1 and T2 tillage.

Furthermore, there was a significant and positive correlation between E. heterophylla weed

with cation exchange capacity (0.727). A total of four new species of weeds, namely G. maxima,

L. oryzoides, S. dulcis, and A. oculatum were found on NT, T1, and T2 tillage due to the

application of ammonium glufosinate herbicide.
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Research Article

Weed Diversity as Affected by Tillage and Ammonium Glufosinate Herbicide

ABSTRACT

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity, Therefore, this study aims were: (1) informing the dominance and
diversity index of weeds due to tillage, (2) obtaining correlations of weed abundance on several
soil chemical characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate
herbicide on weed abundance in different tillage. It was conducted on farmland in Padang
Bulan, Medan Selayang Subdistrict, Medan City, Indonesia, from March to July 2021.
Furthermore, a non-factorial Randomized Block Design was used consisting of the no-tillage
(NT), 1-time tillage (T1), and 2-times tillage (T2) with three replications. The procedures
include identifying weed vegetation, sampling analysis of several soil chemical properties, and
spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha™. Based on the result, the
weed species of Cyperus rotundus and Ageratum conyzoides were dominant in different tillage
with a moderate diversity index. The T2 showed increased A. conyzoides, Cynodon dactylon,
and Euphorbia heterophylla compared to NT, while a decrease was observed in the grasses
weed during one and 2-times tillage. Moreover, there was a positive and significant correlation
between E. heterophylla weed on the soil cation exchange capacity (0.727). In contrast, four
new weed species, namely Glyceria maxima, Leersia oryzoides, Scoparia dulcis, and
Anthoxanthum oculatum were found due to ammonium glufosinate herbicide in different
tillage.

Keywords: correlation; diversity index; dominance; tillage; weed abundance
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INTRODUCTION

Uncontrolled weeds on farmlands reduce production up to 80% (Cousens & Mortimer,
1995). Therefore, sustainable agricultural practices affect its abundance and density. The weed
abundance in the farmland is influenced by several factors such as seed bank buried in the soil
(Norris 2007), environmental factors (Fried et al. 2008; Pinke et al. 2012), availability of
nutrients and fertilization (Murphy & Lemerle 2006; Chemona et al. 2016), tillage and crop
rotation (Ulber et al. 2009; Nichols et al. 2015), and weed control through herbicides (Derksen
et al. 1995).

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Menalled et al. (2001) showed that different agricultural
management systems significantly affect weed abundance, diversity, and consistency in the
short and long term. Meanwhile, Derksen et al. (1995) reported that the germination of Synapsis
avensis and Brassica napus weeds after spraying with herbicides was higher in the no-tillage,
but there was a reduction in total weeds. Thomas et al. (2004) also reported perennial weed
species such as Cirsium arvense and Sonchus arvensis was reduced tillage and no-tillage, while
annual weeds were found in various tillage treatments. In addition, Trichard et al. (2013) stated
that tillage favors weed seed bank germination and cause the extinction of other seeds.

On the other hand, different soil fertility in the planted area also affects the weed
diversity (Yin et al. 2006). Fonge et al. (2013) reported that weed diversity is affected by
organic-C content, nitrogen, calcium, and cation exchange capacity of the soil. Tang et al.
(2014a) added that phosphorus+potassium (PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica, and Geranium carolinianum weeds compared to
nitrogen+phosphorus (NP). Furthermore, Forcella et al. (2000) stated that the soil N

concentration plays an important role in ending dormancy by removing germination constraints

Comentado [A2]: | suggest updating the citations, prioritizing
studies from the last 5 years, dividing the periods, some are long and
not very objective.
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and stimulating seedling emergence. Tang et al. (2014b) reported that soil available-P is the
primary nutrient, regulating the composition of weed species and diversity, followed by N and
K nutrients.

lThe knowledge of farmers on the relationship between tillage and soil fertility status
with weed diversity is relatively poor. The interviews conducted in this study showed that the
farmers only carry out land clearing and manual tillage before planting, had never used
herbicides, and unknowingly the soil fertility status. However, a new problem was found: weed
growth was very rapid in a short time (2 days). Therefore, intensive control during one main
crop cycle is highly needed. This problem persisted during crop rotation. Unnoticed by farmers,
these activities impact the storage of the weed seed bank, and the tillage carried out, resulting
in the weed seed bank at a certain depth of soil emerging to the soil surface. Studies on weed
identification are needed to provide information on the relationship between soil fertility on the
dominant weeds and the use of one herbicide with arecommended dose to suppress the presence
of weeds. Therefore, this study aims were: (1) informing the dominance and diversity index of
weeds due to tillage, (2) obtaining correlations of weed abundance on several soil chemical
characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate herbicide on

weed abundance in different tillage.

MATERIAL AND METHODS

Area and plot of the tillage

Comentado [A3]: Very long sentence. | suggest dividing it into
smaller sentences and writing more objectively, highlighting the most
relevant information.

Comentado [A4]: | suggest inserting some more information
related to the characteristics of the area, soil characteristics, climatic
condition at the time of the study, history with weed infestation
problems in the area, etc.

Detail how the incubation was and what its purpose.
| suggest detailing how the weed assessments were made, what

period, how many assessments, how were they done?
Wias it just an assessment?
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This study was carried out on farmland in Padang Bulan, Medan Selayang Subdistrict,
Medan (Indonesia) with the condition of continuous land use and a history of crop rotation for
the last two years for corn, cucumber, and cowpea as well as manual tillage using a hoe, without
the use of herbicides based on interviews with farmers. This study was conducted from March
to July 2021. The land was cleared and then plotted with the square method of 1 m x 1 m and

an interval of 2 m. Each plot was demarcated with plastic ropes at a distance of 0.2 m (Fig. 1).
1m

Figure 1. The size of plots with the square method.

This study used a non-factorial Randomized Block Design with three replications: no-
tillage, 1-time and 2-times tillage systems. Tillage was carried out by hoeing as deep as 20 cm.
Meanwhile, the land was incubated for a month and then identified for weed vegetation using
the flora book and applying formulas according to Kent (2012) such as absolute density (defined
as the number of individual weed species in the sample plot), relative density, absolute
frequency (defined as the number of sample plots containing certain species), relative

frequency, importance value, and the summed dominance ratio (SDR) as shown in equation 1-

4,
. . The absolute density of a certain species
Relative Density (RD) = x 100% 1
elative Density (RD) Total absolute density of all species 00% @
. The absolute frequency of a certain species
Relative Fr ncy (RF) = x 100% 2
elative Frequency (RF) Total absolute frequencies of all species 0% (2)
Importance Value (V) = Relative Density (RD) + Relative Frequency (RF) (3)
. . Relative Density (RD)+ Relative Frequency (RF
Summed Dominance Ratio = Y (RD) ! Y (RF) 4)

2

[ Excluido: Weed analysis{
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Weed populations based on morphology (broadleaf, grasses, sedges) and total weeds
were calculated. The species diversity index was calculated using the Shannon-Wiener index
formula (Shannon & Weaver 1949):

L i ni
H=-2 () ()
Note:

H’= Species diversity index

ni = The proportion of species i

N = The total number of species

In = natural logarithm

The classification of the diversity index value for each tillage was conducted based on
Magurran (1988) stated that if H'<1 (low), 1<H'<3 (moderate) and H'>3 (high).

Soil samples at a depth of 0-20 cm were taken using a drill with a diagonal method on
each plot. Then it performed analysis on organic-C (Walkley & Black method) and cation
exchange capacity/CEC (ammonium acetate pH 7) using a spectrophotometer at Socfin
Indonesia Inc., Medan (Indonesia). At first, a natural logarithm was carried out on the organic-
C, CEC data, and the total of dominant weeds as well as analyzed using the Pearson correlation.

The ammonium glufosinate herbicide was applied on 27 April 2021 at 10.00 to all plots
at a dose of 150 g a.i.ha™* after a spray calibration was carried out. Climatic data were recorded
during spraying, such as temperature 28°C, humidity 83%, and air pressure 1002 hPa. Weed
survival data were measured at six weeks after spraying (WAS).

Land area per ha

- -1
Length = width of spray x water used = 202.90 L ha

The spray volume calibration=

Ammonium glufosinat e dose per ha
The spray volu me calibratio n

Ammonium glufosinate = =493mlL?

Excluido: Correlation of organic-C and cation exchange
capacity on dominant weeds

Excluido: Application of the ammonium glufosinate herbicide
and data processing

)
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The data of weeds (broadleaf, grasses, sedges, total) and soil (organic-C, CEC) were

processed using ANOVA and followed by DMRT level 5% using IBM SPSS v.20 software.

RESULTS AND DISCUSSION |

The field observations obtained 16 species (Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria mutica, Cleome rutidosperma, Cynodon
dactylon, Cyperus rotundus, Eleusine indica, Euphorbia heterophylla, Galinsoga parviflora,
Mimosa pudica, Oxalis corniculata, Pennisetum purpureum, Polanisia icosandra, and
Stylochaeton lancifolius) with 6639 populations from three tillage systems (NT, T1, T2) as
presented in Fig. 2. The result showed that three dynamic patterns due to tillage, such as (1) an
increase in the weed diversity due to 2-time tillage for A. conyzoides, C. dactylon, and E.
heterophylla, (2) a decrease in weed diversity due to 2-time tillage for A. gangetica, A.
compressus, B. alata, C. rutidosperma, and E. indica, (3) a fluctuating pattern, indicating a
decrease in weed species in 1-time tillage and then an increase in 2-time tillage or vice versa
for B. mutica, G. parviflora, M. pudica, O. corniculata, P. purpureum, P. icosandra, and S.
lancifolius.

The tillage had an insignificant effect on the number of broadleaf, grasses, sedges, and
total weeds (Fig. 3). However, increasing the tillage by 2-times (T2) increased the broadleaf

population and total weeds by 41.73% and 25.19%, respectively, compared to no-tillage (NT).

800 _
557.00 ns 120
470.00 ns (41_73%)
6001 393.00ns  (19.50%) 90 1 47.33ns
(02%) (0%)
400 1 60 - 23.33 ns 35.00 ns
- (-26.05%)
200 1 30 1 50.71%)
0 0 : : |
NT T1 T2 NT T T

Comentado [A5]: | suggest that a more robust discussion of the
results obtained be carried out, basing the arguments with current
scientific works from recognized and respected journals by the
scientific community and with relevance to the weed theme.

[ Excluido: Weed diversity due to tillage

Excluido: Weed population due to tillage based on morphology
and total weed{
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Figure 3. Weed populations based on morphology (A= broadleaf; B= grasses; C= sedges) and

total weeds (D) due to tillage (NT=no tillage, T1=1-time tillage, T2= 2-times tillage).
The values followed by the ns (not-significant) in the graph are not significantly
different at the 5% level based on the DMRT. The vertical line shows the standard

error.
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= 2-times tillage.

1-time tillage; T2

no-tillage; T1

Figure 2. Total populations of weeds due to tillage. NT
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Furthermore, the population of sedges weeds increased at 1-time tillage (T1) by 7.77%
compared to NT and decreased to 6.55% at 2-times tillage (T2). The population of grasses
weeds experienced the highest decrease in 1-time tillage (T1) of 50.71% compared to NT.

.The dominant weeds (SDR) and diversity index due to tillage are presented in Tab. 1-
2. In the no-tillage (NT) treatment found in five species with the highest SDR sequentially were
C. rotundus, M. pudica, A. conyzoides, C. rutidosperma, and P. icosandra of 22.78%; 13.37%;
12.50%; 10.90%; and 10.49%, respectively. In the 1-time tillage (T1) found in five species with
the highest SDR sequentially were C. rotundus, M. pudica, A. conyzoides, A. gangetica, and E.
heterophylla of 22.61%; 16.42%; 16.41%; 10.87%; and 9.63%, respectively. Moreover, in the
2-times tillage (T2) also found in five species with the highest SDR sequentially were A.
conyzoides, C. rotundus, M. pudica, E. heterophylla, and G. parviflora by 22.20%; 18.76%;
12.67%; 11.36%; and 9.90%, respectively. The diversity index (H') due to tillage (NT, T1, T2)
were 2.261; 2.196 and 2.234 respectively, therefore it was moderate.

The tillage significantly increased cation exchange capacity (CEC) but it had insignificant
effect on soil organic-C (Fig. 4). There was an increase in the CEC due to T1 and T2 by 16.56%
and 13.14%, respectively. The correlation analysis of soil organic-C and CEC on the dominant
weed population due to tillage is presented in Tab. 3. The results showed that only CEC had a
significant and positive correlation in increasing the E. heterophylla by 0.727, but it was
insignificant for C. rotundus and C. rutidosperma. Similarly, soil organic-C had an insignificant
effect but was positively correlated to the population of C. rotundus, A. conyzoides, M. pudica,

and E. heterophylla.

[ Excluido: SDR and weed diversity index due to tillage{

Excluido: Correlation of organic-C and cation exchange
capacity on dominant weeds{
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Table 1. SDR of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage).

