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ABSTRACT

Two baby carrol varielies,i.e., Babette and Mini express were planted at the
Experimental Research Farm,Faculty of Agriculture, Suez Canal University during
1999/2000 and 2000/2001 seasons, 1o study the eflect three potassium ferlilizer
levels, ie. 0.0, 150 & 300 kg. ffed.on  growth characlers, total yield and its
components and storageability of carrot roots

Results showed that, Mini express cv was higher than Babette cv in weight of
whole plant and root fresh weight . While. Babette was higher than Mini express
variely in root length . Mini express was smaller than Babette in core diameter , core
diameter/ root diameter ratio and dry matter content. Increasing potassium fertilizer
levels from (150 to 300 kg.Med.) increased loliage height , weight of the whole plant
Joot fresh weight | root weight/plant weight ratio , root length root diameter , core
diameter , core diameter /root diameter rafio as well as dry matter content. So high
potassium lertilizer level i.e. 300kg./fed. decreased fiber content which means high
quality of baby carrot roots . Potassium fertilizer up to (300kg.Hed.) produced the
highest total whole yield total root yield . net weight percent, marketable yield and
markelable root ratio.

in storageability study Babelte variety being higher in appearance than Mini
express variety. Also, Babette variety tended o be higher than Mini express in
carotene content and vitamin A .In spile of that there were no significant differences
between both of the tested varieties in weight loss, reducing and total sugar content .

Addition potassium fertilizer up to (300kg.fed.) resulted in lowest weight loss
percent ,as well as decay percent and texlure value that means (good root quality).

INTRODUCTION

As for baby carrots (Daucus carotaL.), they are special varieties of
carrot grown for mini-carrots .These varieties are grown close together
Jesulting in smaller ,maore tender carrots ,which need only 120 days ftill
harvest instead of 140-150 days in other varieties .In general ,carrots is an
excellent source of B-carotene the presource of Vitamin “A". Carrots are
also good source of carbohydrates and minerals for example calcium |
phospharous iron and magnesium .

With respect to baby carrots ,a uniform smooth ,non-branched, good
colour and fiavoured roats are referred through investigating the respanse of
baby carrots to potassium fertilizer .

Postharvest handling operation for baby carrot is relatively simple ,but
require preceoling and cold storage facilities to prevent quality losses and to
minimize mechanical damage curing handling ,until the product reaches the
market .
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Sangakkara {1990) pointed out the beneficial role of Kin improving
growth, may be due to its possible role in plant metabolism including the
activation of large group of enzymes and the major role of potassium in
pratein synthesis . Sharangi and Paria{1295) stated that, shoot growth and
root diameter increased with increasing rate of K. Fresh market carrots are
harvested when they reach % to 1% inch in diameter. Baby or mini carrots
are not allowed to exceed % in diameter and ¥ to Y2 inch in diameter is
preferred (Douglas,1998) .

Dry matter content increased during the growth of carrots especially
during the period of most intensive carrot growth (Fritz and Habben 1977).
Hole et al {1987) showed that the higher root yields tended to be associated
with larger shoots.

Carrot yiclos responded positively to direct potassium application and
the application of K improved the N% and helped in translocation of N
whenever was available to plant { Prabhakar ef al. ,1987, Lasztity ,1989 and
Dahdouh ,1999) .

Eppendorfer and Eggum{1995) reported that fibre content was cnly
slightty affected by N,P,S.K, Ca and water, Also, Elkner ef a/. (1998} pointed
out that roots of late cultivars of carrot had a better fibre composition than
those of early cultivars.

Shibaite et al (1997) showed that moisture loss was significantly
greater when carrots were stored at low relative humidity (RH) compared te
high RH. Maisture loss differences among cultivars were mainly associated
with the specific surface area of the root. Shibario et af. {1998) mentioned
that increase in K concentration in the nutrient medium decreased
postharvest moisture loss. Berg ef al. (1966) revealed that high temperature
{37-39°F) increased sprouting and reduced table quality . El-Bassyony(1983)
found highly significant effect of carrot cultivars, age on TSS/ acid ratio. Lee {
1086} and Toul ef al {1886) mentioned that the provitamin A carotene
content of carrots increased up to 3 weeks before harvest time, and then
decreased ,during storage at 2°C and 90 % relative humidity. Fleury et
al.{1594) showed that differences in carotene content between the cuitivars
could largely be explained by the different development stages at which
carotene was stored. Watanabe and Takagi(2000) showed that carotenoid
was higher in the cortex compared with those in core tissue. Ulsun ef &/,
(1990) and Dily ef al (1994) pointed out that at the end of six manths, there
was a decrease at the total sugar, sucrose and ascorbic acid and an increase
in the invert sugar content .

