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ABSTRACT

Two field experiments were conducted at the experimental
Farm of the Faculty of Agriculture Moshtohor Zagazig Univer-
sity during the winter seasons of 1989/ 1990 and 1990/1991 ,
to elucidate the effect of nitrogen andvpotassiﬁm fertiliz-
ers at three levels (30 kg N + 24 kg k20, 45 kg N +48kg k20
and 60 kg N + 72 kg k20/fad.) as well as zinc and Molybdenum
foliar spray at concentration of 50 and 100 ppm for each in
addition to the control +treatment on vegetative growth,
chemical composition and yield and its gquality of carrot
plants.

Obtained results showed that increasing nitrogen and
potassium fertilizers level up to the highest used one (60
kxg N + 72 kg k20/fad.) combined with 100 ppm of either Zn or
Mo reflected the maximum values on studied vegetative growth
aspects expressed as plant height, number of leaves, top
length, root length and dry weight per plant as well as pho-
tosynthetic pigments. It also showed significant increments
in total N, P, K, Zn and Mo contents of plant foliage. More-
over, such treatment resulted in the highest values for the
total yield and its components expressed as plant weight ,
root weight and root diameter. It also led to statistical
increments in total sugars. But the carotene content of
roots was not affected. In addition, P, K and Zn content
were significantly increased but N and Mo were not affected.

Generally, it could be concluded that , under such con-
dition of this experiment, the application of 60 kg N +72 kg
X:0/fad combined with 100 ppm of either Zn or Mo may be
recommended for good vegetative growth with highest total
yield and best quality of carrol roots.
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INTRODUCTION

Carrot (Daucus carota, L.) is one of the most important
vegetable root crops grown in Egypt. Therefore, it is neces-
sary to increase the productivity and the quality of carrot
roots. This can be achieved through following proper mea-
sures for crop production. Among such measures the applica-
tion of nitrogen and potassium fertilizers as well as the
foliar spray of zinc and molybdenum. In this respect, Habben
(1973), Emura and Hosoya (1979), Mesquitafilho et al. (1985)
and Abd-Alla et al. (1990) reported that fertilizing carrot
plants with N, P and K fertilizers at different levels
increased the vegetative growth and total yield as well as
its components. In addition, Abd-Alla et al. (1990) indi-
cated +that photosynthetic pigments (chlorophyll a, b and
carotenoides) macro-elements, (N, P and K) and sugars con-
tent of plant foliage and roots were increased with increas-
ing the level of N, P and K fertilizers up to the highest
used one (60 Kg N + 48 kg p 2 0 5 + 150 kg k 2 0/ fad.)

Regarding the effect of micro-nutrients, many investiga-
tors mentioned that the application of zinc and molybdenum
either as seed soaking or foliar spray increased the vegeta-
tive growth parameters, and the total yield and its compo-
nents (Smagina, 1977 on red beet, Alekseeva and Kutsenko,
1977 on red carrot). Moreover, Abed et al. (1988) and Farag
et al. (1989) working on pea found that chlorophyll (a) and
(b), total nitrogen , phosphorus, potassium and micro-
elements content were increased as a result of either seed
soaking or plant spray and the highest content of such chem-
jcal constituents were connected with the highest used con-
centration of such macro-nutrients.

MATERIALS AND METHODS

THO field experiments were conducted at the Experimen-
tal Farm of the Faculty of Agriculture Moshtohor, Zagazig
University during the winter seasons of 1989/1990 and
1990/1991. The soil of the Experimental Farm was clay loamy
in texture with pH 7.7 and contains 0. 103% available-N
2.747 ppm soluble P, 0.5 meq/L X and 0.25 ppm Zn.

