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Abstract

Background: Mulching and manual or mechanical hoeing are the backbone of weed control strategies in organic
agriculture. So, two field experiments were established in the village of Kafer El-Khawazim, Talkha district, Dakahlia
Governorate, Egypt, during the winter seasons of 2017 and 2018. The experiments were conducted to evaluate the

herbicide on potato plants and associated weeds.

characters as compared to unweeded check.

efficiency of the safe weed control methods of mulching and manual hoeing in comparison with metribuzine

Results: The results indicated that the treatment of black plastic mulch was the superior treatment in controlling
broadleaved, grassy, and total weeds as compared to other treatments under study. Metribuzin herbicide came in the
second rank in controlling broadleaved weeds. Concerning to grassy and total weeds, banana leaf and cheeseweed
straw mulches follow the black plastic mulch ideal treatment. The results also revealed that the use of black plastic
mulch and banana leaf mulch followed by cheeseweed straw mulch led to the highest significant increase in growth
characteristics and tuber yield of potato plants. This in turn correlated with a significant increase in tuber contents of
phosphorus, potassium, and carbohydrate percentage than unweeded control treatment.

Conclusion: Black plastic mulch followed by banana leaf mulch and cheeseweed straw mulch were the ideal safe
treatments in controlling total weeds. This in turn reflected on potato plants by scoring the maximum values of yield

Keywords: Hoeing, Metribuzin, Mulching, Potato weeds, Total carbohydrate and vitamin C

Background
Potato (Solanum tuberosum) is one of the most important
commercial vegetable crops in Egypt for local market and
export to some European countries. Weed competition
had negative effects on potato crop expressed in reducing
tuber yield by 32.7% (Bhullar et al. 2015) and up to 86% as
well as tuber quality. Weed infestation removes nutri-
ents from the soil which reflects negatively on crop
yield (Shehata et al. 2017). Weeds not only compete
with crop plants for nutrients, soil moisture, space, and
light but also serve as an alternative hosts for numerous
insect pests and diseases. So, control of weeds in the
early stages appears imperative as it plays a vital role in
maximizing the tuber production.

Manual weeding is a conventional practice and quite
effective, but it is expensive, tedious, and time-consuming
and also may cause root injury (Khurana et al. 1993).
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However, timely weed control methods may not be possible
manually due to disability of labors accompanied by their
high rate of salary. Proper weed management strategy
should be developed to reduce weed adverse impact on
yield, thereby increasing the potato productivity.

Mulching reduces soil water evaporation, results to uni-
form soil moisture content, and reduces the amount of
irrigating water, which is very important in doubling food
production in Egyptian cultivated area with using available
limited irrigating water supplies. Mulching avoids the fluc-
tuations in temperature in the first 20-30-cm depth in
soils. Additionally, it promotes root development and the
soil temperature in the planting bed gets raised, enhancing
more rapidly crop development and earlier harvest (Lament
1993). Mulching with cereal straw, hay, or grass is used in
the production of various crops such as potato. This by
reducing virus infections, control weeds, increase crop
yield, and most importantly conserve soil moisture (Saucke
and Doring 2004).
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Mulching is a process of covering the soil before or after
planting by natural or synthetic materials which continue
throughout the crop growth period. Plant residues of rice
straw, canola, lupine, sunflower, sugarcane, banana stem,
waste of some vegetables like turnip, garlic, sawdust, and
others can be used as natural mulching materials, whereas
synthetic mulch such as plastic, geotextile materials, or
magazine paper. Application of mulch increased the beets
and cabbage yields by 135 and 124%, respectively (Lekasi
et al. 2001).

Organic mulch produced weed density and dry
weight significantly less than the un-weeded control; it
also produced 59.6% of weed control efficiency and
22.4% of weed index (Yadav et al. 2015). Rice straw
mulch (7 t/ha) increased potato tuber yield by 48.9%
over the control (Bhullar et al. 2015). Organic mulch
had significantly higher potato tuber yield than weedy
check (Yadav et al. 2015). Hoeing scored the highest
yield in most vegetable crops. Hoeing increased potato
tuber yield by 6.34 t/ha (Bhullar et al. 2015).

Keeping in this view, two experiments were carried
out to evaluate the comparative efficacy of chemical and
nonchemical methods of weed management in potato
and associated weeds.

