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ABSTRACT

The study was conducted during the 2023-2024 agricultural season in Nineveh
Governorate, Tel Kaif District, Wannah location according to latitude and
longitude (36.535916, 42.764820), located 60 km north of Mosul city center. The
objective was to Evaluation of interaction effect of some herbicides and di

KEY WORDS:
Wheat, Herbicides,
Fertilization, Foliar,

weeds ammonium phosphate application on growth and yield of wheat. The study
Received: included two factors: the first, Fertilization: Ground DAP fertilizer (18:46:0)
15/12/2024 applied once at planting, and Foliar DAP fertilizer (18:46:0) applied twice, first
Accepted: (Zadoks scale 17) 24/12/2023 and second (Zadoks scale 25) on 12/2/2024. The
30/12/2024 second: (Control, Timeline Trion EC , Atlantis OD , Pallas OD , Discipline OD ,
Available online: Axial 050 EC + U46-Combi fluid 6 SL(Mix) and Totic 10 EC + U46-Combi fluid
31/12/2024 6 SL(Mix). The Planting was conducted in the experimental field on 26/11/2022

using the Babel 113 variety. The experiment was applied according to the
international experiments system and designed based on the randomized complete
o block design (R.C.B.D) with three replicates. Foliar fertilization excelled in
?mzc?g ith; tﬁe@coﬁiqisgﬁssi reducing the density and weight of weeds, recording (16.84 weeds.m-2 and 17.21
http:/creativecommons.org/licenses ~ @.m-2) compared to soil fertilization. However, there were no significant
foyia0 differences between the fertilizers in all yield traits except for plant height, where
® soil fertilization outperformed foliar fertilization, recording 94.49 cm. The
herbicide Discipline, (Mix) Axialt+U46, and (Mix) TotictU46 excelled in
reducing the density and weight of weeds, recording (12.70, 13.48, and 13.16
weeds.m-2 and 12.11, 13.33, and 12.55 g.m-2) respectively. Additionally, the
herbicide Discipline and (Mix) TotictU46 excelled in the traits of the number of
spikes and grain yield, recording (613.71 and 603.21 spikes.m-2 and 901.25 and

907.42 g.m-2).
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most abundant food crops in the world and belongs to the
Poaceae family. However, yield can increase up to 11-fold if high-yielding varieties are adopted along with
optimal use of fertilizers, irrigation, and herbicides (Wahab & Aljuburi, 2023.(

With the growing population, the Food and Agriculture Organization (FAO) projected that the world
population would reach nine billion by 2050, necessitating a doubling of crop production to meet future food
needs (FAO, 2020). According to global statistics, the world grain production in 2023/2024 is expected to be
approximately 784.91 million metric tons (Statista, 2024.(

Statistics for the winter season of 2023 indicate that the total planted area for wheat crops reached 8,420,000
dunams, with a wheat production of 4,248,000 tons. The average yield per dunam, based on the total planted
area, was estimated at 504.5 kg (ASGIS, 2023). Weeds are one of the most critical biological factors
affecting agricultural production, causing reductions in the yields of various crops worldwide (Anthimidou et
al., 2020). They lower the quality and quantity of crops and pose health risks to humans and animals. Weeds
negatively impact crops by competing for light, nutrients, soil moisture, and space. One of the key reasons
for reduced wheat yields is the failure to follow scientific methods in planting and managing wheat crops,
particularly in weed control. Weeds can cause yield losses ranging between 30-50%, as they are a limiting
factor in the growth and productivity of this crop (Halawa, 2019).