Seeds of carrot (Daucus carota, L.) cv. red core
chantenay were sown on September 25th and 29th in 1989 and
1990 respectively. Each experiment included 15 treatments
which were the combinations of three nitrogen and potassium
fertilization levels i.e. 30 kg N +24 kg k:0/fad., 45 kg N +
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48 kg k20 and 60 kg N + 72 kg 20/fad. within five concentra-
tions of Zn and Mo, i.e.,50 and 100 ppm for each of them in
addition to the control treatment which was sprayed with
distilled water only. Phosphorus iertilizer was added at a
rate of 32 kg P20s/fed. A split plot design with three
replicates was adopted. The fertilization treatments were
arranged in the main plots Meanwhile Zn and Mo +treatments
were randomly distributed in the sub-plots. Each experimen-
tal plot included 5 ridges 3.5 min long and 60 cm wide with
an area of 10.5 m 2 (1/400 of fad.), one ridge was left
without planting between each two plots as a gard one
Ammonium nitrate (33.5% N ) calcium superphosphate (16% P 2
0 5 ) and potassium sulphate (46-52% K 2 O ) fertilizers
were used as sources of nitrogen, phosphorus and potassium
respectively. The amounts of fertilizers were added at two
equal portions. The first half was added one month after
seed sowing and the second was added 3 weeks after the first
portion. Plants were sprayed three times with an aqueous
solutions of studied micro-nutrients at three weeks inter-
vals starting after complete seeds germination. Other agri-
cultural practices were done as commonly followed 1in the
district. ' '

For vegetative growth measurements, 15 plants were taken
as a representative sample from each experimental plot after
120 days after planting as the following dita were recorded.
Plant height, top length, root length, plant fresh weight,
top welight, root weight, root diameter, number of leaves per
plant and plant dry weight.

At harvest, plants of each experimental plot were har-
vested, counted and weighted and the total yield (ton/fed)
was calculated. Chemical constituents, were determined in a
representative sample of plant foliage and roots as follows:

Photosynthetic pigments were assayed as chlorophyll a, b
and total chlorophyll as well as carotenoides in plant
foliage calorimetrically determined as described in the
A.O0.A.C.(1970). Reducing non-reducing and total sugars as
well as carotene content were determined in plant roots
according to the methods followed by Morell (1941) for sug-
ars and Umiel and Gabelmoii (1971) for carotenoides deter-
mined as B carotene.

Macro and micro-elements were assayed 1in both plant
foliage and roots during the second season only. Total
nitrogen, phosphorus and potassium as well as zinc and
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molybdenum were determined according to the methods
described by Pregl (1945) for total nitrogen, Murphy and
Riely (1962) for phosphorus, Brown and Lilleland (1946) for
potassium and Chapman and Pratt (1961) for micro elements.

All obtained data were subjected to statistical analysis
according to Gomez and Gomez (1983).

RESULTS AND DISCUSSION

1- Vegetative growth characteristics:

Data presented in Table (1) showed the effect of
nitrogen and potassium fertilization as well as zinc and
molybdenum foliar spray on morphological traits of carrot
plant. Such data indicated that all the studied growth
measurements, i.e., plant height, number of leaves per
plant, top and root length as well as dry weight were
increased with increasing nitrogen and potassjum fertiliza-
tion level up to the highest used one (60 kg +72kg
k20/fed.). such increment in all forementioned growth
aspects reached the level of significancy only in case of
plant height and number of leaves during the first season
and plant height, top length dry weight during the second
one. Obtained results may be attributed to the main role of
nitrogen and potassium in meristimatic activity of plant
cells and the role of nitrogen in formation of plant growth
materials. Similar results were obtained by Habben (1973).
Emura and Hosoya (1979) and Abd-Alla et al. (1990)

Regarding the effect of micro-nutrients, it is clear
from the same data in Table (1) that irrespective of plant
height and dry weight per plant which were statistically
increased all the studied growth parameters were not
affected due to +the application of micro- nutrients com-
pared with the control. In this respect, highest used con-
centrations of zinc and molybdenum (100ppm ) reflected the
highest values in all measured growth aspects. Such ‘enhan-
cing effect of Zn and Mo growth parameters may be due to the
role of Zn in formation of the amino acid treptophan, which
is +the precursor of indole acetic acid, in plant and Mo in
nitrate-nitrogen assimilation in plant tissués both resulted
in plant cell formation and elongation. Obtained results are
in agreement with those obtained by Smagina (1977) on red
beet and Alekseeva and Kutsenko (1977) on carrot and Abed
et al. (1988) and Farag et al. (1989) on pea.



