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The present study was conducted during two successive seasons (1999-2000
and 2000-2001) to investigate the effect of packing material and storage duration on
the quality of Anethum graveolens fresh herb. The plants were grown under different
fertilization regimes that may also have impact in this respect. The fresh herb was
packed in either perforated or non-perforated polyethylene bags and stored at 0°C
and 98% relative humidity for either 15, 30 or 40 days. The stored herb was
investigated with regard to weight loss, respiration rate, as well as its contents of
vitamin C, chlorophyll (a and b), N, P, and K. The results revealed that the most
proper storage period should not exceed than 30 days, since longer periods
negatively affected the studied compounds of the herb. The non-perforated packages
proved to be better than the perforated one, it help in keeping the herb freshness and
chemical composition. Herb collected from plants received organic manure plus bio-
fertilizers was the best compared to that received other fertilization treatments. Under
such treatment the herb kept its contents of chlorophyll (a and b), vitamin C and
minerals at their highest levels.
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INTRODUCTION

Anethum graveolens L. (Dill), family Apiaceae is one of the most
important culinary herbs. The seeds, flowering tops and leaves are widely
used in food industry as a remarkable flavoring agent.

Marketing reports in the last decade showed an ever increasing
worldwide demand for the green herbs or the so- called culinary herbs,
specially those organically grown. Similar reports emphasized the increased
opportunities for export of these commodities from Egypt, (Phillips and
McCaleb 1999).

Although herb production is expanding to meet this demand, the quality
of herbs at the retail market is sometimes unacceptable. One problem is that
most of the fresh herbs are chilling-sensitive. Such commodities need special
packing and storage conditions specially under export circumstances,
(Hardenburg et al., 1986). The storability of these products may be affected
also by the fertilization regime applied.

The present study was carried out to fulfill the information gape
regarding the effects of packing and storage on dill fresh herb and its
chemical composition.

MATERIALS AND METHODS

The present study was carried out during the two growing seasons of
1999-2000 and 2000-2001, as a part of a large study dealing with the effects
of different fertilization regimes on the growth and quality aspects of some
umbelliferea; Apiaceae plants, the results of which will be the subject of
another publication. The field experiments were carried out in a clay soil in
the Experimental farm of the Faculty of Agriculture in Kafr EI-Sheik, Tanta
University. The seeds were sown on November 10" and November 15" of
the two seasons, respectively. The seeds were sown in hills 10cm apart, and
rows 60cm in-between. Plots of 3m? each, were assigned as replicates. The
plants received different fertilization treatments as follows:

Control = no fertilizers were added

F1: Organic manure application (FYM) + bio-fertilizer

F2: N1P1K1 (1/4 the amount of NPK application + bio-fertilizer)
F3: N2P2K2 (1/2 the amount of NPK application + bio-fertilizer)

The organic manure (FYM) was added at the rate of 10 m3/feddan at
soil preparation.

The NPK were used as a mixture of ammonium sulphate (20.5% N),
calcium superphosphate (15.5% P20s) and potassium sulphate (48% K:O) at
the rate of 100, 100 and 50 kg/feddan, respectively.

The used Dbio-fertilizers were Bacillus megatherium (P.D.B.),
Azospirillum lipoferum and Azotobacter chroococcum provided from NRC;
National Research Center. Both NPK and bio-fertilizers were added as soil
dressing one month after sowing

The physiochemical properties of the soil were investigated according to
the methods of Hesse (1971) and the results were as follows:

Mechanical properties: sand (12.4%), silt (26.8%), clay (60.9%), the soil
had a clay texture .
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Chemical analysis: pH (0.8), EC (ds/n) 2.1, organic matter (2.1%), total N
(0.8%), total P (6.0 ppm) and exchangeable IK (0.9
g/100g soil).

Cations (meg/l): Na* (15.1), K (1.5), Ca** (3.3) and Mg** (1.5).

Anions (meg/l): HCO3 (4.9), SO4 (2.3), and Cl (14.2)

At harvest time, the clean fresh herb was divided into two groups, the
first group was packed in perforated polyethylene packages, and the other
one was packed in non-perforated polyethylene packages (each of 100g).
The holes resembled 10% of the package area (13 holes/package). The
samples were stored at 0°C and 98% RH in a refrigerator. Each of the
treatments was represented by 3 replicates and stored for 15, 30 or 40 days.

For determination of the respiration rate (R.R.), 100g herb was placed in
a desiccator connected to a tube containing 25 ml of 1.0 N KOH. Air free of
CO2 was drown into the desiccator through the KOH for one hour, then KOH
was titrated with 1.0 N HCI using thymol blue indicator. CO2 production was
calculated as mg COz/kg herb/h (Richard - s, 1954).

