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ABSTRACT

Experiments were conducted during the two winter seasons of 2018 and 2019 to investigate the

response of two carrot cultivars (Chantenay and Nantes) to pre-and post-emergence linuron applications
and different agronomic methods (broadcasting and drilling on raised rows and broadcasting in beds). The
effect of factors on the vegetative growth and accumulation of nutrient compounds has been assessed. Pre
emergence linuron treatment substantially increased the yield, dry matter and root physical characters
(root length and weight, root and core diameter) compared to post emergence treatment. Chantenay
accumulated more phenolics and antioxidants than Nantes, which was 14.73-16.59%, 7.64-8.15% and
12.37-15.66% greater (p < 0.05) than Cahantenay in carotenoids, total and reducing sugars in 2018 and
2019, respectively. In order to raise the productivity of feddan, broadcasting on raised rows (140 plant/
m?) was correlated with higher yield and the sweet and darker root of carrot. Carrots were strongly
influenced by linuron addition times in terms of yield or phytochemical status. Phenolic compounds and
antioxidant strength were cultivar-dependent and Chantenay was the richest overall.
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INTRODUCTION

Carrot (Daucus carota L.) is a member of the
family Umbelliferae and occupies the top of the ten most
common vegetables (Kharsan et al., 2019). Nowadays the
most widely grown varieties have an orange root and have
been formed from earlier yellow variants (Singh et al.,
2018). China is the largest producer with a yield value of
>18 million tons. Carrots are very popular vegetables in
Egypt that producing 266248 Tons from 9009 hectare as
recorded in the latest statistics of Food and Agriculture
Organization (FAOSTATA, 2018). Carrots are valuable
for their taste, good digestibility, and high levels of
carotene, pro-vitamin A, and fibers in addition to
appreciable quantities of thiamine and riboflavin (Kharsan
etal., 2019). The favored sweet taste of carrots referred to
sugar contents such as glucose, fructose and starch which
are the main types of carbohydrates (Que et al., 2019). In
addition, carrot is a vegetable rich in antioxidants both
lipophylic  (carotenoids) and hydrophilic  (phenolics)
compounds that vary considerably among carrot cultivars
and varieties (Leja et al., 2013). Therefore, carrots have
been used as a potent antioxidant to combat certain types
of cancer, especially lung cancer (Simon and Goldman,
2007; Singh et al., 2018).

Carrot as a root crop is sensitive to soil quality, and
in particular, to soil compression (Kesik and Konopinski,
1993). It is also very sensitive to weed competition due to
slow germination and faster growing weeds (Luo et al.,
2004, Swanton et al., 2010, Gruszecki et al., 2015). The
presence of weeds is considered to be one of the biotic
factors responsible for reducing both quantity and quality
of the roots. Decreased root production is possible up to
100% due to lack of proper control (Freitas et al., 2009,
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Swanton et al., 2010, Correia and Carvalho, 2017). Weeds
can serve as hosts for pests, diseases and nematodes, thus
weed control is one of the focal cost constrains affecting
carrot production (Boydston et al., 2008).

Linuron has been the utmost commonly used carrot
herbicide for carrot crop for several years (Swanton et al.
2010; Correia and Carvalho, 2017). Linuron (3-(3,4-
Dichlorophenyl)-1-methoxy -1-methylurea) is a synthetic
urea herbicide used to combat annual and perennial
broadleaf and grassy weeds at crop and non-crop sites. It is
used as a pre- and post- emergent herbicide and works by
inhibiting photosynthesis in target weed plants, causing
them to lose color, wilt, then die. Post-emergency sprayed
linuron was recommended by Correia and Carvalho (2017)
for growing carrots, regardless of cultivar, product dosage
and plant development. Crop yields treated with herbicides
reflected their weed control efficiencies (Pacanoski et al.,
2014).

Plant spacing also affects the growth, development
and yield of carrots (Kharsan et al., 2019). In the case of
closer spacing or higher plant density, competition among
individual plants increases for essential growth factors
which do not get their normal size (Norman et al., 1992).
Root size, root weight and yield of carrot can be modified
through refinements in the growing system especially
population density (Lana, 2012). Similarly, at wider
spacing, yield of individual plants will more, but yield per
feddan may decline due to low plant density (Kharsan et
al., 2019).

The objective of our research is to estimate the
optimum planting method and the linuron application time
as key factors affecting the carrot growth and yield of two
cultivars in carrot production. Since the effect of these
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factors on total phenols and antioxidants content is still
unknown, this study aims to assess the impact of these
variables on the quality of the produced carrot.

MATERIALS AND METHODS

Experimental design

Two field experiments were conducted at the
Agricultural Experimental and Research Station, Faculty of
Agriculture, Cairo University, Giza, Egypt (28.7666° N,
29.2321° E) during the two winter seasons of 2018 and
2019. Seeds were sown in the two seasons on 3"
November. The experiment included three factors (two
carrot cultivars, three planting methods and two herbicide
application times). The experiment was arranged as split
split plot design with three replicates, where the two carrot
cultivars were allocated to the main plots, the three
planting methods were randomly arranged in the sub main
plots and the two herbicide application times were
randomly distributed in the sub sub plots. Each area of the
plot was 12 m?,

The carrot cultivars used were Chantenay (agent:
MECCA Trade Co., France) and Nantes (Seminis Co.,
France). The herbicide used was Ultra Afalon (Linuron
45% Sc), Akko B.V., Netherlands. It was added at a
dosage of 500 ml per Acre. The herbicide was applied as a
pre-emergence (4 days after seed sowing) or as a post-
emergence (at 2-3 true leaf level).

Planting methods

The experiment included the following three planting
methods:

1- Broadcasting on the raised rows (140 plant/m?)

The plot consisted of 6 ridges; each 4 m in length
and 0.5 m in width. The seeds were broadcasted on the top
of the ridge.

2-  Dirilling on the raised rows (80 plant/m?)

The plot consisted of 6 ridges, the same dimension
as the previous one. The seeds were sown in rows at a
distance of 10 cm from the top of the ridge.

3- Broadcasting in beds (180 plant/m?)

The seeds were spread in beds. The plot consisted
of 3 flat beds; each 4 m in length and 1m in width. All
recommended agricultural practices were followed as
commonly used in the commercial production of carrot.
Data recorded

After 5 months of planting (April), yields from
all plots were collected and weighed to assess the carrot
response to the planting methods and the applied
herbicide. Also, ten plants were taken randomly from
each plot to evaluate the following characters:
A-Vegetative growth parameters:

- Plant length and Plant fresh weight

B-Yield traits:

- Total yield /fed. - Average root weight
- Root length - Root diameter

- Core diameter - Root dry matter

- Firmness -TSS

D-Chemical constituents and quality:

- Reducing and total sugars: Reducing sugars were
determined by Miller (1959), while, the total sugars
were determined by Ludwig and Rochester (1956).