Materials and methods

Two field experiments were carried out at Kafer
El-Khawazim, Talkha district, Dakahlia Governorate,
Egypt, during the winter seasons of 2017and 2018 to
examine the effect of different straw mulches, black
poly ethylene mulch, and metribuzin herbicide on
weed, vegetative growth, yield of potato crop, and some
physical chemical characters of tubers. The experimen-
tal design was randomized complete block design with
four replicates. The plot area was 10.5m?> (1/400 of
fed., contained four rows 3.75m length and 0.7m
width). The soil texture of the experimental site was
clay loam with 1.23% organic matter, 0.15% total nitro-
gen, and pH of 7.5. Seeds (tubers) of potato crop
Spunta cv. were planted at first week in January in both
seasons. Cultural management and pest control programs
were applied according to the recommendations of the
Egyptian Ministry of Agriculture. Flooding irrigation was
applied according to standard recommendations; the irriga-
tion was stopped 1 week before harvesting.

The experiments included 10 treatments representing
in six organic mulches (rice straw, wheat straw, cheese-
weed straw, salix straw, guava leaf straw, banana leaf
straw), black plastic mulch, hoeing twice at 21 and 49
days after sowing (DAS) and metribuzin herbicide (sen-
cor 70% WP) at 700g/ha in addition to unweeded
check (control treatment). Black plastic thickness was
60 p, whereas 10 t/ha straw mulches were applied by
hand in 4 cm thickness. All mulches were applied at 30

(2019) 43:16

Page 2 of 7

DAS and remained in the soil to the harvest. Metribu-
zin was applied before emergence of potato seedlings,
using knapsack sprayer at 500 1 water solution/ha.

Recorded data

Weeds

Weed density was recorded at 70 DAS and at harvest
(110 DAS), and then, weed samples were collected ran-
domly from 1 m® Weeds were classified into two
groups, i.e., annual broadleaved and grassy then dry
weight of weeds were recorded after drying in a forced
draft oven at 70 °C for 72 h.

Potato crop

Vegetative growth At 70 DAS, samples of five potato
plants were taken from the central area of each plot for
the determining plant height, number of leaves/plant,
dry weight/plant, and leaf area/plant.

Yield traits At harvest (110 DAS), a sample of 10 tubers
was taken to measure weight, diameter, length, and
specific gravity of tubers. Total yield tuber yield ha™
was determined by harvesting the whole plot area.

Tuber quality Total soluble solids (TSS %) using a hand
refractometer, total carbohydrates (Bogdan et al. 1993),
and vitamin C content (AOAC 1980) as well as N, P, and
K% (Rangana 1979) were estimated.

Statistical analysis

The data obtained were subjected to analysis of variance
(ANOVA) according to Gomez and Gomez (1984), using
CoStat Software Program Version 6.303 (2004), and LSD
at 0.05 level of significance was used for the comparison
between means.

Results

Firstly, the most abundant weed species in the present
study were wild oat (Avena fatua L.) and ryegrass (Lolium
temulentum L.) as annual grassy weeds; yellow sweetclo-
ver (Melilotus indicus L.), wild beet (Beta vulgaris L.),
greater ammi (Ammi majus L.), dock (Rumex dentatus
L.), and bur clover (Medicago hispida L.) as annual
broad-leaved weeds in winter seasons of 2017 and 2018.

Weed growth

Results presented in Tables 1 and 2 as well as Fig. 1
revealed that the dry weight of broadleaved, grassy, and
total weeds were significantly reduced by weed manage-
ment practices, when compared to the unweeded treat-
ment at 70 DAS and at harvest. In this regard, black
plastic mulch achieved the highest weed depression
expressed in the lowest dry matter of the mentioned
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Table 1 Effect of different weed control treatments on dry weight of associated potato weeds (g/m?) after 70 days from planting

and at harvest during 2017 season

Treatments 2017 season

At 70 days At harvest

Broadleaved Grassy Total Broadleaved Grassy Total
Rice straw mulch 875 9.92 18.67 25.12 21.12 46.24
Wheat straw mulch 321 4.20 741 1475 17.10 31.85
Cheeseweed straw mulch 3.00 395 6.95 13.15 16.13 29.28
Salix straw mulch 465 495 9.60 17.20 1840 35.60
Guava leaf straw mulch 542 6.12 11.54 19.70 19.10 38.80
Banana leaf straw mulch 223 374 597 1271 15.72 2843
Black plastic mulch 1.52 217 3.69 713 8.22 15.35
Metribuzin 2.12 6.15 8.27 10.14 22.60 32.74
Hoeing (twice) 7.14 828 16.42 24.10 20.84 4494
Unweeded check 60.17 5712 117.29 129.72 115.82 24554
LSD 0.05 415 5.11 721 234 223 453