[72]

*7 SN LY S°N 9°% 1°C SN S°N N VAR €0°0 3 "3°S°1
I S T B R S S A A S A - | S
v°81 £€°91 %6y €L L°S9 €°¢Cl 9°GT 6°1% 7L 9°LS (419
c°8r 6°91 9°2S £€°8 9769 771 €791 sToy '8 L°T9 oot uz
- 1°L1 $°91 8°0§ 9°L €°L9 AR 6°S1 Lowy 8°L 9°09 (¢19
R _ZiEX ___1°91 6% 8-9_____ 065 ____ €11 __ 1°S1___ z'Iv______6:9_ ___ €796 ______I°13uod ______
ST S°N 9°Z S*N 3 SN S*N STN 8°0 1°¢ §0°0 18°d°5°7
BN A3 G- S L - 1 R &1 S AT S R & ¢ ¥ A 1
7 Ll S99t S*LYy L L 6°S9 s*etl 8°GI [l s*L 0°09 . gy 69
. 1°91 z°91 8°9Y% €L 0°¢€9 0°z1 z°61 LAAY 1°¢L [A . vZ 0t
m TTSTNTTTTTSEN STNT T ST TSI TSNS TSN T TSN TSN T T T TTTTTTTTET0TIETTES
N TTOTTITTTTETSTT TS §T8™TTTTETESTTTTTETETTTT9TOT oY T TTTETETTTTTeTES T TTTTGeT T
© 6°61 $°9T1 1°2¢ 9L 9°89 6°%1 £€°91 € ey 0°g 9°6S (419 oK
-3
° 2°61 T°LT %°8S L*8 0°9¢L 9°G1 8°91 8° LY L°8 L°%9 00t uz
m C°61 L°91 £°Ts L°L 0°69 8 vl 9°91 (Va4 £°8 €°19 (119
- 1°91 €91 €Y €L L°09 L°€1 6°GI 179y - 0°8 9°6S Tex3uo0) L 09
=
o 6°02 9°91 [} 4 €°8 0°99 §°61 z°91 AR 4 0°8 9°19 00T ou
m 6°81 7°91 6°8Y €L €769 €€l 9°61 VARA L°9 0°8S (o19
M 9°L1 6°91 0°¢€S ' €'8 0°0L €'yl €°91 7°9Yy €°8 £€°29 00Tt uz
o S°9t1 $°91 8°1¢ 9°¢L £°89 £°el 8°G1 8y LeL 9°09 0s
M AR 0°91 o°vy L9 0°09 T°11 £€°61 0ty 9°9 €°LS Toa3uo0) 8% G¥%
“ 6°6T1 €°91 o.w<< 0°8 0°¢c9 9° %1 €°61 £y €L 9°6S 001 oK
» 7°91 0°91 6°9Y% 0°L £€°€9 L°11 0°sST 0°0Y% 0°L 0°sS 0s
14
< L°LY 9°91 v°6% . 0°8 0°99 £°cl 6°G1 1Sy 9°L 0°19 001 uz
H [ £€°91 £°8Y . €L 9°%9 S°IT 2°6S1 kAR 44 £€°L 9°6S 0s
6701 6°ST° %°0% £€°9 £€°9¢S 1°6 Syl S*LE 0°9 0°zs To13u0) 7z Of
: ~ adv\ \\
(8)auerd (wd) - (wd) querd  (wd) (B)3uerd (wd)  (wd) juerd  (wd) (udd) )  (-pe3/8Y)
/3Yy8¥an  yisuay yaduag /saaeaT  3Y8F1ay /348Tam yaBual yasBusl | /s9aesd] IYBTAY §juatIanu STaA9T
Kaq 300y doy Jo xaquny jJueTd fa1g j00y - doy], jo aaquny Juerd -033TH X pue y
TTTEmTTTTT 166170661 e T3 -3 13 5 L L+

©301180 JO Yimol8 2AF3I831883A UO O} PUB UZ YITA fwids JRTTOJ puB TOA®] UOTIVZTTTIIOF=-)Y N 3JO 328333 : (1) 31981



1594 Annals of Agric. Sc., Moshtohor, Vol. 29(4), 1991.

As for the effect of interaction, no significant differ-
ences in all studied growth parameters were obtained as a
result of the interaction between applied macro- and micro-
nutrients. In this connection, the highest used fertiliza-
tion level (60 kg N+72 kg k20/fad.) and spraying plants with
100 ppm of 2Zn or Mo reflected the maximum values of all
growth parameters. :

2- Chemical composition of plant foliage:

a—- Photosynthetic pigments:

Data in Table (2) showed +the effect of nitrogen and
potassium fertillzation as well as zinc and molybdenum spray
on photosynthetic pigments of plant foliagé, i.e., chloroph-
yll1 (a), (b), total chlorophyll and carotenoides. It is
obvious from such data that chlorophyll a, b and total chlo-
rophyll as well as carotenoides materials were significantly
and steadily increased with increasing nitrogen and potas-—
sium fertilizer. In this regard, the highest content in pho-
tosynthetic pigments were obtained as a result of the high-
est fertilizer level (60 kg N + 72 kg k20/fad.). Obtained
results are due to the role of nitrogen and potaszsium in
formation and constancy of photosynthetic pigments. Rfifi
et al, (1989) on cowpea, khalil (1989) on cucumber and
Abd-Aalla et al. (1990) on carrot reported similar results
on studied vegetable crops.

Concerning the effect of zinc and molybdenum, it is evi-
dent from the same data in Table (2) that all determined
photosynthetic pigments were significantly increased as a
result of spraying plant with either Zn or Mo compared with
the control treatments during both season of growth. In this
respect, the highest used concentration (100ppm) from each
of Zn and Mo proved to be the most effective treatment in
increasing different constituents of photosynthetic pig-
ments. These results may attributed to the role of Zn and MO
on chlorophyll assimilation by plants. Similar results were
obtained by Abed et al. (1988) and Farag et al. (1989) on
pea.

Regarding the interaction effect, no significant differ-
ences were obtained in determined photosynthetic pigments
except in case of carotenoides during the first season only.
Moreover, the highest photosynthetic content was obtained in
case of plants fertilized by 60 kg N +72kg k:0/fed. and
sprayed with 100 ppm of each of Zn or Mo.
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b- Macro-elements content:

Data illustrated in Table (3) showed the effect of
nitrogen and potassium fertilization as well as micro-
nutrient foliar spray on total nitrogen, phosphorus and
potassium content of carrot plant foliage. Such data
revealed that, total nitrogen, phosphorus and potassium con-
tent were statistically increased as a result of increasing
nitrogen and potassium fertilizers level up to the highest
used one. Obtained results may be attributed to the increas-
ing of the uptake by plant as a result of increasing the
concentration ' of such macro-nutrients in roots growth media
due to the fertilizers additipn. In this regard, the
increasing 'in N P K were connected with highest vegetative
growth rate expressed in different studied growth parame-
ters. Obtained results are agree with those obtained by Abd-
Alla et al. (1990)on carrot.

Regarding the effect of micro-nutrients application, it
is clear from the same data in Table(3) that total
nitrogen, phosphorus and potassium content of plant foliage
were increased as a result of spraying plant with either Zn
or Mo with its different concentrations compared with the
control treatment. In this respect, the highest values of N,
P and K content were obtained due to using 100ppm of either
Zn or Mo. Similar results were found by Abed et al. (1988)
and Farag et al. (1989) on pea.

Concerning the effect of interaction, the same data in
Table (3) revealed that using 60 kg N + 72 kg k:0/fad. and
spraying the plants with 100 ppm of either ZIn or Mo
reflected the highest content of N P K content.

c—- Micro-elements content:

Data in Table (3) showed that both Zn and Mo content of
plant foliage was increased as a result of increasing the
level of nitrogen and potassium fertilizers. In this regard,
the highest Zn and Mo values were connected with the highest
used level (60 kg N +72kg k:0/fad. obtained result may be
due to the increase of plant growth aspects (Table, 1) that
required much uptake of micro-elements. -

With respect to the effect of micro- nutrients, the same
data in Table (3) showed that spraying carrots plants with
Zn or Mo at its different studied concentrations led to a
significant increase in the content of Zn and Mo of plant
foliage obtained results are in conformity with those
recorded by Farag et al. (1989) on pea.
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Table (3): Nitrogen, phosphorus,  potassium, zinc and
molybdenium contents in carrot plant foliage

as affected by N K-fertilization level and Zn
and Mo foliar spray.