Herbicides are one of the most effective tools for controlling weeds and reducing losses in agricultural crop
productivity. Chemical control is superior to traditional methods due to its ease of use, low cost, and rapid
action in eliminating weeds and mitigating the damage they cause to the growth and yield of various crops
(Matzrafi et al., 2017). The decline in wheat production is primarily due to soil fertility depletion, reduced
fertilizer usage, and the loss of soil nutrients through wind or water erosion. Therefore, mineral fertilizers,
especially those containing nitrogen, phosphorus, and potassium, have long been used to enhance soil
fertility and improve the production of wheat and other crops, as these nutrients are the most limiting in
nearly all soils (Jarecki et al., 2017). Foliar fertilization in wheat crops is crucial as it provides nutrients
directly to the plants through the leaves, offering a quick and effective solution to replenish lost nutrients and
stimulate plant growth, especially during critical growth periods (Mussarat et al., 2021). the aims of
experiment: Evaluating six types of herbicides, five of which are distributed to farmers by the Plant
Protection Directorate, to determine the most effective ones for controlling weeds in wheat fields.
Comparing ground and foliar fertilization to determine which method is superior.

MATERIALS AND METHODS

The study was conducted during the 2023-2024 agricultural season in Nineveh Governorate, Tel
Kaif District, Wannah Sub-district, at coordinates (36.535916, 42.764820), located 60 km north of
Mosul city center. The aim was to evaluate herbicides and ground and foliar fertilization systems on
the growth and vyield of two varieties of bread wheat (Triticum aestivum L.) and the associated
weeds.
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Agricultural Practices*The land was prepared by plowing it twice in perpendicular directions using
a moldboard plow and then smoothing the soil with disc harrows. Planting was done in the
experimental field on 26/11/2022 using the Babel 113 variety, The experiment was irrigated
supplementarily using fixed sprinklers, and the harvest was completed on 28/5/2023.

Experimental Design*The experiment was applied according to the factorial experiments system
and designed based on the randomized complete block design (R.C.B.D) with three replicates. The
area of each experimental unit was (1.5 x 3) (4.5 m?), with a distance of 2 meters between replicates
and 1 meter between experimental units as buffer zones. Treatments were randomly distributed
among the experimental units.

The objective was to evaluate herbicides and the ground and foliar fertilization system on the
growth and yield of two varieties of bread wheat (Triticum aestivum L.) and associated weeds. The
study included two factors: the first, Fertilization: Ground DAP fertilizer (18:46:0) applied once at
planting, and Foliar DAP fertilizer (18:46:0) applied twice, first on 24/12/2023 and second on
12/2/2024. The second: (Control, Timeline Trion EC , Atlantis OD , Pallas OD , Discipline OD ,
Axial 050 EC + U46-Combi fluid 6 SL(Mix) and Totic 10 EC + U46-Combi fluid 6 SL(Mix.(
Studied Traits: Total Weed Number. (weeds/m?), Total Weed Weight (g/m?), Plant Height (cm),
Flag Leaf Area (cm?), Number of Grains per Spike, Number of Spikes (spikes/m?), 1000-Grain
Weight (g) and Grain Yield (g/m?)

Table (1) Herbicide information

Commer01al Active Substance and Concentrate SRS Target
Herbicide Name usage rate weeds
Timeline Trion EC .Plnoxaden N V.Yo
Clodinafop-Propargyl +
L.ha
Florasulam
. Mesosulfuron Methyl 30 g/ kg + +YY+ gha
Atlantis OD Iodosulfuron-Methyl 6 g/ kg + +.°L.ha
Mefenpyer- Diethyl 90g/ L surface against
£€0v_Ou
Pallas OD Pyroxsulam 45g/ L
ml.ha Narrow
Diflufenican 5% w.v + and
Discipline OD Mesosulfuron Methyl 0.75% w.v + \.Ye Broad-
Iodosulfuron-Methyl 0.25% w.v + L.ha leaved
Mefenpyer- Diethyl 2.25% w.v weeds
(Mix) i
Axial 050 EC + Pinoxaden 50g/ L 1-15 Lha
U46-Combi fluid 6 + 2.4-D 35% + MCPA 30%
SL 0.75-Y L.ha
.(MIX) Clodinafop- propargyl 20% + 1++ cm3.ha
Totic 10 EC + . N
U46-Combi fluid 6 Cloquintocet mexyl 80% +
SL +2.4-D 35% + MCPA 30% 0.75-Y L.ha

RESULT AND DISCUSSION

1.Total Weed Number. (weeds/m?).