Chlorophyll (a and b) mg/g fresh weight were determined in fresh leaves
samples of the fifth leaf from top at harvest time and after 15, 30 and 40 days
from storage, using the colorimetric method describe by Moran (1982). Total
nitrogen was determined using the microkjeladhl method according to Black
(1983). Phosphorus was determined colorimetrically using the method
described by Jackson (1967), and potassium was estimated using flame
photometer method according to Richards (1954).

Vitamin C content was determined in filtered juice samples and
expressed as mg ascorbic acid/100ml fresh juice as described by (A.O.A.C.,
1965).

The experimental design was a complete randomized design with three
replicates, each replicate containing one plot. The mean values of the
treatments were compared by Duncan's Multiple Range test according to
Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

I- Storability and quality
1. Weight loss (%):

Data in Tables land 2, reveale that all the fertilization treatments used
decreased the weight loss of dill plants compared to the unfertilized plants in
both seasons. The least significant weight loss resulted from the F3, it gave
the values of 4.10 and 4.52%, compared to 9.16 and 9.26% for the control in
the two seasons, respectively. Similar results were obtained by Yamauchi
and Watada (1993) on parsley.

As for the packing material, results in Tables (1,2) reveale that the herb
were packed in non-perforated packages showed lower weight loss (3.00 and
3.02%) than that packed in the perforated one (8.31 and 8.77%) in the two
seasons, respectively. These results are in harmony with those of Aharoni et
al. (1989) on coriander.

Regardless of the fertilization treatments or packing material, data in
Tables (1,2) show that the weight loss was parallel to increased storage
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period. The water loss reached 2.65, 6.19 and 8.13% and 2.86, 5.34 and
6.08% after 15, 30 and 40 days, respectively in the two seasons.

With respect to the interaction between the three studied factors, data in
Tables (1,2) show that the least weight loss took place in plants received the
Fs treatment, packed in non- perforated packages and stored for 15 days.
The recorded data in that case were 1.23 and 0.48% in the two seasons,
respectively. On the other hand, the control plants recorded the highest
significant weight loss (9.16 and 9.26%)in both seasons, respectively. The
other used treatments recorded intermediate values with significant
differences between them in most cases in both seasons. Such results were
almost achieved by Cantwell and Reid (1993) and Gomez et al. (1999) on
coriander.

2. Respiration rate (CO2/kg fresh herb/h):

As a mean value of the whole experiment, it could be seen from data in
Tables (1, 2) that all the fertilization treatments used caused a significant
increase in the respiration rate compared to the control. However, the plants
received the F2 treatment recorded the highest respiration rate in the two
seasons, it gave the values of 83.22 and 81.05mg CO2/kg fresh herb/h in the
two seasons, respectively.
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On the contrary the least respiration rate was recorded for the Fs
treatment, it gave the values 61.01 and 61.55 in the two seasons,
respectively.

The respiration rate increased until 30 days of storage then decreased
afterwards. The recorded values were 53.76, 89.60 and 49.01 after 15, 30,
and 40 days storage, respectively in the first season and 52.96, 88.72 and
51.66 in the second season, respectively. These results are in agreement
with those of Loaize and Cantwell (1997) and Gomez et al. (1999) on
coriander. The reduction in respiration rate after 30 days of storage may be
due to the reduction in the moisture content to the level that affects the
activity of the enzymes involved in the metabolic processes.

The plants packed in perforated packages recorded higher respiration
rate than those packed in non-perforated ones, during the first 15 days of
storage, then the contrary took place when they were stored for longer
periods. The recorded values were 56.76 versus 50.72 after 15 days for the
two treatments, respectively, while the values were 85.35 and 93.84 after 30
days, and 46.48 and 51.55 after 40 days, respectively. Almost the trend
continued in the second season. These results are in agreement with those of
Aharoni et al. (1989) on coriander, parsley and dill, Wange et al. (1984) on
iceberg lettuce.

The obtained data did not reveal a significant interaction between
fertilization treatments and storage period.

As for the interaction between the three factors, data in Tables (1, 2)
reveal that the plants received the Fs fertilization treatment, packed in non
perforated packages and stored for 15 days recorded the lowest respiration
rate in the two seasons; 39.23 and 35.55mg CO:2/kg fresh herb/h,
respectively. These results are in harmony with those of Loaiz and Cantwell
(1997) and Gomez et al. (1999) on coriander, and Roura et al. (2000) on
beet.