Season____ oo 1990/199)
N K-ferti- Micro- N P X Zn Mo
lizers nutrients -———-—-=-m-mme—ms—soo—s sso—oo———s-os
kg/fad. (ppm) (mg/100 g D.¥.) (ppm)
30 24 Control 1500 220 3510 164 64
20 50 1880 380 3870 243 98
100 2140 410 4180 ° 329 154
Mo .50 2200 540 4560 448 180
100 2320 620 5900 622 214
45 48 Control 1620 250 3660 176 g2
zn 50 2000 330 3920 288 111
100 2040 450 4380 280 164
Vo 50 2180 520 4870 452 193
100 2240 590 5260 547 270
60 72 Control 1740 260 3790 284 82
z 50 2020 360 3990 350 172
" 100 2160 390 4500 416 169
” 50 2220 560 4910 630 212
9 100 2370 600 5380 728 252
L.S.D. at 0.05 85 29 34 5 4
30 24 2008 434 4404 361 142
45 48 2016 438 4418 368 154
60 72 . _______.2102__ 434 ____ 4514 __ 481____183_
L.S.D. at 0.05 57 N.S 27 2 1
Control 1620 243 3653 208 76
2 50 1966 356 3926 293 127
" 100 2113 416 4353 375 172
M S0 2200 540 4780 510 195
° 100 2310 603 5513 632 228

L.S.D. at 0.05 49 16 19 2 2
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With regard to the interaction effect, it 1is obvious
from such data that +the highest 2Zn and Mo values were
resulted due to fertilizing carrot plants with 60 kg N +72
kg k20/fad. Combined with 100 ppm of either Zn or Mo as
foliar spray.

3~ Yield and its components:

Data presented in Table (4) showed the effect of
nitrogen and potassium fertilizers as well as Zn and Mo
foliar spray on the total yield and its components. Such
data indicated that plant weight, root weight and root
diameter as well as the +total yield were increased with
increasing  the fertilization level up the highest used one.
In this regard, such increments in total yield and its com-—
ponents reached +the level of significancy only in case of
root diameter during the first season of growth and all stu-
died yield measurements during the second one. In addition,
the highest values of the total yield and its components
were obtained in case of the highest level of fertilization
(60 kg N + 72 kg k20/fad.). The increase in total yield was
due +to the 1increase 1in plant weight, root weight, root
diameter and the other studied vegetative growth parame-—
ters(Table , 1 ). Such increments 1in vegetative growth
aspects and the total produced yield and its components
were due to the increase in net rate of photosynthetic
assimilation and mineral accumulation as shown in Tables (2
and 3). Obtained results are agree with thése—obtained by
Mesquitafilho et al .(1985) and Abd-Alla et al.(1990) on
carrot.

With regard to the effect of micro- nutrients, the same
data in Table(4) showed that of the studied yield measure-
ments expressed as plant weight, root diameter and the total
yield were statistically increased as result of spraying
plants with either Zn or Mo in its different concentrations
compared to the control. In this respect, 100 ppm of each Zn
or Mo reflected the highest values of the total yield and
its components during both season of growth. Obtained
results may be due to the effect of micro-nutrients on
plant vegetative growth and consequently on produced total
yield . Similar results were obtained by Alekseeva and kut-
senko (1977) on carrot. As for the effect of the interac-
tion, no significant differences were obtained in the total
yield and its components.
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4—- Chemical composition of roots:

a— Sugars and carotene content:

Data indicated in Table (5)showed the effect of nitrogen
and potassium fertilization as well as Zn and Mo spray on
reducing, non-reducing and total sugars as well as carotene
content of carrot roots. It is clear from such data that
increasing the level of nitrogen and potassium fertilization
led to significant increases in sugars and carotene of car-
rot roots during both season of growth. In addition, the
highest values of determined sugars fraction and carotene
were connected with the highest 1level of fertilization.
Obtained results, may be due the increase of photosynthetic
pigments Table (2) and the role of macro-nutrients espe-
cially potassium element in increasing translocation of car-
bohydrate from plant foliage in the form of sugars to be
accumulated in the plant roots. Similar results are reported
by Habben (1973), Emura and Hosoya (1979) and Abd-Alla et
al.(1990) on carrot and Said et al. (1984) on sweet potato.