weed groups. Reduction percentage in dry matter re-
corded relative to weed check treatment amounted to
97.47, 96.20, and 96.85% at 70 DAS and 94.50, 92.90,
and 93.75% at harvest in the first season and amounted
to 95.86, 94.19, and 95.11% at 70 DAS and 94.11, 93.03,
and 93.59% at harvest in the second season in broad-
leaved, grassy, and total weeds, respectively. Metribuzin
herbicide came in the second rank after black plastic
mulch controlling in broadleaved, while banana leaf
straw mulching came in the second rank after black
plastic mulch followed by that of cheeseweed straw
mulch controlling in grassy and total weeds. In
contrast, the maximum values of dry weight of broad-
leaved, grassy, and total weeds were obtained by
untreated treatment.

Potato crop

Vegetative growth

Weed management practices had a significant effect on po-
tato growth (Table 3). All mulches, chemical, and mechan-
ical treatments significantly increased plant height, number
of leaves/plant, dry weight/plant, and leaf area/plant at 70
DAS in both seasons. Black plastic mulch and banana leaf
straw mulch gave the maximum values of potato growth
without significant between them. Cheeseweed straw mulch
came in the second rank followed by that of wheat straw
mulch as compared to unweeded check.

Yield traits
Weed management practices caused significant increases
in average of tuber weight, tuber fresh weight/plant,

Table 2 Effect of different weed control treatments on dry weight of associated potato weeds (g/m?) after 70 days from planting

and at harvest during 2018 season

Treatments 2018 season

At 70 days At harvest

Broadleaved Grassy Total Broadleaved Grassy Total
Rice straw mulch 8.12 850 16.62 2375 2117 4492
Wheat straw mulch 5.98 413 10.11 19.32 18.21 36.57
Cheeseweed straw mulch 561 4.00 961 17.12 1725 3533
Salix straw mulch 7.3 445 11.58 2211 19.23 4134
Guava leaf straw mulch 7.56 5.12 12.68 23.00 20.15 43.15
Banana leaf straw mulch 4.71 375 846 15.65 16.17 31.82
Black plastic mulch 3 361 6.72 9.25 10.11 19.36
Metribuzin 3.18 6.15 9.93 12.11 2517 37.28
Hoeing (twice) 7.95 7.25 15.20 19.10 18.20 37.30
Unweeded check 75.15 62.15 137.30 157.13 145.00 302.13
LSD 0.05 3.98 445 6.75 423 3.88 563
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Fig. 1 a Black plastic mulch. b Banana straw mulch. ¢ Rice straw mulch. d Cheeseweed straw mulch. e Unweeded treatments

J

tuber diameter, tuber length, and total yield (Tables 4
and 5). Black plastic mulch, banana leaf straw mulching,
cheeseweed straw mulch, and wheat straw mulching
treatments provided the maximum values in tuber fresh
weight/plant, tuber diameter, tuber length, and total
yield as compared to the unweeded treatment. The in-
creases in tuber yield resulting from black plastic mulch,

banana leaf straw mulching, cheeseweed straw mulching,
and wheat straw mulching amounted to 77.90, 77.32,
75.26, and 72.78% in the first season, and 79.80, 77.46,
75.86, and 74.80% in the second season, respectively. In
addition, salix straw mulch in the first season hoeing twice
in the second one were the best treatments being enhanced
tuber yield by 67.84 and 74.39%, respectively, than the

Table 3 Effect of different weed control treatments on vegetative growth traits of potato plants after 70 days from planting during

2017 and 2018 seasons

Treatments 2017 season 2018 season

Plant height ~ Number of Dry weight/  Leaf area/ Plant height ~ Number of Dry weight/  Leaf area/