Table (2) illustrates the effect of fertilizers on the total weed count. Foliar fertilization showed
significant superiority, recording the lowest rate of 16.84 weeds/m2, while ground fertilization
recorded the highest rate of 17.65 weeds/m2. the reason might be that the soil fertilization applied at
planting gave weeds a greater opportunity to grow compared to foliar fertilizers.

Regarding the effect of herbicides on the total weed count, the herbicides (Discipline, Axial+U46,
Totic+U46) recorded the lowest rates, with 12.70, 13.48, and 13.16 weeds/m? respectively. The
control treatment recorded the highest rate at 35.90 weeds/m2. this might be because these
herbicides are systemic and selective, absorbed through roots and leaves, spreading throughout the
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plant to stop growth and eliminate or reduce weed plants. This is consistent with the findings of
Brejea et al., 2020, and Aljuburi and Anter, 2021. The interaction results between fertilizers and
herbicides showed that foliar fertilization combined with Discipline herbicide recorded the lowest
rate at 12.12 weeds/m?, while ground fertilization and foliar fertilization for the control treatment
recorded the highest rates of 36.46 and 35.33 weeds/m? respectively.

Table (2) Effect of Fertilizers and Herbicides on the Total Weed Number (weeds/m?) for the season
2023-2024.

Timeline Disciplin (Mix) (Mix) Men’s
Fertilizer’s | Control . Atlantis Pallas P Axial+U | Totic+U | Fertilize
Trio e
46 46 r
Foliar | 3533a 14('182 ¢ 14'1f1 - 15'22 51 12120 | 1295fg | 1284Fg | 16.84b
Ground 36.46 a 1442 ¢ 15.16 b 16.72 b 1328 ef | 14.02¢ 13.49d 17.65 a
—f cd g —f -8
Men’s
L 3590 a 14.63 ¢ 14.63 ¢ 16.22 b 12.70d 1348d | 13.16d
Herbicides

Similar characters there are no significant differences at Level 5%

2.Total Weed Weight (g/m?).

Table (3) shows the effect of fertilizers on the trait of total weed weight. Foliar fertilization
significantly outperformed, recording the lowest rate of 17.21 g/m2, while ground fertilization
recorded the highest rate of 18.20 g/m?, the reason for the reduced weed weight in foliar fertilizers
(Table 2) is consequently the lower dry weights of weeds in these treatments. The effect of
herbicides showed that (Timeline Trio, Discipline, Axial+U46, Totic+U46) had the lowest rates,
recording 12.90, 12.11, 13.33, and 12.55 g/m? respectively, while the control treatment recorded the
highest rate of 42.37 g/m?, Axial herbicide belongs to the group of sulfonylurea herbicides, which
inhibit the biosynthesis of amino acids in weeds. This is consistent with the findings of Aljuburi
(2021), who indicated that the use of herbicides reduced the dry mass of weeds. The interaction
results between fertilizers and herbicides showed that foliar fertilization combined with (Discipline
and Totic+U46) and ground fertilization combined with Discipline recorded the lowest rates of
11.76, 12.06, and 12.46 g/m? respectively, while ground fertilization for the control treatment
recorded the highest rate of 44.03 g/m2.

Table (3) Effect of Fertilizers and Herbicides on the number of Total Weed Weight (g/m?) for the
season 2023-2024.

Timelin Discipli | (MX) | (M) | Men’s
Fertilizer’s | Control e. N Atlantis Pallas SCip Axial+U | Totic+U | Fertilize
Trio ne
46 46 r
Foliar | 40.72b | 12.65fg 14;7;‘ ¢ 15'35 “l 1176 ¢ 13'0g9 °fl 1206¢ | 17211
Ground | 44.03a | 1210eT| 1507¢ | gg0 0| 1046 | 1398 [ 1303 e 1590,
g de -g g