Replicate 1 Replicate 2 Replicate 3
Weeds Species

AD RD AF RF v SDR AD RD AF RF v SDR AD RD AF RF v SDR
NT= no-tillage
A. conyzoides 19 294 5 1190 1484 742 148 2087 5 1220 33.07 1653 96 1546 5 11.63 27.09 1354
A. gangetica 58 896 5 1190 2087 1043 48 677 5 1220 1897 948 42 676 5 11.63 1839 9.20
A. compressus - - - - - - - - - - - - 50 805 4 930 1735 8.68
B. alata - - - - - - 2 028 1 244 272 136 - - - - - -
B. mutica 4 062 3 714 776 3.88 - - - - - - 12 193 4 930 1123 5.62
C. rutidosperma 64 989 5 1190 2180 1090 - - - - - - - - - - - -
C. rotundus 387 5981 5 1190 7172 3586 109 1537 5 1220 2757 1378 160 2576 5 11.63 37.39 18.70
E. indica - - - - - - 1 014 1 244 258 1.29 - - - - - -
E. heterophylla 20 309 4 952 1261 631 92 1298 5 1220 2517 1259 @ - - - - - -
G. parviflora 24 371 5 1190 1561 781 112 1580 5 1220 2799 1400 40 644 5 1163 18.07 9.03
M. pudica 49 757 5 1190 1948 9.74 96 1354 5 1220 2574 1287 145 2335 5 11.63 3498 17.49
P. purpureum 22 340 5 1190 1531 765 10 141 4 976 1117 558 43 692 5 1163 1855 9.28
P. icosandra - - - - - - 91 1283 5 1220 2503 1252 33 531 5 1163 1694 847




Total 647 42 100 709 41 100 621 43 100
T1= 1-time tillage
A. conyzoides 181 2718 5 1163 3881 1940 73 1217 5 1190 24.07 1204 213 2313 5 1250 3563 17.81
A. gangetica 82 1231 5 1163 2394 1197 - - - - - - 65 7.06 5 1250 1956 9.78
A. compressus - - - - - - 5 083 2 476 560 280 - - - - - -
B. mutica - - - - - - 4 067 2 476 543 271 3 033 1 250 283 141
C. rutidosperma - - - - - - 21 350 5 1190 1540 7.70 23 250 5 1250 15.00 7.50
C. dactylon 5 075 3 698 773 3.86 9 150 4 952 1102 551 - - - - - -
C. rotundus 193 2898 5 1163 40.61 2030 255 4250 5 1190 5440 2720 259 2812 5 1250 40.62 20.31
E. heterophylla 53 796 5 1163 1959 979 54 9.00 5 1190 2090 1045 44 478 5 1250 17.28 8.64
G. parviflora 22 330 5 1163 1493 747 36 600 5 1190 1790 8.95 54 58 5 1250 1836 9.18
M. pudica 87 1306 5 11.63 2469 1235 137 2283 5 1190 3474 1737 245 2660 5 1250 39.10 19.55
P. purpureum 25 375 5 1163 1538 7.69 4 067 3 714 781 390 15 163 4 1000 1163 581
P. icosandra 18 270 5 1163 1433 7.17 - - - - - - - - - - - -
S. lancifolius - - - - - - 2 033 1 233 271 136 - - - - - -

Total 666 43 100 600 42 100 921 40 100

T2= 2-times tillage
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A. conyzoides 146 1557 5 1136 26.93 1346 256 4767 5 1190 59.58 29.79 339 3390 5 1282 46.72 23.36
A. gangetica - - - - - - - - - - - - 50 500 5 1282 1782 8091
A. compressus 2 021 2 455 476 238 2 037 2 476 513 257 - - - - - -
B. mutica 3 032 3 682 714 357 1 019 1 238 257 128 10 100 4 1026 11.26 5.63
C. rutidosperma 24 256 5 1136 1392 6.96 16 298 5 1190 1488 7.44 - - - - - -
C. dactylon 26 277 4 909 1186 5093 - - - - - - - - - - - -
C. rotundus 304 3241 5 1136 4377 2189 53 987 5 1190 21.77 1089 342 3420 5 1282 47.02 2351
E. heterophylla 178 1898 5 1136 30.34 1517 43 801 5 1190 1991 9.96 51 510 5 1282 1792 8.96
G. parviflora 76 810 5 1136 1947 973 43 801 5 1190 1991 9.96 72 720 5 1282 20.02 10.01
M. pudica 150 1599 5 1136 2736 1368 85 1583 5 1190 27.73 13.87 81 810 5 12.82 20.92 10.46
O.corniculata - - - - - - 6 112 4 952 1064 532 - - - - - -
P. purpureum 29 309 5 1136 1446 723 32 59 5 1190 1786 8.93 - - - - - -
P. icosandra - - - - - - - - - - - - 55 550 5 1282 1832 9.16
Total 938 44 100 537 42 100 1000 39 100
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Table 2. Diversity index of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage).

NT T1 T2
Family Weeds Species

ni ni/N In ni/N H’ ni ni/N In ni/N H ni ni/N In ni/N H
Asteraceae A. conyzoides 2500 0.125 -2.079 0.260 32.83 0.164 -1.807 0.297 4441 0.222 -1505 0.334
G. parviflora 2056 0.103 -2.275 0.234 17.07 0.085 -2461 0.210 19.80 0.099 -2.313 0.229
Acanthaceae A. gangetica 19.41 0.097 -2.333 0226 1450 0.072 -2.624 0190 594 0.030 -3.517 0.104

Araceae S. lancifolius - - - - 090 0.005 -5.398 0.024 - - - -
Capparaceae C. rutidosperma 727 0.036 -3.315 0.120 1013 0.051 -2982 0.151 9.60 0.048 -3.036 0.146
Capparidaceae  P. icosandra 1399 0.070 -2.660 0.186 4.78 0.024 -3.735 0.089 6.11 0.031 -3.489 0.107
Cyperaceae C. rotundus 4556 0.228 -1.479 0.337 4521 0.226 -1.487 0336 3752 0.188 -1.673 0.314
Euphorbiaceae  E. heterophylla 1260 0.063 -2.765 0.174 19.26 0.096 -2.340 0.225 2272 0.114 -2.175 0.247
Fabaceae M. pudica 26.73 0.134 -2.013 0.269 3284 0.164 -1.807 0.297 2534 0.127 -2.066 0.262
Oxalidaceae O. corniculata - - - - - - - - 355 0.018 -4.032 0.072
Poaceae A. compressus 578 0.029 -3.543 0.102 187 0.009 -4675 0.044 330 0.016 -4.105 0.068
B. mutica 6.33 0.032 -3453 0109 275 0.014 -428 0059 6.99 0.035 -3.354 0.117
C. dactylon - - - - 6.25 0.031 -3466 0.108 3.95 0.020 -3.924 0.078

E. indica 0.86 0.004 -5.449 0.023 - - - - - - - -



P. purpureum 1501 0.075 -2590 0.194 1161 0.058 -2.847 0.165 10.77 0.054 -2921 0.157

Rubiaceae B. alata 0.91 0.005 -5.396 0.024 - - - - - - - -

Total -39.350 2.261 -39.915 2.196 -38.110 2.234

177
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178  Figure 4. The soil organic-C (A) and cation exchange capacity (B) properties due to tillage

179 (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). The values followed by the
180 different letter in the graph are significantly at the 5% level based on the DMRT. The
181 vertical line shows the standard error. ns= not-significant.

182

183  Table 3. Correlation analysis of organic-C and CEC of the soil on the dominant weed

184 populations due to tillage.

Correlation coefficient
Dominant weed species

Organic-C CEC
C. rotundus 0.449ns 0.262ns
A. conyzoides 0.132ns -0.154ns
M. pudica 0.147ns -0.054ns
E. heterophylla 0.127ns 0.727"
G. parviflora -0.063ns -0.240ns
A.gangetica -0.298ns -0.482ns
P. icosandra -0.021ns -0.646ns
C. rutidosperma -0.095ns 0.591ns

185 Note: Correlation is significant at the 0.05 level (2-tailed). ns= not-significant.

186



’187

188
189
190
191
192
193
194
195
196
197
198

199

200
201

202

Changes in weed vegetation due to ammonium glufosinate application at a dose of 150
g ai.ha’* on different tillage (NT, T1, T2) by species are presented in Fig. 5. The results showed
an increase in B. alata and B. mutica due to the ammonium glufosinate in NT and 2-times tillage
(T2). Meanwhile, others decreased, and two new weed species were found in NT, such as
Glyceria maxima and Leersia oryzoides, and one new weed species were found in T2 (G.
maxima). Similarly, the 1-time tillage (T1) increased B. alata, B. mutica, and E. indica. At the
same time, other populations decreased, and four new weed species were found, namely G.
maxima, L. oryzoides, Scoparia dulcis, and Anthoxanthum oculatum.

Based on morphology, the effectiveness of ammonium glufosinate on the weed-type
abundance at different tillage (NT, T1, T2) is presented in Fig. 6. The herbicide application can
decrease the abundance of broadleaf weeds by 82.13-84.98% and sedges by 8.15-19.05%.
However, there was an increase in the grasses weed abundance in T1 and T2 tillage by 167.74%

and 26.67%, respectively.
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Figure 6. The effectiveness of ammonium glufosinate on the weed-type abundance at different

tillage.

Excluido: Changes in weed vegetation due to the ammonium
glufosinate
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Figure 5. Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 g a.i.ha™ on different tillage.



Fw

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
Fzs
224
225
226
227
228
229
230

231

Based on the results, there were three dynamic patterns of weed diversity due to tillage,
namely increasing, decreasing, and fluctuating patterns. The increasing weed species due to 2-
times tillage (T2) include A. conyzoides (2.81-folds), C. dactylon (41 populations), and E.
heterophylla (2.43-folds) compared to no-tillage (NT). It was caused by the seed banks of A.
conyzoides, C. dactylon, and E. heterophylla during T2 tillage were triggered the emergence to
the soil surface. Furthermore, soil fertility also supported its growth more rapidly. This was
supported by the organic-C, which was positively correlated with the presence of A. conyzoides
(0.132) and E. heterophylla (0.127). Besides, soil CEC was also significantly and positively
correlated with the presence of E. heterophylla (0.727) (Tab. 3). These results are similar to
Oziegbe et al. (2010); active weed seedbanks at deeper soil depths lead to lower oxygen
availability and reduce the access to light required to support germination. In addition, Hossain
et al. (2021) that the seed bank of A. conyzoides was not found at a depth of 0-10 cm, but 10-
15 cm, and experienced an additional seed bank of 43.82% during conventional tillage.
Horowitz (1972) reported that 88% of C. dactylon rhizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had the second-highest abundance of 19.53%
after Tridax procumbens in Benue State, Nigeria.

The results showed that C. rotundus had the highest SDR in NT and T1 tillage, while
A. conyzoides was dominant in T2 tillage. This was due to the presence of higher seed bank of
C. rotundus and A. conyzoides at certain depths. Therefore, when the soil is tilled, the seedbanks
trigger emergence on the soil surface. These results are similar to Hossain et al. (2021) which
reported that up to 24% of the C. rotundus seed bank were found at a depth of 5-10 cm, while
21% of the A. conyzoides were found between 10-15 cm. Furthermore, Santin-Montanya et al.
(2013) reported that the weed abundance, diversity, and evenness were greatly increased in the
no-tillage treatment. In this study, the results showed that the diversity index due to tillage (NT,

T1, T2) was 2.261; 2.196; and 2.234 (moderate) (Tab. 2). The decrease in diversity index due

[ Excluido: Effect of tillage on weed diversity ]

[ Excluido: SDR, diversity index, weed population due to tillage] ]
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to T1 and T2 compared to NT indicates that tillage decrease weed diversity. Mas & Verdi
(2003) reported that the highest value of the Shannon-Wiener diversity index was found in the
no-tillage treatment, while Amuri et al. (2010) suggested that no-tillage treatment contributes
to the suppression of several weed species. Sepat et al. (2017) also reported that the lowest weed
population was found in untilled beds.

The results showed that T2 tillage increased the broadleaf and total weeds. The
population of sedges weeds increased at T1, but decreased during T2 tillage. In general, only
grasses weeds decreased during T1 and T2 compared to NT, and the highest decrease was found
at T1 tillage. This is linear with the Shannon-Wiener diversity index at T1, lower than other
tillage (Tab. 2). These results are supported by Murphy et al. (2006) which reported that the
weed density is only affected by tillage. Similarly, Hossain et al. (2021) said a decrease in the
seed bank of grasses weed during conventional tillage by 76.31% at a depth of 0-5 cm compared
to the no-tillage.

Cation Exchange Capacity (CEC) was significantly and positively correlated (0.727) with
an increase in the population of E. heterophylla. The content of CEC and organic-C was also
positively correlated but had an insignificant effect on the populations of C. rotundus, C.
rutidosperma, A. conyzoides, and M. pudica. This was due to the higher content of CEC and
organic-C in T1 and T2 compared to the NT (Fig. 4). When the weed seed bank at T1 and T2
emerged to the surface and received light and soil fertility than NT, it tends to support the
growth of more weeds as indicated in the total weed population, which grows higher with
increasing tillage (Fig. 3). These results are similar to Patzold et al. (2020) which reported that
soil organic-C affects weed species variability by 8.4%, while Gaston et al. (2001); Nordmeyer
& Hausler (2004); Korres et al. (2017) reported that organic carbon, texture, and nutrients of
soil affect the emergence of weeds. Furthermore, Dorneles et al. (2015) reported that reduced

tillage had a higher CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

Excluido: Correlation of organic-C and CEC to dominant weeds
at different tillage{
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There was an increase in populations of B. alata (49), B. mutica (30), and E. indica (24)
after spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha™* with different
tillage (NT, T1, T2), although C. rotundus (612) was more numerous than the other weeds. In
general, four new weeds species, namely G. maxima, L. oryzoides, S. dulcis, and A. oculatum
were found in NT, T1, and T2 due to the ammonium glufosinate herbicide. Glyceria maxima is
a new weed species with the highest population in the NT, T1, and T2 tillage. Furthermore, the
increase in population and new weed species was higher in the grasses weeds (B. mutica, E.
indica, G. maxima, L. oryzoides, and A. oculatum) and two new species from the broadleaf
weeds (B. alata and S. dulcis). Therefore, the ammonium glufosinate herbicide at different
tillage decreased the abundance of broadleaf (Fig. 6) compared to the grasses weeds.

Using herbicides on tillage (T1 and T2) exposed the seed bank of grasses weeds to the
soil surface to adequately obtain oxygen and light needed for growth. This is supported by
Wibawa et al. (2009), which reported that the herbicide of dose 200 g.ha significantly
suppressed broadleaf of 94.68% compared to the grasses weeds by 59.65% at two weeks after
spraying. Tampubolon et al. (2019) also found that the herbicide at a dose of 300 g ai.ha
significantly removed 100% of the glyphosate-susceptible E. indica, while Alridiwirsah et al.
(2020) reported that the grasses was higher by 52.76% compared to the broadleaf and sedges
weeds in guava plants. In addition, Gtowacka (2011) stated that the number of Echinochloa
crus-galli (grasses weed) was more dominant with mechanical control (18.0 populations) and
herbicides (10.3 populations) in maize plants compared to other weeds including G. parviflora,
Chenopodium album, Cirsium arvense, and Polygonum lapathifolium. Uddin et al. (2018) also
added the abundance of grasses weeds was higher by 130.1% than broadleaf (108.5%) and
sedges (61.4%) weeds in the rice and potato cropping pattern.