- Carotenoids: it was estimated by Lee and Castle

(2001)

- Total phenolic compounds: It was estimated by
Folin-Ciocalteu method (Aryal et al., 2019).

- Estimation of the radical scavenging activity
(DPPH) and antioxidant activity by Yan-Hwa et
al. (2000). Antioxidant activity percentage was
calculated by the following equation:

- % Antioxidant activity
__ Acontrol- A sample

=—— x100

Lo . A control
Statistical analysis

Data collected from the two seasons were
subjected to the statistical analysis according to Gomez
and Gomez (1984) and the least significant difference
test (LSD) at 5% level of probability was used to verify
the significant difference between treatments.

RESULTS AND DISCUSSION

Results
Vegetative growth

The effect of herbicide cultivars, planting method
and application time as well as the interaction among them
is present in Table 1.

Regarding cultivars, the length of the plant (in both
seasons) and the plant fresh weight (in the first season) of
Chantenay were significantly greater than those of ‘Nantes.

With regard to planting methods, the carrot plants
planted with broadcasting in beds were the tallest followed
by those planted in rows with seed drilling then those
planted broadcasting on raised rows in both seasons. The
opposite was true of the plant weight. Plants collected from
seed drilling on raised rows (in the first season) and those
planted in the second season by broadcasting on raised
rows were the biggest. Meanwhile, in both seasons the
plants sown broadcasting in beds were the smallest.

Concerning the interaction between cultivars and
planting methods, the plants of Chantenay or Nantes
obtained from the seed broadcasting in beds were the
tallest followed by those planted from the seed drills in
rows, followed by the third planting system. Vice versa
was observed in the fresh weight of Chantenay in both
seasons and Nantes in the second season. With the
exception of Nantes in 2018, the plants planted by drilling
on rows had the highest fresh weight followed by those
collected from the seeds broadcasting on rows compared to
broadcasting in beds.

As shown in this Table, there were no significant
differences between pre- and post-emergence of linuron
treatments on plant length in the two seasons and plant
weight in the second season. Pre emergence treatment
resulted in a substantial increase in plant fresh weight in
the first season relative to post-emergence treatment.

The interaction between carrot cultivars and
herbicide application time on the vegetative growth was
significant. In 'Chantenay’, there were no significant
differences between the two times of the herbicide
application concerning plant length in both seasons and
plant weight in the second season , but  pre herbicide
application was significantly higher in 2018 than post
herbicide application in plant weight. In 'Nantes' plants
treated with post emergence herbicide were taller than
those treated with pre herbicide in the first season. The vice
versa was noticed in the second season, but there were no
significant differences between both herbicide applications
in plant weight.
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Table 1. Effect of cultivars, planting methods, herbicide application time and their interactions on the

vegetative growth of carrot

Carrot cultivar Planting method Herbicidtei r:;1];;plic,31tion 2(F;’{agnt length (ZCOTS)J géellgt welghé églls))
Chantenay 35.56 37.56 54.50 53.08
Nantes 32.20 34.96 45.26 51.36
LSD at 0.05 2.33 1.39 3.71 NS
Broadcasting on raised row 30.67 34.91 51.29 57.65
Drilling on raised row 34.13 35.84 53.93 53.86
Broadcasting in beds 36.83 38.03 44.42 45.15
LSD at 0.05 1.59 1.79 2.56 2.08
Broadcasting on raised row 31.15 35.91 58.46 61.15
Chantenay Drilling on raised row 36.21 37.46 57.79 55.14
Broadcasting in beds 39.32 39.32 47.25 42.95
Broadcasting on raised row 30.19 33.92 44.13 54.16
Nantes Drilling on raised row 32.06 34.22 50.07 52.58
Broadcasting in beds 34.34 36.75 41.59 47.35
LSD at 0.05 2.25 2.53 3.62 2.94
Pre emergence 33.47 37.18 52.92 52.95
Post emergence 34.28 35.35 46.83 51.49
LSD at 0.05 NS NS 3.84 NS
Pre emergence 36.49 37.91 59.02 53.01
Chantenay Post emergence 34.63 37.21 4997 5314
Nantes Pre emergence 30.45 36.44 46.83 52.89
Post emergence 33.94 33.48 43.69 49.84
LSD at 0.05 3.29 1.96 5.25 NS
- : Pre emergence 30.01 36.20 58.13 60.94
Broadcasting on raised row Post emergence 31.34 33.63 44.46 54.37
0 . Pre emergence 34.75 36.43 5291 53.78
Drilling on raised row Post emergence 33,52 35.25 5495 5304
L Pre emergence 35.67 389 47.74 44.13
Broadcasting in beds Post emergence 37.99 37.17 4110 4616
LSD at 0.05 2.25 2.53 3.62 2.94
- : Pre emergence 30.66 37.38 69.40 62.48
Broadcasting on raised row Post emergence 31.65 34.45 4751 59.81
. : Pre emergence 38.76 37.81 58.15 58.24
Chantenay Drilling on raised row Post emergence 33.66 37.10 57.44 52.04
- Pre emergence 40.07 38.55 49.52 38.32
Broadcasting in beds Post emergence 38.57 40.08 44.97 4757
. - Pre emergence 29.35 35.03 46.85 59.40
Broadcasting on raised row Post emergence 31.02 32.8 41.40 48.92
e . Pre emergence 30.75 35.05 47.67 49.31
Nantes Drilling on raised row Post emergence 3337 334 5246 5585
. Pre emergence 31.27 39.25 45.95 49.94
Broanicasting in beds Post emergence 37.41 34,25 3722 4474
LSD at 0.05 3.18 3.58 5.12 4.15

Regarding the interaction between planting
methods and herbicide application, plants obtained from
seed broadcasting in beds and treated with post emergence
Linuron in the first season showed a higher plant length
value than those treated with pre emergence Linuron. On
the contrary, plants produced from broadcasting on raised
rows and treated with pre-emergence Linuron in the
second season were taller than those treated with post
emergence Linuron. Plants planted with broadcasting on
raised rows (in both seasons) or with broadcasting in beds
(in the first season) and treated with pre-emergence
herbicide had greater plant fresh weight than those treated
with post emergence herbicide.

The impact of the interaction between linuron
application time, planting methods and carrot cultivars on
the vegetative growth was significant. The tallest plants
were observed in Chantenay cultivar pre emergence treated
with herbicide, that sown by drilling on rows or
broadcasting in beds in 2018. In the 2019 season, the
Nantes pre emergence treated plant sown in beds, was
significantly higher than the other planting methods. No
major impact on plant height when any method of planting
was applied in the second season. On the other hand, the
tallest plants were collected from Chantenay and Nantes
cultivars sown in beds after post emergence herbicide
treatment. When the cultivar Chantenay was sown by

broadcasting on raised rows and treated with pre
emergence linuron, it displayed the highest values of the
plant fresh weight.