Men's | h 372 | 1200¢ | 1495b | 15726 | 12.01¢ | 1333¢ | 1255¢

Herbicides

Similar characters there are no significant differences at Level 5%

3. Plant Height (cm).

Table (4) shows the effect of fertilizers on plant height. Ground fertilization significantly
outperformed, recording the highest average of 94.49 cm, while foliar fertilization recorded the
lowest average of 91.76 cm. The results of herbicide effects showed no significant differences
between all treatments except for the Pallas herbicide, which recorded the lowest average of 77.80
cm, the reason might be that this herbicide causes a reduction in cell elongation, which
consequently leads to a decrease in plant height compared to other treatments. The interaction
results between fertilizers and herbicides indicated that ground fertilization for the control treatment
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recorded the highest average of 97.93 cm, while ground fertilization with the Pallas herbicide
recorded the lowest average of 80.73 cm.

Table (4) Effect of Fertilizers and Herbicides on the number of Plant Height (cm) For the season
2023-2024.

Timeline Disciplin (Mix) (Mix) Men’s
Fertilizer’s | Control . Atlantis Pallas P Axial+U | Totic+U | Fertilize
Trio €
46 46 r
Foliar | 209 | 9387 | 24382 | 74874 | 94228 | 93851, | 22072 | g1 764,
ab b b b
Ground 9793 a 9698 a | 96.18 a R0.73 ¢ 95.50a | 96.97a | 97.15a 94.49 a
b b b b b
Men’s
o 96.99a | 9543a | 9528a | 77.80b | 94.88a | 9541a | 96.11a
Herbicides

Similar characters there are no significant differences at Level 5%

4. Flag Leaf Area (cm?).

Table (5) shows the effect of fertilizers on flag leaf area, indicating no significant differences
between ground and foliar fertilization, with averages of 54.29 cm? and 53.99 cm? respectively, The
superiority of the traditional fertilizer treatment might be due to the increased availability of
nutrients in the soil solution and their absorption by the plant, especially nitrogen, which plays a
crucial role in the formation of chlorophyll molecules, proteins, enzymes, hormones, and amino
acids involved in cell division and elongation, thereby enhancing plant growth and height, this
result is consistent with the findings of Mandal et al. (2015), who indicated that nitrogen plays an
important role in increasing plant growth and height. The results for herbicides showed that
(Timeline Trio and Discipline) recorded the highest averages of 55.59 cm? and 55.58 cm?
respectively, while the control treatment recorded the lowest average of 51.57 cm?, The use of
herbicides on weeds associated with the wheat crop led to an increase in the flag leaf area,
consistent with the findings of Paul et al. (2017) and Singh et al. (2020).The interaction results
between fertilizers and herbicides indicated that ground fertilization combined with Timeline Trio
herbicide recorded the highest average of 56.09 cm?, whereas foliar fertilization for the control
treatment recorded the lowest significant difference of 51.17 cm2.

Table (5) Effect of Fertilizers and Herbicides on the number of Flag Leaf Area (cm?) For the season
2023-2024.

Timeli Discipl; (Mix) (Mix) Men’s
Fertilizer’s | Control meiine Atlantis Pallas 1scipiin Axial+U | Totic+U | Fertilize
Trio €
46 46 r
Foliar 51.17h 55.09b | 5424d | 52.74g | 5592a 5362 0 f 55.13b 5399 4
cd € f b cd
Ground 5197 ¢ 56.00 a 54.17d | 54.88¢c | 5524 a 53460 f 54.19d 54294
h e d bc e
Men's | 51570 | s559q | 421D | 338lc | sosen | 53544 | sa66d
Herbicides c d