CONCLUSIONS

Excluido: Changes in weed due to the ammonium glufosinate
herbicide at different tillagef
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The 2-time tillage (T2) increased the A. conyzoides (2.81-folds), C. dactylon (41
population), and E. heterophylla (2.43-folds) compared to the no-tillage (NT). C. rotundus had
the highest SDR at NT and T1, while A. conyzoides was found in T2 tillage with a moderate
diversity index. Based on the classification, only grasses weeds decreased in T1 and T2 tillage.
Furthermore, there was a significant and positive correlation between E. heterophylla weed
with cation exchange capacity (0.727). A total of four new species of weeds, namely G. maxima,
L. oryzoides, S. dulcis, and A. oculatum were found on NT, T1, and T2 tillage due to the
application of ammonium glufosinate herbicide.
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ABSTRACT

Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Therefore, this study aims were: (1) informing the dominance and
diversity index of weeds due to tillage, (2) obtaining correlations of weed abundance on several
soil chemical characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate
herbicide on weed abundance in different tillage. It was conducted on farmland in Padang

Bulan, Medan Selayang Subdistrict, Medan City, Indonesia, from March to July 2021.
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Furthermore, a non-factorial Randomized Block Design was used consisting of the no-tillage
(NT), 1-time tillage (T1), and 2-times tillage (T2) with three replications. The procedures
include identifying weed vegetation, sampling analysis of several soil chemical properties, and
spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha™*. Based on the result, the
weed species of Cyperus rotundus and Ageratum conyzoides were dominant in different tillage.
The diversity index of weed caused by the NT; T1; and T2 were 2.261; 2.196 and 2.234
(moderate/stable condition). The T2 showed increased A. conyzoides, Cynodon dactylon, and
Euphorbia heterophylla were 2.82-folds; 41 populations and 2.43-folds compared to NT, while
a decrease was observed in the grasses weed during T1 and T2 were 50.71 and 26.05%.
Moreover, there was a positive and significant correlation between E. heterophylla weed on the
soil cation exchange capacity (0.727). In contrast, four new weed species, namely Glyceria
maxima, Leersia oryzoides, Scoparia dulcis, and Anthoxanthum oculatum were found due to
ammonium glufosinate herbicide in different tillage.

Keywords: correlation; diversity index; dominance; tillage; weed abundance

Diversidad de malezas afectadas por labranza y por el herbicida glufosinato de amonio

RESUMO

Los agricultores de Indonesia suelen rociar herbicidas para controlar las malas hierbas
y utilizar la labranza durante las primeras etapas del cultivo; en consecuencia, estas actividades
afectan a la composicion y diversidad de las malas hierbas. Por lo tanto, los objetivos de este
estudio fueron: (1) informar el indice de dominancia y diversidad de malezas debido a la
labranza, (2) obtener correlaciones de la abundancia de malezas en varias caracteristicas
quimicas del suelo debido a la labranza, (3) obtener el efecto del herbicida glufosinato de
amonio en la abundancia de malezas en diferentes labranzas. Se llevo a cabo en tierras de cultivo

en Padang Bulan, subdistrito de Medan Selayang, Medan, Indonesia, de marzo a julio de 2021.
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Ademas, se utilizé un disefio de bloques aleatorios no factorial que consistia en la no labranza
(NT), la labranza de 1 vez (T1) y la labranza de 2 veces (T2) con tres repeticiones. Los
procedimientos incluyen la identificacion de la vegetacién de malas hierbas, el analisis de
muestras de varias propiedades quimicas del suelo y la pulverizacién del herbicida glufosinato
de amonio a una dosis de 150 g ai.ha-1. Segun los resultados, las especies de malas hierbas
Cyperus rotundus y Ageratum conyzoides fueron dominantes en las diferentes labranzas con un
indice de diversidad moderado. EI T2 mostrd un aumento de A. conyzoides, Cynodon dactylon
y Euphorbia heterophylla en comparacion con el NT, mientras que se observd una disminucion
de las malas hierbas durante el laboreo uno y dos veces. Ademas, hubo una correlacion positiva
y significativa entre la maleza E. heterophylla en la capacidad de intercambio cationico del
suelo (0.727). Por el contrario, se encontraron cuatro nuevas especies de malas hierbas, a saber,
Glyceria maxima, Leersia oryzoides, Scoparia dulcis y Anthoxanthum oculatum, debido al
herbicida glufosinato de amonio en diferentes labranzas.

Palabras clave: correlacion; indice de diversidad; dominancia; labranza; abundancia de malas

hierbas

INTRODUCTION

Uncontrolled weeds on farmlands reduce production up to 80% (Cousens & Mortimer,
1995). Therefore, sustainable agricultural practices affect its abundance and density. The weed
abundance in the farmland is influenced by several factors such as seed bank buried in the soil
(Norris 2007), environmental factors (Fried et al. 2008; Pinke et al. 2012), availability of
nutrients and fertilization (Murphy & Lemerle 2006; Chemona et al. 2016), tillage and crop
rotation (Ulber et al. 2009; Nichols et al. 2015), and weed control through herbicides (Derksen

et al. 1995).
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Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Menalled et al. (2001) showed that different agricultural
management systems significantly affect weed abundance, diversity, and consistency in the
short and long term (6 years). Meanwhile, Derksen et al. (1995) reported that the germination
of Synapsis avensis and Brassica napus weeds after spraying with herbicides was higher in the
no-tillage, but there was a reduction in total weeds. Thomas et al. (2004) also reported perennial
weed species such as Cirsium arvense and Sonchus arvensis were reduced by tillage and no-
tillage of 100 and 28.21%, while annual weeds were found in various tillage treatments. In
addition, Trichard et al. (2013) stated that tillage favors weed seed bank germination and cause
the extinction of other seeds.

On the other hand, different soil fertility in the planted area also affects the weed
diversity (Yin et al. 2006). Fonge et al. (2013) reported that weed diversity is affected by
organic-C content, nitrogen, calcium, and cation exchange capacity of the soil. Tang et al.
(2014a) added that phosphorus+potassium (PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica, and Geranium carolinianum weeds compared to
nitrogen+phosphorus (NP). Furthermore, Forcella et al. (2000) stated that the soil N
concentration plays an important role in ending dormancy by removing germination constraints
and stimulating seedling emergence. Tang et al. (2014b) reported that soil available-P is the
primary nutrient, regulating the composition of weed species and diversity, followed by N and
K nutrients.

The knowledge of farmers on the relationship between tillage and soil fertility status
with weed diversity is relatively poor. The interviews conducted in this study showed that the
farmers only carry out land clearing and manual tillage before planting, had never used

herbicides, and unknowingly the soil fertility status. However, a new problem was found: weed
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growth was very rapid in a short time (2 days). Therefore, intensive control during one main
crop cycle is highly needed. This problem persisted during crop rotation. Unnoticed by farmers,
these activities impact the storage of the weed seed bank, and the tillage carried out, resulting
in the weed seed bank at a certain depth of soil emerging to the soil surface. Studies on weed
identification are needed to provide information on the relationship between soil fertility on the
dominant weeds and the use of one herbicide with a recommended dose to suppress the presence
of weeds. Therefore, this study aims were: (1) informing the dominance and diversity index of
weeds due to tillage, (2) obtaining correlations of weed abundance on several soil chemical
characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate herbicide on
weed abundance in different tillage.
MATERIAL AND METHODS

This study was carried out on farmland in Padang Bulan, Medan Selayang Subdistrict,
Medan (Indonesia) with the condition of continuous land use and a history of crop rotation for
the last two years for corn, cucumber, and cowpea as well as manual tillage using a hoe, without
the use of herbicides based on interviews with farmers. This study was conducted from March
to July 2021.

This study used a non-factorial Randomized Block Design with three replications: no-
tillage, 1-time and 2-times tillage systems. The land was cleared and then plotted with the
square method of 1 m x 1 m and an interval of 2 m. Each plot was demarcated with plastic

ropes at a distance of 0.2 m (Fig. 1).
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Figure 1. The size of tillage plots (NT; T1; T2) with the square method.

Tillage was carried out by hoeing as deep as 20 cm. Meanwhile, the land was incubated
for a month and then identified for weed vegetation using the flora book and applying formulas
according to Kent (2012) such as absolute density (defined as the number of individual weed
species in the sample plot), relative density, absolute frequency (defined as the number of
sample plots containing certain species), relative frequency, importance value, and the summed

dominance ratio (SDR) as shown in equation 1-4.

The absolute density of a certain species

Relative Density (RD) = x 100% (1)

Total absolute density of all species

The absolute frequency of a certain species

Relative Frequency (RF) = x100% (2)

Total absolute frequencies of all species

Importance Value (IV) = Relative Density (RD) + Relative Frequency (RF) 3)

Relative Density (RD)+ Relative Frequency (RF)
2

Summed Dominance Ratio =

(4)

Weed populations based on morphology (broadleaf, grasses, sedges) and total weeds
were calculated. The species diversity index was calculated using the Shannon-Wiener index

formula (Shannon & Weaver 1949):

& ni ni
=-2 () )

Note:

H’= Species diversity index

ni = The proportion of species i

N = The total number of species

In = natural logarithm

The classification of the diversity index value for each tillage was conducted based on
Magurran (1988) stated that if H'<1 (low), 1<H'<3 (moderate) and H>3 (high). Soil samples at

a depth of 0-20 cm were taken using a drill with a diagonal method on each plot. Then it
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performed analysis on organic-C (Walkley & Black method) and cation exchange
capacity/CEC (ammonium acetate pH 7) using a spectrophotometer at Socfin Indonesia Inc.,
Medan (Indonesia). At first, a natural logarithm was carried out on the organic-C, CEC data,
and the total of dominant weeds as well as analyzed using the Pearson correlation.

The ammonium glufosinate herbicide was applied on 27 April 2021 at 10.00 to all plots
of tillage (NT; T1; T2) at a dose of 150 g a.i.ha™ after a spray calibration was carried out.
Climatic data were recorded during spraying, such as temperature 28°C, humidity 83%, and air
pressure 1002 hPa. Weed survival data were measured at 6 weeks after spraying (WAS). The
spraying by manual spray equipment (Solo Model) with an operating pressure and application
volume were 2 kg cm™ and 202.90 L ha*. Weeds are sprayed with a height up to 60 cm. The
data of weeds (broadleaf, grasses, sedges, total) and soil (organic-C, CEC) were processed using
an ANOVA and followed by the DMRT at P<0.05 using IBM SPSS v.20 software.
RESULTS AND DISCUSSION

The field observations obtained 16 species (Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria mutica, Cleome rutidosperma, Cynodon
dactylon, Cyperus rotundus, Eleusine indica, Euphorbia heterophylla, Galinsoga parviflora,
Mimosa pudica, Oxalis corniculata, Pennisetum purpureum, Polanisia icosandra, and
Stylochaeton lancifolius) with 6639 populations from three tillage systems (NT, T1, T2) as
presented in Fig. 2. The result showed that three dynamic patterns due to tillage, such as (1) an
increase in the weed diversity due to 2-time tillage for A. conyzoides, C. dactylon, and E.
heterophylla, (2) a decrease in weed diversity due to 2-time tillage for A. gangetica, A.
compressus, B. alata, C. rutidosperma, and E. indica, (3) a fluctuating pattern, indicating a
decrease in weed species in 1-time tillage and then an increase in 2-time tillage or vice versa
for B. mutica, G. parviflora, M. pudica, O. corniculata, P. purpureum, P. icosandra, and S.

lancifolius.
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Figure 2. Total populations of weeds due to tillage. NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage.
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The tillage had an insignificant effect on the number of broadleaf, grasses, sedges, and
total weeds (Fig. 3). However, increasing the tillage by 2-times (T2) increased the broadleaf
population and total weeds by 41.73% and 25.19%, respectively, compared to no-tillage (NT).
Furthermore, the population of sedges weeds increased at 1-time tillage (T1) by 7.77%
compared to NT and decreased to 6.55% at 2-times tillage (T2). The population of grasses

weeds experienced the highest decrease in 1-time tillage (T1) of 50.71% compared to NT.
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Figure 3. Weed populations based on morphology (A= broadleaf; B= grasses; C= sedges) and
total weeds (D) due to tillage (NT=no tillage, T1= 1-time tillage, T2= 2-times tillage).
The values followed by the ns (not-significant) in the graph are not significantly
different at the 5% level based on the DMRT. The vertical line shows the standard

error.
The dominant weeds (SDR) and diversity index due to tillage are presented in Fig. 4
and Tab 1. In the no-tillage (NT) treatment found in five species with the highest SDR

sequentially were C. rotundus, M. pudica, A. conyzoides, C. rutidosperma, and P. icosandra of
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22.78%; 13.37%; 12.50%; 10.90%; and 10.49%, respectively. In the 1-time tillage (T1) found
in five species with the highest SDR sequentially were C. rotundus, M. pudica, A. conyzoides,
A. gangetica, and E. heterophylla of 22.61%; 16.42%; 16.41%; 10.87%; and 9.63%,
respectively. Moreover, in the 2-times tillage (T2) also found in five species with the highest
SDR sequentially were A. conyzoides, C. rotundus, M. pudica, E. heterophylla, and G.
parviflora by 22.20%; 18.76%; 12.67%; 11.36%; and 9.90%, respectively. The diversity index
(H") due to tillage (NT, T1, T2) were 2.261; 2.196 and 2.234 respectively, therefore it was
moderate.

The tillage significantly increased cation exchange capacity (CEC) but it had insignificant
effect on soil organic-C (Fig. 5). There was an increase in the CEC due to T1 and T2 by 16.56%
and 13.14%, respectively. The correlation analysis of soil organic-C and CEC on the dominant
weed population due to tillage is presented in Tab. 2. The results showed that only CEC had a
significant and positive correlation in increasing the E. heterophylla by 0.727, but it was
insignificant for C. rotundus and C. rutidosperma. Similarly, soil organic-C had an insignificant
effect but was positively correlated to the population of C. rotundus, A. conyzoides, M. pudica,

and E. heterophylla.
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205  Figure 4. Importance value (A) and summed dominance ratio (B) of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage).