Yield

Concerning the effect of the studied cultivars on
root weight and vyield, Chantenay cultivar showed
significantly greater yield in the first season and root
weight in both seasons as compared with Nantes in both
5easons.

The effect of planting methods on yield was
significant, where the highest carrot yields were obtained
from plants sown on raised rows followed by those sown
by drilling on rows, while the lowest yield was gained by
broadcasting sowing in flat beds. The same trend was
noticed with root weight, but there were no significant
differences between the plants planted by broadcasting and
those planted by drilling on rows.

With regard to the interaction between the planting
methods and the carrot variety, Chantenay sown by
broadcasting in raised rows has registered the highest yield
in both seasons. During the second season, by planting by
the second method (drilling on rows), Chantenay had the
greatest root weight. During the same season, Nantes
which was sown by drilling in rows, produced a significant
yield, but when sown by broadcasting on raised rows it
showed a significant increase in carrot root weight. There
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were no differences between these two methods
concerning the yield and root weight in the first season.

As illustrated in Table 2, pre-emergence linuron-
treated plants was greater in roots weight and substantially
higher in yields than post-emergence treated plants.

Table 2. Effect of cultivars, planting methods, herbicide application time and their interactions on the yield of

carrot
. . - T Yield (ton/fed) Root weight (g)
Carrot cultivar Planting method Herbicide application time 5018 2019 018 5019
Chantenay 9454 10220 98.12 102.40
Nantes 8833 9998 89.45 97.04
LSD at 0.05 3034 238 2.97 4.46
Broadcasting on raised row 10990 11240 98.57 110.30
Drilling on raised row 10210 10650 94.69 109.90
Broadcasting in beds 6234 8440 88.10 78.97
LSD at 0.05 637.6 530.5 711 5.54
Broadcasting on raised row 11810 11970 101.40 111.10
Chantenay Drilling on raised row 10000 9637 93.82 123.80
Broadcasting in beds 6549 9044 99.11 72.33
Broadcasting on raised row 10160 10500 95.72 109.50
Nantes Drilling on raised row 10420 11660 95.55 96.04
Broadcasting in beds 5919 7835 77.09 85.62
LSD at 0.05 9017 750.3 10.06 7.83
Pre emergence 11070 10520 107.90 100.90
Post emergence 7214 9695 79.65 98.53
LSD at 0.05 666.6 272.6 6.94 NS
Pre emergence 11150 10690 116.80 104.30
Chartienay Post emergence 7761 9750 7939 100.50
Nantes Pre emergence 11000 10350 99.01 97.57
Post emergence 6668 9641 79.90 96.51
LSD at 0.05 429.1 336.5 4.20 6.31
: : Pre emergence 13470 11250 116.70 116.50
Broadcasting on raised row Post emergence 8505 11220 8043 104.00
i . Pre emergence 11920 11100 108.60 110.90
Drilling on raised row Post emergence 8505 10200 80.79  109.00
. Pre emergence 7836 9207 98.48 75.32
Broadcasting in beds Post emergence 4633 7673 7772 8263
LSD at 0.05 901.7 750.3 10.06 7.83
. . Pre emergence 14280 12510 131.30 117.30
Broadcasting on raised row Post emergence 9345 11440 7155 10480
. - Pre emergence 10710 10370 111.00 130.90
Chantenay Drilling on raised row Post emergence 9293 8905 7661 116,80
M Pre emergence 8453 9184 108.20 64.64
Broadcasting in beds Post emergence 4646 8905 9001 80,02
: . Pre emergence 12650 9998 102.10 115.70
Broadcasting on raised row Post emergence 7665 11000 8931  103.20
. - Pre emergence 13130 11830 106.10 90.96
Nantes Drilling on raised row Post emergence 7718 11490 8496 10110
A Pre emergence 7219 9230 88.75 85.99
Broadcasting in beds Post emergence 4620 6440 65.43 85.24
LSD at 0.05 1275 1061 14.23 11.07

The effect of the interaction between carrot
cultivars and herbicide application time on vyield was
significant. Pre herbicide application surpassed the yield in
both seasons and root weight in the first season as
compared with post herbicide application within both
cultivars.

The effect of interaction between planting methods
and herbicide application on yield and root weight was
significant. Plants sprayed with pre emergence herbicide
had a higher yield (in both seasons) and root weight (in the
first season) than those sprayed with post emergence
herbicide . These results were true within any planting
methods. Plants sown with broadcasting on raised rows
and treated with pre-emergence Linuron recorded larger
root weight than those treated with post emergence
Linuron in the second season.

With regard to the interaction among herbicide
application, planting methods and carrot cultivars,
Chantenay broadcast on raised row and treated with pre-
emergence herbicide and Nantes sown drilling on rows and
treated with pre herbicide emergence in both seasons and
the latest with post emergence treated herbicide in the
second season recorded the highest carrot yield. On the

contrary, broadcasting in beds and post emergence
treatment with linuron resulted in the lowest yield of both
cultivars in both seasons. The highest root weight was
obtained by Chantenay which was treated with pre-
emergence herbicide and sown on raised rows in the first
season and sown by drilling on rows in the second season;
and the lowest weight was recorded by treatment with
post-emergence by both planting methods. Indeed, in 2019,
Nantes cultivar with pre-emergence of herbicide and sown
by broadcasting in beds or drill in raised rows had the
lowest root weight values without any major differences.
Physical characters of carrot roots

Roots of "Chantenay" had significantly larger root
diameter and core diameter (in both seasons) than those of
"Nantes", but there were no noticeable differences between
the two cultivars in root length in both seasons.

Concerning planting methods, carrot root length
was not significantly influenced by any planting method in
the first season. The maximum root length in the second
season and diameter in both seasons were obtained by seed
broadcasting on rows followed by seed drilling on rows
then by broadcasting in beds, with no significant
differences in root diameter between the latter two planting
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methods. The highest core diameter in both seasons was
recorded when the plants were sown by drill in rows,
followed by planted by spreading in rows and broadcasting
in beds in ascending order.

The interaction effect between cultivars and
planting system on the physical characters of carrot roots
was significant. "Chantenay” or "Nantes” grown by
broadcasting on raised rows showed significant increase in
root length in the second season compared to the other
growing methods. In term of root diameter, there were no
noticeable differences among planting methods of

"Chantenay" in the first season and Nantes' in the second
season. Also, there were no significant differences in core
diameter among planting methods of each cultivar except
for the second season; "Chantenay" grown by drilling on
rows had the maximum core diameter.

