4. RESULTS AND DISCUSSIONS

4.1. First experiment

"Effect of N-fertilizer sources, biofertilizer
inoculation and foliar spray with Delfan or garlic extract
on growth, yield and fruit quality of sweet peppers grown
in summer season"

4.1.1. Vegetative growth:
4.1.1.1. Effect of N-fertilizer sources

Data presented in Table (9) show that plants supplied with
30 kg organic-N + 30 kg mineral-N, improved plant growth;
plant height, leaf area , fresh and dry weight than those received
all nitrogen dose (60kg N/fed.) either in the organic or in the
mineral forms. This trend was true in both seasons. Data also
show that treatments received 60kg mineral-N came in the
second rank followed by those received 60kg organic-N with
significant differences in all vegetative growth characteristics as
a general trend in both seasons.

In this connection, Abd-El-Aty (1997) and Shams (2003)
on sweet pepper and Ramadan et al. (2008) on tomato plants
found that the addition of organic manure combined with
chemical fertilizers improved vegetative growth. The superiority
of using 50% of the required N in the organic and 50% in the
mineral form on vegetative growth may be due to the favorable
effect of the mineral nitrogen application on the activity of
microorganisms responsible for organic fertilizer decay in the
soil (Follett et al., 1981) which increased soil available N,
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Table (9): Effect of N-fertilizer sources, biofertilizer (Microbin) and foliar spray treatments on vegetative growth
of sweet pepper plants during the summer seasons of 2004 & 2005.

First Season (2004) Second Season (2005)
Characters Fresh Dry Fresh Dry
Plant Stem Leaf area weight weight Plant Stem Leaf area weight weight
Treatments height diameter | cm¥/plant | g/plant g/plant height diameter | cm?plant | g/plant g/plant
cm cm cm cm

N-fertilizer sources

60kg organic N/fed. | 40.35C | 1254 | 3371 | 3249¢ | 1268c | a192¢ | 138C | aamc | 360c | trasc

60kg mincral-N/fed. | 46868 | 137A | 43468 | 40318 | 15058 [ 48138 | 1518 | 43978 | 42028 | 15008

30 kg organic-N/fed.

+30 kg mineral N/fed, | S0-13A | 138A | 4863A | 42664 | 17934 | s075A | 1624 | 49664 | 43704 | 17124

Biofertilizer

Without biofertilizer | 44.81B | 1324 | 3885B | 36378 | 1467B | 4608B | 1478 | 39378 | 37838 | 13755
Biofertilizer 4701A | 135A | 4501A | 40614 | 16374 | 47784 | 15aa | asssA | 41704 | 15564
(Microbin)

Foliar application

Without foliar

S 4528 B 131 A 4068 B 374.0C 149.1 C 46.08 B 1.49B 4120B 385.1C 140.0 C
application

Delfan (amino acids) 47.28 A 1.38 A 4466 A 3974 A 163.7 A 48.50 A 1.53 A 4569 A 4139A 156.0 A

garlic extract 45.19B 131 A 4045 C 3833B 1529 B 46.21 B 1.50 AB 4097 C 3942B 143.7 B

Means of the same column followed by the same letter were not significantly differed due to Duncan MRT at 5%.



N-uptake and consequently encouraged vegetative growth of

these plants.
4.1.1.2. Effect of biofertilizer

Biofertilizer inoculation with Microbin (Table, 9)
significantly increased vegetative growth characteristics 1.e.,
plant height, leaf area, fresh and dry weight over the treatment
with no biofertilizers inoculation, in both seasons.

This superiority in plant growth by inoculating seeds and
also transplants roots with Microbin (N-free living bacteria +
Phosphorus dissolving bacteria) is in agreement with the results
obtained by Moustafa and Omar (1990) using Bacillus and
Azospirillum, Saber (1993) using Microbin and Gomaa (1995)
using Azospirillum, Azotobacter and Bacillus who mentiond that
N-fixing bacteria increased the available N in the soil. Moreover,
the role of N-free living bacteria in production of phytohormones
and/or improving the availability and acquisition of nutrients or
by both, may explain the encouraged growth of plants inoculated
with these non-symbiotic N-fixing bacteria (Barakat and Gabr,
1998). Furthermore, Azotobacter and Azospirillum could
produce IAA and cytokinins which increase the surface area per
unit root length and were responsible for root hair branching
with an eventual increase in acquisition of nutrients from the soil
(Jain and Patriquin, 1985).

Many organic acids which are produced by rhizosphere
micro-organisms are effective in solubilizing soil phosphates
(Marschner, 1997 and Ashour, 1998). When phosphate
dissolving bacteria (PDB) are inoculated to neutral or alkaline
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soils, the acid production decreases the rhizosphere pH and
consequently favoring the solubility of calcium phosphates and
micronutrients (Follett et al., 1981).