206  Table 1. Diversity index of weeds due to tillage (NT= no-tillage; T1= 1-time tillage; T2= 2-

207 times tillage).
T
Family Weeds Species

NT T1 T2
Asteraceae A. conyzoides 0.260 0.297 0.334
G. parviflora 0.234 0.210 0.229
Acanthaceae A. gangetica 0.226 0.190 0.104

Araceae S. lancifolius - 0.024 -
Capparaceae C. rutidosperma 0.120 0.151 0.146
Capparidaceae P. icosandra 0.186 0.089 0.107
Cyperaceae C. rotundus 0.337 0.336 0.314
Euphorbiaceae E. heterophylla 0.174 0.225 0.247
Fabaceae M. pudica 0.269 0.297 0.262
Oxalidaceae O. corniculata - - 0.072
Poaceae A. compressus 0.102 0.044 0.068
B. mutica 0.109 0.059 0.117
C. dactylon - 0.108 0.078

E. indica 0.023 - -
P. purpureum 0.194 0.165 0.157

Rubiaceae B. alata 0.024 - -
Total 2.261 2.196 2.234

208
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209  Figure 5. The soil organic-C (A) and cation exchange capacity (B) properties due to tillage

210 (NT= no-tillage; T1= 1-time tillage; T2= 2-times tillage). The values followed by the
211 different letter in the graph are significantly at the 5% level based on the DMRT. The
212 vertical line shows the standard error. ns= not-significant.

213

214  Table 2. Correlation analysis of organic-C and CEC of the soil on the dominant weed

215 populations due to tillage.

Correlation coefficient
Dominant weed species

Organic-C CEC
C. rotundus 0.449™ 0.262™
A. conyzoides 0.132™ -0.154"™
M. pudica 0.147™ -0.054"
E. heterophylla 0.127" 0.727"
G. parviflora -0.063™ -0.240™
A.gangetica -0.298™ -0.482™
P. icosandra -0.021™ -0.646"
C. rutidosperma -0.095™ 0.591"™

216  Note: Correlation is significant at the 0.05 level (2-tailed). ns= not-significant.

217
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Changes in weed vegetation due to ammonium glufosinate application at a dose of 150
g ai.ha! on different tillage (NT, T1, T2) by species are presented in Fig. 6. The results showed
an increase in B. alata and B. mutica due to the ammonium glufosinate in NT and 2-times tillage
(T2). Meanwhile, others decreased, and two new weed species were found in NT, such as
Glyceria maxima and Leersia oryzoides, and one new weed species were found in T2 (G.
maxima). Similarly, the 1-time tillage (T1) increased B. alata, B. mutica, and E. indica. At the
same time, other populations decreased, and four new weed species were found, namely G.

maxima, L. oryzoides, Scoparia dulcis, and Anthoxanthum oculatum.
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Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 g a.i.ha* on different tillage.
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Based on morphology, the effectiveness of ammonium glufosinate on the weed-type
abundance at different tillage (NT, T1, T2) is presented in Fig. 7. The herbicide application can
decrease the abundance of broadleaf weeds by 82.13-84.98% and sedges by 8.15-19.05%.
However, there was an increase in the grasses weed abundance in T1 and T2 tillage by 167.74%

and 26.67%, respectively.
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Figure 7. The effectiveness of ammonium glufosinate on the weed-type abundance at different

tillage.

Based on the results, there were three dynamic patterns of weed diversity due to tillage,
namely increasing, decreasing, and fluctuating patterns. The increasing weed species due to 2-
times tillage (T2) include A. conyzoides (2.82-folds), C. dactylon (41 populations), and E.
heterophylla (2.43-folds) compared to no-tillage (NT). It was caused by the seed banks of A.
conyzoides, C. dactylon, and E. heterophylla during T2 tillage were triggered the emergence to
the soil surface. Furthermore, soil fertility also supported its growth more rapidly. This was
supported by the organic-C, which was positively correlated with the presence of A. conyzoides
(0.132) and E. heterophylla (0.127). Besides, soil CEC was also significantly and positively

correlated with the presence of E. heterophylla (0.727) (Tab. 2). These results are similar to
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Oziegbe et al. (2010); active weed seedbanks at deeper soil depths lead to lower oxygen
availability and reduce the access to light required to support germination. In addition, Hossain
et al. (2021) that the seed bank of A. conyzoides was not found at a depth of 0-10 cm, but 10-
15 cm, and experienced an additional seed bank of 43.82% during conventional tillage.
Horowitz (1972) reported that 88% of C. dactylon rhizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had the second-highest abundance of 19.53%
after Tridax procumbens in Benue State, Nigeria.

The results showed that C. rotundus had the highest SDR in NT and T1 tillage, while
A. conyzoides was dominant in T2 tillage. This was due to the presence of higher seed bank of
C. rotundus and A. conyzoides at certain depths. Therefore, when the soil is tilled, the seedbanks
trigger emergence on the soil surface. These results are similar to Hossain et al. (2021) which
reported that up to 24% of the C. rotundus seed bank were found at a depth of 5-10 cm, while
21% of the A. conyzoides were found between 10-15 cm. Furthermore, Santin-Montanya et al.
(2013) reported that the weed abundance, diversity, and evenness were greatly increased in the
no-tillage treatment. In this study, the results showed that the diversity index due to tillage (NT,
T1, T2) was 2.261; 2.196; and 2.234 (moderate) (Tab. 1). The decrease in diversity index due
to T1 and T2 compared to NT indicates that tillage decrease weed diversity. Mas & Verdu
(2003) reported that the highest value of the Shannon-Wiener diversity index was found in the
no-tillage treatment, while Amuri et al. (2010) suggested that no-tillage treatment contributes
to the suppression of several weed species. Sepat et al. (2017) also reported that the lowest weed
population was found in untilled beds.

The results showed that T2 tillage increased the broadleaf and total weeds. The
population of sedges weeds increased at T1, but decreased during T2 tillage. In general, only
grasses weeds decreased during T1 and T2 compared to NT, and the highest decrease was found

at T1 tillage. This is linear with the Shannon-Wiener diversity index at T1, lower than other
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tillage (Tab. 1). These results are supported by Murphy et al. (2006) which reported that the
weed density is only affected by tillage. Similarly, Hossain et al. (2021) said a decrease in the
seed bank of grasses weed during conventional tillage by 76.31% at a depth of 0-5 cm compared
to the no-tillage.

Cation Exchange Capacity (CEC) was significantly and positively correlated (0.727) with
an increase in the population of E. heterophylla. The content of CEC and organic-C was also
positively correlated but had an insignificant effect on the populations of C. rotundus, C.
rutidosperma, A. conyzoides, and M. pudica. This was due to the higher content of CEC and
organic-C in T1 and T2 compared to the NT (Fig. 5). When the weed seed bank at T1 and T2
emerged to the surface and received light and soil fertility than NT, it tends to support the
growth of more weeds as indicated in the total weed population, which grows higher with
increasing tillage (Fig. 3). These results are similar to Patzold et al. (2020) which reported that
soil organic-C affects weed species variability by 8.4%, while Gaston et al. (2001); Nordmeyer
& Hausler (2004); Korres et al. (2017) reported that organic carbon, texture, and nutrients of
soil affect the emergence of weeds. Furthermore, Dorneles et al. (2015) reported that reduced
tillage had a higher CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

There was an increase in populations of B. alata (49), B. mutica (30), and E. indica (24)
after spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha* with different
tillage (NT, T1, T2), although C. rotundus (612) was more numerous than the other weeds. In
general, four new weeds species, namely G. maxima, L. oryzoides, S. dulcis, and A. oculatum
were found in NT, T1, and T2 due to the ammonium glufosinate herbicide. Glyceria maxima is
a new weed species with the highest population in the NT, T1, and T2 tillage. Furthermore, the
increase in population and new weed species was higher in the grasses weeds (B. mutica, E.

indica, G. maxima, L. oryzoides, and A. oculatum) and two new species from the broadleaf
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weeds (B. alata and S. dulcis). Therefore, the ammonium glufosinate herbicide at different
tillage decreased the abundance of broadleaf (Fig. 7) compared to the grasses weeds.

Using herbicides on tillage (T1 and T2) exposed the seed bank of grasses weeds to the
soil surface to adequately obtain oxygen and light needed for growth. This is supported by
Wibawa et al. (2009), which reported that the herbicide of dose 200 g.ha? significantly
suppressed broadleaf of 94.68% compared to the grasses weeds by 59.65% at two weeks after
spraying. Tampubolon et al. (2019) also found that the ammonium glufosinate herbicide at a
dose of 300 g ai.ha™* significantly removed 100% of the glyphosate-susceptible E. indica, while
Alridiwirsah et al. (2020) reported that the grasses was higher by 52.76% compared to the
broadleaf and sedges weeds in guava plants. In addition, Glowacka (2011) stated that the
number of Echinochloa crus-galli (grasses weed) was more dominant with mechanical control
(18.0 populations) and herbicides (10.3 populations) in maize plants compared to other weeds
including G. parviflora, Chenopodium album, Cirsium arvense, and Polygonum lapathifolium.
Uddin et al. (2018) also added the abundance of grasses weeds was higher by 130.1% than

broadleaf (108.5%) and sedges (61.4%) weeds in the rice and potato cropping pattern.

CONCLUSIONS

The 2-time tillage (T2) increased the A. conyzoides (2.81-folds), C. dactylon (41
population), and E. heterophylla (2.43-folds) compared to the no-tillage (NT). C. rotundus had
the highest SDR at NT and T1, while A. conyzoides was found in T2 tillage with a moderate
diversity index. Based on the classification, only grasses weeds decreased in T1 and T2 tillage.
Furthermore, there was a significant and positive correlation between E. heterophylla weed
with cation exchange capacity (0.727). Atotal of four new species of weeds, namely G. maxima,
L. oryzoides, S. dulcis, and A. oculatum were found on NT, T1, and T2 tillage due to the

application of ammonium glufosinate herbicide.



320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

ACKNOWLEDGMENTS
The authors would like to thank the Universitas Muhammadiyah Sumatera Utara which
has funded this study

REFERENCES

ALRIDIWIRSAH.; TAMPUBOLON, K.; SIHOMBING, F. N.; SIBURIAN, E.; PURBA, Z.;
WAGINO.; SULASTRI, Y. S.; MANURUNG, I. R.; PRATOMO, B.; KARIM, S,
SAMOSIR, S. T. S.; SUPRIYADI.; GUSTIANTY, L. R.; HARAHAP, F. S. Glyphosate
potassium salt dosage efficacy to weed control in guava plants. Asian Journal of Plant
Sciences, v. 19, n. 4, p. 487-494, 2020.

AMURI, N.; BRYE, K. R.; GBUR, E. E.; OLIVER, D.; KELLEY, J. Weed populations as
affected by residue management practices in a wheat—soybean double-crop production
system. Weed Science, v. 58, n. 3, p. 234-243, 2010.

CHEIMONA, N.; ANGELI, C.; PANAGIOTOU, E.; TZANIDAKI, A.; DRONTZA, C,;
TRAVLOS, |.; BILALIS, D. Effect of different types of fertilization on weed flora in
processed tomato crop. Agriculture and Agricultural Science Procedia, v. 10, p. 26-31,
2016.

COUSENS, R.; MORTIMER, M. Dynamics of weed populations. Cambridge: Cambridge
University Press, 332p, 1995.

DERKSEN, D. A.; THOMAS, A. G.; LAFOND, G. P.; LOEPPKY, H. A.; SWANTON, C. J.
Impact of post-emergence herbicides on weed community diversity within conservation-
tillage systems. Weed Research, v. 35, n. 4, p. 311-320, 1995.

DORNELES, E. P.; LISBOA, B. B.; ABICHEQUER, A. D.; BISSANI, C. A.; MEURER, E.
J.; VARGAS, L. K. Tillage, fertilization systems and chemical attributes of a Paleudult.

Scientia Agricola, v. 72, n. 2, p. 175-186, 2015.



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

EKELEME, F.; ATSER, G.; DIXON, A.; HAUSER, S.; CHIKOYE, D.; OLORUNMAIYE, P.
M.; SOKOYA, G.; ALFRED, J.; OKWUSI, M. C.; KORIEOCHA, D. S.; OLOJEDE, A.
O.; AYANKANMI, T.; LAGOKE, S. T. O. Assessment of weeds of cassava and farmers
management practices in Nigeria. Tropicultura, v. 37, n. 2, p. 1-22, 2019.

FONGE, B. A;; TCHETCHA, D. J.; NKEMBI, L. Diversity, distribution, and abundance of
plants in lewoh-lebang in the lebialem highlands of southwestern Cameroon.
International Journal of Biodiversity, v. 2013, 13p, 2013.

FORCELLA, F.; ARNOLD, R. L. B.; SANCHEZ, R.; GHERSA, C. M. Modeling seedling
emergence. Field Crops Research, v. 67, n. 2, p. 123-139, 2000.

FRIED, G.; NORTON, L. R.; REBOUD, X. Environmental and management factors
determining weed species composition and diversity in France. Agriculture, Ecosystems
& Environment, v. 128, n. 1-2, p. 68-76, 2008.

GASTON, L. A;; LOCKE, M. A.; ZABLOTOWICZ, R. M.; REDDY, K. N. Spatial variability
of soil properties and weed populations in the Mississippi Delta. Soil Science Society of
America Journal, v. 65, n. 2, p. 449-459, 2001.

GLOWACKA, A. Dominant weeds in maize (Zea mays L.) cultivation and their
competitiveness under conditions of various methods of weed control. Acta
Agrobotanica, v. 64, n. 2, p. 119-126, 2011.

HOROWITZ, M. Development of Cynodon dactylon (L.) Pers. Weed Research, v. 12, n. 3, p.
207-220, 1972.

HOSSAIN, M. M.; BEGUM, M.; HASHEM, A.; RAHMAN, M. M.; AHMED, S.; HASSAN,
M. M.; JAVED, T.; SHABBIR, R.; HADIFA, A.; SABAGH, A. E.; BELL, R. W. Strip
tillage and crop residue retention decrease the size but increase the diversity of the weed
seed bank under intensive rice-based crop rotations in Bangladesh. Agronomy, v. 11, n.