Data concerning effect of herbicide addition time, is
presented in Tables 3. The root length (in the two seasons),
root diameter and core diameter (in the first season) were
significantly higher in pre-emergence treated plants as
compared with post-emergence ones.

Table 3. Effect of cultivars, planting methods, herbicide application time and their interactions on the

physical characters of carrot root

Carrot Planting method Herbicide Root length (cm) Root diameter (cm) Core diameter (cm)
cultivar application time 2018 2019 2018 2019 2018 2019
Chantenay 1823 17.23 4.10 3.92 1.93 1.76
Nantes 1879 17.18 3.41 3.50 1.66 1.50
LSD at 0.05 NS NS 0.13 0.42 NS 0.09
Broadcasting on raised row 18.74  18.23 3.85 3.84 1.80 1.66
Drilling on raised row 18.72 17.11 3.77 3.79 1.88 1.80
Broadcasting in beds 18.06 16.28 3.64 3.49 1.70 1.43
LSD at 0.05 0.78 0.50 0.15 0.25 0.12 0.10
Broadcasting on raised row 18.30 18.17 4.13 4.08 1.93 1.76
Chantenay Drilling on raised row 18.44  17.35 4.11 4.07 2.00 2.06
Broadcasting in beds 1794 16.17 4.05 3.61 1.86 1.47
Broadcasting on raised row 19.18 18.30 3.56 3.61 1.67 1.55
Nantes Drilling on raised row 19.01 16.88 3.43 3.52 1.77 1.55
Broadcasting in beds 18.18  16.38 3.23 3.38 1.55 1.39
LSD at 0.05 1.12 0.71 0.22 0.36 0.17 0.22
Pre emergence 1894  17.63 3.97 3.73 1.95 1.64
Post emergence 18.07 16.78 3.53 3.69 1.64 1.62
LSD at 0.05 0.44 0.36 0.25 NS 0.17 NS
Chantenay Pre emergence 1897 1794 433 3.97 201 1.72
Post emergence 17.49 16.52 3.86 3.87 1.85 1.81
Nantes Pre emergence 18.92 17.32 3.61 3.49 1.89 157
Post emergence 18.66  17.05 3.2 3.51 1.43 143
LSD at 0.05 1.01 0.75 0.19 NS 0.11 0.12
Broadcasting on raised row Pre emergence 1925 19.16 4.08 3.93 1.97 1.70
Post emergence 18.24 17.31 3.62 3.76 1.63 1.62
Drilling on raised row Pre emergence 18.87 17.18 3.96 3.83 1.98 1.79
Post emergence 18.58 17.04 3.58 3.75 1.78 1.82
Broadcasting in beds Pre emergence 18.72 16.56 3.88 3.43 1.89 1.45
Post emergence 17.40 16.00 3.40 3.56 1.52 1.42
LSD at 0.05 112 0.71 0.22 0.36 0.17 0.22
Broadcasting on raised row Pre emergence 1901 1875 4.33 4.20 1.99 1.75
Post emergence 17.60 17.59 3.93 3.96 1.87 177
Chantenay Drilling on raised row Pre emergence 19.07 17.97 435 411 2.07 191
Post emergence 17.80 16.74 3.87 4.03 1.92 2.21
Broadcasting in beds Pre emergence 18.82 17.11 431 3.59 1.96 151
Post emergence 17.06 15.24 3.79 3.63 1.76 1.44
Broadcasting on raised row Pre emergence 19.49 19.56 3.82 3.65 1.95 1.64
Post emergence 18.88 17.03 3.31 3.56 1.39 1.46
Nantes Drilling on raised row Pre emergence 18.66 16.40 3.57 3.56 1.90 1.67
Post emergence 19.35 17.35 3.28 3.48 1.63 1.44
Broadcasting in beds Pre emergence 18.61 16.00 3.45 3.27 1.82 1.39
Post emergence 17.75  16.76 3.01 349 1.27 1.40
LSD at 0.05 1.56 1.00 0.31 0.50 0.24 0.31

Regarding the interaction between carrot cultivars
and herbicide application time, Chantenay sprayed with
pre herbicide application was significantly higher in root
length in both seasons as well as root diameter and core
diameter in the first season than post herbicide application.
Meanwhile, in 'Nantes’, there were no significant
differences between the both herbicide applications in root
length in both seasons and root diameter in the second

season. The root diameter and core diameter of 'Nantes
were bigger in plants treated with pre emergence herbicide
than those treated with post emergence herbicide in the
first season and both seasons, respectively.

Concerning the interaction between planting
methods and herbicide application, plants obtained from
seed broadcasting in beds (in the first season) and
broadcasting on raised rows (in the second season) and

369



Shereen S. F. El-Sayed

treated with pre emergence herbicide produced longer root
than those treated with post emergence herbicide. Plants
sprayed with pre emergence herbicide in the first season
had a larger root diameter and root core than those sprayed
with post mergence herbicide, regardless of planting
methods, while in the second season there were no
significant differences between herbicide applications.
With regard to effect of the three variables, the
longest root length was achieved by Chantenay or Nantes
sown with any planting methods and treated with pre
emergence of herbicide compared to Chantenay grown
broadcasting in beds with post emergence linuron in the
first season. In 2019, both cultivars had significant
(p<0.05) long root when sown broadcasting on rows and
treated with pre emergence of herbicide. The greatest root
diameter was achieved by Chantenay treated with pre
emergence of herbicide regardless the planting method
during the first season relative to post emergence. The
same trend was observed with Nantes sown by
broadcasting or drilling on rows. Core diameter of carrot
displayed different trend where no significant differences
were recorded between the planting methods of spreading
and drilling on rows regardless the cultivar in the first
season, but they are higher than the broadcasting in beds.
The highest significant value (p<0.05) was observed in the
second season in Chantenay sown with drilling on rows.

Dry matter, firmness and TSS of carrot root

There were no noticeable differences between
carrot cultivars or herbicide application times with respect
to firmness or TSS in both seasons, and dry mater in the
first season (Table 4).

Concerning the planting methods, the highest
values of dry matter (in both seasons) as well as TSS and
firmness (in the first season) were recorded using drilling
on rows and broadcasting on rows, compared to
broadcasting in beds.

The interaction between cultivars and planting
methods showed no significant effect on TSS. The highest
value of firmness was recoded in 'Chantenay’ sown
drilling on rows in the first season, but there were no
significant differences among planting methods regardless
of cultivars in the second season. The highest dry matter
recoded in 'Chantenay' grown drilling on rows followed by
broadcasting on raised rows then broadcasting in beds, but
there were no significant differences between broadcasting
on raised rows and drilling on rows in the second season.
Concerning Nantes cultivar, there were no significant
differences among different planting methods in the first
season, while in second season, the maximum dry matter
recoded in plants sown drilling on rows and the minimum
dry matter recoded in those sown with broadcasting in
beds.