3. Vitamin C concentration (mg/100ml juice):

Data in Tables (3 and 4) indicate that all the fertilization treatments used
increased the vitamin C concentration compared to the control in the two
seasons. The highest significant vitamin C content resulted from the Fi
treatment, it gave the values of 22.57 and 22.01mg/100ml juice in the two
seasons, respectively. It was followed by F2, then F3 was the least, that was
true in both seasons.

The recorded data showed significant reduction in vitamin C
concentration with increasing the storage period (15, 30 and 40 days) in both
seasons. The recorded values in the first season were 33.36, 15.23 and
10.33mg/100ml juice, respectively. These finding are similar to those of
Yamauchi and Watada (1993) on parsley who referred the reduction in
vitamin C content with prolonged storage to some reduction reactions.

It could be observed that the packing material did not play a significant
role on vitamin C content. The herb packed in non-perforated or perforated
packages contained 18.48 and 18.50 mg/100ml juice, respectively in the first
season, and 18.95 and 19.06 mg/100ml juice, respectively in the second one
with insignificant differences between them.
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Concerning the interaction between the three studied factors, data in
Tables (3,4) revealed that, the plants received the Fi treatment, packed in
non-perforated packages and stored for 15 days contained the highest
vitamin C in both seasons; 42.15 and 38.65mg/100ml juice, respectively. On
the contrary, plants fertilized with the Fs treatment, packed in non-perforated
packages and stored for 40 days were the least in this regard, they contained
7.92 and 9.54 mg/100ml juice in the two seasons, respectively. Similar results
were reported by Wange et al. (1984) on Lactuca sativa, Gillies and Toivonen
(1995) on Brassica oleracea and Bottcher et al. (1999) on Origanum
majorana.

4. Chlorophyll (a and b) concentration (mg/g F.W.):
- Chlorophyll "a":

The data in Tables (3 and 4) clarified that chlorophyll "a" content of the
herb significantly increased by the different fertilization treatments used in
both seasons. The F1 and Fz treatments resulted in the highest values of
chlorophyll "a" the two seasons with no significant difference between them.
They showed the values 1.64 and 1.64 in the first season, while 1.69 and
1.66mg/g fresh weight in the second one, respectively.

For the effect of storage period, regardless of the other factors, data in
Tables (3 and 4) show that chlorophyll "a" content significantly decreased by
increasing the storage period in the two seasons. The recorded values were
1.81, 1.54 and 1.43 mg/g after 15, 30 and 40 days in the first season,
respectively. Similar results were reported by Yamauchi and Watada (1991)
on spinach leaves.

Concerning the effect of packing, data in Tables (3 and 4) revealed that
chlorophyll "a" content of plants packed in the non perforated packages was
higher than those packed in the perforated one. It reached 1.63 and 1.65 for
the non-perforated one versus 1.56 and 1.58mg/g for the perforated one in
the two seasons, respectively. This result may be due to the effect of the non
perforated packages in delaying senescence, retardation of yellowing and
decay mainly attributed to the accumulation of respiratory CO: in the
packages; Aharoni et al. (1989) on some vegetables.

Referring to the interaction between fertilization treatments and storage
period, data in Tables (3 and 4) show that the highest values of chlorophyll
"a" resulted from F2 after 15 days. On the other side, the plants fertilized by
F3 stored to 30 days resulted the lowest chlorophyll "a" content.

Concerning the interaction among the studied factors, data in Tables (3
and 4) reveal that the plants received the F2 treatment, packed in non-
perforated packages and stored for 15 days contained the highest chlorophyll
"a" content. On the contrary, plants received the same fertilization treatment
but packed in perforated packages and stored for 40 days contained the least
chlorophyll "a" concentration of 1.30 and 1.24mg/g fresh weight in the two
seasons, respectively. These results are in harmony with those of Aharoni et
al. (1989) and Yamauchi and Watada (1993) on parsley, Loaiz and Cantwell
(1997) on coriander and Roura et al. (2000) on beet.
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- Chlorophyll "b":

Data in Tables (3 and 4) indicate that the chlorophyll "b" content of the
herb was affected by the applied treatments almost in the same way as
chlorophyll "a" did. The effect of fertilization treatments and the packing
material on chlorophyll "b" was not significant. Its content decreased due to
prolonged storage. These results are in harmony with those of Loaiz and
Cantwell (1997) on coriander and Yamauchi and Watada (1991) on spinach.

5. Nitrogen Percentage (% D.W.):

Data in Tables (5 and 6) show that N% in the plants did not significantly
affected using the different fertilization treatments. However it could be
noticed that the F2 gave the highest N content in the herb.