6, p. 1164, 2021.



369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

KENT, M. Vegetation description and data analysis: a practical approach. United States: John
Wiley & Sons, 448p, 2012.

KORRES, N. E.; NORSWORTHY, J. K.; BRYE, K. R.; SKINNER 1Jr, V,;
MAUROMOUSTAKOQOS, A. Relationships between soil properties and the occurrence of
the most agronomically important weed species in the field margins of eastern Arkansas—
implications for weed management in field margins. Weed Research, v. 57, n. 3, p. 159-
171, 2017.

MAGURRAN, A. E. Ecological diversity and its measurement. New Jersey: Princeton
University Press, 179p, 1988.

MAS, M. T.; VERDU, A. M. Tillage system effects on weed communities in a 4-year crop
rotation under Mediterranean dryland conditions. Soil and Tillage Research, v. 74, n. 1,
p. 15-24, 2003.

MENALLED, F. D.; GROSS, K. L.; HAMMOND, M. Weed aboveground and seedbank
community responses to agricultural management systems. Ecological Applications, v.
11, n. 6, p. 1586-1601, 2001.

MURPHY, C. E.; LEMERLE, D. Continuous cropping systems and weed selection. Euphytica,
v. 148, n. 1, p. 61-73, 2006.

MURPHY, S. D.; CLEMENTS, D. R.; BELAOUSSOFF, S.; KEVAN, P. G.; SWANTON, C.
J. Promotion of weed species diversity and reduction of weed seedbanks with
conservation tillage and crop rotation. Weed Science, v. 54, n. 1, p. 69-77, 2006.

NORDMEYER, H.; HAUSLER, A. Einfluss von Bodeneigenschaften auf die Segetalflora von
Ackerflachen. Journal of Plant Nutrition and Soil Science, v. 167, n. 3, p. 328-336, 2004.

NORRIS, R. F. Weed fecundity: current status and future needs. Crop Protection, v. 26, n. 3,

p. 182-188, 2007.



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

OZIEGBE, M.; FALUYI, J. O.; OLUWARANTI, A. Effect of seed age and soil texture on
germination of some Ludwigia species (Onagraceae) in Nigeria. Acta Botanica Croatica,
V. 69, n. 2, p. 249-257, 2010.

PATZOLD, S.; HBIRKOU, C.; DICKE, D.; GERHARDS, R.; WELP, G. Linking weed
patterns with soil properties: a long-term case study. Precision Agriculture, v. 21, p. 569-
588, 2020.

PINKE, G.; KARACSONY, P.; CZUCZ, B.; BOTTA-DUKAT, Z.; LENGYEL, A. The
influence of environment, management and site context on species composition of
summer arable weed vegetation in Hungary. Applied Vegetation Science, v. 15, n. 1, p.
136-144, 2012.

SANTIN-MONTANYA, M. I.; MARTIN-LAMMERDING, D.; WALTER, |.; ZAMBRANA,
E.; TENORIO, J. L. Effects of tillage, crop systems and fertilization on weed abundance
and diversity in 4-year dry land winter wheat. European Journal of Agronomy, v. 48, p.
43-49, 2013.

SEPAT, S.; THIERFELDER, C.; SHARMA, A. R.; PAVULURI, K.; KUMAR, D.; IQUEBAL,
M. A.; VERMA, A. Effects of weed control strategy on weed dynamics, soybean
productivity and profitability under conservation agriculture in India. Field Crops
Research, v. 210, p. 61-70, 2017.

SHANNON, C. E.; WEAVER, W. The mathematical theory of communication. Urbana, IL.:
University of Illinois Press, 117p, 1949.

TAMPUBOLON, K.; PURBA, E.; BASYUNI, M.; HANAFIAH, D. S. Histological,
physiological and agronomic characters of glyphosate-resistant Eleusine indica biotypes.

International Journal of Agriculture and Biology, v. 22, n. 6, p. 1636-1644, 2019.



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

TANG, L.; CHENG, C.; WAN, K.; LI, R.; WANG, D.; TAO, Y.; PAN, J.; XIE, J.; CHEN, F.
Impact of fertilizing pattern on the biodiversity of a weed community and wheat growth.
Plos One, v. 9, n. 1, 84370, 2014a.

TANG, L.; WAN, K.; CHENG, C,; LI, R.; WANG, D.; PAN, J.; TAO, Y.; XIE, J.; CHEN, F.
Effect of fertilization patterns on the assemblage of weed communities in an upland
winter wheat field. Journal of Plant Ecology, v. 7, n. 1, p. 39-50, 2014b.

THOMAS, A. G.; DERKSEN, D. A.; BLACKSHAW, R. E.; VAN-ACKER, R. C.; LEGERE,
A.; WATSON, P. R.; TURNBULL, G. C. A multistudy approach to understanding weed
population shifts in medium-to long-term tillage systems. Weed Science, v. 52, n. 5, p.
874-880, 2004.

TRICHARD, A.; ALIGNIER, A.; CHAUVEL, B.; PETIT, S. Identification of weed community
traits response to conservation agriculture. Agriculture, Ecosystems & Environment, v.
179, p. 179-186, 2013.

UDDIN, A.; BEGUM, M.; UDDIN, M.; AKTER, F.; ISLAM, K. M. Floristic composition of
weeds in T. aman-potato-boro rice cropping pattern in Bangladesh. Journal of Research
in Weed Science, v. 1, n. 1, p. 48-62, 2018.

ULBER, L.; STEINMANN, H. H.; KLIMEK, S.; ISSELSTEIN, J. An on-farm approach to
investigate the impact of diversified crop rotations on weed species richness and
composition in winter wheat. Weed Research, v. 49, n. 5, p. 534-543, 2009.

WIBAWA, W.; MOHAMAD, R.; JURAIMI, A. S.; OMAR, D.; MOHAYIDIN, M. G
BEGUM, M. Weed control efficacy and short term weed dynamic impact of three non-
selective herbicides in immature oil palm plantation. International Journal of Agriculture
and Biology, v. 11, n. 2, p. 145-150, 2009.

YIN, L.; CAl, Z.; ZHONG, W. Changes in weed community diversity of maize crops due to

long-term fertilization. Crop Protection, v. 25, n. 9, p. 910-914, 2006.



M Gmail Q, Telusuri dalam email 3= @ Aktif ~ @ €E3 3

58, & = % m D i 5daris72r < > S
e 2 Tulis B © @ O @ dari 5 Vs
Mail
0 B | Btk Motk 2 @ GILSON PEDRO BORGES © 25ep20222130 v¢ @

kepada saya -
Chat ¥r Berbintang
Dear Dr. Alridiwirsah
290 (© Ditunda St £
Spaces D Penting We are nearing the end of the publication process of the article submitted to the PAT journal.
Tk B> Terkirim y = o - : : : :
I request that a careful reading be made, so that any problem_ incidentally arising from the review process of the article, be identified and
L [ Draf 105 pointed out.
» B Kategori
If the authors have a photo of the experiment, please send it to us, so that we can use it for advertising the article.
~ Selengkapnya
Best wishes,
Label +

Gilzon P. Borges
Assistant Editor

B [Imapl/Sent

B Boxbe Waiting List



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Weed diversity as affected by tillage and ammonium glufosinate herbicide
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Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed
composition and diversity. Therefore, this study aims were: (1) informing the dominance and
diversity index of weeds due to tillage, (2) obtaining correlations of weed abundance on several
soil chemical characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate
herbicide on weed abundance in different tillage. Furthermore, a non-factorial Randomized
Block Design was used consisting of the no-tillage (NT), 1-time tillage (T1), and 2-times tillage

(T2) with three replications. The procedures include identifying weed vegetation, sampling
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analysis of several soil chemical properties, and spraying the ammonium glufosinate herbicide
at a dose of 150 g ai ha®. Based on the result, the weed species of Cyperus rotundus and
Ageratum conyzoides were dominant in different tillage. The diversity index of weed caused by
the NT; T1; and T2 were 2.261; 2.196 and 2.234 (moderate/stable condition). The T2 showed
increased A. conyzoides, Cynodon dactylon, and Euphorbia heterophylla were 2.82-folds; 41
populations and 2.43-folds compared to NT, while a decrease was observed in the grasses weed
during T1 and T2 were 50.71 and 26.05 %. Moreover, there was a positive and significant
correlation between E. heterophylla weed on the soil cation exchange capacity (0.727). In
contrast, four new weed species, namely Glyceria maxima, Leersia oryzoides, Scoparia dulcis,
and Anthoxanthum oculatum were found due to ammonium glufosinate herbicide in different
tillage.

KEYWORDS: Correlation, diversity index, dominance, tillage [please, provide more

meaningful words], weed abundance.

The Title, Abstract and Keywords should be presented in Portuguese, not Spanish!

Diversidad de malezas afectadas por labranza y por el herbicida glufosinato de amonio

Los agricultores de Indonesia suelen rociar herbicidas para controlar las malas hierbas
y utilizar la labranza durante las primeras etapas del cultivo; en consecuencia, estas actividades
afectan a la composicion y diversidad de las malas hierbas. Por lo tanto, los objetivos de este
estudio fueron: (1) informar el indice de dominancia y diversidad de malezas debido a la
labranza, (2) obtener correlaciones de la abundancia de malezas en varias caracteristicas
quimicas del suelo debido a la labranza, (3) obtener el efecto del herbicida glufosinato de
amonio en la abundancia de malezas en diferentes labranzas. Ademas, se utilizé un disefio de

blogues aleatorios no factorial que consistia en la no labranza (NT), la labranza de 1 vez (T1) y
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la labranza de 2 veces (T2) con tres repeticiones. Los procedimientos incluyen la identificacion
de la vegetacion de malas hierbas, el analisis de muestras de varias propiedades quimicas del
suelo y la pulverizacion del herbicida glufosinato de amonio a una dosis de 150 g ai.ha-1. Segun
los resultados, las especies de malas hierbas Cyperus rotundus y Ageratum conyzoides fueron
dominantes en las diferentes labranzas con un indice de diversidad moderado. EI T2 mostré un
aumento de A. conyzoides, Cynodon dactylon y Euphorbia heterophylla en comparacién con el
NT, mientras que se observé una disminucién de las malas hierbas durante el laboreo uno y dos
veces. Ademas, hubo una correlacion positiva y significativa entre la maleza E. heterophylla en
la capacidad de intercambio cationico del suelo (0.727). Por el contrario, se encontraron cuatro
nuevas especies de malas hierbas, a saber, Glyceria maxima, Leersia oryzoides, Scoparia dulcis
y Anthoxanthum oculatum, debido al herbicida glufosinato de amonio en diferentes labranzas.

Palabras clave: correlacion; indice de diversidad; dominancia; labranza; abundancia de malas

hierbas

INTRODUCTION

Uncontrolled weeds on farmlands reduce production up to 80 % (Cousens & Mortimer
1995). Therefore, sustainable agricultural practices affect its abundance and density. The weed
abundance in the farmland is influenced by several factors such as seed bank buried in the soil
(Norris 2007), environmental factors (Fried et al. 2008, Pinke et al. 2012), availability of
nutrients and fertilization (Murphy & Lemerle 2006, Cheimona et al. 2016), tillage and crop

rotation (Ulber et al. 2009, Nichols et al. 2015), and weed control through herbicides (Derksen

et al. 1995).
Farmers in Indonesia generally spray herbicides to control weeds and utilize tillage
during the early stages of crop cultivation; consequently, these activities affect the weed

composition and diversity. Menalled et al. (2001) showed that different agricultural
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management systems significantly affect weed abundance, diversity, and consistency in the
short and long term (6 years). Meanwhile, Derksen et al. (1995) reported that the germination
of Synapsis avensis and Brassica napus weeds after spraying with herbicides was higher in the
no-tillage, but there was a reduction in total weeds. Thomas et al. (2004) also reported perennial
weed species such as Cirsium arvense and Sonchus arvensis were reduced by tillage and no-
tillage of 100 and 28.21 %, while annual weeds were found in various tillage treatments. In
addition, Trichard et al. (2013) stated that tillage favors weed seed bank germination and cause
the extinction of other seeds.

On the other hand, different soil fertility in the planted area also affects the weed
diversity (Yin et al. 2006). Fonge et al. (2013) reported that weed diversity is affected by
organic-C content, nitrogen, calcium, and cation exchange capacity of the soil. Tang et al.
(2014a) added that phosphorus+potassium (PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica, and Geranium carolinianum weeds compared to
nitrogen + phosphorus (NP). Furthermore, Forcella et al. (2000) stated that the soil N
concentration plays an important role in ending dormancy by removing germination constraints
and stimulating seedling emergence. Tang et al. (2014b) reported that soil available-P is the
primary nutrient, regulating the composition of weed species and diversity, followed by N and
K nutrients.

The knowledge of farmers on the relationship between tillage and soil fertility status
with weed diversity is relatively poor. The interviews conducted in this study showed that the
farmers only carry out land clearing and manual tillage before planting, had never used
herbicides, and unknowingly the soil fertility status. However, a new problem was found: weed
growth was very rapid in a short time (2 days). Therefore, intensive control during one main
crop cycle is highly needed. This problem persisted during crop rotation. Unnoticed by farmers,

these activities impact the storage of the weed seed bank, and the tillage carried out, resulting
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in the weed seed bank at a certain depth of soil emerging to the soil surface. Studies on weed
identification are needed to provide information on the relationship between soil fertility on the
dominant weeds and the use of one herbicide with a recommended dose to suppress the presence
of weeds. Therefore, this study aims were: (1) informing the dominance and diversity index of
weeds due to tillage, (2) obtaining correlations of weed abundance on several soil chemical
characteristics due to tillage, (3) obtaining the effect of the ammonium glufosinate herbicide on

weed abundance in different tillage.

MATERIAL AND METHODS

This study was carried out on farmland in Padang Bulan, Medan Selayang Subdistrict,
Medan (Indonesia) (please, present latitude, longitude, altitute and soil type) with the condition
of continuous land use and a history of crop rotation for the last two years for corn, cucumber,
and cowpea as well as manual tillage using a hoe, without the use of herbicides based on
interviews with farmers. This study was conducted from March to July 2021.