Table 4. Effect of cultivars, planting methods, herbicide application time and their interactions on the dry

matter, firmness and TSS of carrot root.

Carrot - Herbicide Dry matter(%0)  Firmness (Kg/f) TSS (%)
cultivar Planting method application time 2018 2019 2018 2019 2018 _ 2019
Chantenay 1192 1194 4.17 4.09 9.02 9.07
Nantes 121 1224 3.77 3.71 8.88 9.38
LSD at 0.05 NS 024 NS NS NS NS
Broadcasting on raised row 1199 12.22 3.93 3.92 9.06 9.36
Drilling on raised row 1241 1244 4.36 411 9.11 9.35
Broadcasting in beds 11.64 11.60 3.62 3.68 8.69 8.96
LSD at 0.05 042 032 0.51 NS 0.39 041
Broadcasting on raised row 11.90 12.19 4.03 3.98 9.04 9.14
Chantenay Drilling on raised row 1257 12.06 476 444 9.25 9.26
Broadcasting in beds 11.29 1155 3.72 3.86 8.75 8.81
Broadcasting on raised row 12.08 12.24 3.84 3.85 9.07 9.58
Nantes Drilling on raised row 1224 12.82 3.96 3.78 8.96 9.43
Broadcasting in beds 11.99 11.66 3.51 3.51 8.62 9.12
LSD at 0.05 0.60 0.46 0.72 0.61 0.55 0.58
Pre emergence 12.10 12.38 3.85 3.86 9.05 9.22
Post emergence 11.92 11.80 4.09 3.95 8.85 9.23
LSD at 0.05 NS 0.52 NS NS NS NS
Pre emergence 1213 1212 4.05 3.96 9.43 9.31
Chantenay Post emergence 1171 1175 428 4.23 860 882
Nantes Pre emergence 12.08 12.63 3.64 3.76 8.67 9.12
Post emergence 1213 11.85 3.90 3.67 9.10 9.63
LSD at 0.05 033 034 NS NS 0.55 0.54
. . Pre emergence 11.99 12.63 3.86 3.82 9.20 943
Broancasting on raised row Post emergence 1199 1180 401 401 892 929
_ : Pre emergence 1247 12.82 417 412 9.16 9.26
Drilling on raised row Post emergence 1234 1206 455 411 906 943
L Pre emergence 1185 11.68 351 3.64 8.79 8.97
Broadcasting in beds Post emergence 1143 1153 372 373 859 896
LSD at 0.05 0.60 0.6 0.72 NS 0.55 0.23
. . Pre emergence 11.63 12.20 3.99 3.89 9.61 9.52
Broancasting on raised row Post emergence 1218 1217 407 407 847 875
_ . Pre emergence 1273 1221 448 4.28 9.61 9.39
Chantenay Drilling on raised row Post emergence 1241 11.92 5.04 4.60 8.89 9.14
L Pre emergence 12.04 11.96 3.70 3.70 9.06 9.04
Broadcasting in beds Post emergence 1053 1114 374 402 845 858
. . Pre emergence 12.35 13.05 3.73 3.76 8.78 9.33
Broadcasting on raised row Post emergence 11.80 1144  3.95 3.95 936 983
s . Pre emergence 12.22 1343 3.86 3.95 8.70 9.13
Narttes Drilling on raised row Post emergence 1227 1220 406 361 922 972
L Pre emergence 1166 11.40 3.32 3.58 8.52 891
Broadcasting in beds Post emergence 1233 1191 371 3.44 872 933
LSD at 0.05 0.84 0.65 0.35 0.86 0.78 0.83
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Concerning the interaction between carrot cultivars
and herbicide application time, there were considerable
differences in dry matter and TSS, although there was no
significant impact on firmness. Dry matter (in both
seasons) and TSS (in the first season) were slightly higher
in Chantenay plants treated with pre emergence herbicide
than those treated with post emergence herbicide.
Meanwhile, Nantes plants treated with pre emergence
herbicide had higher dry matter (in the second season)
than those treated with post emergence herbicide. In
contrast, there were no significant differences in TSS
within both herbicide applications

The effect of interaction between planting methods
and herbicide application on firmness and TSS was not
significant. Plant sown with broadcasting on raised rows or
drilling on raised rows and treated with pre-emergence
Linuron showed a higher dry matter value than those
treated with post emergence Linuron in the second season,
while in the first season there were no noticeable
differences between time of herbicide application.

As shown in Table (4), the highest dry matter
recorded in Chantenay grown by drilling on rows followed
by broadcasting on rows then in beds, but there were no
significant differences between the planting methods in
Nantes in 2018. Although drilling in rows during the
second season maximizes the dry matter content of Nantes.
Chantenay sown by drilling on rows was much harder as it
recorded the highest firmness value in the first season. In
2019, there were no significant variation (p<0.05) among
the planting methods applied for growing this cultivar.
Interaction between planting methods and carrot varieties
did not reveal any influence on TSS.

Regarding the effect of the three factors, dry matter
was higher in both seasons in Chantenay sown by drilling
on rows or broadcasting in beds and in Nantes sown by
broadcasting or by drilling on rows that treated with
herbicide pre-emergence. The same results were obtained
by Chantenay sown by broadcasting on rows or drilled on
rows and Nantes cultivar sown by drilling on rows or
spread in beds after post emergence treatment compared to
the third planting method. In terms of firmness, the highest
values were registered by Chantenay treated with pre or
post emergence linuron and Nantes treated just after post
emergence of herbicide when they were sown by drilling
on rows. In 2019, planting methods of broadcasting or
drilling on rows resulted in significant high firmness values
in both cultivars after linuron pre-emergence. No effect of
the planting method on Chantenay plants post-emergence
(p<0.05). Again Chantenay had the highest TSS
percentage (9.06-9.61%) than Nantes in the first season
when it was sown by any planting methods and handled
with linuron pre emergence. Following the application of
post-emergence linuron, Nantes contained more TSS
particularly, when it was sown by broadcasting or drilling
in rows in 2018.

Chemical composition of carrot roots
Total and reducing sugars and carotenoids

As shown in Table 5, the highest carotenoids, total
and reducing sugars levels were significantly accumulated
in Nantes cultivar and plants planting by broadcasting on
raised rows as observed in the two seasons
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Interaction between cultivars and planting method
demonstrated that, Chantenay grown broadcasting on
raised rows contained the highest carotenoids and reducing
sugars content in both seasons, but those grown drilling on
rows contained the highest total sugars in 2019.
Meanwhile, Nantes produced by broadcasting on raised
rows recorded substantially higher total and reducing
sugars than the other planting methodologies. The same
cultivar recorded the highest carotenoids when it was
grown by drilling in rows. Again, broadcasting in beds
recorded the lowest values of total and reducing sugars and
carotenoids regardless of the variety.