As for the effect of storage period regardless of the fertilization
treatments and packing, data in Table (5) show that N% decreased with
increasing the storage period, the recorded values were 4.38 and 4.12% after
15 and 40 days, respectively in the first season, while 4.21 and 4.03%,
respectively in the second one (Table 6). That could be due to degradation of
proteins and other components by storage, Aharoni et al. (1989) on parsley
and Gomez et al. (1999) on coriander.

Data in Tables (5 and 6) did not show clear trend for N% by using the
different package treatments. These results are in accordance with those of
associated with packing treatments.

Concerning the interaction between the three factors, it could be seen
from the data in Table (5) that the highest N content was detected after 15
days storage in plants packed in perforated packages and received either the
F1 (4.67%) treatment in the first season, or F2 (4.40%) in the second one
(Table 6). These results are in harmony with those of Cantwell and Reid
(1993) and Loaize and Cantwell (1997) on coriander and Bottcher et al.
(1999) on Origanum majorana.

6. Phosphorus Percentage(% D.W.):

Data in Tables (5 and 6) show slight increase in the P % of the herb due
to the fertilization treatments, although the differences did not reach the
significance level. The F1 treatment seemed to be the most effective one in
this regard, that may be due to slight analysis of phospholipeds and water
loss, , Ibrahem Zahira (2000) and Gad Wessam (2001) on Foeniculum
vulgare.

Data in Tables 5 and 6 indicated no clear trend in P% related to storage
period in both seasons. The obtained results are in agreement with those
reported by Gnanasekhaon et al. (1992) on spinach and broccoli, and Roura
et al. (2000) on spinach.

Referring to packing, regardless of fertilization and storage periods, data
in Table 5 show that P% of the plants differed by using different packing
material. Phosphorus content of plants packed in the perforated packages
was higher (1.21%) than those packed in the non perforated one (1.12%) in
the first season. The same trend continued in the second season (1.22 and
1.13%). Similar results were obtained by Wange et al. (1984) on iceberg
lettuce and Geeson (1989), who stated that micro-perforated films may
extend the shelf life of vegetables without adverse effects on eating quality.
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For the interaction between the three studied factors, data in Tables
(5 and 6) show that P content of plants fertilized by Fi1 in the two seasons,
packed in perforated packages and stored for 40 days (1.4 and 1.38%,
respectively), was higher than the other treatments. These results are in
agreement with those of Aharoni et al. (1989) on dill, parsley and coriander,
Cantwell and Reid (1993) and Gomez et al. (1999) on coriander.

7. Potassium Percentage (% D.W.):

Data in Tables (5 and 6) revealed that plants fertilized with bio-fertilizer
plus Ni1P:K1 recorded a higher significant K % over fertilized plants with the
other treatments. This treatment gave the values of 3.25 and 3.26% in the
two seasons, respectively. The treatment of F2 gave the highest K%, followed
by F1, Fs then the control treatment in the two seasons. Similar results were
reported by Sidky et al. (1997) on roselle, and Gomaa and Abo-Aly (2001) on
anise.

For the effect of storage period, regardless of either fertilization or
packaging, data revealed that K% decreased with increasing storage period.
The recorded values were 3.40 and 2.85% after 15 and 40 days, respectively
in the first season (Table 5), and 3.42 and 2.86%, respectively in the second
one (Table 6). These results might be attributed to analysis and degradation
of some components during storage for long period. Similar results were
obtained by Cantwell and Reid (1993) on coriander.

Referring to the effect of different packages, data in Tables (5 and 6)
show that the values of K% in the herb packed in the non perforated
packages was higher than those packed in perforated ones in both seasons.
The recorded values were 3.19 and 3.07%, respectively in the first season,
and 3.19 and 3.09%, respectively in the second season. These results are in
accordance with those of Aharoni et al. (1989) on dill, parsley and coriander
and Cantwell and Reid (1993) on coriander.

Referring to the interaction between the three studied factors, data in
Table (5) revealed that the highest significant K content was found in the herb
fertilized by either F1 (3.625) or F2 (3.60%), packed in non- perforated
packages then stored for 15 days in the first season. The same could be
observed from the results of the second one (Table 6). These results are in
harmony with those of Wange et al. (1984) on iceberg lettuce, Cantwell and
Reid (1993) and Gomez et al. (1999) on coriander and Roura et al. (2000) on
beet.