This study used a non-factorial Randomized Block Design with three replications: no-
tillage, 1-time and 2-times tillage systems. The land was cleared and then plotted with the
square method of 1 m x 1 m and an interval of 2 m. Each plot was demarcated with plastic

ropes at a distance of 0.2 m (Figure 1).

L 2

L J

Y

v

v

—
NT “m T1 2m T2

Figure 1. The size of tillage plots (NT; T1; T2) with the square method. [This Figure should be

replaced by information presented directly in the text]
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Tillage was carried out by hoeing as deep as 20 cm. Meanwhile, the land was incubated
for a month and then identified for weed vegetation using the flora book and applying formulas
according to Kent (2012) such as absolute density (defined as the number of individual weed
species in the sample plot), relative density, absolute frequency (defined as the number of
sample plots containing certain species), relative frequency, importance value, and the summed

dominance ratio (SDR) as shown in equation 1-4.

The absolute density of a certain species

Relative Density (RD) = x 100 % (1)

Total absolute density of all species

The absolute frequency of a certain species

Relative Frequency (RF) =

x 100 % (2)

Total absolute frequencies of all species

Importance Value (1V) = Relative Density (RD) + Relative Frequency (RF) (3)

Relative Density (RD)+ Relative Frequency (RF) (4)
2

Summed Dominance Ratio =

Weed populations based on morphology (broadleaf, grasses, sedges) and total weeds
were calculated. The species diversity index was calculated using the Shannon-Wiener index

formula (Shannon & Weaver 1949):
L i ni
H=-2 () ()
where: H’ is the species diversity index; ni the proportion of species I; N the total number of
species; and In the natural logarithm.

The classification of the diversity index value for each tillage was conducted based on
Magurran (1988) stated that if H' < 1 (low), 1 < H' < 3 (moderate) and H' > 3 (high). Soil
samples at a depth of 0-20 cm were taken using a drill with a diagonal method on each plot.
Then it performed analysis on organic-C (Walkley & Black method) and cation exchange
capacity/CEC (ammonium acetate pH 7) using a spectrophotometer at Socfin Indonesia Inc.,

Medan (Indonesia). At first, a natural logarithm was carried out on the organic-C, CEC data,

and the total of dominant weeds as well as analyzed using the Pearson correlation.
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The ammonium glufosinate herbicide was applied on 27 April 2021 at 10.00 to all plots
of tillage (NT; T1; T2) at a dose of 150 g a.i. ha™* after a spray calibration was carried out.
Climatic data were recorded during spraying, such as temperature 28 °C, humidity 8 3%, and
air pressure 1002 hPa. Weed survival data were measured at 6 weeks after spraying (WAS).
The spraying by manual spray equipment (Solo Model) with an operating pressure and
application volume were 2 kg cm? and 202.90 L ha’. Weeds are sprayed with a height up to
60 cm. The data of weeds (broadleaf, grasses, sedges, total) and soil (organic-C, CEC) were
processed using an Anova and followed by the DMRT at p < 0.05 using IBM SPSS v.20

software.

RESULTS AND DISCUSSION

The field observations obtained 16 species (Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria mutica, Cleome rutidosperma, Cynodon
dactylon, Cyperus rotundus, Eleusine indica, Euphorbia heterophylla, Galinsoga parviflora,
Mimosa pudica, Oxalis corniculata, Pennisetum purpureum, Polanisia icosandra and
Stylochaeton lancifolius) with 6639 populations from three tillage systems (NT, T1, T2) as
presented in Figure 2. The result showed that three dynamic patterns due to tillage, such as (1)
an increase in the weed diversity due to 2-time tillage for A. conyzoides, C. dactylon and E.
heterophylla, (2) a decrease in weed diversity due to 2-time tillage for A. gangetica, A.
compressus, B. alata, C. rutidosperma and E. indica, (3) a fluctuating pattern, indicating a
decrease in weed species in 1-time tillage and then an increase in 2-time tillage or vice versa
for B. mutica, G. parviflora, M. pudica, O. corniculata, P. purpureum, P. icosandra and S.

lancifolius.
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Figure 2. Total populations of weeds due to tillage.

[Please, do not abbreviate the species names]

Tillage

NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage.
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A. compressus
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The tillage had an insignificant effect on the number of broadleaf, grasses, sedges, and
total weeds (Figure 3). However, increasing the tillage by 2-times (T2) increased the broadleaf
population and total weeds by 41.73 and 25.19 %, respectively, compared to no-tillage (NT).
Furthermore, the population of sedges weeds increased at 1-time tillage (T1) by 7.77 %
compared to NT and decreased to 6.55 % at 2-times tillage (T2). The population of grasses

weeds experienced the highest decrease in 1-time tillage (T1) of 50.71 % compared to NT.

1200 71 o 1200 1[5
S 900 - g
= s57.00ns 2 900
= 393.00 s 470.000ns (41.73%) ‘—3"
D_ .
g 600 - (0%) (19.59%) g 600 -
= = 23.33 ns
S 300 - IS 300 1 47.33ns (- 35.00 ns
(0%) 50.71%)  (-26.05%)
0 - 0 T = = .
NT T1 T2 NT T1 T2
1200 - ]
C 1200 9| D g ogne £25001S
» o 25.19%
£ 900 - 5 900 - 659 ns (10620 0
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g 00 0% g7y (655%) g 300 -
0 . . i . 0
NT T1 T2 T2

Figure 3. Weed populations based on morphology (A: broadleaf; B: grasses; C: sedges) and
total weeds (D) due to tillage (NT: no tillage; T1: 1-time tillage; T2: 2-times tillage).
The values followed by the ns (not-significant) in the graph are not significantly
different at the 5 % level based on the DMRT. The vertical line shows the standard

error.
The dominant weeds (SDR) and diversity index due to tillage are presented in Figure 4

and Table 1. In the no-tillage (NT) treatment found in five species with the highest SDR
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sequentially were C. rotundus, M. pudica, A. conyzoides, C. rutidosperma, and P. icosandra of
22.78, 13.37, 12.50, 10.90 and 10.49 %, respectively. In the 1-time tillage (T1) found in five
species with the highest SDR sequentially were C. rotundus, M. pudica, A. conyzoides, A.
gangetica, and E. heterophylla of 22.61, 16.42, 16.41, 10.87 and 9.63 %, respectively.
Moreover, in the 2-times tillage (T2) also found in five species with the highest SDR
sequentially were A. conyzoides, C. rotundus, M. pudica, E. heterophylla, and G. parviflora by
22.20, 18.76, 12.67, 11.36 and 9.90 %, respectively. The diversity index (H') due to tillage (NT,
T1, T2) were 2.261, 2.196 and 2.234 respectively, therefore it was moderate.

The tillage significantly increased cation exchange capacity (CEC) but it had insignificant
effect on soil organic-C (Figure 5). There was an increase in the CEC due to T1 and T2 by
16.56 and 13.14 %, respectively. The correlation analysis of soil organic-C and CEC on the
dominant weed population due to tillage is presented in Table 2. The results showed that only
CEC had a significant and positive correlation in increasing the E. heterophylla by 0.727, but
it was insignificant for C. rotundus and C. rutidosperma. Similarly, soil organic-C had an
insignificant effect but was positively correlated to the population of C. rotundus, A.

conyzoides, M. pudica and E. heterophylla.
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204  Figure 4. Importance value (A) and summed dominance ratio (B) of weeds due to tillage (NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage).

205 [Please, do not abbreviate the species names]



206

207

208

209

Table 1. Diversity index of weeds due to tillage (NT: no-tillage; T1: 1-time tillage; T2: 2-times

tillage; H’: species diversity index). [Please, do do not abbreviate the species names

and remove the vertical lines]

Family Weeds Species §

NT T1 T2
Asteraceae A. conyzoides 0.260 0.297 0.334
G. parviflora 0.234 0.210 0.229
Acanthaceae A. gangetica 0.226 0.190 0.104

Araceae S. lancifolius - 0.024 -
Capparaceae C. rutidosperma 0.120 0.151 0.146
Capparidaceae P. icosandra 0.186 0.089 0.107
Cyperaceae C. rotundus 0.337 0.336 0.314
Euphorbiaceae E. heterophylla 0.174 0.225 0.247
Fabaceae M. pudica 0.269 0.297 0.262
Oxalidaceae O. corniculata - - 0.072
Poaceae A. compressus 0.102 0.044 0.068
B. mutica 0.109 0.059 0.117
C. dactylon - 0.108 0.078

E. indica 0.023 - -
P. purpureum 0.194 0.165 0.157

Rubiaceae B. alata 0.024 - -
Total 2.261 2.196 2.234
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210  Figure 5. The soil organic-C (A) and cation exchange capacity (CEC) (B) properties due to

211 tillage (NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage). The values followed by
212 the different letter in the graph are significantly at the 5 % level based on the DMRT.
213 The vertical line shows the standard error. ns: not significant.

214

215  Table 2. Correlation analysis of organic-C (%) and cation exchange capacity (CEC) of the soil
216 on the dominant weed populations due to tillage. [Please, do do not abbreviate the

217 species names]

Correlation coefficient
Dominant weed species

Organic-C (%) CEC (me/1009)
C. rotundus 0.449™ 0.262™
A. conyzoides 0.132™ -0.154"
M. pudica 0.147™ -0.054"
E. heterophylla 0.127" 0.727"
G. parviflora -0.063™ -0.240™
A.gangetica -0.298™ -0.482™
P. icosandra -0.021™ -0.646"
C. rutidosperma -0.095™ 0.591"™

218  Note: Correlation is significant at the 0.05 level (2-tailed). ns: not significant.
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Changes in weed vegetation due to ammonium glufosinate application at a dose of 150
g ai ha? on different tillage (NT, T1, T2) by species are presented in Figure 6. The results
showed an increase in B. alata and B. mutica due to the ammonium glufosinate in NT and 2-
times tillage (T2). Meanwhile, others decreased, and two new weed species were found in NT,
such as Glyceria maxima and Leersia oryzoides, and one new weed species were found in T2
(G. maxima). Similarly, the 1-time tillage (T1) increased B. alata, B. mutica, and E. indica. At
the same time, other populations decreased, and four new weed species were found, namely G.

maxima, L. oryzoides, Scoparia dulcis and Anthoxanthum oculatum.
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229  Figure 6. Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 g a.i ha™ on different tillage.

230  [Please, do do not abbreviate the species names]
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Based on morphology, the effectiveness of ammonium glufosinate on the weed-type
abundance at different tillage (NT, T1, T2) is presented in Figure 7. The herbicide application
can decrease the abundance of broadleaf weeds by 82.13-84.98 % and sedges by 8.15-19.05 %.
However, there was an increase in the grasses weed abundance in T1 and T2 tillage by 167.74

and 26.67 %, respectively.
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Figure 7. The effectiveness of ammonium glufosinate on the weed-type abundance at different

tillage. (NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage).

Based on the results, there were three dynamic patterns of weed diversity due to tillage,
namely increasing, decreasing, and fluctuating patterns. The increasing weed species due to 2-
times tillage (T2) include A. conyzoides (2.82-folds), C. dactylon (41 populations), and E.
heterophylla (2.43-folds) compared to no-tillage (NT). It was caused by the seed banks of A.
conyzoides, C. dactylon, and E. heterophylla during T2 tillage were triggered the emergence to
the soil surface. Furthermore, soil fertility also supported its growth more rapidly. This was
supported by the organic-C, which was positively correlated with the presence of A. conyzoides
(0.132) and E. heterophylla (0.127). Besides, soil CEC was also significantly and positively

correlated with the presence of E. heterophylla (0.727) (Table 2). These results are similar to
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Oziegbe et al. (2010); active weed seedbanks at deeper soil depths lead to lower oxygen
availability and reduce the access to light required to support germination. In addition, Hossain
et al. (2021) that the seed bank of A. conyzoides was not found at a depth of 0-10 cm, but 10-
15 cm, and experienced an additional seed bank of 43.82 % during conventional tillage.
Horowitz (1972) reported that 88 % of C. dactylon rhizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had the second-highest abundance of 19.53 %
after Tridax procumbens in Benue State, Nigeria.

The results showed that C. rotundus had the highest SDR in NT and T1 tillage, while
A. conyzoides was dominant in T2 tillage. This was due to the presence of higher seed bank of
C. rotundus and A. conyzoides at certain depths. Therefore, when the soil is tilled, the seedbanks
trigger emergence on the soil surface. These results are similar to Hossain et al. (2021) which
reported that up to 24 % of the C. rotundus seed bank were found at a depth of 5-10 cm, while
21 % of the A. conyzoides were found between 10-15 cm. Furthermore, Santin-Montanya et al.
(2013) reported that the weed abundance, diversity, and evenness were greatly increased in the
no-tillage treatment. In this study, the results showed that the diversity index due to tillage (NT,
T1, T2) was 2.261; 2.196; and 2.234 (moderate) (Tab. 1). The decrease in diversity index due
to T1 and T2 compared to NT indicates that tillage decrease weed diversity. Mas & Verdu
(2003) reported that the highest value of the Shannon-Wiener diversity index was found in the
no-tillage treatment, while Amuri et al. (2010) suggested that no-tillage treatment contributes
to the suppression of several weed species. Sepat et al. (2017) also reported that the lowest weed
population was found in untilled beds.

The results showed that T2 tillage increased the broadleaf and total weeds. The
population of sedges weeds increased at T1, but decreased during T2 tillage. In general, only
grasses weeds decreased during T1 and T2 compared to NT, and the highest decrease was found

at T1 tillage. This is linear with the Shannon-Wiener diversity index at T1, lower than other
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tillage (Table 1). These results are supported by Murphy et al. (2006) which reported that the
weed density is only affected by tillage. Similarly, Hossain et al. (2021) said a decrease in the
seed bank of grasses weed during conventional tillage by 76.31 % at a depth of 0-5 cm
compared to the no-tillage.