As shown in Table 5, post emergence herbicide
significantly ~exceeded (p<0.05) pre-emergence in
carotenoids and reducing sugars, while the total sugars did
not change by different herbicide application times during
both seasons.

Concerning the interaction between cultivars and
herbicide application, post emergence application
significantly exceeded pre emergence application in
reducing  (in both seasons) and total sugars content (in
first season), irrespective of cultivars. Chantenay plants
sprayed with post emergence herbicide had significantly
higher carotenoids content than those sprayed with pre
emergence herbicide, while in Nantes there were no
significant differences in carotenoids content between the
two herbicide applications.

Plants obtained from seed broadcasting on raised
rows or broadcasting in beds and treated with post
emergence Linuron showed a higher carotenoids content as
compared with those treated with pre-emergence Linuron.
Meanwhile, plants obtained from seed drilling on raised
rows and treated with pre-emergence Linuron showed a
higher carotenoids content as compared with those treated
with post mergence Linuron in both seasons.

Plants obtained from seed drilling on raised rows
(in the second season) or broadcasting in beds (in both
seasons) and sprayed with pre-emergence Linuron showed
a higher total sugars value than those treated with post-
emergence Linuron, while plants obtained from plants
planted with broadcasting on raised rows and treated with
post mergence Linuron had a higher total sugars value
than those treated with pre-emergence Linuron in both
seasons. Post emergence herbicide recoded a higher
reducing sugars than pre-emergence herbicide within any
planting methods.

Table (5) also showed the interaction between the
herbicide addition time, planting methods and carrot
cultivars. The highest score of carotenoid content was
obtained by Chantenay when planted in raised rows and
sprayed with linuron after leaves emergence. The highest
scores of total sugars were recorded after treatment with
post emergence herbicide in Nantes broadcasted on rows in
both seasons and in Chantenay grown by broadcasting or
drilling on rows in the second season. The highest score of
reducing sugars was recoded in 'Nantus' grown with
broadcasting or drilling on raised rows and sprayed with
post emergence herbicide in both seasons.

Generally, the broadcasting in beds and pre-
emergence treatment have contributed to a drop in the
carotene, total and reducing sugars content in both cultivars
to the lowest values.
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Table 5. Effect of cultivars, planting methods, herbicide application time and their interactions on root

content of carotenoids, total sugar and reducing sugar

Carrot ] o o Carotenoids Total sugar Reducing sugar
cultivar Planting method Herbicide application time (ug/g DW) (mg/g DW) (mg/g DW)
2018 2019 2018 2019 2018 2019
Chantenay 1432 1396 144.8 1452  56.63 56.88
Nantes 1643  16.59 156.6 156.3 63.64 65.79
LSD at 0.05 0.63 054 0.62 1.30 191 1.92
Broadcasting on raised row 20.01 20.19 165.1 1643 6356 64.64
Drilling on raised row 1556 15.66 159.8 160.8 60.401 62.08
Broadcasting in beds 1057 9.98 127.2 1272 5645 57.28
LSD at 0.05 0.41 0.48 1.29 1.61 1.50 2.15
Broadcasting on raised row 2264 2242 163.7 1632 59.68 59.89
Chantenay Drilling on raised row 1176 1155 163.6 1657 57.28 58.65
Broadcasting in beds 8.57 791 107.0 1066 5294 5211
Broadcasting on raised row 1738 17.95 166.6 1654 6743 69.38
Nantes Drilling on raised row 1935 19.77 156.0 1558 6353 65.52
Broadcasting in beds 1257 12.04 147.3 1478 5997 6246
LSD at 0.05 0.57  0.68 0.57 2.28 212 3.05
Pre emergence 1444  14.13 149.9 1499 5372 56.11
Post emergence 16.32  16.43 151.50 1516  66.55 66.56
LSD at 0.05 019 0.75 NS NS 4.70 0.88
Chantenay Pre emergence 1240 11.65 143.8 1443 4975 51.38
Post emergence 16.25 16.27 145.8 146.1 63.51 62.39
Nantes Pre emergence 16.47 16.601 156.0 1555 5769 60.84
Post emergence 1640 16.58 157.3 157.1 69.59 70.73
LSD at 0.05 0.88 0.77 0.88 1.84 2.7 271
. : Pre emergence 1718 16.96 159.5 1577 56,59 58.76
Broadcasting on raised row Post emerggence 2284 2341 1708 1708 7052 7051
- : Pre emergence 1646 16.07 160.3 162.2 56.86 59.76
Drilling on raised row Post emergence 1466 1526 1504 1504 6395 6441
A Pre emergence 9.67 9.34 129.8 1298 4771 4981
Broadcasting in beds Post emerggence 1147 1061 1245 1246 6519 64.75
LSD at 0.05 0.57 068 1.82 2.28 212 3.05
- - Pre emergence 16.79  15.77 158.7 157.0 4958 51.33
Broadcasting on raised row Post emergence 2848 2006 1687 1693 6978  68.45
- : Pre emergence 1299 1185 158.5 1624  59.83 61.69
Chantenay Drilling on raised row Post emergence 1053 1126 1687 1690 54.74 5562
L Pre emergence 7.42 7.33 114.2 1135 3985 41.12
Broadcasting in beds Post emergence 972 849 999 998 6603  63.09
- - Pre emergence 1757 1815 160.3 1585 6361 66.20
Broadcasting on raised row Post emergence 1720 1776 1729 1722 7126 7257
- - Pre emergence 19.93 20.29 162.1 1619 5390 57.83
Nantes Drilling on raised row Post emergence 1878 1925 1500 1497 7316  73.20
A Pre emergence 1192 11.35 1455 1461 5558  58.50
Broadcasting in beds Post emergence 1321 1273 1491 1495 6436 66.41
LSD at 0.05 081 0.97 2.58 3.22 3.00 4.31

Phenolic compounds and antioxidant activity

Chantenay showed a higher level of phenolic
compounds (in both seasons) and antioxidant activity (in
the second season) than Nantes.

Plants sown broadcasting in beds reported the
highest value of phenolic compounds, but those grown by
drilling on rows showed the highest value of antioxidant
activity.

The planting method had major impact on
phenolics and antioxidant activity of the cultivars. As such,
plants grown by broadcasting in beds contained the highest
phenolic compounds in both seasons, regardless of
cultivars. Chantenay drilled on rows or Nantes broadcasted
on raised rows showed the highest antioxidant strength.