In conclusion it could be said that the F:1 treatment (organic manure +
biofertilizer) was the best treatment since it kept the chlorophyll (a and b),
vitamin C and the minerals content of the herb at its highest level in
comparison with the other treatments. The most proper storage period should
not exceed 30 days, since longer period negatively affected the chemical
composition. The non-perforated packages played a positive role in this
concern, it helps the herb to keep its freshness and chemical composition.
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Table 1: Effect of fertilization treatments, storage period, and packing material on weight loss and respiration rate of
Anethum graveolens fresh herb in the first season (1999/2000).
Storage period

E treatments 15 days 30 days 40 days Tmean | 1 Mean F.P.
Packing Mean Packing Mean Packing Mean F. Packing
Non- perf.[ Perf. F.S.  [Non-perf.] Perf. F.S.  [Non-perf.[ Pert. F.S. Non- perf.[  Perf.
Weight loss (%)

Control | 1.581m | 3.76i | 267h | 528h | 16.22b | 10.75b | 522h | 22.90a | 14.06a | 9.16a | 4.02d | 1429a
= 1.561m | 532h | 3.44g | 3.70i | 5729 | 471e | 3.77i | 9.62c | 6.70c | 495b | 3.01e | 6.89b
=R 1741 | 3571j | 2.65h | 3.40ij | 6.24f | 482e | 321j | 835e | 578d | 4.42c | 2.78e | 6.05¢
= 1.23m | 247k | 1.85i | 257k | 635f | 4.46f | 276k | 9.23d | 599d | 410d | 219f | 6.02c

MeanSP. | 153d | 378c | > | 374c | 863b | o | 374c |1252a | goo | T | 300 | 831

Respiration rate (mg CO2/kg/h fresh herb)
Control | 43.31n | 48.77n | 46.04h | 83.52f | 86.35e | 84.94c | 27.50p | 17.05q | 22.28k | 51.08c | 51.449g | 50.72 h

F1 62.73k | 40.390 | 51.569g | 100.65b | 80.30g | 90.48b | 39.050 | 44.00n | 4153 | 61.19b | 67.48c | 54.90f
= 57.801 87.82j | 72.81e | 11257a | 95.70c | 104.13a | 69.82] 75.63i | 72.72e | 83.22a | 80.06b | 86.38a
F3 39.230 | 50.05n | 44.64i | 78.64h | 79.07gh | 7885d | 69.82) | 49.23m | 59.52f | 61.01b | 62.56d | 59.45e
T.S. T.S. T.S. T-mean
Mean S.P. | 50.72e | 56.76 d 53.76 b 93.84a | 85.35hb 89.60 a 51.55d | 46.48f 49.01 ¢ P 65.39 62.86

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.
Control: No fertilization - F;: Organic manure + biofertilizer - F, : N;P1K; (1/4 dose/fed.) + biofertilizer - F3: N.P,K; (1/2 dose/fed.) + biofertilizer.
F:Fertilization,  Perf.: Perforated, S: Storage, P: Packing, T: Total.
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Table 2: Effect of fertilization treatments, storage period, and packing material on weight loss and
respiration rate of Anethum graveolens fresh herb in the second season (2000/2001).

Storage period

. 15 days 30 days 40 days Tmean T-mean F.P.
treatments N Packing Mean N Packing Mean N Packing Mean F. N Packing
on- Perf. F.S. on- Perf. F.S. on- Perf. F.S. on- Perf.
perf. perf. perf. perf.
Weight loss (%)

Control 2.24d 3.75k 2.99i 5.28 i 16.12b | 10.70b 5.26 i 2290a | 14.08a | 9.26a 4.26 d 14.25a
F1 2.57n 5.34i 3.96 h 3.76 k 6.57 h 5.169g 3.83 k 9.65¢c 6.74 c 5.29b 3.39e 7.19b

F2 0.58 p 417 2.37] 3.471 7.089g 5.28 fg 3.381 8.44 e 591e | 452 ¢ 2.48 f 6.56 ¢

F3 0.48 p 3.79k 2.13 k 2.54n 8.14 f 5.34 f 2.83m 9.33d 6.08 d 4.52c 1.95¢g 7.09b

T-
T.S. T.S. T.S.
Mean S.P. 1.47e 4.26 ¢ 2.86 ¢ 3.76 d 9.48 b 6.62 b 3.83d 12.58 a 8.0 a m}ejan 3.02 8.77
Respiration rate (mg CO2/kg/h fresh herb)
Control 57.80n | 52.25n | 55.03f | 88.58d | 91.64c | 90.11b | 30.97g | 20.08t | 2553 | 56.89d | 59.12e | 54.66 g
F1 50.030 | 41.58q | 45.81g | 92.95b | 87.73e | 90.34b | 3548r | 42.06q | 38.77i | 58.30c | 59.48e | 57.12f
F2 52.28n | 85.25f | 68.76 e | 110.55a | 92.68b | 101.61a | 63.871 | 81.68g | 72.77c | 81.05a | 7557 b | 86.53 a
F3 35.55r | 48.95b | 42.25h | 74.95h | 70.68g | 72.82c | 72.59i | 66.55k | 69.57d | 61.55b | 61.03d | 82.09c
T-
T.S. T.S. T.S.
Mean S.P. | 48.91f | 57.01c 52.96 b 91.76a | 85.68b 88.72 a 50.73 e | 52.59d 51.66 ¢ mlejan 63.8 65.09

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.