Cation Exchange Capacity (CEC) was significantly and positively correlated (0.727) with
an increase in the population of E. heterophylla. The content of CEC and organic-C was also
positively correlated but had an insignificant effect on the populations of C. rotundus, C.
rutidosperma, A. conyzoides, and M. pudica. This was due to the higher content of CEC and
organic-C in T1 and T2 compared to the NT (Figure 5). When the weed seed bank at T1 and
T2 emerged to the surface and received light and soil fertility than NT, it tends to support the
growth of more weeds as indicated in the total weed population, which grows higher with
increasing tillage (Figure 3). These results are similar to Pétzold et al. (2020) which reported
that soil organic-C affects weed species variability by 8.4 %, while Gaston et al. (2001);
Nordmeyer & Héusler (2004); Korres et al. (2017) reported that organic carbon, texture, and
nutrients of soil affect the emergence of weeds. Furthermore, Dorneles et al. (2015) reported
that reduced tillage had a higher CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

There was an increase in populations of B. alata (49), B. mutica (30), and E. indica (24)
after spraying the ammonium glufosinate herbicide at a dose of 150 g ai.ha* with different
tillage (NT, T1, T2), although C. rotundus (612) was more numerous than the other weeds. In
general, four new weeds species, namely G. maxima, L. oryzoides, S. dulcis, and A. oculatum
were found in NT, T1, and T2 due to the ammonium glufosinate herbicide. Glyceria maxima is
a new weed species with the highest population in the NT, T1, and T2 tillage. Furthermore, the
increase in population and new weed species was higher in the grasses weeds (B. mutica, E.

indica, G. maxima, L. oryzoides and A. oculatum) and two new species from the broadleaf
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weeds (B. alata and S. dulcis). Therefore, the ammonium glufosinate herbicide at different
tillage decreased the abundance of broadleaf (Figure 7) compared to the grasses weeds.

Using herbicides on tillage (T1 and T2) exposed the seed bank of grasses weeds to the
soil surface to adequately obtain oxygen and light needed for growth. This is supported by
Wibawa et al. (2009), which reported that the herbicide of dose 200 g ha! significantly
suppressed broadleaf of 94.68 % compared to the grasses weeds by 59.65 % at two weeks after
spraying. Tampubolon et al. (2019) also found that the ammonium glufosinate herbicide at a
dose of 300 g ai.ha™* significantly removed 100% of the glyphosate-susceptible E. indica, while
Alridiwirsah et al. (2020) reported that the grasses was higher by 52.76 % compared to the
broadleaf and sedges weeds in guava plants. In addition, Glowacka (2011) stated that the
number of Echinochloa crus-galli (grasses weed) was more dominant with mechanical control
(18.0 populations) and herbicides (10.3 populations) in maize plants compared to other weeds
including G. parviflora, Chenopodium album, Cirsium arvense, and Polygonum lapathifolium.
Uddin et al. (2018) also added the abundance of grasses weeds was higher by 130.1 % than

broadleaf (108.5 %) and sedges (61.4 %) weeds in the rice and potato cropping pattern.

CONCLUSIONS

The 2-time tillage (T2) increased the A. conyzoides (2.81-folds), C. dactylon (41
population), and E. heterophylla (2.43-folds) compared to the no-tillage (NT). C. rotundus had
the highest SDR at NT and T1, while A. conyzoides was found in T2 tillage with a moderate
diversity index. Based on the classification, only grasses weeds decreased in T1 and T2 tillage.
Furthermore, there was a significant and positive correlation between E. heterophylla weed
with cation exchange capacity (0.727). Atotal of four new species of weeds, namely G. maxima,
L. oryzoides, S. dulcis, and A. oculatum were found on NT, T1, and T2 tillage due to the

application of ammonium glufosinate herbicide.
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Weed diversity as affected by tillage
and ammonium glufosinate herbicide'
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ABSTRACT

Farmers in Indonesia generally spray herbicides to
control weeds and use tillage during the early stages of crop
cultivation; consequently, these activities affect the weed
composition and diversity. This study aimed to evaluate the
dominance and diversity index of weeds and obtain abundance
correlations according to the soil chemical characteristics, as
well as the effect of the ammonium glufosinate herbicide, in
different tillage systems. A non-factorial randomized block
design was used, consisting of no-tillage (NT), 1-time tillage
(T1) and 2-times tillage (T2), with three replications. The
Cyperus rotundus and Ageratum conyzoides weed species
were dominant in the tillages. The diversity indices were 2.261,
2.196 and 2.234 (moderate/stable condition), respectively for
the NT, T1 and T2. For T2, there were increases of 2.82-folds,
41 populations and 2.43-folds, respectively for A. conyzoides,
Cynodon dactylon and Euphorbia heterophylla, when compared
to NT, while a decrease was observed in grasses for T1 and
T2 (50.71 and 26.05 %, respectively). Moreover, there was a
positive and significant correlation for E. heterophylla according
to the soil cation exchange capacity (0.727). In contrast, four
new weed species (Glyceria maxima, Leersia oryzoides,
Scoparia dulcis and Anthoxanthum oculatum) were found
due to the ammonium glufosinate application, in the different
tillage systems.

RESUMO

Diversidade de plantas daninhas em fungao do preparo
do solo e da aplicagdo do herbicida glufosinato de aménio

Na Indonésia, os agricultores geralmente pulverizam
herbicidas para controlar plantas daninhas e revolvem o solo durante as
fases iniciais de cultivo; consequentemente, essas atividades afetam a
composicao e a diversidade das plantas daninhas. Objetivou-se avaliar
a dominancia e o indice de diversidade de plantas daninhas e obter
correlagdes de abundéncia considerando-se as caracteristicas quimicas
do solo, bem como o efeito do herbicida glufosinato de aménio, em
diferentes sistemas de preparo do solo. Utilizou-se delineamento
nao-fatorial em blocos casualizados, consistindo de nao revolvimento
(NR), um revolvimento (R1) e dois revolvimentos (R2) do solo,
com trés repeti¢oes. As espécies Cyperus rotundus e Ageratum
conyzoides foram dominantes nos revolvimentos. Os indices de
diversidade foram de 2,261; 2,196; e 2,234 (condi¢do moderada/
estavel), respectivamente para o NR, R1 e R2. Para o R2, houve
aumento de 2,82 vezes, 41 populagdes e 2,43 vezes, respectivamente
para A. conyzoides, Cynodon dactylon e Euphorbia heterophylla, em
comparag¢do com o NR, enquanto uma diminuigao foi observada nas
gramineas para R1 e R2 (50,71 e 26,05 %, respectivamente). Além
disso, houve correlagdo positiva e significativa para E. heterophylla
em fungdo da capacidade de troca cationica do solo (0,727). Em
contraste, foram encontradas quatro novas espécies de planta
daninha (Glyceria maxima, Leersia oryzoides, Scoparia dulcis e
Anthoxanthum oculatum) em resposta a aplicacdo de glufosinato de
amonio, nos diferentes sistemas de preparo.

KEYWORDS: Grasses, broadleaf weeds, sedges, weed
abundance.

INTRODUCTION

Uncontrolled weeds on farmlands reduce yield
up to 80 % (Cousens & Mortimer 1995). Therefore,

PALAVRAS-CHAVE: Gramineas daninhas, plantas daninhas de
folhas largas, ciperaceas, abundancia de plantas daninhas.

sustainable agricultural practices affect its abundance
and density. The weed abundance in the farmland
is influenced by several factors, such as seed bank
buried in the soil (Norris 2007), environmental factors
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(Fried et al. 2008, Pinke et al. 2012), availability of
nutrients and fertilization (Murphy & Lemerle 2006,
Cheimona et al. 2016), tillage and crop rotation
(Ulber et al. 2009, Nichols et al. 2015), and weed
control using herbicides (Derksen et al. 1995).
Farmers in Indonesia generally spray
herbicides to control weeds and use tillage during
the early stages of crop cultivation; consequently,
these activities affect the weed composition and
diversity. Menalled et al. (2001) showed that different
agricultural management systems significantly
affect weed abundance, diversity and consistency
in the short and long term (6 years). Meanwhile,
Derksen et al. (1995) reported that the germination
of Synapsis avensis and Brassica napus weeds after
spraying with herbicides was higher in the no-tillage,
but there was a reduction in total weeds. Thomas et
al. (2004) also reported that perennial weed species
such as Cirsium arvense and Sonchus arvensis were
reduced by tillage and no-tillage (100 and 28.21 %,
respectively), while annual weeds were found in
various tillage treatments. In addition, Trichard et al.
(2013) stated that tillage favors the weed seed bank
germination and causes the extinction of other seeds.
On the other hand, different soil fertility levels
in the planted area also affect the weed diversity
(Yin et al. 2006). Fonge et al. (2013) reported that
weed diversity is affected by soil organic-C content,
nitrogen, calcium and cation exchange capacity. Tang
et al. (2014a) added that phosphorus + potassium
(PK) fertilization increases the density of Galium
aparine, Vicia sativa, Veronica persica and Geranium
carolinianum, when compared to nitrogen +
phosphorus (NP). Furthermore, Forcella et al. (2000)
stated that the soil N concentration plays an important
role in ending dormancy by removing germination
constraints and stimulating seedling emergence.
Tang et al. (2014b) reported that soil available-P is
the primary nutrient, regulating the composition of
weed species and diversity, followed by N and K.
The knowledge of farmers on the relationship
between tillage and soil fertility status with weed
diversity is relatively poor. Interviews conducted
in this study showed that the farmers only carry out
land clearing and manual tillage before planting,
had never used herbicides, and unknowingly the soil
fertility status. However, a new problem was found:
weed growth was very fast in a short time (2 days).
Therefore, intensive control during one main crop
cycle is highly needed. This problem persisted during

crop rotation. Unnoticed by farmers, these activities
impact the storage of the weed seed bank and the
tillage carried out, resulting in the weed seed bank
at a certain depth of soil emerging to the soil surface.

Studies on weed identification are needed to
provide information on the relationship between soil
fertility on the dominant weeds and the use of one
herbicide with a recommended dose to suppress the
presence of weeds. Therefore, this study aimed to
evaluate the dominance and diversity index of weeds
and obtain correlations of weed abundance on soil
chemical characteristics, as well as the effect of the
ammonium glufosinate herbicide on weed abundance,
in different tillage systems.

MATERIAL AND METHODS

This study was carried out on farmland in
Padang Bulan, Medan Selayang subdistrict, Medan,
Indonesia (3°33.753’N, 98°38.890’E and altitude of
15 m a.s.l.), from March to July 2021, in Inceptisols
(GMCG 2022). This is an area with continuous land
use and a history of crop rotation for the last two years
with corn, cucumber and cowpea, as well as manual
tillage using hoe, without the use of herbicides, based
on interviews with farmers.

A non-factorial randomized block design,
with three replications, was used: no-tillage, 1-time
tillage and 2-times tillage. The land was cleared and
then plotted with the square method of 1 m x 1 m
and spacing of 2 m between plots. Each plot was
demarcated with plastic ropes with a distance of
0.2 m between rows.

Tillage was carried out by hoeing as deep as
20 cm. Meanwhile, the land was incubated for a
month and then identified for weed vegetation using
the flora book and applying formulas according to
Kent (2012), such as absolute density (number of
individual weed species in the sample plot), relative
density [(absolute density of a certain species)/(total
absolute density of all species) x 100 %], absolute
frequency (number of sample plots containing certain
species), relative frequency [(absolute frequency
of a certain species)/(total absolute frequencies of
all species) x 100 %], importance value (relative
density + relative frequency) and summed dominance
ratio [(relative density + relative frequency)/2].

The weed populations based on morphology
(broadleaf, grasses and sedges) and total weeds were
also calculated. The species diversity index was
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calculated using the Shannon-Wiener index formula
(Shannon & Weaver 1949):

, 0 ni ni
H —HEI (W) (ln W)

where: H’ is the species diversity index; ni the
proportion of species /; N the total number of species;
and In the natural logarithm.

The classification of the diversity index value
for each tillage was conducted based on Magurran
(1988), who stated that it is low if H’ < 1, moderate if
1 <H’<3and high if H’> 3. Soil samples at a depth
of 0-20 cm were taken using a drill, with a diagonal
method on each plot. Then, analysis was performed
on organic-C (Walkley & Black method) and cation
exchange capacity - CEC (ammonium acetate pH 7),
using a spectrophotometer (Socfin Indonesia Inc.,
Medan, Indonesia). At first, a natural logarithm was
carried out on the organic-C, CEC data and total
of dominant weeds, as well as using the Pearson’s
correlation.

The ammonium glufosinate herbicide was
applied on Apr. 27 (2021) at 10.00 a.m. to the plots
of all tillage systems [no-tillage (NT), 1-time tillage
(T1) and 2-times tillage (T2)], at a dose of 150 g
a.i. ha'!, after a spray calibration was carried out.
The climatic data were recorded during spraying
(temperature of 28 °C, humidity of 83 % and air
pressure of 1,002 hPa). The weed survival data were
measured at 6 weeks after spraying. The spraying
was carried out using a manual spray equipment
(Solo Model) with operating pressure and application
volume of 2 kg cm? and 202.90 L ha', respetively.
Weeds with height up to 60 cm were sprayed. The

800 -

707

600

400 1

Total populations

200 A

Tillage

data of weeds (broadleaf, grasses, sedges and total)
and soil (organic-C and CEC) were processed with
Anova, followed by DMRT at p <0.05 using the IBM
SPSS v.20 software.

RESULTS AND DISCUSSION

The field observations obtained 16 species
(Ageratum conyzoides, Asystasia gangetica,
Axonopus compressus, Borreria alata, Brachiaria
mutica, Cleome rutidosperma, Cynodon dactylon,
Cyperus rotundus, Eleusine indica, Euphorbia
heterophylla, Galinsoga parviflora, Mimosa
pudica, Oxalis corniculata, Pennisetum purpureum,
Polanisia icosandra and Stylochaeton lancifolius),
with 6,639 populations from three tillage systems
(NT, T1 and T2) (Figure 1). The results showed that
three dynamic patterns due to tillage, such as an
increase in the weed diversity due to 2-times tillage
for A. conyzoides, C. dactylon and E. heterophylla; a
decrease in weed diversity due to 2-times tillage for
A. gangetica, A. compressus, B. alata, C. rutidosperma
and E. indica; and a fluctuating pattern, indicating a
decrease in weed species in the 1-time tillage and then
an increase in the 2-times tillage, or vice versa, for
B. mutica, G. parviflora, M. pudica, O. corniculata,
P. purpureum, P. icosandra and S. lancifolius.