4.1.1.3. Effect of foliar application

Data presented in Table (9) show that treatments sprayed
with Delfan as a source of amino acids gave the highest values
regarding plant height, leaf area, fresh and dry weight followed
by treatments sprayed with garlic extract which came in the
second. Meanwhile, treatments with no spray came in the third
rank as to their effects on fresh and dry weight in both seasons.
The favourable effect of garlic extract application on plant
growth is in harmony with those of Shafshak et al. (2004) on
squash and Mohamed (2008) on strawberry

4.1.1.4. Effect of the interaction between N-fertilizer source,
biofertilizer and foliar spray treatments

From data in Tables (10 and 11) it could be concluded that,
the plants fertilized with 30kg organic-N + 30kg mineral-N,
inoculated with the biofertilizer Microbin and foliar sprayed with
Delfan (amino acids) showed the best plant growth; the largest
leaf area, the heaviest fresh and dry weight with significant
increase as compared with all other treatments in both seasons.
Regarding plant height results show that it was increased in
plants supplied with amino acids and biofertilizer, especially
when N was added as 60 kg organic-N or 60 kg mineral-N.
However, plants received 30 kg organic-N + 30 kg mineral-N
did not differ in plant height when sprayed with amino acids
otherwise treated or not with biofertilizer.
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Table (10): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on vegetative
growth of sweet pepper plants during the summer season of 2004,

Fresh
Characters Plant Stem Leaf area weight Dry weight
Treatments height diameter | cm’/plant g/plant g/plant
cm cm
o | Withontfoliac 386G 120B 3074R | 2618N 101.5L
5 g application
; 5= :
3|25 PRl 39.0G 133AB | 3305P 3063L 118.7]
2 3 -45 acldS)
4 21 garlic extract 395G 1.18 B 3189Q 2828 M 110.1 K
o . n
Bl g | Wimeubl 19.0G 1238 | 33560 | 457K 13341
w | 8 & application
= | € | Delfan (amino
2| & . 44.1F 131AB | 3795M 389.8 H 155.4 FG
< = acids)
2= | garlic extract 441F 125B 3506 N 363.2) 141.7H
o | Withoufoliar | 4o, pepg | 135AB | 4696F | 418SE | 1GBSE
= 8 application
. o = H
B|E5 Delfan (amie 46,0 EF 130AB | 3832L 37201 145.7H
S| E < acids)
2 2| garlic extract 445F 1.35 AB 40351 4020G 155.8 FG
[}
£ ; :
£ |, | Withoutfoliar | 4o3pEr | 135AB | 4186H | 3913H | 1524G
o | B E application
= =8 Delfan (amino
8|55 Y 496 ABCD | 150A 4785 E 4259¢D | 1756CD
s acids)
8= 1 garlic extract 455F 138AB | 4542G 408.8F 159.0 F
” | Yot foliar | 466 pEF | 138 AB | 3864K 393.7H 1594 F
2 = 8 application
= o = H
% | g% | Dethniamig 526 A 1.46 A 5079 D 4243D 1872B
<3| = E acids)
%" S| *©| egarlicextract | 47.1CDEF | 1.35AB 3891 411.8F 173.1 DE
2 5] . | Wimeasitia s18AB | 138aB | s2:2B 4332B 1789C
BEl 8¢ application
s F| 5 € Delfan (amino
» |55 : 521 AB 1.38 AB 6002 A 465.8 A 199.4 A
5o 3 s acids)
T @] garlic extract 503ABC | 136AB | 5110C 430.8BC | 177.8CD

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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Table (11): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on vegetative
growth of sweet pepper plants during the summer season of 2005.