Control: No fertilization - F;: Organic manure + biofertilizer - F, : N;P:K; (1/4 dose/fed.) + biofertilizer -

F3: NoP2K; (1/2 doselfed.) + biofertilizer.

F:Fertilization,

Perf.: Perforated,

S: Storage,

P: Packing,

T: Total.
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Table 3: Effect of fertilization treatments, storage period, and packing material on the vitamin C and

chlorophylls (a and b) concentration of Anethum graveolens in the first season (1999/2000).

Storage period

F. treatments 15 days 30 days 40 days T-mean T-mean F.P.
) Packing [ Mean Packing [ Mean Packing [ Mean Packing
Non-perf. [ Perf. | F.S. Non-perf. |  Perf. | FS. Non-perf. |  Perf. | F.S. Non- perf. | Perf.
Vitamin C (mg/100 ml juice)
Control 27.00g 24.73 h 25.87d 11.02mno 12.541 11.78 h 10.08 0 11.08mn 10.58 ij 16.08 d 16.03 e 16.12 e
F1 42.15a 39.00 b 40.58 a 16.72 15.20 k 15.96 f 10.56 no 11.76 im 1116 2257 a 23.14 a 21.99b
F2 36.80c 34.20d 35.50 b 18.67 i 18.211i 18.44 e 10.08 o 10.56 no 10.32j 2142b 21.85b 20.99c¢c
F3 30.60 f 32.40e 31.50c 16.91 j 12.541 14.73 g 7.92d 10.56 no 9.24 k 18.49 ¢ 18.48 d 18.50 d
MeanSP. | 3414a | 3258b | ,im. | 1583c | 1462d | 0o, 9.66f 1099e | ;02 | TmeanP | 1988 19.4
Chlorophyll "a" (mg/g F.W.)
Control 157fgh | 1.56fgh 157¢ 1.52 hij 1.52 hij 152d 1.40 k 1.47] 1447 1.51c 1499 1527
F1 1.94b 1.87c 191a 1.63e 1.58 efg 1.51de 1.54 ghi 1.301 1.42f 1.64a 1.70b 1.58d
F2 211a 1.75d 193 a 1.61 ef 1.50 ij 1.56c¢c 1.57 fgh 1.301 1.44f 1.64a 1.76 a 1.52f
Fs 1.74d 1.94b 1.84b 1.47] 1.49ij 1.48 e 1.41 k 1.47 1.44f 1.59b 154 e 1.63c
Mean S.P. 1.84a 1.78b e 156¢ 152d e 1.48d 139e | L. | TmeanP | 163 156
Chlorophyll "b" (mg/g F.W.)
Control 04la 0.37a 0.39abc 0.37a 0.36a 0.37abc 0.33a 0.35a 0.34 cd 0.37a 0.37a 0.36 a
F1 0.36 a 0.44 a 0.40 ab 034 a 0.4l1a 0.38abc 03la 0.32a 0.32d 0.36a 0.34a 0.39a
F2 0.39a 0.40 a 0.40 ab 0.38a 0.35a 0.37abc 0.36 a 0.33a 0.35cd 0.37a 0.38a 0.36 a
F3 0.41a 0.44a 0.43a 0.33a 0.38a 0.36bcd 0.32a 0.33a 0.33 cd 0.37a 0.35a 0.38a
Mean S.P. 0392 041a oo a 036b | 0378a | L5y 033¢ 033¢ oaae | TmeanP | 036 0.37

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.

Control: No fertilization - F1: Organic manure + biofertilizer - F2 : N1P1K1 (1/4 dose/fed.) + biofertilizer - F3 : N2P2K2 (1/2 dose/fed.) + biofertilizer.

F:Fertilization,

Perf.: Perforated,

S: Storage,

P: Packing,

T: Total.
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Table 4: Effect of fertilization treatments, storage period, and packing material on the vitamin C and
chlorophylls (a and b) concentration of Anethum graveolens in the second season (2000/2001).