The aim of this work was to study the effect of potassium fertilizer on
growth and quality features of tow baby carrdt evs.

MATERIALS AND METHODS

Field experiments were carried out at the Agricuitural Experi-mental
Station of the Faculty of Agricuiture, Suez Canal University, Ismailia
Governorate during 1999 - 2000 and 2000 - 2001.

2064



J. Agric. Sci. Mansoura Univ., 28 (3}, March, 2003

The experiments were designed as a split plot design with four
replicates. Each replicate consisted of two baby carrot varieties named
“Bablte” and “Mini Express” which were placed in the main plots and three
potassium fertilizer levels i.e , zero,150 and 300 kg./fed. which were placed in
the sub plot .the plot area was 8 m’ , carrots seeds were sown at 8 October
in 1999 - 2000 and 2000 - 2001 . All plots were uniformly irrigated and other
recommendeéd agricultural praciices for commercial carrot production were
followed:

Studied traits:

After B tell 13 weeks from sowing date the followed character were
studied:

Root and foliage length {cmj}, root and core diameter {cm) root weight ,
whole plant weight (gm), dry matter content and ratio of beth root / plant
weight and core / roct diameter.

Yield and its components at harvesting time:

Total whole yield Ton/Fed.

Total root yield Ton/Fed.

Net - Total root yield .
weight % = Total whole yield 100 (EL-Bassiouny1983 ).
Marketable yield (kg/fed.}
Marketable root ratio, calculated according to the formula
_ Marketable root yield
Marketable root = Total oot yield “ 100
Non =Marketabie yield (Kg/Fed.): consisted of
Malformed (Ton/Fed.).
Small sized (Ton/Fed.).
Cracked (TonfFed.).
Splited {Ton/Fed.).
Storageability :

Storage experiments were carried out at the Vegetable Handling
Department, Agriculture Research Center. Marketable baby carrot root
samples were harvested from the field at the early morning and washed
several times by tap water followed by washing in 150 ppm chlorated water.
The samples were then allowed to dry. Baby carrot roots were selected and
then placed in small trays{500gm), wrapped with transparent stretch film of
0.09 micron thickness labeled  weighted and placed in carton boxes which
consisted of 4 replicates .Root samples were used for evaluation at zerc day
then stored either at 0°C and room temperature 22°c + 2. Samples were
taken weekly after slorage date. Root samples for both cold storage and room
temperature were weekly tested to determine the changes in physical and
chemical characters as follows:-

Physical and visual quality:- )
Weight loss percentage . Decay %
Appearance (visual quality }. Texture

2085



EL-Bassiouny, R. l. et al.

Chemical characters:-
Total soluble solids (TSS) was measured with hand refractometer .
Total acidity; was determined by titration of the blend flesh with 0.1 N
solution of NaOH using phenolphthaline as indicator. The results were
calculated as citric acid content{A.Q.A.C., 1975).

T.S.S/Acid ratio:
T.55
= Total cidity * 100

Carotene content and VitaminA; the carobene content was multiplied by 1667
to find international units/100 gm. (A C.A.C., 1875},
Sugar content: .

Sugar content was determined as mentioned by Forses (1938).

Fibre content (%} ; it was determined according to the AQAC (1975)
Statistical Analysis:

Data were, statistically, analysed according to Snedecor and Cochran
(1989).The treatment means were compared according to the New L.S.D. test
as prescribed by Waller and Duncan (1969).

RESULTS AND DISCUSSION

Growth character:

Obtained data in Tables (1-a and b) show that there were significant
differences between Babetle and Mini express varieties in whole plant fresh
weight and root fresh weight in both growing seasons except root weight
/plant weight ratio in the first season at harvest date.

Concerning root length, it could be noticed that Babette variety gave the
highest value followed with significant differences by Minj express only in the
gsecond season, while the variety Mini express resulted the smallest core
diameter, core diameter / root diameter ratio as well as total dry matter
content without significant differences with Babette var, Obtaine data are in
similer trend ic those repcrted by fritz and habben (1977).