Concerning effect of herbicide time application,
post emergence herbicide treatment resulted in higher
levels of phenolic compounds and antioxidant activity
compared to pre emergence herbicide treatment in both
season (Table 6).

Chantenay treated with linuron as a post emergence
demonstrated higher values of phenolic compounds than
those treated with linuron as a pre emergence, while in
Nantes, there were no noticeable differences phenolic

compounds between the two herbicide applications. Nantes
treated with post emergence application recorded higher
value of antioxidant activity than those treated with pre
emergence application, while in Chantenay, there were no
noticeable differences in the antioxidant activity between
the two herbicide applications.

Phenolic compounds of plants sown with
broadcasting in beds and sprayed with post emergence
Linuron was higher than those sprayed with pre-emergence
Linuron. Antioxidant activity recoded a higher value in
post emergence herbicide than pre-emergence herbicide,
regardless planting metods.

With regard to the three factors impact, Chantenay
treated with post-emergence herbicide and grown in beds
had the highest phenolics (10.57 mg/g), but this planting
method significantly lowered the antioxidant power in that
cultivar. Post-emergence  and row-broadcasting
substantially increased the antioxidants to the maximum
extent in Nantes followed by the drilling method.
Irrespective the herbicide add-on time, drilling in rows was
much better for Chantenay and spreading on rows for
Nantes to maximize the antioxidant activity.
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Table 6. Effect of cultivars, planting methods, herbicide application time and their interactions on root

content of phenolic compounds and antioxidant

Carrot - - T Phenolic compounds (mg/g DW) Antioxidant activity (%0)
cultivar Planting method Herbicide application time 2018 2019 2018 2019
Chantenay 7.98 7.89 47.87 48.56
Nantes 6.33 6.50 46.99 46.57
LSD at 0.05 0.28 0.47 NS 1.17
Broadcasting on raised row 6.48 6.43 51.50 51.24
Drilling on raised row 6.79 6.90 52.27 53.12
Broadcasting in beds 8.20 8.25 38.52 38.33
LSD at 0.05 0.44 0.38 1.82 151
Broadcasting on raised row 7.26 7.13 46.63 46.99
Chantenay Drilling on raised row 7.66 7.75 55.21 56.81
Broadcasting in beds 9.03 8.79 41.78 41.89
Broadcasting on raised row 571 5.74 56.37 55.50
Nantes Drilling on raised row 5.91 6.05 49.34 49.43
Broadcasting in beds 7.38 7.70 35.27 34.77
LSD at0.05 0.62 0.54 2.58 213
Pre emergence 6.63 6.61 41.92 41.13
Post emergence 7.69 7.78 52.94 54.00
LSD at 0.05 0.54 0.50 347 3.69
Pre emergence 6.98 6.83 47.76 47.95
Chantenay Post emergence 8.98 8.95 47.98 4918
Nantes Pre emergence 6.27 6.38 36.09 34.30
Post emergence 6.39 6.61 57.90 58.83
LSD at 0.05 0.40 0.67 2.32 2.28
. . Pre emergence 6.25 6.16 47.69 46.46
Broadcasting on raised row Post emergence 6.72 6.70 55.31 56.03
0 . Pre emergence 6.64 6.83 45.14 43.83
Drilling on raised row Post emergence 6.93 6.97 59.40 62.42
L Pre emergence 6.99 6.82 32.95 33.10
Broadcasting in beds Post emergence 9.42 9.68 44,10 4356
LSD at 0.05 0.62 0.54 2.58 2.13
- - Pre emergence 6.40 6.29 47.85 48.60
Broadcasting on raised row Post emergence 8.12 7.97 45.40 45.38
T E TR v A B R
L Pre emergence 7.50 7.10 43.78 44.67
Broadcasting in beds Post emergence 10.57 10.49 39.77 39.10
. . Pre emergence 6.10 6.04 47.52 4431
Broadcasting on raised row Post emergence 531 543 6522 66.68
- . Pre emergence 6.23 6.56 38.62 37.08
Nantes Drilling on raised row Post emergence 5.60 5,53 60.05 61.79
. Pre emergence 6.48 6.54 2212 21.52
Broarcasting in beds Post emergence 8.27 8.87 48.42 48.02
LSD at 0.05 0.88 0.76 3.64 3.02
Disscussion season. Zarzecka, et al. (2017) found that the dry matter it

1. Effect of cultivars, planting methods and time of
linuron application on physical characters and yield
of carrots plants.

There were significant differences between the two
used cultivars in the most traits. In this regard, ‘Chantenay’
significantly exceeded ‘Nantes’ in the yield and in the most
physical characters (length of the plant, root weight, root
diameter, core diameter (in both seasons) as well as the
plant fresh weight (in the first season). On the other hand,
there were no noticeable differences between the two
cultivars in plant fresh weight root length, root firmness
and TSS in both seasons. These differences in the yield and
physical characters of the carrot cultivars are attributed to
the genetic variations between the two cultivars. Similarly,
Lana (2012) found differences in the root weight between
cultivars. Also, Correia and Carvalho (2017) found
significant differences in root length among Brazilian
carrot cultivars.

Plant fresh weight and root dry matter were
significantly affected in one season, where plant fresh
weight was greater in ‘Chanteney’ in the first season, and
root dry matter (%) was higher in "Nanats’ in the second

was affected by weather conditions.

With regard to planting methods, sowing carrot
seeds broadcasting on raised row led to producing the
heaviest plants (in the second season) (Table 1) that had the
heaviest root fresh weight (Table 2), and largest roots, as a
diameter and length (Table 3). The increase in root
parameters led to producing the highest yield (Table 2). On
the contrary, sowing carrot seeds broadcasting in beds
showed significantly the reverse trend. (Tables 1, 2 and 3).
These results may be attributed to the available areas
between plants in each planting method, where the areas
were the largest in seeds drilling (80 plant/m?), and the
smallest in seed broadcasting in beds (180 plant/m?).
These findings are consistent with Appiah, et al. (2017)
who found that the smaller the distances between plants,
the greater the competition between them for nutrients,
water and air. Wider spacing plots recorded significantly
increase in plant fresh weight and root weight and
dimensions due to lack of competition among plants on
those plots. These results are in agreements with Lana
(2012), Appiah, et al. (2017) and Kharsan, et al. (2019)
who found that the widest space between plants causes
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significantly greater root diameter and longer roots. Kabir
et al. (2013) explained that these plants absorbed more
nutrients and had higher rate of photosynthesis than other
plants. For this reason, these plants had large vegetative
growth resulted in increased root length.

The wide spaces between plants that were found
due to sowing carrot seeds broadcasting on raised row led
also to larger roots and, as a result, higher yield.