(cm) leaves/plant  plant (g) plant cm?d  (cm) leaves/plant  plant (g) plant (cm?)
Rice straw mulch 46.33 2342 2182 449571 50.11 2815 25.07 4630.11
Wheat straw mulch 5252 27.72 26.90 4715.30 54.45 30.13 29.21 4830.70
Cheeseweed straw mulch ~ 52.74 28.04 2745 4780.12 5593 30.75 30.00 4875.21
Salix straw mulch 50.32 26.03 26.24 4611.20 5040 27.73 26.65 4681.10
Guava leaf straw mulch 50.11 2542 24.53 4569.11 52.75 28.56 27.15 476540
Banana leaf straw mulch 53.10 28.34 28.05 4814.00 56.04 31.07 30.71 4925.12
Black plastic mulch 53.19 28.50 2812 482042 56.16 31 30.90 499531
Metribuzin 4831 25.11 2341 4539.21 50.02 27.11 2523 4670.30
Hoeing (twice) 4742 2392 22.60 451111 51.21 2819 26.00 4750.50
Unweeded check 4324 19.26 1832 334880 44.31 20.13 19.70 3799.30
LSD 0.05 0.52 1.26 113 23.21 0.61 1.15 1.24 2594
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Table 4 Effect of different weed control treatments on yield traits of potato plants during 2017 season
Treatments 2017 season
Average of tuber Tuber fresh Tuber diameter Tuber length Total yield Specific gravity
weight (g) weight/plant (g) (cm) (cm) (ton/ha) (g/cm?)
Rice straw mulch 1459 565.2 6.20 9.9 3570 1.054
Wheat straw mulch 181.7 681.7 792 128 41.90 1.101
Cheeseweed straw mulch 1894 693.2 8.12 13.1 4250 1.064
Salix straw mulch 1653 655.2 7.5 1.7 40.70 1.080
Guava leaf straw mulch 160.7 625.9 7.03 106 39.70 1.070
Banana leaf straw mulch 205.3 7113 833 132 43.00 1.110
Black plastic mulch 207.0 7133 842 13.6 43.14 1.113
Metribuzin 1535 5959 6.85 10.1 3935 1.065
Hoeing (twice) 181.0 640.2 7.20 123 39.00 1.107
Unweeded check 145.7 405.1 5.65 9.0 24.25 1.120
LSD 0.05 2.1 122 043 1.1 1.71 NS

unweeded check. No detected differences among all weed
control treatments in specific gravity character obtained in
both seasons. Vice—versa, unweeded check gave the lowest
values of yield and yield traits in both seasons.

Tuber quality

Remarkable effects on B K, and total carbohydrate
percentages of tubers due to weed management were
recorded (Tables 6 and 7). All mulching treatments, metri-
buzin, and hoeing twice treatments significantly increased
the concentration of the previous characters as compared
with unweeded. The maximum values of B, K, and total
carbohydrate percentages of tubers were obtained from
banana leaf straw mulching treatment. Black plastic mulch
came in the second rank. On the other hand, unweeded
check gave the lowest values of B K, and total carbohy-
drate percentages in both seasons. There were no

significant differences among all weed control treatments
in N, TSS, and vitamin C characters in both seasons.

Discussion

Our study focused on evaluating the weed suppression
ability using safe methods in comparing with standard
rate of metribuzin herbicide. Herein, well impacts of the
different used mulches against potato weeds were pos-
sessed. In this respect, Bakht and Khan 2014 reported that
weed density in black plastic mulches was similar to hand
weeding. Also, black plastic mulch, banana leaf straw, chee-
seweed straw mulch, and rice straw mulch prevent the seed
germination and growth of weeds by blocking the light
penetration (Chang et al. 2016). Yadav et al. 2015 reported
that the maximum weed control efficiency was observed
under weed-free treatment followed by application of
metribuzin. Cerdeira et al. 2012 reported that cogon grass,
rice straw, and some types of sawdust have been reported

Table 5 Effect of different weed control treatments on yield traits of potato plants during 2018 season

Treatments 2018 season

Average of tuber Tuber fresh Tuber diameter Tuber length Total yield Specific gravity

weight (g) weight/plant (g) (cm) (cm) (ton/ha) (g/cm?’)
Rice straw mulch 193.2 667.2 7.30 11.97 3850 1.220
Wheat straw mulch 194.1 681.7 740 1232 42.65 1.032
Cheeseweed straw mulch 1974 689.3 7.65 12.65 4291 1.059
Salix straw mulch 1852 6553 7.00 11.80 36.68 1.018
Guava leaf straw mulch 190.7 645.1 7.07 11.75 3645 1.007
Banana leaf straw mulch 2117 719.8 845 1342 4330 1.115
Black plastic mulch 2183 725.7 849 13.51 43.87 1.118
Metribuzin 1953 685.7 7.82 12.87 41.25 1.075
Hoeing (twice) 201.2 709.2 7.07 12.09 42.55 1.102
Unweeded check 1513 4752 540 8.75 2440 1.118
LSD 0.05 3.1 152 0.39 0.95 1.63 NS
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Table 6 Effect of different weed control treatments on tuber quality of potato during 2017 season