Fresh
Characters Plant Stem Leaf area weight Dry weight
Treatments height diameter cm®/plant g/plant g/plant
cm cim
y | Withoutfolir 4 0p 135F | 3126R | 2725H | 939M
= 8 application
= | 8¢ Delfan (amino
2| 2§ . 405F 135F 3357P 3185F 108.6 K
s 23 acids)
é = garlic extract 402F 1.35F 3241Q 2055G 101.5L
& Without foliar
Bl g ] TOOMER 40.7F 135F 3408 0 3575E 124971
a | 8 application
- Z 32 | Delfan (amino
2|58 . 455 DE 1.45 EF 3848 M 3985D | 1482FG
5 5 acids)
A7 garlic extract 445E 1.45 EF 3558 N 3733E 13381
o | Withoutfoliar | go0pe | 1sspe | amsF | assee | 1ssoE
=8 application
: o = 3 i
3 § E D“lf::ié‘;“‘“" 475BCDE | 145EF 3885 L 4173¢p | 1379HI
Z 2
—é = garlic extract 46.5 DE 1.50 DE 40851 413.0CD 145.2 FG
o
£ i :
E| 5o | Vithoutfolir f ;o pepE | 1s0pE | s240m | 018D | 14330
o | 8 E application
el = Delfan (amino
2|55 acidn) 50.5 AB 1.55 DE 4833E 438.0BC | 1659CD
=5
B 7| gelicextract | 47.0CDE | 1.55DE 4596G | 419.5BcD | 1500F
- o | Withoutfoliar | 4eopep | 1sope | 314k | 4028p | 149.1FG
= = 8 application
(=] o= 1
T |£% D“””“i(‘iz’“‘“" S35A 1.65BC | s133p | 4325BC | 18038
38| Fs p—=
$Z| ©| ericextract | 485BCD | 155DE 39447 | 421.5BCD | 163.2DE
LF i '
g5 5o | Vimowblar | gosap | 17048 | sas4m | 4sass 170.6 C
E,J.g N g application
o = 2
@ | Eg | Detfantamino [ ., 175 A 6363A | 4785A4 | 19564
= E g acids)
T 27| garlic extract 50.5 AB 1.60 CD 5162 C 44258 168.3 CD

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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Regarding to the treatment of 60kg organic-N, the addition
of biofertilizer significantly increased leaf area, fresh and dry
weight in both seasons compared to non addition of biofertilizer.
Also, foliar application with amino acids in this case gave the
best vegetative growth i.e. leaf area, fresh and dry weight with
significant increase compared to foliar application with garlic
extract or without foliar application, this trend was true in both
seasons. While by using 60kg organic-N without both
biofertilizer and without foliar application gave the lowest plant
growth i.e., leaf area, fresh and dry weight per plant as compared
with all other treatments in both seasons.

4.1.2. Chlorophyll content:
4.1.2.1. Effect of N-fertilizer sources

Concerning the effect of N-fertilizer source on chlorophyll
content of leaves, data (Table, 12) show that adding 30kg
organic-N + 30kg mineral-N, 60 kg mineral-N or 60 kg organic-
N differed significantly from each other in a descending order,
with respect to their effect on chlorophyll a, b and total
chlorophyll content in both seasons. These results are in
harmony with those of El-Shimi (1998) on cabbage, Ali (2000)
on pea, Younes (2003) on pepper and Mohamed (2008) on
st_rawberry.
4.1.2.2. Effect of biofertilizer

Biofertilizer inoculation increased chlorophyll a, b and total

chlorophyll over the treatments when no bio fertilizers were
added, with significant increase as shown in both seasons.
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Table (12): Chlorophyll content (mg/100g fresh weight) in leaves of sweet pepper plants

at flowering stage as affected by N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments during the summer seasons of 2004 & 2005.

First Season (2004)

Second Season (2005)

Characters
Treatments Chiorophyll | Chlorophyll Total Chlorophyll | Chlorophyll Total
a b chlorophyli a b chlorophyll

N-fertilizer sources
60 kg organic-N/fed. 9471 C 39.20C 1339C 96.13C 4008 C 136.2C
60 kg mineral-N/fed. 1029B 4437 B 1473 B 103.8B 4447 B 148.3 B
m%c_wmmﬂm”ﬁwﬂmwm. 105.0 A 45.07 A 150.1 A 106.1 A 4508 A IS1.1A

Biofertilizer

Without biofertilizer 99.66 B 4245B 142.1 B 100.5B 4256 B 143.1 B
Biofertilizer (Microbin) 102.1 A 4331 A 1454 A 1035 A 43.86 A 1473 A

Foliar application
Withou folias 9988 B | 4303 B | 1429 B | 1014 B | 4305 B | 1445 B

application

Delfan (amino acids) 102.1 A 43.12 A 1452 A 1036 A 43.87 A 1475 A
garlic extract 100.7 B 4248 C 1431 B 101.0 B 4272 C 143.7 B

Means of the same column followed by the same letter were not significantly differed due to

Duncan MRT at 5%.
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Results are in harmony with Barakat and Gabr (1998) on tomato
plants, who indicated a significant increase in leaf chlorophyll
content of plants with increasing N applied rate up to 100 kg N/
fed. or inoculation with either the single or mixed biofertilizer
(Azotobacter , Azospirillum and Klebsiella).