Drilling seeds on raised row gave the highest values
of core diameter, roots dry matter (%), TSS (%) and
firmness followed by seeds broadcasting on raised row
without significant differences between them, whereas
seeds broadcasting in beds showed significantly the lowest
values (Table 4). Kabir et al. (2013) showed that the
maximum root dry weight was found at the larger space
and the minimum was found at the narrower spacing,
because spacing causes more consumption of dry mater of
root than less density grown of carrot.

The present study indicated that generally pre-
emergence treatment resulted in a significant increase in
plant fresh weight (in the first season), greater roots weight
(by 35.47% and 2.4% in 2018 and 2019, respectively) and
substantially a higher yields (by 53.45% and 8.5% in 2018
and 2019, respectively) relative to post-emergence
treatment (Table 1 and 2). The root length (in the two
seasons), root diameter and core diameter (in the first
season) were also higher in pre emergence treatment than
those in post emergence application (Table 3). These
findings may be related to improved weed control
efficiency due to pre-emergence use of linuron compared
to post emergence addition. Similar results were reported
by Bell et al. (2000) who found that post emergent linuron
treatment offered slightly poorer weed control than pre-
emergent treatment and Van Heemst (1985) stated that
weeds cause loss of carrot yields mainly by decreasing
carrot root size due to direct competition for space, and
water as well as growing nutrients.

There were no noticeable differences between
carrot cultivars or herbicide application times with respect
to firmness or TSS in both seasons, and dry mater in the
first season (Table 4). Zarzecka, et al. (2017) found that the
dry matter was not influenced by weed control methods
such as herbicide application, but it was affected by
weather conditions.

Effect of cultivars, planting methods and time of
linuron application on chemical root quality.

The chemical root quality studied in the present
work was total and reducing sugars, carotenoids, phenolic
compounds and antioxidant activity. Chemical root quality
is a very important character for human health. About 60%
of the total carotene content in carrot is p-carotene
(Bozalan and Karadeniz, 2011).

As shown in Table 5, roots of Nantes cultivar had
higher contents of carotenoids (16.43, 16.59 pg/g), total
(156.6,156.3 mg/g) and reducing sugars (63.64,65.79
mg/g). This result is in agreement with many researchers
who have reported significant differences in carotene
content among carrot varieties (Alasalvar et al., 2001;
Metzger et al., 2008)

The maximum values of carotenoids were recorded
in the planting method of broadcasting on raised rows
(20.01, 20.19 pg/g) in 2018 and 2019, respectively and

post-emergency treated plants (16.32, 16.43 ug/g), versus
the other two planting methods and pre-emergence
herbicide application. Seljasen and coauthors (2013) found
that carrot content of carotene was higher with a low plant
population than with a high plant population. These results
are due to the fact that carotenoids act as photoprotive
compounds in the photosynthetic system and low plant
density causes an increase in UV radiation to the plants,
thus leads to increase the carotene content of carrots.

On the other side, total sugars (glucose + fructose +
sucrose) are important characteristics that decide the
suitability of cultivar for direct consumption as well as the
production of frozen packages, salads, pasteurized products
(tinned food), as carrots containing more than 1% of these
compounds have a sweet taste (Lee et al., 2011). A higher
total and reducing sugars levels were significantly
accumulated in Nantes cultivar.

In the present investigation, post emergence
herbicide significantly exceeded (p<0.05) pre-emergence
in reducing sugars, while the total sugars did not change by
different herbicide application times during both seasons.
Meanwhile, the highest total and reducing sugars levels
were significantly accumulated in plants planting by
broadcasting on raised rows as observed in the two
seasons.

Polyphenols are secondary metabolites that are
essential in plants because they perform functions in
response to stress conditions (Merino et al., 2020). DPPH-
free radical scavenging is an indicator of non-enzymatic
antioxidant activity. Higher levels of DPPH activity were
associated with increased tolerance to various negative
environmental stimuli (Bozalan and Karadeniz, 2011)

Chantenay showed a higher level of phenolic
compounds (7.98 and 7.89 pg/g in both seasons) and
antioxidant activity (48.56% in the second season) than
Nantes. These results are in accordance with the results of
Alasalvar et al. (2001) and Leja et al. (2013) who recorded
significant differences among some carrot cultivars in both
attributes.

Plants sown broadcasting in beds reported the
highest value of phenolic compounds, but those grown by
drilling on rows showed the highest value of antioxidant
activity. Katuzewicz et al. (2017) found that the content of
the detected phenolic increased with an increase in plant
density. According to Ghasemzadeh et al. (2010), the
phenolic content of shaded plants can be affected due to
the low temperatures under these conditions. Likewise,
Machado et al. (2013) stated that the light-dependent
induction of phenylpropanoid biosynthesis may have
occurred in spinach of high planting density, giving the
highest value of total phenol content and lowest
antioxidants. Many investigators (D’Souza and Devaraj,
2010; Karimi et al., 2013) stated that, the total phenolic
content improved marginally as abiotic stress (e. g. light
conditions, salinity, etc.) increased.

During both seasons of the study, post emergence
herbicide treatment resulted in higher levels of phenolic
compounds and antioxidant activity compared to pre
emergence herbicide treatment (Table 6). Post-emergency
herbicide caused stress in crops by negatively affecting
photosynthesis, the opening and closing of stomata, and
increasing vulnerability to fungi attacks and/or altering

374



J. of Plant Production, Mansoura Univ.,Vol 12 (4), April, 2021

physiological and metabolic functions (Das and Mondal,
2014). Thus, plant metabolism is changed by the
application of herbicide and induces changes in
fluorescence emission that are appeared in leaves before
any other visible effect (Barbagallo et al., 2003). Reduced
crop growth and yield can be influenced by a decline in
photosynthesis (Ali and Honermeier, 2016); however, this
stress can diminish the biomass production, alter the
quantity of the secondary plant metabolites (Olivoto et al.,
2016); and increase the polyphenol content of the tissues
(De Abreu and Mazzafera, 2005). Although, Merino et al.
(2020) stated that the total polyphenol content did not
change duo to the herbicide application regardless the
effect on the quinoa yield.

CONCLUSION

From an economic point of view, the pre-
emergency application of linuron is a recommended
method than the post- emergency for obtaining the greatest
yield of carrot crop with maximum physical carrot root
measurements. However, the post-emergency method is
better suited for achieving the maximum nutritional value,
particularly antioxidants, and a darker orange color.
Broadcasting in rows (140 plant/m?) is the best method of
carrot planting followed by drilling on rows (80 plant/m?),
while broadcasting in beds (180 plant/m?)is the worst.
Chantey was superior to Nantes in vegetative growth,
yield, vyield component, phenolic compounds and
antioxidant power. In contrast, Nantes was the sweetest
and contained more carotenoids and dry matter.
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