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Purpose. In our experiment, effect of weed technologies on chickpeas (Cicer arietium L.) was set up in
2018 and 2019 at the Szeged-Othalom experimental area. Methods. In the first year we applied mechanical
weed control in addition to pre-emergence herbicide (May 19, 2018) and 6-8 leaf chickpeas (June 20, 2018)
in addition to post-emergence herbicide treatments. The year 2019 was different in that after the pre-
emergence treatment (April 10, 2019), the post-emergence treatment of chickpeas with 6-8 leaf condition
(May 15, 2019) was repeated in the budding state (June 18, 2019). The yield components one way analysis of
variance was prepared using SPSS 22 software and graphic representation of the development of the plants
was carried out Svab's cumulative yield analysis. Results. The effect of the treatments of 2018 and 2019 on
the yield elements of chickpeas can be illustrated graphically in Figure 1 and Figure 2. For both years, the data
are from plots of the ‘Reale’ variety, where the 100% level is made up of the yield elements of the weed-free
plots, and the yield elements of the other treatments are compared to this. Figure 1 shows that the number of
shoots per unit area (1 m?) of weed-free plots that did not control weeds was 15%, the number of pods 45%,
the number of seeds 58% and the weight of seeds 49% less than the weed-free control plots the same crop
elements. Weeds were also significantly present in the plots treated only with pre-emergence treatment in the
second half of the growing season, so the number of shoots per unit area was 3 %, the number of pods 23 %,
the number of seeds 34% and the seed weight 35 % lower, as on weed-free plots. In the case of herbicide
treatments, the decrease in yield elements was much smaller: the number of plants per unit area by 1%, the
number of shoots by 3-10%, the number of pods by 5-12%, the number of seeds by 13-18%, the seed weight
was by 1-5% less than on mechanically weed-controlled plots. Conclusions. Our two-year weed survey
results show that the later sowing time of chickpeas favored warm-loving weeds. This is in complete
agreement with the opinion of Nagy (2017), who found that sowing time determines the predominant weed
species in a given area. At the same time, the statement of Kurnik (1970) was not confirmed, since in our
experiment we proved in the case of ‘Reale’ cultivar that the later sowing stock in 2018 gave higher yields
than the plots with earlier sowing time in 2019. The changing weather caused by climate change makes the
site characteristics of the given period much more unpredictable, so the yield is determined much more by the
field factors developed during the growing season than by the calendar period.

Kamwouosi caoea: Chickpeas; variety; yield; nutrient level; seeding rate.

Introduction

Chickpeas are one of the oldest known and cultivated plants in Hungary [1]. Southeast Asia is
considered to be its homeland (ancestral home), dating back to 3000-4000 BC. According to the findings,
it was also cultivated and consumed by the ancient Hungarians. Until the 18th century, it was common in
Hungarian gastronomy: its flour was baked into noodles and its seeds roasted as coffee substitutes. It was
later forgotten about its cultivation and consumption, too [2]. Nowadays, with the spread of the reform
diet, it is becoming popular again. In 2018, only 272 ha were cultivated in Hungary, but statistics show
that market demand and cultivation will continue to grow [3]. A valuable feature is the extreme drought
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tolerance and collection of nitrogen using Mesorhizobium bacteria [4]. It can be successfully grown under
harsh conditions without irrigation, which is of increasing importance with climate change [5, 6].

In traditional cultivation, the weed control of chickpeas is mainly mechanical. Due to the increased
labor shortage, chemical weed control has come to the forefront mainly for economic reasons [7], and
other alternative weed control methods are being explored. In order to prevent the possible emergence of
herbicide resistance through the use of pesticides and the replacement of synthetic herbicides, more and
more alternatives have been adopted. Waqas et al. (2016) in Saudi Arabia, he used mulch as a weed
control tool (black, white plastic foil, sawdust, wheat straw) and compared their effect with preemergence
herbicides [8]. Did the same Khan et al. (2011, 2017, and 2018) in Pakistan, combined with mugwort and
eucalyptus herb extracts to exploit the allelopathy effect. Their results show that, while covering mulch
techniques with black plastic foil has yielded promising yield results, overall it currently offers a more
expensive solution than herbicide choices. Among the plant essences, the efficacy of eucalyptus treatment
was outstanding [9-11].

Chickpeas have a low weed-suppressing capacity during the early stages of development. Providing the
conditions necessary for good germination, rapid, uniform emergence and growth with each of the
agrotechnical elements can reduce the habitat of weeds [12]. Chickpeas are the largest crop after wheat,
so they are usually sown between two cereals. After self-cultivation is not recommended. Other forecrops
can be poppy, canola, linseed, hemp. Sunflower should be avoided due to self-sown, and sorghum should
be a potential herbicide residue and late harvest [1]. Consideration should be given to the herbicide used
in the cultivation of the forecrop. Herbicides containing mesotrione, isoxaflutole or aminopyralid cannot
be sown as a leguminous plant, as phytotoxic symptoms may occur in emergent cotyledonous culture [13].
Soil cultivation is an important element of agrotechnical weed control [14]. Plowing and stubble
cultivation can greatly reduce the seedling weeds and root weeds in the area. However, with the spread of
shallow cultivation, an increased spread of Cirsium arvense or Convulvulus arvensis is expected [13]. The
sowing time is determined by the soil temperature, which in Hungary is from the beginning of March to
the beginning of April. By extending sowing time, weed control work can be reduced, but at the same time,
chick peas sown from mid-April lead to a decline in yield [15].