4.1.2.3. Effect of foliar application

Foliar application with Delfan containing amino acids
resulted in the highest chlorophyll a, b and total chlorophyll
content in leaves with significant increase as shown in both
seasons. Meanwhile, foliar application with garlic extract or
without foliar application came in the second rank with no
significant difference in chlorophyll a and total chlorophyll
content in both seasons.

4.1.2.4. Effect of the interaction between N-fertilizer sources,
biofertilizer and foliar spray treatments

Data (Tables, 13 and 14) indicate that the highest
chlorophyll a, b and total chlorophyll content in leaves were
obtained by using 30kg organic-N + 30kg mineral-N with
biofertilizer and foliar application with amino acids as compared
with all other treatments followed by using 30kg organic-N +
30kg mineral-N with biofertilizer and without foliar application.
Furthermore, using 60 kg organic-N without biofertilizer and
without foliar application led to the least content of chlorophyll
a, b and total chlorophyll in leaves, and equal with that of the
treatments which received 60 kg organic-N without biofertilizer
with foliar application with amino acids or with garlic extract
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Table (13): Chlorophyll content (mg/100g fresh weight) in leaves of sweet pepper
plants at flowering stage as affected by N-fertilizer sources, biofertilizer
(Microbin) and foliar spray treatments of Delfan (amino acids) and garlic
extract during the summer season of 2004.

r— Chlorophyll | Chlorophyll Total
Treatments a b chlorophyll
o || Witmsthlia | 5y 00 38951 130.1 H
=5 8 application
3 o = H
g | £ | Delfn@mino | o3 10pr | 3795k | 1311GH
:z: =< acids)
g “ | garlic extract 92.10 EF 38457 130.6 GH
o =~ -
8 | g | Mihouwblac | gang 38951 1327G
o | §E application
= | 28| Delfan (amino
Blzs acids) otic | 40956 | 1421
]
2= garlic extract 97.10D 39.95H 137.1F
o | Withoutfoliar {03 5c | 44958 | 148.1BC
= 8 application
. Q= 1
g | £E| Delfanlamino | yo3,1p5c | 44958 | w481BC
s s < acids)
| °| eerlicextract 102.1C 4295F 145.1D
0
8 - -
B | g o | Withoutfoliar o3, 5c | 445D 147.6C
wl 85 application
= | € [ Delfan (amino
155 . 103.1 BC 4495 B 148.1 BC
T s acids)
D= garlic extract 103.1 BC 4295E 147.1CD
- o | Withoutfoliar 4501 gc | 44958 | 148.1BC
ji= = 8 application
= Q= H
B | g§ | Deimtamino |00 o 4395E | 150.1 AB
L acids)
b .
= garlic extract 103.1 BC 4495B 148.1 BC
33 . =
£ 5| | Withoutfoliar | 05)ap | 45954 ISL1A
Bel ge application
&8 Z £ [ Delfan (amino
» |EE ; 106.1 A 4595 A 152.1 A
=) zs acids)
o @~ garlic extract 106.4 A 4465C 151.1 A

Means of the same column followed by the same letter were
not significantly differed due to Duncan MRT at 5%.
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Table (14): Chlorophyll content (mg/100g fresh weight) in leaves of sweet pepper
plants at flowering stage as affected by N-fertilizer sources, biofertilizer
(Microbin) and foliar spray treatments of Delfan (amino acids) and garlic
extract during the summer season of 2005.

Vatacters Chlorophyll | Chlorophyll Total
Treatments a b chlorophyll
| Without foliar 1 g5 79 3835 M 311K
5 8 application
: (= =1 1
g | £ | Delfan (amno 93.90 G 19.15K 133.1K
e acids)
1™ a
2 garlic extract 93.30G 38.75L 132.1K
[ n
g .
B g | Wehomilar | o500 40051 136.17
w | B E application
= | Z 2 [ Delfan (amino
8|55 ; 103.1 DE 4295H 146.1 GH
] 2 acids)
21 garlic extract 97.80 F 41.251 139.11
| Withoutfoliar 4 405 pcp | 4495C | 150.1CDE
5 8 application
) Q= H
g | £8 | Detfantamino | yoq1cp | a495C | 149.1 CDEF
134 acids)
Z‘ s
= S| garlic extract 101.8E 4325G 1451 H
L
& - -
|, | Withoutfoliar fyp36pE | 4445D | 148.1EFG
o | B E application
= | = 8 | Delfan (amino
= acids) 1052BCD | 4528B 150.5CD
oS
@ =1 garlic extract 103.1 DE 4395F 147.1 FGH

Without foliar | 04 gcpg | 4455D | 148.6 DEF
application

Delfan (amino | 146 1 pC 4495C 151.1C
acids)

garlic extract 103.9 CDE 4415E 148.1 EFG
Without foliar

Without
biofertilizer

30 kg organic-N/fed. +30 kg
mineral-N/fed

§=| application 107.1 AB 4595 A 153.1B
=8 -

€ B | Deiftnlanino 109.1 A 4595 A 155.1 A
3 2-— acids)

2= garlic extract 106.1 BC 4495C 151.1C

Means of the same column followed by the same letter were
not significantly differed due to Duncan MRT at 5%.