The tillage had an insignificant effect on the
number of broadleaf, grasses, sedges and total weeds
(Figure 2). However, the increasing of tillage by
2-times (T2) also increased the broadleaf population
and total weeds by 41.73 and 25.19 %, respectively,
when compared to no-tillage (NT). Furthermore,
the population of sedges increased at 1-time tillage

B Ageratum conyzoides

B Asystasia gangetica
Axonopus compressus

® Borreria alata

B Brachiaria mutica
Cleome rutidosperma

® Cynodon dactylon

u Cyperus rotundus

B Eleusine indica

B Euphorbia heterophylla

B Galinsoga parviflora

B Mimosa pudica

B Oxalis corniculata

B Pennisetum purpureum

B Polanisia icosandra

u Stylochaeton lancifolius

741
699

Figure 1. Total populations of weeds due to tillage (NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage).
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Figure 2. Weed populations based on morphology (A: broadleaf; B: grasses; C: sedges) and total weeds (D) due to tillage (NT: no
tillage; T1: 1-time tillage; T2: 2-times tillage). Values followed by “ns” are not significantly different at the 5 % level,
based on the DMRT. The vertical line shows the standard error.

(T1) by 7.77 %, if compared to NT, and decreased
to 6.55 % at 2-times tillage (T2). The population of
grasses experienced the highest decrease in the 1-time
tillage (T1) of 50.71 %, when compared to NT.

The summed dominance ratio (SDR) and
diversity index due to tillage are presented in Figure 3
and Table 1. In the no-tillage (NT) treatment, five
species with the highest SDR were sequentially
found (C. rotundus, M. pudica, A. conyzoides,
C. rutidosperma and P. icosandra), with 22.78,
13.37,12.50, 10.90 and 10.49 %, respectively. For the
1-time tillage (T1), five species with the highest SDR
were sequentially found (C. rotundus, M. pudica,
A. conyzoides, A. gangetica and E. heterophylla),
with 22.61, 16.42, 16.41, 10.87 and 9.63 %,
respectively. Moreover, in the 2-times tillage
(T2), five species with the highest SDR were also
sequentially found (4. conyzoides, C. rotundus,
M. pudica, E. heterophylla and G. parviflora), with
22.20, 18.76, 12.67, 11.36 and 9.90 %, respectively.
The diversity index (H”) due to tillage (NT, T1 and
T2) were 2.261, 2.196 and 2.234, respectively;
therefore, it was moderate.

The tillage significantly increased the cation
exchange capacity (CEC), but it had an insignificant

effect on the soil organic-C (Figure 4). There was
an increase in the CEC due to T1 and T2 by 16.56
and 13.14 %, respectively. The correlation analysis
of soil organic-C and CEC on the dominant weed
population due to tillage is presented in Table 2. The
results showed that only CEC had a significant and
positive correlation in increasing E. heterophylla by
0.727, but it was insignificant for C. rotundus and
C. rutidosperma. Similarly, the soil organic-C had
an insignificant effect, but was positively correlated
to the populations of C. rotundus, A. conyzoides,
M. pudica and E. heterophylla.

Changes in weed vegetation due to ammonium
glufosinate application at a dose of 150 g a.i. ha'
on different tillage systems (NT, T1 and T2) by
species are presented in Figure 5. The results showed
an increase for B. alata and B. mutica due to the
ammonium glufosinate in the NT and 2-times
tillage (T2). Meanwhile, others decreased, and two
new weed species were found in the NT (Glyceria
maxima and Leersia oryzoides) and one new weed
species was found in the T2 (G. maxima). Similarly,
the 1-time tillage (T1) increased B. alata, B. mutica
and E. indica. At the same time, other populations
decreased, and four new weed species were found:
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Figure 3. Importance value (A) and summed dominance ratio (B) of weeds due to tillage (NT: no-tillage; T1: 1-time tillage; T2:

2-times tillage).

Table 1. Diversity index of weeds due to tillage (NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage; H’: species diversity index).

. . H’
Family Weeds species NT T1 ™

Asteraceae Ageratum conyzoides 0.260 0.297 0.334
Galinsoga parviflora 0.234 0.210 0.229
Acanthaceae Asystasia gangetica 0.226 0.190 0.104

Araceae Stylochaeton lancifolius - 0.024 -
Capparaceae Cleome rutidosperma 0.120 0.151 0.146
Capparidaceae Polanisia icosandra 0.186 0.089 0.107
Cyperaceae Cyperus rotundus 0.337 0.336 0.314
Euphorbiaceae Euphorbia heterophylla 0.174 0.225 0.247
Fabaceae Mimosa pudica 0.269 0.297 0.262
Oxalidaceae Oxalis corniculata - - 0.072
Axonopus compressus 0.102 0.044 0.068
Brachiaria mutica 0.109 0.059 0.117
Poaceae Cynodon dactylon - 0.108 0.078

Eleusine indica 0.023 - -
Pennisetum purpureum 0.194 0.165 0.157

Rubiaceae Borreria alata 0.024 - -
Total 2.261 2.196 2.234

G. maxima, L. oryzoides, Scoparia dulcis and

Anthoxanthum oculatum.

Based on morphology, the effectiveness of
ammonium glufosinate on the weed-type abundance

at different tillage systems (NT, T1 and T2) is

presented in Figure 6. The herbicide application can

decrease the abundance of broadleaf weeds by 82.13-
84.98 % and sedges by 8.15-19.05 %. However, there
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Figure 5. Changes in weed vegetation due to ammonium glufosinate application at a dose of 150 g a.i. ha'! on different tillage systems

(NT: no-tillage; T1: 1-time tillage; T2: 2-times tillage).

Table 2. Correlation analysis of soil organic-C (%) and cation
exchange capacity (CEC) on the dominant weed
populations due to tillage.

Correlation coefficient
Organic-C (%) CEC (me 100 g™)

Dominant weed species

Cyperus rotundus 0.449 0.262"
Ageratum conyzoides 0.132 -0.154x
Mimosa pudica 0.147" -0.054m
Euphorbia heterophylla 0.127" 0.727%*
Galinsoga parviflora -0.063m -0.240m
Asystasia gangetica -0.298™ -0.482"
Polanisia icosandra -0.021m -0.646™
Cleome rutidosperma -0.095m 0.591

* Correlation is significant at the 0.05 level (2-tailed). ™ not significant.

was an increase in the grass weeds abundance in the

T1 and T2 by 167.74 and 26.67 %, respectively.
Based on the results, there were three dynamic

patterns of weed diversity due to tillage, namely
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200 - g T
3
g 100
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Figure 6. Effectiveness of ammonium glufosinate on the weed-
type abundance at different tillage systems (NT: no-
tillage; T1: 1-time tillage; T2: 2-times tillage).

increasing, decreasing and fluctuating patterns. The
increasing weed species due to 2-times tillage (T2)
include A4. conyzoides (2.82-folds), C. dactylon
(41 populations) and E. heterophylla (2.43-folds),
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when compared to no-tillage (NT). It was caused
by the seed banks of A. conyzoides, C. dactylon
and E. heterophylla during T2, which triggered the
emergence to the soil surface. Furthermore, the soil
fertility also supported its growth faster. This was
supported by the organic-C, which was positively
correlated with the presence of A. conyzoides (0.132)
and E. heterophylla (0.127). Besides, the soil CEC
was also significantly and positively correlated with
the presence of E. heterophylla (0.727) (Table 2).
These results are similar to those by Oziegbe et al.
(2010), who observed that active weed seed banks at
deeper soil depths lead to lower oxygen availability
and reduce the access to the light required to support
germination. In addition, Hossain et al. (2021) found
that the seed bank of 4. conyzoides was not found at a
depth of 0-10 cm, but at 10-15 cm, and experienced an
additional seed bank of 43.82 % during conventional
tillage. Horowitz (1972) reported that 88 % of
C. dactylon thizomes were found at a depth of 30 cm.
Ekeleme et al. (2019) added that E. heterophylla had
the second-highest abundance (19.53 %) after Tridax
procumbens in Benue state, Nigeria.

The results showed that C. rotundus had the
highest SDR in the NT and T1, while 4. conyzoides
was dominant in T2. This was due to the presence of
higher seed banks of C. rotundus and A. conyzoides at
certain depths. Therefore, when the soil is tilled, the
seed banks trigger emergence on the soil surface. These
results are similar to those by Hossain et al. (2021),
who reported that up to 24 % of the C. rotundus seed
bank were found at a depth of 5-10 cm, while 21 % of
the A. conyzoides were found between 10 and 15 cm.
Furthermore, Santin-Montanya et al. (2013) reported
that the weed abundance, diversity and evenness were
greatly increased in the no-tillage treatment. In this
study, the results showed that the diversity index due
to tillage (NT, T1 and T2) was, respectively, 2.261,
2.196 and 2.234 (moderate) (Table 1). The decrease in
diversity index due to T1 and T2, when compared to
NT, indicates that tillage decreases the weed diversity.
Mas & Verda (2003) reported that the highest value
for the Shannon-Wiener diversity index was found
in the no-tillage treatment, while Amuri et al. (2010)
suggested that the no-tillage treatment contributes to
the suppression of several weed species. Sepat et al.
(2017) also reported that the lowest weed population
was found in untilled beds.

The results showed that T2 increased the
broadleaf and total weeds. The population of sedges

increased at T1, but decreased during T2. In general,
only grasses decreased during T1 and T2, in relation
to NT, and the highest decrease was found at T1. This
is linear with the Shannon-Wiener diversity index
at T1, lower than other tillage systems (Table 1).
These results are supported by Murphy et al. (2006),
who reported that the weed density is only affected
by tillage. Similarly, Hossain et al. (2021) observed
a decrease in the seed bank of grasses during
conventional tillage by 76.31 %, at a depth of 0-5 cm,
if compared to no-tillage.

The cation exchange capacity (CEC) was
significantly and positively correlated (0.727), with
an increase in the population of E. heterophylla.
The contents of CEC and organic-C were also
positively correlated, but had an insignificant effect
on the populations of C. rotundus, C. rutidosperma,
A. conyzoides and M. pudica. This was due to the
higher content of CEC and organic-C in T1 and T2, in
relation to NT (Figure 4). When the weed seed bank
at T1 and T2 emerged to the surface and received
more light and soil fertility than the NT, it tended to
support the growth of more weeds, as indicated in
the total weed population, which grows higher with
increasing tillage (Figure 2). These results are similar
to those by Pétzold et al. (2020), who reported that
soil organic-C affects weed species variability by
8.4 %; while Gaston et al. (2001), Nordmeyer &
Hausler (2004) and Korres et al. (2017) reported that
soil organic carbon, texture and nutrients affect the
emergence of weeds. Furthermore, Dorneles et al.
(2015) reported that the reduced tillage had a higher
CEC than the no-tillage at 0-5 cm and 5-10 cm depths.

There was an increase in the populations of
B. alata (49), B. mutica (30) and E. indica (24) after
spraying the ammonium glufosinate herbicide at a
dose of 150 g a.i. ha! with different tillage systems
(NT, T1 and T2), although C. rotundus (612) was
more numerous than the other weeds. Four new
weed species, namely G. maxima, L. oryzoides,
S. dulcis and A. oculatum, were found in NT, T1
and T2 due to the ammonium glufosinate herbicide.
Glyceria maxima is a new weed species with the
highest population in the NT, T1 and T2 tillage
systems. Furthermore, the increase in population
and new weed species was higher in the grasses
(B. mutica, E. indica, G. maxima, L. oryzoides
and 4. oculatum) and two new species from the
broadleaf weeds (B. alata and S. dulcis). Therefore,
the ammonium glufosinate herbicide at different
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tillages decreased the abundance of broadleaf weeds
(Figure 6), in relation to the grasses.

Using herbicides on tillage (T1 and T2)
exposed the seed bank of grasses to the soil surface
to adequately obtain oxygen and light needed for
growth. This is supported by Wibawa et al. (2009),
who reported that the herbicide at a dose of 200 g ha™!
significantly suppressed broadleaf weeds by 94.68 %,
when compared to grasses (59.65 %), at two weeks
after spraying. Tampubolon et al. (2019) also found
that the ammonium glufosinate herbicide at a dose
of 300 g a.i. ha'! significantly removed 100 % of the
glyphosate-susceptible E. indica, while Alridiwirsah
et al. (2020) reported that the grasses were 52.76 %
higher, if compared to broadleaf and sedges in guava
plants. In addition, Gtowacka (2011) stated that
the number of Echinochloa crus-galli (grasses)
was more dominant with mechanical control (18.0
populations) and herbicides (10.3 populations)
in maize plants, when compared to other weeds,
including G. parviflora, Chenopodium album,
Cirsium arvense and Polygonum lapathifolium.
Uddin et al. (2018) also added that the abundance
of grasses was 130.1 % higher than broadleaf weeds
(108.5 %) and sedges (61.4 %), in the rice and potato
cropping pattern.

Based on these findings, it is recommended to
spray ammonium glufosinate during land clearing to
decrease the broadleaf and sedge weeds abundance,
and then apply 1-time tillage (T1) to decrease the
population of grass weeds.

CONCLUSIONS

1. The 2-times tillage (T2) system increased the
Ageratum conyzoides (2.81-folds), Cynodon
dactylon (41 population) and Euphorbia
heterophylla (2.43-folds) populations, when
compared to the no-tillage (NT) system;

2. Cyperus rotundus had the highest summed
dominance ratio at NT and 1-time tillage (T1),
while A. conyzoides was found in T2 with a
moderate diversity index;

3. Based on the classification, only grasses decreased in
T1 and T2. Furthermore, there was a significant and
positive correlation between E. heterophylla and
cation exchange capacity (0.727);

4. A total of four new weed species, namely Glyceria
maxima, Leersia oryzoides, Scoparia dulcis and
Anthoxanthum oculatum, were found for NT, T1

and T2, due to the application of the ammonium
glufosinate herbicide.
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