At the beginning of the development of chickpeas, it has a weak weed-suppressing ability, its two
critical periods can be attributed to 20-25 days after emergence and the entire flowering period [16]. The
rare, not well-closing stock can later become weeded, in which case the yield can fall by as much as half.
The resulting yield loss can be as high as 40-87% [7]. In addition, Waqas et al. (2016) show that weed
infestation has a significant effect on the growth and yield of chickpeas, and yield surplus can only be
successful by coordinating weeds [8]. The Hungarian practice mentions the use of herbicides applied to
the seedbed [1, 17]. Following drug withdrawals, the range of active substances that can be used has now
been significantly narrowed: s-metolachlor is currently the only authorized preemergent herbicide. The
use of a preemergent herbicide alone may not be satisfactory in all cases, as Muhhamad et al. (2011)
supports found that the use of preemergent herbicides increased yields by 12-14% and postemergent
herbicides by 6-23% [18]. The main advantage of post-emergence (post) agents is that they act
specifically against the weeds present, at an appropriate phenological stage [14]. However, their use in
chickpeas can only be done with occasional permission. Therefore, Plew et al. (1994) and Khope et al.
(2011) used fodder peas and soy herbicides in chickpeas at the dose specified in the license [7, 19].
Nadasdyné (2015) studied the effect of double dose in feed peas using Afalon Dispersion, Sencor and
Stomp, at which time phytotoxic symptoms appeared and the tendency of peas to germinate and grow
decreased. In the case of linuron and metribuzin herbicides, the humus content was also an exclusion
factor: below 1.5%, the product easily washed into the root zone of peas. When clomazone was applied,
transient yellowing, whitening spots appeared on the leaf [20]. Transient phytotoxic symptoms appeared
in Goud et al. (2013) in chickpea experiments: on day 35 after imazetapir and quizalofop-P-ethyl
treatments, minimal damage became visible that the plant grew over time [21]. Taran et al. (2013)
experienced more severe symptoms: decreased yield, leaf necrosis, eye injury with metribuzin herbicide;
and imazetapir and imazamox produced dwarfism and chlorosis [22]. However, they found that the extent
of injury was greatly influenced by environmental factors and variety choice. The same was experienced
by Khan et al. (2011) treatment with imazetapyr, where plants were bushy, and leaves remained dwarfs.
This developmental disorder later manifested itself in crop formation [9].

Comparing the available agents, both preemergence and postemergence can be applied in their
herbicide experiments Ratnam et al. (2011), Waqas et al. (2016), and Merga et al. (2019) found a
maxiumum herbicidal effect at Stomp, emphasizing that it does not cause visible damage to plants [5, 8,
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23]. At the same time, Soudhia (2012) draws attention to the residues found in herbicides with
pendimethalin, which, according to his observations, can be detected in low-dose residues in soil, crops,
grain yields, and chickpea straw [24].

Material and method

Our experiment was set up in 2018 and 2019 at the Szeged-Othalom experimental site of the Plant
Production Independent Research Department of the National Agricultural Research and Innovation
Center. Soil characteristics of the experiment: meadow chernozem soil, humus content 2.8-3.2%, pH 7.9.
Based on the Arany-type plasticity index (KA = 42); a medium nitrogen content (24.0 mg/kg), a good
phosphorus content (248 mg/kg) and a potassium content (209 mg/kg).

The forecrop of the experimental plots was winter wheat in both years. Organic fertilizer application
has not been possible for the last 5 years, as a basic fertilizer (Nitrogen, Phosphorus, Potassium) we
applied 200 kg of complex fertilizer (active substance: Nitrogen 8%; Phosphorus 24%, Potassium 24%,
and Sulphur 3%) in the autumn. Sowing dates were May 12, 2018 and April 9, 2019. In 2018, ‘Reale’
variety, in 2019 ‘Reale’ and ‘Bori’ varieties were planted with 36 cm row spacing, 5 cm seeding depth,
500,000 thousand germ/ha germination in 4 replications, 10m2 area, plots a random block design. The
treatments of the plots are shown in Table 1. In the first year we applied mechanical weed control in
addition to pre-emergence herbicide (May 19, 2018) and 6-8 leaf chickpeas (June 20, 2018) in addition to
post-emergence herbicide treatments. The year 2019 was different in that after the pre-emergence
treatment (April 10, 2019), the post-emergence treatment of chickpeas with 6-8 leaf condition (May 15,
2019) was repeated in the budding state (June 18, 2019).

Table 1
Treatments used in the experiment

Phenological status Phenological status of

Treat- Dose

Pesticides Active substance of chickpeasin 2018 chickpeas in 2019
ments (1/ha)
treatments treatments
1 Weed-free _ - _ _
control
2 Weed control - - - -
3 Stomp Super pendimetalin 4.5 preemergence preemergence
Basagran 6-8 leaf,
4 480 SL bentazon 2 6-8 leaf budding state
Stomp Super pendimetalin 4.5 preemergence,
+ preemergence,
5 + + 6-8 leaf,
Basagran bentazon 2 6-8 leaf budding state
480 SL &
imazamox and 6-8 leaf,
6 Corum bentazon 1.25 6-8 leaf budding state
. 6-8 leaf,
7 Pulsar 40 SL imazamox 1 6-8 leaf budding state
imazamox and
Corum bentazon + 1.25 6-8 leaf,
8 + . . + 6-8 leaf .
metiolelat and budding state
Dash HC . . 0.5
metilpalmitat

Precipitation data for the experimental years are shown in Table 2. Both the winter period of 2018 and
2019 were poor in precipitation, so spring precipitation first had to make up for the lack of moisture in the
soil. In 2019, soil temperature allowed us to sow a month earlier than a year earlier.

Weed surveys were performed on the day of herbicide treatments and one week thereafter, as well as
before harvest. Thus, in 2018, weed surveys were conducted on 19 May, 25 May, 20 June, 27 June, and 10
September. In 2019, we carried out weed surveys using the Balazs-Ujvaros method on 10 April, 17 April,
15 May, 22 June, 18 June and 13 August.