Similar characters there are no significant differences at Level 5%

5. Number of Spikes (spikes/m?).

Table (6) shows the effect of fertilizers on the number of spikes, indicating no significant
differences between ground and foliar fertilization, with averages of 572.11 spikes/m? and 570.54
spikes/m? respectively. The results for herbicides showed significant superiority for (Pallas,
Discipline, and Totic+U46) recording the highest averages of 601.78 spikes/m?, 613.71 spikes/m2,
and 603.21 spikes/m? respectively, while the control treatment recorded the lowest average of
469.83 spikes/m2. The effectiveness and high efficiency of these herbicides in combating narrow
and broadleaf weeds prevalent in the experimental fields in reducing their numbers and inhibiting
their dry weights provided sufficient opportunity for wheat crop plants to consume and utilize all
growth factors such as light, moisture, and nutrients. This increased the efficiency of the
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photosynthesis process and the production of dry matter, which positively reflected on the transfer
of this matter to the spikes, forming grains and increasing their numbers in the spike. This result is
consistent with the findings of Kumar et al. (2019) and Wahab and Aljuburi (2023). The interaction
results between fertilizers and herbicides indicated that ground fertilization combined with
Discipline herbicide recorded the highest average of 620.33 spikes/m?, while ground and foliar
fertilization for the control treatment recorded the lowest averages of 468.47 spikes/m? and 471.20
spikes/m? respectively.

Table (6) Effect of Fertilizers and Herbicides on the number of Number of (spikes/m?) For the
season 2023-2024.

. C (Mix) (Mix) Men’s
Fertilizer’s Contro Tlmqllne Atlantis Pallas Discipli Axial+U | TotictU | Fertilize
1 Trio ne
46 46 r
Foliar 471.20 | 59692 b 546.30 f 587.65¢c | 607.08 | 585.90c | 598.70 570.54 a
g c d abc d abc
Ground 468.47 | 558.65¢ | 561.53¢ | 61592 a 62033 2 572.15d | 607.72 57211 a
g f f b e abc
Men's | 46983 | 527781 | 553.92¢ | 601.78a | 613.71a | 579.03b | 60321 a
Herbicides d

Similar characters there are no significant differences at Level 5%

6. Number of Grains per Spike

Table (7) shows the effect of fertilizers on the trait of the number of grains per spike, indicating
no significant differences between soil and foliar fertilization, with averages of (52.20 and 52.00)
grains.spike-1. The same table also shows the effect of herbicides on the trait of the number of
grains per spike, with the herbicides (Timeline Trio, Pallas, Axial+U46, and Totic+U46) recording
the highest averages for the trait at (52.13, 52.53, 52.90, and 52.77) grains.spike-1, respectively,
while the control treatment recorded the lowest average at (50.35) grains.spike-The reason for the
superiority of herbicides in the trait of the number of tillers can be attributed to the effectiveness of
these chemical herbicides in eliminating weed plants and limiting their growth. This reduces
competition with crop plants and ensures the availability of nutrients, water, light, and space for the
crop plants to form a larger number of tillers. This finding is consistent with the results of Wahab
and Aljuburi (2023). The results of the interaction between fertilizers and herbicides on the trait of
the number of grains per spike indicate that foliar fertilization with the herbicide (Axial+U46)
recorded the highest average for the trait at (53.51) grains.spike-1, while soil and foliar fertilization
for the control treatment recorded the lowest averages at (50.37 and 50.32) grains.spike-1,
respectively.
Table (7) Effect of Fertilizers and Herbicides on the number of Number of Grain.Spikes-1 for the
season 2023-2024.

Timeline Disciplin (Mix) (Mix) Men’s
Fertilizer’s | Control . Atlantis | Pallas P Axial+U | Totic+U | Fertilize
Trio e
46 46 r
. 51.89a | 52.22a | 52.51a | 52.17a 52.76 a
Foliar 50.37b b b b b 53.51a b 5220 a
5236a | 5191a | 52.55a | 51.83a | 52.28a | 52.78a
Ground | 50.32b b b b b b b 52.00 a
Men’s 52.06 a 52.00 a
Herbicides 5035b | 52.13a b 5253 a b 5290a | 52.77a