The varizbility between the two baby carrot varieties might be due to
the herzdity differences and to variation in nutrient use efficiency. These
differences in root diameter may be due to the genetical differences
concerning the division of the combial cells and the enlargement of the newly
formed cel's

it is coscrved from Tables (1-a and b) that potassium fertilization had
significant effect on all vegetative studied traits.

Incre~si:) potassium fedilization levels from 150 te 300 kg/Feddan
caused sigmircant increase in foliage height, weight of the whole plant, root
fresh weignt, “oo0 weight/plant weight ratio, root length, root diameter, core
diametsr -.i. di2meler/root diameter ratio as well as dry matter content,
these hct: 'ruz in both growing seasons. On the other hand, the highest
thickness < roct. core diameter and core/root diameter ratio were produced
from plants rzcsved the highest potassium fertilizer level.
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High potassium fertilizer level ie. 300kg/Feddan decreased fibers
content which means high quality of baby carrot roots. Results may be
attriuted to the changes in carbohydrate metabolism which are presumably
related to high K requirement of certain regulatory enzymes. Obtained data
are in similar trend to those reported by Sharangi and Paria(1995)

Regarding the interaction between varieties and potassium fertilization,
obtained data in Tables (1-a and b) showed no significant effect on all growth
characters except roof fresh weight and root weight/plant weight ratio only in
the first season. Whereas, these differences did nol reach the level of
significantce, except in fibers content whereas high potassium fertilizer level
produced high guality of baby carrol roots with low fiber content similar
results were obtained by Eppendorfer and Eggum ( 1595) and Elkner et al
(1598).

Total yield and its components:

Obtained resuits in Tabies 2 (a and b} showed no significant
differences between Babelte and Mini express varieties in yield and its
components. In spite of that Babette var. tended lo be higher than Mini
express variety in total yield, total rootyield, net weight % and marketable
yield, without significant difference.

Data in Tables (2-a and 2-b) generally showed significant differences,
among the tested potassiurn fertilizer levels. In fact potassiurn fertilizer up to
300kg Kifed produced significantly the highest total whole yield, total root
yield, net weight %, marketable yield, marketable root % and non-marketable
yield, followed by the rate of 150kg Kffed without significant differences
sometimes. In fa¢t no significant differences were sometimes obtained
between potassium fertilizer levels at the rate of 150kg K/fed and control,
especially in the second season. In spite of that results generally showed no
significant differences for the components of non marketable yield, i.e.,
malformed, small-sized, cracked and splitted roots. These results might be
attributed to that potassium involves in plant metabolism as well as large
number of enzymes thal are activated by potassium application, in addition to
the induction of nutrient absorption by root system, that increase the plant
internal transtocation capacity and hence the transport of nutrients essential
to metabolism Sangakkara (1990). Resulls in similar trend were obtained by
Caluvert (1972), Krarup et al. {1984), lvashchenko (1985), Hole et al (1987),
Prabhakar et al.{1987), Lasztity (1989).

The same Tables (2-a and b} indicated no interaction effects between
the tested baby carrot varieties and potassium fertilizer levels.

Storageability :

Results in Table {3} generally showed no significant differences
between the tested baby carrot varieties in loss in weight under the condition
of cold storage and room temperature in (1999-2000) and (2000-2001)
seasons, except in room temperature Mini express in (2000-2001} was
significantly higher than Babette variely. This may be attributed to the genetic
differences between carrot varieties.
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Also results indicate that Babette variety being significantly higher in
appearance than Mini express variety, specially under the condition of cold
storage in both (1999-2000) and (2000-2001} seasons. Mean while, Babette
variely tended to the nigher in appearance urder the condition of roerm
temperature in both two seasons.

With respect to texture, decay%, T.8.S., acidity and T.S.S./Acid ratio,
obtained data in tables revealed that there were no significant differences
between the tested baby carrot varieties under the conditions of cold storage
and room temperature except in (2000-2001) season, under the room
condition. Mini express variety was significantly higher in TSS/Acid ratio than
Babette variety. Results had a similar trend to that reported by Berg et., al.,
(1966) and El-Bassycny {1983).