In order to exactly assess the effect of the applied weed control technologies on the development of the
plants, plant samples were taken from the 1 m2 part of the plots before harvest and processed by crop
analysis. During processing in the number of plants per unit area, the number of plant sprouts, the
number of legumes, the number of seeds, and the weight of the seeds were determined. The yield
components one way analysis of variance was prepared using SPSS 22 software and graphic
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representation of the development of the plants was carried out Svab's cumulative yield analysis [25-27].
In the Svab’s cumulative yield analysis, we refer to the value of each yield-determining component per
unit area, and their order follows the development periods of the plant. The yield components are the end
products of each developmental stage of the plant, which well characterize the environmental effects in
the given and previous developmental stages. Due to the irreplaceability of yield components, the
cumulative yield analysis allows us to see a development process through the cumulative yield analysis,
from which it can be deduced the direction and extent of the effect of the agrotechnical or ecological
element, from which the yield is ultimately formed.

Table 2
Rainfall (mm) for the two growing seasons examined
Month Year 2018 Year 2019

March 82.6 2

April 33.1 55.5

May 31.3 136.5

June 166.7 134.7

July 36 26

August 37.2 30

September 7.5 40

Results and discussions

Table 3 illustrates the weed conditions of the weed control plots at the time of the 2018 surveys. It can
be seen from the table that of the 19 weed species in the area, there was only one that germinated in
cooler weather (Sinapis arvensis), the other warm-loving plants, mostly seedlings, were dicotyledonous
plant. For the first two weed surveys, hardly any weeds appeared in the area. For the third survey,
summer, warm-loving weeds appeared due to heavy rainfall in the summer, reaching a total coverage of
34.4%. The weed cover of the area continued to increase, so we were able to register almost 80% weed
cover for the harvest in early September. Overall, the highest proportions are Hibiscus trionum, Portulaca
oleracea, Solanum nigrum, Chenopodium album, Chenopodium hybridum and Convolvulus arvensis
produced with the highest proportion in the experimental area.

Table 3
Weed cover of weed control plots in 2018
BAYER Weed cover, %
Weed
code 19 May 25 May 20 June 27 June 10 Sept.

Sinapis arvensis SINAR 0 0.1 0.3 0.3 0
Fumaria schlecheri FUMSC 0 0.1 0.5 0.5 0
Heliotropium europaeum HEOEU 0 0.2 1 1.1 0
Hibiscus trionum HIBTR 0 0.1 3 3.2 2.5
Amaranthus blitoides AMABL 0 0.1 1.5 1.6 2
Portulaca oleracea POROL 0 0 2 2.5 5
Echinocloa crus-galli ECHCG 0 0 2 2 1
Solanum nigrum SOLNI 0 0.2 2 2.5 23
Chenopodium album CHEAL 0 0.2 3 3 8
Ambrosia artemisiifolia AMBEL 0 0.1 1.5 1.7 3
Polygonum persicaria POLPE 0 0 1 2
Galinsoga parviflora GASPA 0 0 1 1 0
Chenopodium hybridum CHEHY 0 0.1 4.2 4.5 5
Stachys annua STAAN 0 0 0.5 0.5 0
Anagallis arvensis ANGAR 0 0 1.8 2 0.5
Xanthium strumarium XANST 0 0 11 1.2 2
Polygonum convolvulus POLCO 0 0 2 2 1
Cirsium arvense CIRAR 0 0 1.1
Convolvulus arvensis CONAR 0 0 5 53 18

Total 0 1.2 34.4 37 78
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In 2019, due to the early sowing time, weeds that favor cooler weather (Sinapis arvensis, Consolida
orientalis) were present in a higher proportion in the experimental area (Table 4) than in the previous
year. However, because of the dry spring it had no significant weed the plots at the beginning of the
growing season. The summer rains caused a large amount of weeding, and by the 5th weed survey, 85.4%
of the experimental area was covered by weeds. The weed cover of the area only increased in the future,
so we experienced 89.3% weed cover for the harvest in mid-August. We observed that in 2019, after a
pre-emergent and post-emergent herbicide plants 6-8 leaf stage of the weeds emerged in masse under
late, heavy rainfall, causing a kind of secondary weeding. Overall, the highest proportion of Sinapis
arvensis, Portulaca oleracea, Echinochloa crus-galli, Solanum nigrum, Fallopia convolvulus and Convolvulus
arvensis occurred.

Table 4
Weed cover of weed control plots in 2019
Weed BAYER Weed cover % =
code 10 April 17 April 15May 22May 18June 25 ]June August
Consolida orientalis CNSOR 0 1.3 3.0 4.0 2.0 0 0
Sinapis arvensis SINAR 0 1.0 1.5 3.4 4.0 3.1 0
Fumaria schlecheri FUMSC 0 1.3 1.5 1.0 0.5 0 0
Heliotropium europaeum  HEOEU 0 0.1 1.0 2.0 1.5 1.0 0.5
Hibiscus trionum HIBTR 0 0.1 0.5 0.8 1.0 1.0 0.5
Amaranthus blitoides AMABL 0 0 0.5 1.0 1.3 1.5 1.9
Portulaca oleracea POROL 0 0 0.5 3.0 20.0 23.8 35.0
Echinocloa crus-galli ECHCG 0 0 1.0 1.5 6.0 6.3 2.0
Solanum nigrum SOLNI 0 0 0.5 1.0 5.4 6.5 13.0
Chenopodium album CHEAL 0 0 0.5 1.0 1.4 1.6 1.0
Ambrosia artemisiifolia AMBEL 0 0 0.3 0.5 1.3 1.4 3.0
Polygonum persicaria POLPE 0 0 0.2 0.2 0.6 0.8 1.8
Galinsoga parviflora GASPA 0 0 0 0.5 0.6 1.0 0
Chenopodium hybridum CHEHY 0 0 0.5 1.0 2.0 2.1 3.3
Stachys annua STAAN 0 0 1.0 1.1 1.5 1.5 0.5
Anagallis arvensis ANGAR 0 0 0.8 1.0 1.0 0.5 0
Xanthium strumarium XANST 0 0 0.5 0.5 1.0 1.0 1.0
Polygonum convolvulus POLCO 0 0 5.0 7.0 21.0 20.0 0
Helianthus annuus HELAN 0 0 0.5 0.6 1.0 1.3 1.5
Cirsium arvense CIRAR 0 0 0 0.3 1.0 1.0 1.8
Convolvulus arvensis CONAR 0 0 1.0 5.6 11.3 13.5 22.5
Total 0 3.8 20.3 37.0 85.4 88.9 89.3

The effect of the studied herbicides on the 6 most significant weeds in 2018 is illustrated in Table 5. It
can be seen that the pre-emergent applied Stomp Super was almost ineffective on Portulaca oleracea and
Convolvulus arvensis, had poor efficacy on Hibiscus trionum and Solanum nigrum, and achieved moderately
efficacy on the Chenopodium album. Basagran 480 SL had a weak herbicidal against Hibiscus trionum,
Portulaca oleracea and Convolvulus arvensis weeds, and was very effective against Solanum nigrum,
Chenopodium album and Chenopodium hybridum.