Similar characters there are no significant differences at Level 5%

7. Y +++Grain Weight (g).
Table (8) indicates the effect of fertilizers on the trait of 1000-grain weight, showing no
significant differences between soil and foliar fertilization, with averages of (34.58 and 34.25)
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grams, respectively. Similarly, Table (7) shows the effect of herbicides on the trait of 1000-grain
weight, with the herbicides (Timeline Trio, Atlantis, Discipline) recording the highest averages at
(35.26, 35.62, and 35.04) grams, respectively, while the control treatment recorded the lowest
average at (32.47) grams. The increase in grain weight with herbicide treatment might be due to the
reduced weed density and increased flag leaf area, which led to better translocation of
photosynthates from source to sink, thereby increasing grain size. This finding is consistent with the
results of Bari et al. (2020) and El-Taif (2021). The same table indicates that the interaction
between fertilizers and herbicides on the trait of 1000-grain weight showed that soil fertilization
with the herbicide (Axial) recorded the highest average at (36.05) grams, while foliar fertilization
for the control treatment recorded the lowest average at (32.14) grams.

Table (8) Effect of Fertilizers and Herbicides on the number of 1000-Grain Weight (g) For the
season 2023-2024.

Timelin Disciplin | M) | (Mix) | Men’s
Fertilizer’s | Control celne Atlantis Pallas SC1p Axial+U | Totic+U | Fertilize
Trio e
46 46 r
) 3495a | 35.19a | 33.14¢c | 3523a | 3451a | 3457 a
Foliar 32.14 ¢ be b de b d d 3425a
Ground 32.81d | 35.56a 36.05 a 3382a | 3484 a | 3434a | 34.62a 3458 a
€ b —-d bc —-d —-d
Men’s 3348Db 3442 a | 34.59a
Herbicide 3247c | 3526a | 3562a . 35.04 a b b

Similar characters there are no significant differences at Level 5%

8. Grain Yield (g/m2).

Table (9) indicates the effect of fertilizers on the trait of grain yield, showing no significant
differences between soil and foliar fertilization, with averages of (819.83 and 825.40) grams,
respectively. The same table also shows the effect of herbicides on the trait of grain yield, with the
herbicides (Discipline, Totic+U46) recording the highest averages at (901.25 and 907.42) grams,
respectively, while the control treatment recorded the lowest average at (647.42) grams. This result
is attributed to the efficiency of the herbicides used, which significantly affected weed growth,
leading to their superiority in growth traits and yield, and consequently increasing grain yield.
These results are consistent with those obtained by Al-Jubouri (2021) and Evans et al. (2016).
indicates the effect of the interaction between fertilizers and herbicides on the trait of grain yield,
showing that soil and foliar fertilization with the herbicides (Timeline Trio, Discipline, Totic+U46)
recorded averages of (866.83 , 886.83, 890.50 , 912.00, 890.00 and 924.83) grams, respectively,
while soil and foliar fertilization for the control treatment recorded the lowest averages at (645.83
and 649.00) grams, respectively.

Table (9) Effect of Fertilizers and Herbicides on the number of Grain Yield (g/m?) For the season
2023-2024.

Timeline Discipli | (Mix) | (Mix) | Men’s
Fertilizer’s | Control . Atlantis Pallas P Axial+U | Totic+U | Fertilize
Trio ne
46 46 r
Foliar | 649.00d | 886.83 a 846]'317 a 72C5 ;3 912.00 a 833567 41 924832 | 82540 a
Ground | 645.83d | 866.83 a sz'b” 76b3 '050 890.50 a 824500 41 890.00a | 819.83 a
Men’s 1 o7 4p g | 876832 | 852.17a | 74442 ) o)) o5 | 82883 | 907.42a
Herbicide b b c

Similar characters there are no significant differences at Level 5%

CONCLUSIONS
We conclude from the above that the use of foliar fertilizers reduces weed growth due to the lack

or absence of nutrients reaching the roots of weed plants, thus limiting their growth. Additionally,
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the lack of significant differences between fertilizers gives an advantage to foliar fertilizers and
recommends their use due to their significantly lower costs compared to soil fertilizers. The
herbicides Discipline and (Mix) Totic+U46 played a major role in suppressing weed growth, which
in turn reflected positively on the yield and its components.
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