Treatments 2017 season
TSS% N% P% K% Total carbohydrate % Vitamin C mg/g

Rice straw mulch 5.63 145 0.534 0.85 7532 1139
Wheat straw mulch 5.75 1.53 0.682 0.87 7940 11.45
Cheeseweed straw mulch 535 1.60 0.559 0.79 76.23 1134
Salix straw mulch 5.72 1.72 0.732 0.90 81.45 11.65
Guava leaf straw mulch 547 1.60 0.706 0.80 7891 11.19
Banana leaf straw mulch 575 1.75 0.755 0.95 82.73 11.79
Black plastic mulch 5.55 1.59 0.736 0.93 82.00 11.71
Metribuzin 561 1.39 0.606 0.75 72.71 11.03
Hoeing (twice) 549 1.64 0.595 0.82 80.72 11.10
Unweeded check 534 1.26 0478 0.70 70.11 10.90
LSD 0.05 NS NS 0.063 0.04 1.32 NS

to be allelopathic potential in controlling weeds. Straw
mulch and cogongrass was better than sawdust in control-
ling weeds because of the slow de-composition of rice straw
caused a high C:N ratio (Awodoyin et al. 2007). These re-
sults are in general agreement with those recorded by
Ahmed and El-Metwally 2001, Abouziena et al. 2015, Bhul-
lar et al. 2015 and Shehata et al. 2017.

Application of the weed control treatments was
effective in controlling weeds (Tables 1 and 2) and
consequently light, water, and nutrients were available to
promote potato growth as compared to unweeded treat-
ment. Also, mulching caused rising the temperature of
the soil, which would lead to promote root development
since warming soil may rise and promote more rapidly
crop development and earlier harvest (Lament 1993).
These results are in agreement with those recorded by
Sajid et al. 2013 and Shehata et al. 2017.

The superiority of weeded treatments attributed with
minimizing weed-crop competition (Tables 1 and 2),

enhancing potato growth (Table 3) and high yield of po-
tato, is realized (Tables 4 and 5). Moreover, as the competi-
tion for environmental factors decreased, the uptake of
different nutrients increased and reflected on chemical
composition of tubers (Tables 6 and 7). Coolong 2012
reported that straw mulching improved soil health by im-
proving soil structure, increased organic matter in the soil,
improved mineral nutrition, and enhanced soil bioactivity
and yields. Soil moisture in mulched plots is not only
higher, but is more stable during the entire growing season
(Sinkeviciené et al. 2009). Studies on organic mulch in
crops indicate that sawdust, bur-clover weed, rice straw, or
cogon grass can reduce weed populations in organic farm-
ing system by inhibiting weed emergence and subsequent
growth (Abouziena et al. 2008; Sinkeviciené et al. 2009;
and Coolong 2012). The positive effect of weed manage-
ment practices on potato yield has been confirmed by
Dvorék et al. 2012, Shehata et al. 2017, and Zhang et al.
2017. There is a direct relationship between the applied

Table 7 Effect of different weed control treatments on tuber quality of potato during 2018 season

Treatments 2018 season
TSS% N% P% K% Total carbohydrate % Vitamin C mg/g

Rice straw mulch 567 1.50 0.661 0.823 77.75 10.85
Wheat straw mulch 577 1.61 0.652 0811 77.30 1092
Cheeseweed straw mulch 5.55 1.59 0.675 0.875 78.14 10.75
Salix straw mulch 571 1.79 0.731 0911 80.75 1.1
Guava leaf straw mulch 552 1.62 0.645 0.791 7511 10.59
Banana leaf straw mulch 582 1.84 0.762 0971 8292 11.55
Black plastic mulch 559 1.67 0.752 0.930 82.11 11.29
Metribuzin 5.60 1.52 0.711 0.855 80.51 11.00
Hoeing (twice) 5.63 1.72 0.751 0.952 81.85 11.42
Unweeded check 539 1.21 0481 0.711 7135 10.65
LSD 0.05 NS NS 0.071 0.052 145 NS
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weed management practices and the increasing in tuber
quality. These results are in accordance with those re-
corded by Ahmed and El-Metwally 2001 and El-Metwally
et al. 2010.

Conclusion

It could be concluded that farmers can certainly depend
on mulching instead of using chemical herbicides espe-
cially in organic farm systems for controlling potato weeds.
Black plastic mulch, banana leaf mulch, and cheeseweed
straw mulch were the most effective mulches in potato
field. These safe and costless methods exhibited excellent
control of weeds and scored the best growth characteristics
as well as tuber yield and quality of potato plants.
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DAS: Days after sowing; TSS: Total soluble solids
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