Pulsar 40 SL was ineffective against Convolvulus arvensis and had a weak herbicidal against Hibiscus
trionum. It has a moderately herbicide activity against Chenopodium album and Chenopodium hybridum, a
good herbicidal against Solanum nigrum, and excellent efficacy against Portulaca oleracea. Corum had a
weak herbicidal against Convolvulus arvensis, and achieved moderately efficacy on the Hibiscus trionum.
Corum has good herbicides against Solanum nigrum and Chenopodium hybridum and excellent herbicides
against Portulaca oleracea and Convolvulus arvensis. In our experiment, Dash HC adjuvant did not
significantly affect herbicidal efficacy.
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Table 5
Weed control efficiency of the 6 most significant weeds in 2018
Weed control efficiency (%)
Treatments Date
HIBTR POROL SOLNI CHEAL CHEHY CONAR

25 May 54 - 65 85 80 -
3 (Stomp 20 June 60 10 57 82 74 20
Super) 27 June 60 10 50 81 73 20

10 September 60 10 50 75 74 10
4 (Basagran 27 June 74 42 98 99 98 49
480 SL) 10 September 66 55 81 91 89 38
5 (Stomp 25 May 54 - 61 86 80 -
Super + 20 June 60 10 59 82 83 15
Basagran 480 27 June 72 43 100 98 97 47
SL) 10 September 68 51 83 89 87 35
6 (Corum) 27 June 85 100 95 100 95 60

10 September 80 100 76 100 90 65
7 (Pulsar 27 June 62 100 95 82 80 10
40 SL) 10 September 64 100 75 78 76 10
8 (Corum 27 June 89 100 96 100 96 65
+ Dash HC) 10 September 81 100 76 100 92 70

The effect of the studied herbicides on the 6 most significant weeds in 2019 is illustrated in Table 6. It
was observed that the herbicidal effect of Stomp Super was almost ineffective against Fallopia convolvulus
and Convolvulus arvensis, was very weak against Echinochloa crus-galli, was weak, moderately effective
against Sinapis arvensis and Solanum nigrum, and showed acceptable efficacy against Portulaca oleracea.
Basagran 480 SL was ineffective against Echinochloa crus-galli, had a very weak herbicide against
Portulaca oleracea, Solanum nigrum and Convolvulus arvensis, and was moderately effective against the
weed Sinapis arvensis. Pulsar 40 SL was ineffective against Convolvulus arvensis, proved to be very weak
against Echinochloa crus-galli and Solanum nigrum, had a moderate herbicidal effect against Fallopia
convolvulus and was very good - excellent against Sinapis arvensis and Portulaca oleracea. Corum had a
weak herbicidal activity against Echinochloa crus-galli, Solanum nigrum and Convolvulus arvensis,
moderate activity against Fallopia convolvulus, and excellent against Sinapis arvensis and Portulaca
oleracea. In our experiment, Dash HC adjuvant did not significantly affect herbicidal efficacy.

Table 6
Weed control efficiency of the 6 most significant weeds in 2019
Weed control efficiency (%)
Treatments Date
SINAR POROL ECHCG SOLNI POLCO CONAR
17 April 52 - - - - -
15 May 81 100 50 73 10 11
3 (Stomp 22 May 52 94 100 65 10 14
Super) 18 June 50 46 100 54 14 20
25 June 30 42,5 100 50 23 23
13 August - 2,5 100 0 - 30
22 May 87 50 10 51 70 47
4 (Basagran 18 June 80 30 10 30 40 30
480 SL) 25 June 100 60 15 45 85 60
13 August - 54 15 43 - 56
17 April 50 - - - - -
5 (Stomp 15 May 80 100 50 70 10 10
Super + 22 May 87 50 10 51 70 47
Basagran 480 18 June 100 55 12 49 83 59
SL) 22 June - 61 16 43 86 60
13 August - 55 16 44 - 55
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Continuation of Table 6

Weed control efficiency (%)

Treatments Date
SINAR POROL ECHCG SOLNI POLCO CONAR
22 May 100 100 50 60 80 57
18 June 100 100 40 50 90 50
6 (Corum)
25 June 100 100 60 65 95 60
13 August 100 100 80 70 - 65
22 May 100 98 50 60 76 10
7 (Pulsar 18 June 100 98 40 45 70 10
40 SL) 25 June 100 100 48 55 80 10
13 August - 100 86 75 - 10
22 May 100 100 55 60 85 60
8 (Corum 18 June 100 100 40 50 90 48
+ Dash HC) 25 June 100 100 65 66 95 65
13 August - 100 75 76 - 70