Storage period

F. treatments 15 days 30 days 40 days T-mean T-mean F.P.
) Packing [ Mean Packing [ Mean Packing [ Mean Packing
Non-perf. [ Perf. | F.S. Non-perf. |  Perf. | FS. Non-perf. |  Perf. | F.S. Non- perf. | Perf.
Vitamin C (mg/100 ml juice)
Control 27.25f 25.88¢g 26.56 d 1159 n 13.931 12.76 h 11.170 1242 m 11.80i 17.04 ¢ 16.67 f 1741 e
F1 38.65a 38.55a 38.60 a 16.50 j 15.73 k 16.11g 10.84 op 11.79n 11.32 22.01a 22.00b 22.02b
F2 37.55b 34.95¢c 36.25b 19.19h 17.67i 18.43 a 11.88n 10.60 b 11.24 21.97 a 22.87a 21.07 ac
F3 29.63 e 31.55d 30.59 c 17.69 i 15.58 k 16.63 f 9.54r 10.04 q 9.79 k 19.00 b 18.95d 19.06 d
MeanSP. | 3327a | 3273b | iov | 1624c | 1572d | oo, | 10861 | 1121e | TS | TmeanP | 2012 19.89
Chlorophyll "a" (mg/g F.W.)
Control 1.46b 1.60 e 1.53 ef 1411 1.59 ghi 1.50f 1.28 a 1.381 1.33h 1.65c 1.37h 1.52f
F1 1.80d 1.82 cd 181la 1.79d 1.60 ghi 1.70 cd 1.56 hi 1.56 hi 1.56 e 1.69 a 1.72b 1.66d
F2 1.98 a 1.67 ef 1.83a 1.86 bc 1.61 fgh 1.74 bc 1.63 fg 1.24m 1.449g 1.66 ab 1.82a 1519
Fs 1.89k 1.70 ghi 1.80 ab 1.63 fg 1.70 e 1.67d 1.55ij 1.50 jk 1.53 ef 1.66 b 1.69c 1.63 e
T.S. T.S. T.S.
Mean S.P. 1.78 A 1.70B 174 A 1.67C 1.63D 1.65B 151E 142 F 1.47C T-mean P 1.65 1.58
Chlorophyll "b" (mg/g F.W.)
Control 042e 0.41f 0.42b 0.41f 0.40] 0.41 bc 0.40¢g 0.35d 0.38d 0.40b 0.41c 0.38d
F1 0.46 a 0.45b 0.46 a 0.38L 0.42d 0.40 bcd 0.38 k 0.40¢9 0.39 cd 0.42a 041c 0.42a
F2 0.43c 0.40¢9 0.42b 0.40¢9 0.39] 0.40 bcd 0.40 h 0.31r 0.36 e 0.39¢c 0.41b 0.36 f
F3 0.401 0.43c 0.42b 0.40n 0.38 m 0.39 cd 0.32¢q 0.38 m 0.35f 0.37d 0.36g 0.38 f
Mean S.P. 0.43a 0.42b oiaa 0.40¢ 0.40¢ oae 0.38d 0.36e oare | Tmeanp 0.4 0.39

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.

Control: No fertilization - F1: Organic manure + biofertilizer - F2 : N1P1K1 (1/4 dose/fed.) + biofertilizer - F3 : N2P2K2 (1/2 dose/fed.) + biofertilizer.
S: Storage,

F:Fertilization,

Perf.: Perforated,

P: Packing,

T: Total.
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Table 5: Effect of fertilization treatments, storage period, and packing material on the N, P and K
Percentages of Anethum graveolens dry herb in the first season (1999/2000).