Regarding carotene content and Vitamin "A", results 7aneraily showed
that Babetlte variety tended to be higher than Mini express variety without
significant differences under the condition of cold storage and mom bermperah xe
n both (19992000) & (20002001] seasons. Simiar frend were ablained by Lee (1586), Touletal
(1986) and Watanabe and Takagi (2000).

With respect to total and reducing sugars content, data showed no significant
differences between the tested baby carrot vaneties in totai and reducing sugars,
under the condition of cold storage and room termperature.

Obtained results may be again attributed to the inherited varietal characters
beside the aforementioned results, which generally showed no clear differences
between the tested baby carot varieties in most of the tested quaiity features.

It is clear from the obtained results in Table (4) that the highest level of
potassium fertilizer {300 Kg./Fed.) significantly resuited in lowest values of
weight loss percent, increased the appearance value of roots , increased
TSS percent and decreased texture value (good root guality) compared with
those produced from both lower rate (150 Kg./Fed.) and untreated plants
{controly This trend hold true in decay percent under ail studied treatments.
Results had a similar trend to that obtained by Shibario et al. (1998) The
obtained data hold true under both cold and room temperature as well as in
both studied seasons. These results may be due to the role of potassium
fertilizer in translocation of most chemical compounds such as carbohydrates
and nitrogenous substances, which may reflectad on pectic substances.
Those pectic substances could be increased texture values and furtherrmaore,
caused mare firmer roats. These results are similar to those reporied by
Suogala (1999) who pointed out that changes in the modulus of elasticity and
firmness of tissues may serve as indicators of freshness and keeping quality
of tissues during the harvest, transportation and on storage .

As for carrot roots acidity and TSS/Acid ratio, both higher and lower
rates of K;0 (300 and 150 Kg./ffed.) seemed (o increase acidity as well as
the ratio between TSS and Acidity of rcats than the control treatment under
soid iemperaiure while these trend did not reach the leve! of significantce
under room: temperature. However the total acidity of carrot roots stored
under roorn termperature were higher than those under celd storage.
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This may be due to the role of the polassium in translocation of most
chemical compounds such as carbohydrates and nitrogenous substances,
which may -be reflected on main acids such as citric, malic, succinic, fumaric
and guinic acids, which were common in carrots, Ruhl and Herrmann (1983).

With respect o carotene content and Vitamin "A”, obtained data
generally showed that potassium fertilizer levels at the rate of 300 Kg./Fed.
Produced significantly the highest carotene content and Vitamin “A” followed
by 150 Kg./Fed. without significant differences sometimes and that was true
under the condition of cold storage and room temperature

Also, results generally showed that potassium fertilizer produced
significantly the highest total and reducing sugar content. According to these
results, potassium fertilizer up to (300 Kg.Fed.} being the most effective,
followed by 150 Kg./Fed. while cor:trol treatment produced the lowest sugars
content, that was true under both storage treatments, as well at two seasons.

Results in Table (5-a) showed significant differences between storage
periods in loss in weight %, it generally increased throughout elongation of
storage period i.e., 12 weeks under the condition of cold storage which were
1.79 and 1.7% after 6 weeks of storage raised to 3.74 and 3.6% after 12
weeks of storage under 0°C for the first and second season respectively. The
increase under the condition of room temperature being started, as expected,
earlier than under the condition of cold storage. The rate of increase in lgss in
weight pergent during storage period was 8.19% and 9.93% after 3 weeks of
storage then raised to 13.23 and after 15.32 after 5 weeks of storage for first
and second seasons respectively

Regarding appearance, results generally showed that the appearance of
baby carrot roots decreased gradually toward the end of storage period, i.e.,
12 weeks. The rate of decrease in appearance during storage was also found
o be inversely related to slorage temperalure, and that was true in both
{1998-2000) and (2000-2001) seasons. Results in similar trend were obtained
by Lim-Byungseon o¢ al. (1998).

The texture and decay % of baby carrot roots were relatively higher
under the condition of room temperature than cold storage. The disorder of
baby carrot roots incfeased graduaily toward the end of storage pericd. i.e.
12 and 5 weeks for cold storage and room temperature respectively.

In fact the activily of hydrolysis enzymes, respansible for root softness,
is significantly reduced under both treatments conditions, this may be the
reason behind lower texture values (higher firmness) of cold carrot roots.