The effect of the treatments of 2018 and 2019 on the yield elements of chickpeas can be illustrated
graphically in Figure 1 and Figure 2. For both years, the data are from plots of the ‘Reale’ variety, where
the 100% level is made up of the yield elements of the weed-free plots, and the yield elements of the other
treatments are compared to this. Figure 1 shows that the number of shoots per unit area (1 m2) of weed-
free plots that did not control weeds was 15%, the number of pods 45%, the number of seeds 58% and the
weight of seeds 49% less than the weed-free control plots the same crop elements. Weeds were also
significantly present in the plots treated only with pre-emergence treatment in the second half of the
growing season, so the number of shoots per unit area was 3%, the number of pods 23%, the number of
seeds 34% and the seed weight 35% lower, as on weed-free plots. In the case of herbicide treatments, the
decrease in yield elements was much smaller: the number of plants per unit area by 1%, the number of
shoots by 3-10%, the number of pods by 5-12%, the number of seeds by 13-18%, the seed weight was by
1-5% less than on mechanically weed-controlled plots.
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weed-free control
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Stomp+Basagran Corum Pulsar Corum+Dash

Figure 1. Evaluation of phytotoxicity by cumulative yield analysis
for ‘Reale’ cultivar in 2018
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Figure 2. Evaluation of phytotoxicity by cumulative yield analysis
for ‘Reale’ cultivar in 2019

The statistical evaluation of the data can be studied in Table 7. It can be seen from the 2018 data set
that the individual treatments did not differ statistically in the values of number of plants and number of
shoots per area. On the other hand, in terms of the number of pods per unit area, weed plots show
statistically lower values than plots treated with Basagran, Stomp Super + Basagran, Corum, Pulsar,
Corum + Dashal, and weed-free plots all the way. By statistically evaluating the number of seeds per
square meter, we were able to show a significant difference between weeds and other treatments, as well
as between Stomp superes alone and other treatments. In terms of seed weight per unit area, weed plots
show statistically lower values than plots treated with Basagran, Stomp Super + Basagran, Corum, Pulsar,
Corum + Dashal, and weed-free plots.

Table 7
The effect of weed control technologies on the yield elements of chickpeas per unit area
Year Treatments number of number of number of number of weight of
plants/m? shoots/m?2 pods/m?2 seeds/m? seeds/m?
1 49.002 32.672 606.002 514.33a 163,132
2 49.33a 37.33a 856.673b 811.00> 207,752
3 49.33a 35.672 1,065.67b 1,089.33¢ 307,41b
4 49.672 36.272 1,050.000 1,017.67b¢ 316,61b
2018 5 50.002 34.672 1,014.33b 1,012.00b¢ 315,97b
6 49.332 37.33a 981.00b 1,050.00b¢ 309,65b
7 49.33 36.332 1,052.67b 1,057.00b¢ 318,60P
8 50.002 38.672 1,118.000 1,238.00¢ 321,48b
1 50.002 28.672 246.33a 238.33ab 76,602
2 49.332 33.67ab 236.673 251.33ab 58,14
3 49.672 32.67ab 141.002 140.332 19,982
2019 4 50.002 33.00ab 111.332 109.332 21,362
5 50.002 29.002 90.002 92.33a 10,882
6 50.002 34.33ab 124.002 123.33a 12,402
7 50.332 33.33ab 517.00v 517.67b 106,202
8 50.002 38.67° 1,016.67¢ 1,077.00¢ 295,68

Note: Each year, within each column, the values marked with different letters (a, b, c) differ significantly at the
p<0.05 significance level.
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The graphical yield analysis shown in Figure 2 shows that there was a much larger difference between
the yield elements of the weed-free control treatment and the yield elements of the other treatments in
2019 than in 2018. Compared to the yield elements of the weed-free plots, Corum + Dash HC treatment
reduced the number of shoots per unit area by 14%, the number of pods by 49%, the number of seeds by
52% and the weight of seeds by 64%. The yield elements of the other treatments show even smaller
values on the graph: the number of shoots per unit area decreased by 11-26%, the number of pods by 36-
89%, the number of seeds by 77-91%, and the seed weight by 74-96% compared to the plot. This drastic
decrease in yield elements is due to the weed conditions of the 2019 vintage in the case of the all-weed
control plots and the only preemergent Stomp super treatment, i.e. the significant secondary weeding
caused by the late rains. In the case of herbicide treatments, the large decrease in yield elements may be
due to the double dose and the treatments carried out in the inappropriate developmental phase
(budding). Looking at the statistical evaluation of Table 7 in 2019, it can be stated that the treatments did
not differ in the value of the number of plants per unit area, in contrast, the yields of weed-free plants
were significantly higher than the yields of all other treatments. Assessing the number of pods and
number of seeds per unit area, it can be seen that there was a significant difference between the weed-free
control, Corum + Dash HC, and all other treatments. In terms of seed weight per unit area, all treatments
resulted in significantly lower values compared to the weed-free control.

The variation in the development of chickpeas by vintage can be seen graphically in Figure 3, where the
100% level is made up of the yield elements developed in 2018 in the treatment of the ‘Reale’ variety
throughout the weed-free control and compared to the yield elements formed in the same treatment in
the 2019 growing season. The figure shows that compared to 2018, in 2019 the number of seedlings and
the number of shoots did not differ, but the number of pods per unit area decreased by 9%, the number of
seeds by 13% and the weight of seeds by 8%. Table 8 shows that between 2018 and 2019, there were
significant differences in the values of number of pods, number of seeds and seed weight per unit area.
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Figure 3. Comparison of examined years with cumulative yield analysis on the basis
of weed-free plots of the ‘Reale’ variety

Table 8
Effect of year on elements of chickpea crop
Vear number of number of number of number of weight of
plants/m? shoots/m?2 pods/m?2 seeds/m? seeds/m?
2018 50.002 38.672 1,118.002 1,238.002 321.48a
2019 50.002 38.672 1,016.67° 1,077.00b 295.68b

Within the columns, the values denoted by different letters (a, b) differ significantly at the p<0.05 significance level.

The developmental characteristics of the cultivars can be observed in Figure 4, where the 100% level is
formed by the yield elements of the ‘Bori’ variety in the average of all treatments in 2019, and the
developmental line of the ‘Reale’ variety is compared to the average of all treatments in the same year. It
can be seen that compared to the desi-type ‘Bori’ variety, the Kabul-type ‘Reale’ has 24% fewer shoots per
unit area, 39% fewer pods per square meter, and 39% fewer seeds, but its seeds are much larger, making
the final phase end product, the seed weight per unit area is 51% higher. It can be seen from Table 9 that
there is no statistically difference between the two cultivars in terms of number of plants and number of
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shoots per unit area, but the number of pods, number of seeds and seed weight per unit area is
significantly different for the two cultivars studied.