With respect to the effect of Zn and Mo, the same data
in Table (5) revealed that spraying carrot plants with
either Zn or Mo with its different used concentrations
resulted in increasing reducing, non-reducing and total sug-
ars as well as carotene content of carrot roots compared to
the control treatment. In this regard the maximum values of
sugars constituents and carotene were obtained as a result
of spraying plants with 100 ppm of Zn or Mo during both
growing season. :

Referring to the effect of the interaction it is evident
from the same data in Table (5) +that reducing and non-
reducing and total sugars were significantly increased while
carotene was not affected as a result of increasing the
level of both macro—and micro-nutrients during both season
of growth. In this concern using 60 kg N + 72 kg k20/fad.
and spraying plants with 100 ppm of with Zn or Mo reflected
the highest content of sugars and carotene.

b- Mineral elements content:

1- Macro—-elements content:

Data in Table (6) showed clearly that the content of
macro—-elements, 1i.e. total nitrogen, phosphorous and potas-
sium of carrot roots were continuously increased with
increasing the 1level of nitrogen and potassium fertilizers
up to the highest used one. Such increments may be due to
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Table (6): Nitrogen, phosphorus, potassium, zinc and molybd-
enum- contents in carrot roots as affected by

N’ K-fertilization level and 2Zn and Mo foliar

spray.
Season____ . __________________19%0/1991 _________ . -
N K-ferti- Micro- N P K ) Zn Mo
lizers nutrients  --—-—-— B adat il i
kg/fad. (ppm) (mg/100 g D.VW.,) (ppm)
30 24 Control 1200 190 2560 137 36
70 .50 1370 260 2770 176 72
100 1680 320 2960 229 123
Mo .50 1830 420 3090 430 159
100 2180 500 3220 454 188
45 48 Control 1340 220 - 2630 156 . 54
- 1490 280 2890 180 89
100 1770 360 3110 234 137
No .50 2070 440 3240 454 169
100 2220 480 o 473 200
60 72 Control 1380 230 2560 192 64
zn .50 1500 390 2840 264 99
100 1900 430 3140 366 152
wo .50 2140 480 3220 580 178
100 2300 530 3410 585 210
L.S.D. at 0.05 N.S 2 4 15 N.S
30 24 1652 338 2920 285 116
45 48 1778 356 3046 299 130
60 72 1844 412 3022 397 141
L.S.D. at 0.05 14 3 4 8 5
Control 1307 213 2580 161 51
2 50 1453 310 2833 207 87
" 100 1783 370 3070 276 137
M S0 2013 447 3183 488 169
° 100 2233 503 3313 504 199

L.S.D. at 0.05 16 1 2 9 3
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the increase of the concentration and consequently the
uptake and the accumulation of macro-nutrients as a result
of fertilizers addition. Obtained results are in conformity
with those reported by Mazur and Lukaszuk (1977) and Abd-
Alla et al. (1990) on carrot.

Referring to the effect of Zn and Mo, the same data
indicate that content from assayed macro-elements were sig-
nificantly increased as a result of spraying the plants with
different concentrations of either Zn or Mo. In this regard
the maximum values of nitrogen, phosphorus and potassium
were connected with the highest used concentration of Mo,
i.e., 100 ppm.

According to the interaction effect, it is, evident that
phosphorus and potassium content were increased while
nitrogen was not effected the highest level of nitrogen and
potassium fertilizers and the highest concentrations of Zn
and Mo reflected the maximum values of nitrogen, phosphorus
and potassium content of roots.

2— Micro-elements content:

The same data in table (6) showed clearly that Zn and Mo
content of carrot roots were significantly increased as a
result of nitrogen potassium fertilizers application. 1In
this respect, the addition of 60 kg N + 72 k20/fad. proved
to be most effective treatment in this respect.

Concerning the effect of Zn and Mo, it is evident that
there is a gradual increase in the concentration of Zn and
Mo as a result of spraying carrot plants with different con-
centration of Zn and Mo. Such results were expected due to
the application of these macro- elements. As for the inter-
action effect, the maximum contents of Zn and Mo were
obtained in case of the highest N and k fertilizers 1level
and the highest concentration of Mo, i.e., 60 kg N + 72 kg
k20 and 100 ppm of Mo

Generally, it could be concluded that under such condi-
tion of this experimental trail, the fertilization with 60
kg N + 72 kg k20/fad. combined with 100 ppm of either Zn or
Mo recommended for obtaining the highest total yield with
best quality of carrot roots.
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