Furthermare, the reduction in texture gquality might be attributed to the
ufilization of dry matter in respiration, water loss in transpiration and
metabolic activity. Also, root texture values were sometimes correlated with
heat units summation and higher temperature (room conditions) may have an
accelerating seftening effect on roots which in turn causes a linear decrease
in root texture quality. The cbtained herein results are in agreement with Lim-
Byungseon et al. (1898} and Suojala (1999).

Data in the same Table showed significant differences between storage
periods,
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The content of total soluble solids, Acidity,Caroten content and Vitamin
A in baby carrot roots was raised by storage, after which it started to be
gradually depressed, although sometimes tended to be again favoured, after
which it starled to increase toward the end of storage period, ie., 12 and 5
weeks for cold and room temperature respectively and for both seasons. This
may be due to the big losses in weight as well as the change in
carbohydrates, nitrogenous compounds and mineral salts as carrot roots
advanced in storage periods, Results had a similar trend to that obtained by
EL-Bassiouny (1983).

Data generally revealed that TSS/Acid ratio decreased gradually, and
then started to be raised up to particular level, after which it decreased
gradually during storage period as to reach a minimum at the end of storage
period under the conditiors of cold storage and room temperature
respectively, and that was true in both seasons.

Obtained data showed that reducing and total sugars decreased with
prolongation storage period until 8 and 4 weeks in cold and room temperature
respectively. then it began to increase gradually. The reduction in sugars at
the first period of storage may be due to the utilization of sugars in respiration
and the condensation of sugars to other farms of carbohydrates compounds.
While, the increament in sugars atthe end of storage period, iie., 12 and
weeks under cold and room temperature might owe lo the rate of moisture
loss through transpiration and the conversion complex compounds to sugars.

Results in general showed no significant interaction for loss in weight
percent, appearance, texture and decay percent under the conditions of cold
storage and room temperature in both seasons, except in loss in weight
percent under the condition of cold storage (2000 - 2001) season, { Table 6).

With respect to T.5.3., Acidity and TSS/Actd ratio dala, generally,
showed significant interaction under the conditions of cold storage and that
was clear infirst season for both T.8.8. and T.8.5./Acid ratio, but in second
season for Acidity, and there were no significant interaction under the
condition of room temperature and that was true for both seasons.

Regarding carotene content, Vitamin “A” and reducing sugars resulls
generally indicate significant interaction in (1999-2000) under the condition of
cold storage and in (2000-2001) under the condition of room temperature.
Data also showed no significant interaction between baby carrot varieties and
potassium ferilizer Jevels in total sugar content under the condition of cold
storage and room temperature in both seasons Obtained data are in similar
trend to those reported by Sharangi and Paria(1997).

Results in Table (7a) showed no significant interaction for appearance,
texture, decay%, acidity except under the condition of room temperature
{2000-2001} and TSS/Acid ratio except in (2000-2001) under the conditian of
cold storage and room temperature, while there were significant interaction
between baby carrot varieties and storage period for loss in weight, T.5.S..
carctene content, Viamin “A”, tolal sugar except under the condition of room temperature
in both seasons and reducing sugars except under the condition of cold storage (2000-2001).
Mni express variety seemed to be higher in loss in weight and T.S.S., under
the condition of cold storage and room temperature .
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Meanwhile Babette variety seemed to be higher in carotene content,
Vitamin “A" total and reducing sugars. 1A addition to that the decrease of
quality features, under the condition of room temperature being started, as
expected, eariar thar under the conditicn cf cold storage ztullsnad e
similar trend to that obtained by Kiss and Holly (1965), Utsam et al {1990)
and Dily et al {1994

Results in Table (Ba} siowed that there were significant interaction for
decay percent, TSS, carotene content, Vitamin "A”, reducing and tetal sugars
under the condition of cold storage and room temperature in both seasons.
also there were significant inleraction for ioss in weight, appearance and
texture except under the condition of room temperature in both seasons,
while there were no significant interaction for acidity and TSS/Acid ratic
excepl under the condition of cold storage (2000-2001) season. In fact
potassium fertilizer Jevels being in general effective in ail the tested quality
features during the storage period and that was more clear at the rate of (300
KgiFed.). These results are similar to those reported by Rijbroek and Van
{1887)and Shibario ef al.(1998).

Results showed no significant interaction in all characters under study
treatments .
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