160

140 /

120 //
"N /

80
\\ e Reale

Bori

60

40

number of number of number of number of weight of
plants shoots pods seeds seeds

Elements of chickpeas

Figure 4. Comparison of studied cultivars with cumulative yield analysis
in 2019 in the average of all treatments

Table 9
Varietal effect on the elements of chickpea crop
Varieties number of number of number of number of weight of
plants/m? shoots/m?2 pods/m?2 seeds/m? seeds/m?
Bori 49.88a 43.25a 506.752 502.462 49.74a
Reale 49.92a 32.92a 310.38v 318.71b 75.16b

Within the columns, the values denoted by different letters (a, b) differ significantly at the p<0.05 significance level.

Conclusions

Our two-year weed survey results show that the later sowing time of chickpeas favored warm-loving
weeds. This is in complete agreement with the opinion of Nagy (2017) [13], who found that sowing time
determines the predominant weed species in a given area. At the same time, the statement of Kurnik
(1970) was not confirmed [15], since in our experiment we proved in the case of ‘Reale’ cultivar that the
later sowing stock in 2018 gave higher yields than the plots with earlier sowing time in 2019. The
changing weather caused by climate change makes the site characteristics of the given period much more
unpredictable, so the yield is determined much more by the field factors developed during the growing
season than by the calendar period.

Although Ratnam et al. (2011), Waqas et al. (2016) and Merga et al. (2019) highlight the maximum
herbicidal effect of Stomp in their work, yet in terms of weed cover percentages; the highest value was
obtained for the use of Stomp Super after the untreated, all-weed control plot [5, 8, 23]. Although the
environmental and agrotechnical conditions were optimal, the reason for the lack of maximum effect is
probably due to the short duration of action, and the fact that the weeds appeared masse later in our
experiments in warm rainy weather. This is the same as Muhhamad et al. (2011) found that the use of
post-emergence herbicides increased yields by a higher percentage compared to pre-emergence
herbicides [18].

The weed-suppressing ability of chickpeas is very weak during the initial and flowering period. For this
reason, efforts should be made to have a well-closing stock to avoid weed loss [16]. By using the herbicide
Stomp Super (in the early stages of development) and Basagran 480 SL (in the budding stage), a medium
but continuous herbicidal effect was achieved in the chickpea stock. Even better herbicidal efficacy was
achieved with the herbicides containing the active substance imazamox: the persistent effect of Pulsar 40
SL was maintained throughout the growing season, and the weed cover was much lower than in previous
treatments. According to T6th Dobszai (2016) [14], Pulsar 40 SL has only a satisfactory effect against
Convolvulus arvensis, which may be the reason why it was present in the highest number of individuals in
the sample area, especially by the end of the breeding season. The best herbicidal effect was clearly
provided by Corum or its combination with Corum Dash HC. Weeding was almost minimal in both sample
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areas, and their use reduced weed species that were previously difficult to write, such as Fallopia
convolvulus or Concvolvulus arvensis. The expected effect of Dash HC was not achieved, no significant
difference was observed compared to Corum alone in terms of weed cover.

As there is currently, no herbicide that can be used post-emergence in chickpeas in Hungary, the
statement of Nadasdyné (2015) that incorrectly chosen dose or treatment at the wrong time may even
cause phytotoxicity must be taken into account for all herbicides to be tested [20]. In our experiments, in
the case of post-emergence herbicides applied to fodder peas at the age of 6-8 leaves, Goud et al. (2013)
and Taran et al. (2013) [21, 22], we observed morphological changes (chlorosis, leaf twisting, scorching,
dehydration). Svab-types cumulative yield analysis provided an opportunity to measure these changes
exactly. In the cumulative yield analysis, we refer to the value of each yield-determining component per
unit area, which well characterizes the environmental effects that occurred in the given developmental
phases. Crop element changes were also detected for weed control technologies, vintages, and cultivars.
Due to the high degree of weeding of our weed-only and pre-emergence-only plots, we were able to
demonstrate that Waqas et al. (2016) [8], that is, weed infestation has a significant effect on the growth,
development, and development of yield elements in chickpeas. Based on our results, it can be concluded
that the active substances bentazone and imazamox not only cause visible phytotoxic symptoms, but also
reduce the constituents of the crop. However, the extent of yield loss is highly dependent on the timing
and dose of herbicide application.