Storage period
F. 15 days 40 days T-mean F T-mean F.P.
treatments Packing Mean Packing Mean ’ Packing
Non- perf. [ Perf. F.S. Non- perf. [ Perf. F.S. Non- perf. [ Perf.
N (% D.W.)
Control 4.20 cde 4.20 cde 420b 4.17 cde 4,27 cd 422 b 421 a 4.18 bc 4.23 abc
F1 4.40 abc 4.67 a 453 a 4.00 de 3.93e 3.97c 4.25a 4.20 bc 4.30 ab
F2 4.40 abc 4.60 ab 450 a 4.13 cde 4.20 cde 4.17 bc 433 a 4.27 abc 4.40 a
F3 4.20 cde 4.33 bc 427b 4.00 de 4,27 cd 4.13 bc 4.20 a 4,10 c 4.30 ab
Mean S.P. 430b 4.45 a 21—??8 4.08c 4.17 bc 1182 T-mean P 4.19 431
P (% D.W.)
Control 1.13 cdef 1.20 bcd 1.17c 1.07 ef 1.10 def 1.08 e 1.13b 1.10 de 1.15 cde
F1 1.13 cdef | 1.17 bcde 1.15cd 1.23 bc 140 a 1.32a 1.23a 1.18 bcd 1.28 a
F2 1.20bcd 1.27b 1.23b 1.03f 1.13 cdef 1.08 e 1.16 ab 1.12 cde 1.20 abc
F3 1.13 cdef 1.23 bc 1.18 c 1.03f 1.20 bed 1.12 de 1.15 ab 1.08 e 1.22 ab
Mean S.P. 1.15b 1.22 a 1-188 1.09b 121a IfS T-mean P 1.12 1.21
K (% D.W.)
Control 3.30d 3.14e 3.22d 2.75 hi 2.82h 2.79¢9 3.00d 3.02 cd 2.98d
F1 3.62a 3.32cd 3.47b 3.06 ef 2.75 hi 290 f 3.19b 3.34a 3.04 cd
F2 3.60a 3.45b 3.53a 3.02f 2.93¢g 298e 3.25a 33la 3.19b
F3 3.39 bc 3.40 bc 3.40c 2.76 hi 2.71i 2749 3.07¢c 3.07¢c 3.06 cd
Mean S.P. 3.48 a 3.33b gi 2.90c 2.80d ;—885 T-mean P 3.19 3.07

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.

Control: No fertilization - F;: Organic manure + biofertilizer - F, : N;P1K; (1/4 dose/fed.) + biofertilizer - F3: N.P,K; (1/2 dose/fed.) + biofertilizer.
P: Packing, T: Total.

F:Fertilization,

Perf.: Perforated,

S: Storage,

AYY
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Table 6: Effect of fertilization treatments, storage period, and packing material on the N, P and K
Percentages of Anethum graveolens dry herb in the second season (2000/2001).

Storage period
F. 15 days 40 days T-mean F T-mean F.P.
treatments Packing Mean Packing Mean ’ Packing
Non- perf. [ Perf. F.S. Non- perf. [ Perf. F.S. Non- perf. [ Perf.
N (% D.W.)
Control 4,13 abcd | 4.20 abc 417 ab 4.17 abc 3.87 cd 4.02 bc 4.09 a 4.15a 4.03 a
F1 4.13 abcd 4.27 ab 4.20 ab 4.00 bcd 3.80d 3.90c 4.05a 4.07 a 4.03 a
F2 4.27 ab 440 a 433 a 4.27 abc 4.00 gcd 4.13 abc 423 a 427 a 420a
F3 4.07 abcd | 4.20 abc 4,13 abc | 4.07 abcd | 4.07 abcd 4.07 bc 4,10 a 4.07 a 413 a
Mean S.P. 4.15a 427b 1251 413 a 3.93b 153 T-mean P 4.14 4.1
P (% D.W.)
Control 1.17 abc 1.27 abc 1.22 ab 1.10 bc 1.13 abc 1.12 ab 1.17a 1.13a 1.20 ab
F1 1.13 abc 1.10 bc 1.12 ab 1.20 abc 1.33a 1.27 a 1.19a 1.17 abc 1.22a
F2 1.10c 1.17 abc 1.13 ab 1.10 bc 1.30 ab 1.20 ab 1.17a 1.10c 1.23a
Fs3 1.07c 1.10 bc 1.09b 1.17 abc 1.33 a 1.25a 1.17 a 1.12 bc 1.22 a
Mean S.P. 1.12b 1.16 b 1-154 1.14b 1.27 a 1-281 T-mean P 1.13 1.22
K (% D.W.)
Control 3.29d 3.16e 3.23d 2.76 k 281i 2.79¢9 3.00d 3.03f 2999
F1 3.62a 3.35¢c 3.49b 3.06¢9 2.80ij 2.93f 3.21b 3.34a 3.08e
F2 3.60a 3.47d 3.54a 3.03f 2.94 h 299e 3.26a 3.32b 3.21c
F3 3.37¢c 3.48d 3.42c 2.78 jk 2.721 2.75k 3.09¢c 3.07e 3.10d
Mean S.P. 347 a 3.37b ;1,-4?2 291c 21.85¢ ;—886 T-mean P 3.19 3.09

Means having the same letter in the column are not significantly different at 5% level according to Duncan's Multiple Range Test.

Control: No fertilization - F;: Organic manure + biofertilizer - F, : N;P1K; (1/4 dose/fed.) + biofertilizer - F3: N.P,K; (1/2 dose/fed.) + biofertilizer.
F:Fertilization, Perf.: Perforated, S: Storage, P: Packing, T: Total.
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