We have found that the desi and Kabuli-type chickpea cultivars identified by Saxena and Singh (1987)
and Gaur et al. (2010) [28, 29], respectively, have different developmental characteristics. The ‘Reale’
variety of the Kabul type is not so branched, creating fewer shoots, pods and seeds per unit area, but its
seeds have a higher thousand-seed weight, so its yield is well ahead of the ‘Bori’ variety of the desi type.
Our results are in line with the findings of Nadasdyné (2015), Taranet et al. (2013), Goud et al. (2013)
[20-22], chickpeas are one of the most sensitive crops to herbicides, inappropriate application of
herbicides at the right time or dose not only causes phytotoxic symptoms but also individual yields they
can also significantly reduce yields.
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MeTa. BcTaHOBHUTH BIJIMB TEXHOJIOTiH 60poThOM 3 6yp'ssHamMu Ha HYT (Cicer arietium L.) B 2018 i 2019 pokax Ha
eKcriepMMeHTaNbHil Ainanui Szeged-Othalom. MeToau. Y nepmuii pik Joc/iZkeHb 3aCTOCOBYBaBCA MeXaHIYHUi
KOHTPOJIb OYp'siHiB 3 06p06KOI0 A0CX0A0BUM repbinugom (19 tpaBus 2018 p.) i rep6inug y dasi 6-8 sUCTKIB HYTY
(20 yepBHs 2018 p.). 2019 pik Bifpi3HABCA TUM, 110 micjas 06po6Ku AocxonoBUM repbinugom (10 kBiThsa 2019 p.)
MOBTOPHY 06p06Ky HYTY B ¢pasu 6-8 sucTkiB (15 TpaBHsa 2019 poku) noBTopoBasiu B a3y 6yToHizanii (18 yepBH#A
2019 poky). BrniuB dakTopiB KOMIOHEHTIB BpPOXKaHHOCTI pO3paxoByBaJM 3a JOINOMOIol0 OJHOPAKTOPHOIO
JIMCTiepciiHOr0 aHaJsi3y 3 BUKOPUCTAHHSIM MNpOrpaMHOro 3abesmedeHHs SPSS 22, rpadiuyHe mnpeacTaBsieHHs
PO3BHUTKY POCJIMH BUKOHAHO LIJISIXOM aHaJi3y cyKymHoi BpoxkaiHocTi CBa6a. Pe3yabraTu. Brumme 06po6ok 2018 i
2019 pokiB Ha ejeMeHTH BpPOXKAWHOCTI HYTy MoXXHa rpadivyHo mpoimtocTtpyBatu Ha puc. 1 i puc. 2. [na
JOCJIiPKYBaHUX POKIB BUKOpHUCTaHI fjaHi copTy «Peas», ne 100 % piBeHb CK/JIaJa€THCSA 3 €/IEMEHTIB BPOXKalHOCTI Ha
JiJNTHKax 6e3 Oyp'sHIB i eJleMeHTH BPOXXAaWHOCTI mic/sl iHIINX 0O6pOOOK MOPIBHIOWTHCSA 3 HUMH. Ha ManroHKy 1
MOKa3aHo, 10 KiJIbKiCTh MaroHiB Ha oAWHUILI0 mioii (1 M2) Ha AinsHKax 6e3 6yp'sHiB, [0 He 6y KOHTPOJbHUMU,
cTaHOBUJIO Ha 15%, KilbKicTh cTpy4KiB Ha 45%, KisbKicTh HaciHHA Ha 58% i Bara HaciHHg Ha 49% MeHille, HiXK Ha
KOHTPOJIbHUX JiiJITHKax 6e3 6yp'siHiB ¥ TUX e eJleMeHTIiB Ky/IbTypU. By/io Bifj3HaueHO TakoxX HasiBHICTb OYp'sAHIB y
Jpyriii MoJI0BUHI BereTaliiHOTO Nepiofly Ha AiJsiHKaX, 060p0o6JIeHUX TiJIbKY Nepes I0CiBOM, TOMY KiJIbKiCTb aroHiB
Ha OJMHULIO IJIoLli CTaHOBUJIO Ha 3%, KibKicTh cTpyukKiB Ha 23%, KiabKicTb HaciHHA Ha 34% i Maca HaciHHA Ha
35% HuK4e, HiX Ha JisiHKaxX 6e3 6yp'siHiB. ¥ pa3i 06po6ku rep6inygaMu 3HMKEHHsT BpOXKalHOCTI 6yJ10 HabaraTo
MEHILUM: KiJIbKICTb POCJIMH Ha OJUHUINO 1o Ha 1%, KibkicTb naroHiB Ha 3-10%, KinbKicTb cTpy4kiB Ha 5-12%,
KiJibKicTh HaciHHA Ha 13-18%, mMaca HaciHHs Ha 1-5% MeHIlle, Hi’>k Ha KOHTPOJIbHUX JiJISIHKaX 3 MeXaHiYHOI
00po6Kko10. BUCHOBKM. Pe3ysibTaTH HalUX ABOPIYHHUX JOCJIKEHb MOKAa3yIOTh, W0 Oi/bIl Mi3HI TepMiHU moCiBy
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HYTY CIPUSIJIM PO3BUTKY TeIJIONOOHUX O6yp'saHiB. Lle moBHICTIO y3rompkyeThcs 3 AyMKoto Nagy (2017), skuit BUSIBUB,
1110 Yac MociBy BM3Hauyae NepeBaxkaroui BUAM Oyp'sAHIB B JaHOMy paloHi. Y To# e yac TBeppxkeHHs Kurnik (1970)
He OyJIO NMiATBep/PKEHO, OCKIJIbKM B HAIIOMY €KCIIEpUMEHTI Ha NpUKaAi copTy ‘Reale’ Mu foBesy, 1110 32 yMOBH
6isb11 mizHbOrO Yacy nociBy B 2018 poui Bil3HayeHa 6i/b1ll BUCOKA BPOXKAWHICTh, HiXK Ha JiJITHKAX 3 O6iJbII paHHIM
yacom mnocisy B 2019 poui. 3MiHa mnorojy, BUK/JIMKaHa 3MiHOW KJiMaTy, HabaraTo Oijbll BIJIMBAE Ha
XapaKTepUCTUKU JIISHKA B JaHUW Iepiofi, TOMY BpPOXaWHICTb BU3HAYa€TbCSA Oi/JbIIOK Mipol MOJbOBHMHU
daxkTOpaMy, sIKi coCcTepiraroThCs NPOTAroM BereTalliiHOro nepioay, Hix KajsleHJapHUM NepiosioM.

Kawwuoegi cioea: Hym; copm; eposxcatiHicmy; pigeHb NOXCUSHUX PEHOBUH.
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Ilesb. YCTaHOBUTD BJIMSIHHE TEXHOJIOTUN 60pbObI ¢ cOpHsikaMu Ha HYT (Cicer arietium L.) B 2018 u 2019 rogax
Ha OJKClepuMeHTasbHOM y4acTke Szeged-Othalom. MeToapl. B mepBblii roJ HCCIeJOBaHMH NPUMEHSJICS
MeXaHU4YeCKHU KOHTPOJIb COPHSIKOB C 06paboTKOM 10BCX0A0BBIM repounuioM (19 masa 2018 r.) ¥ mocJieBCX0J0BbIM
repouriuaom B ¢aze 6-8 suctbeB HyTa (20 uroHs 2018 r.). 2019 rog oTyinyasics TeM, YTO IOCJe 0O6pPabOTKH
JlOBCX0Z0BbIM repounugoM (10 anpess 2019 r.) noBTopHy10 06paboTKy HyTa B ¢pase 6-8 nvctbeB (15 mas 2019 1.)
noBTopsiaiu B a3y OyroHuszauuu (18 wuroHs 2019 r.). BiusHue ¢GakTOpoB KOMIIOHEHTOB YPOXKaHHOCTH
paccyUThIBAJIM C TMOMOIIbI0 OAHOPAKTOPHOTO JMCIEPCHMOHHOIO aHajv3a C HCHO0JIb30BAaHUEM IMPOTPaMMHOIO
obecriedenusi SPSS 22, rpaduryeckoe npeacTaBjeHHe POCTa U PAa3BUTHUS PACTEHUH BBINOJHEHO NMyTeM aHaJU3a
COBOKYMHOM ypoxkaiiHocTu CBa6a. PesyabTarbl. BinsiHue o6pa6otok 2018 u 2019 romoB Ha 3JIeMEHTHI
YPOXXaWHOCTH HyTa MOXXHO rpadyuyecKd NPOUJIIOCTPUPOBATh Ha puc. 1 u puc. 2. g uccienayeMbIx JieT B3SThI
JaHHble copTa «Pean», rae 100 % ypoBeHb COCTOUT U3 3JIEMEHTOB YPOXKAWHOCTH HA y4YacTKax 06e3 COPHSKOB U
3JIEMEHTbl YPOXXaHHOCTHU TIOCJAE APYruX 06paboOTOK CpaBHUBAKOTCA ¢ HUMH. Ha pucyHke 1 mokasaHo, 4YTO
KOJIN4eCTBO 06eroB Ha eANHULY Iiomaau (1 M2) Ha yyacTKax 6e3 COPHSIKOB, KOTOpbIE He OblIM KOHTPOJIbHBIMU,
cocTaBJissio Ha 15 %, KoJIM4ecTBO CTPYYKOB Ha 45 %, Koim4yecTBO ceMsiH Ha 58 % u Bec ceMsH Ha 49 % MeHbllle,
YyeM Ha KOHTPOJIbHBIX Y4acTKax 6e3 COPHSKOB y TeX )K€ 3JIEMEHTOB KYJbTYpbl. BbLJIO OTMEYEHO TaKKe HaJM4yHe
COpPHSIKOB BO BTOPOU IOJIOBMHE BETeTAlMOHHOIO MEePHo/a Ha y4acTKax, 06paboTaHHbIX TOJBKO NepeJ MoCeBOM,
M03TOMY KOJINYEeCTBO MOGEroB Ha eAWHHUIYY IJIOMAAM COCTaBasAJ0 Ha 3 %, KOJMYECTBO CTPy4dkoB Ha 23 %,
KOJIMYeCcTBO ceMsIH Ha 34 % u Macca ceMsH Ha 35 % HMKe, 4eM Ha y4acTKax 6e3 COpHAKOB. B ciyyae 06paboTku
repOMIUIaMH CHIXKEHUE YPOXKAWHOCTH ObIJI0O HAMHOTO MEHBIIMM: KOJINYEeCTBO PACTEHUM HAa eMHUILY IJIOA M Ha
1 %, xosim4yecTBO mo6eroB Ha 3-10 %, Ko/MYeCcTBO CTPYYKOB Ha 5-12 %, kosndecTtBO ceMsiH Ha 13-18 %, macca
ceMsH Ha 1-5 % MeHbIlle, 4eM Ha KOHTPOJIBHBIX yYaCTKaX C MEXaHH4YeCcKOH 06paboTkod. BriBoAbI. Pe3ysbTaThl
HaIlllUX JByXJIETHUX HMCCJEJO0BAaHUN MOKA3bIBAIOT, YTO 60Jiee MO3JHHUE CPOKU MOCeBa HyTa 6JIarONpHSTCTBOBAJIA
Pa3BUTHIO TEIMJIOJIIOOMBBIX COPHSAKOB. JTO MOJHOCTBIO coryacyetcs ¢ MHeHneM Nagy (2017), KOTOpbIi 0GHApYKHUII,
YTO BpeMsl IOCeBa IpeJonpezesseT NpeobJafaroliie BUJbI COPHSKOB B JJAHHOM paiioHe. B To ke Bpems
ytBepxaenre Kurnik (1970) He 6bLI0 MOATBEPXK/JAEHO, MOCKOJIbKY B HallleM 3KCIEPUMEHTe Ha NMpPUMeEpe COpTa
‘Reale’ MblI oKa3asy, YTO MpHU YCJIOBUU GoJsiee mo3aHero BpeMs mnoceBa B 2018 roay oTMeueHa Gosiee BbICOKas
YPOXKAWHOCTh, YeM Ha y4acTKax ¢ 6oJsiee paHHUM BpeMeHeM noceBa B 2019 rogy. U3MeHeHHe NOTO/bl, BEI3BAHHOE
M3MeHEeHHEeM KJIMMaTa, ropa3fZio 6oJiee BJMsSET Ha XapaKTepPUCTHKH ydacTKa B JAHHBIM MepUo/, 03 TOMY
YPOXKAWHOCTh OMNpeJesisieTcsl B OOJIbIIell CTelneHU MoJieBbIMU (aKTOpaMH, KOTOpble HAGJIIOJAIOTCSI B TeYeHHe
BETETALMOHHOTO MEePH0/Ia, YeM KaJIeHJaPHbIM EPUO/IOM.

Kaiouessle cioea: Hym; copm; yposxcatllHocmb; ypogeHb nNUMamesbHblX 8euecms; HopMa ablcesd.
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