94



with no significant difference in chlorophyll a and total
chlorophyll content in both seasons.

4.1.3. N uptake
4.1.3.1. Effect of N-fertilizer sources

Concerning the effect of fertilizer sources on total nitrogen
uptake per plant, data (Table, 15) show that adding (30kg
organic-N + 30kg mineral-N), 60 kg mineral-N or 60 kg organic-
N significantly differed from each other in a descending order in
total nitrogen uptake. This trend was true in both seasons. These
results are in harmony with those of Midan (1995) on pepper and
Mohamed (2008) on strawberry.

4.1.3.2. Effect of biofertilizer inoculation

Biofertilizer treatments resulted in the highest significant
accumulated N in leaves, fruits and consequently total nitrogen
uptake per plant over the control treatment when no bio
fertilizers were added. This trend was true in both seasons and
results could be referred to the role of Microbin on increasing the
availability of soil nitrogen as a result of N fixation by
Azospirillum and Azotobacter included in Microbin. These
results are in harmony with those of Gomaa (1995) on tomato
and Poi (1998) on pepper and tomato plants.

4.1.3.3. Effect of foliar application

Pepper plants sprayed with Delfan (amino acids) showed
the highest N accumulation in their stems, leaves, fruits and
consequently total nitrogen uptake per plant with a significant
increase as compared with other foliar application treatments i.e.
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garlic or control in both seasons. The amino acids content of
Delfan may explain the high accumulation of N in plant tissues
after spraying with Delfan.

4.1.3.4. Effect of the interaction between N-fertilizer sources,
biofertilizer and foliar spray treatments

Data (Table, 16) clearly showed that the highest N-uptake
in leaves, fruits and total uptake per plant was found in plants
inoculated with Microbin and fertilized with 30kg organic-N +
30kg mineral-N and foliar applied with amino acids as compared
with all other treatments in both seasons. Plants received 30kg
organic-N + 30kg mineral-N with biofertilizer and without foliar
application came in the second rank in total nitrogen uptake per
plant, followed by the treatment which received 60kg mineral-N
without biofertilizer and without foliar application. However,
using 60kg organic-N without biofertilizer and without foliar
application had the lowest nitrogen uptake in leaves, stem, fruits
and total nitrogen per plant as compared with all other
treatments.

On the other hand, plants supplied with 60 kg N/fed. in the
mineral form without biofertilizer accumulated less N in leaves,
stem and fruits as compared with plants supplied with
biofertilizer (Microbin). Results are confirmed with those
indicated by Monib et al. (1990), Gomaa (1995) on tomato , Poi
(1998) on chili and tomato and Ouda (2000) on tomato who
mentioned the favorable role of Nitrobin (4zotobacter or
Azospirillum) on N uptake by plant roots.
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Table (16): N-content of sweet pepper plant parts as affected by N-fertilizer sources, biofertilizer (Microbin) and
foliar spray treatments of Delfan (amino acids) and garlic extract during the summer seasons of 2004 & 2005.

First Season (2004) Second Season (2005)
Characters mg N/plant mg N/plant
Treatments Leaves | Stem Fruit Total | Leaves | Stem Fruit Total
Without foliar | 691 4973 1095 2283 738 517.6 1101 357
_ 5| application R N R P K H Q 9]
5 é "é Delfan (amino m 538.6 1136 2449 754 526.5 1148 2429
£ z gg acids) P L P N K G 0 N
Z -1 ; 732 518.0 1116 2366 751 524.1 1124 2400
% garlic extract Q M Q o K GH P N
) Wit roiar | 1049 | 6763 | 1186 | 2012 | 1031 | 6534 f 1195 | 2879
5 | § 2|_spplication 0 G 0 M ] E N M
Z |2 5[ Delfon (amino | 1232 | 7676 | 1429 | 3428 | 1234 | 7631 1446 | 3443
“ &8 acids) 1 A M K G A L K
@ 2 2 1149 726.0 1206 3080 1132 7113 1218 3061
garlic extract M E N L 1 D M L
Without foliar | 1623 550.5 2370 4543 1470 4478 23719 4297
- g application D K C B D J B C
< _§ E Delfan (amino 1173 738.0 1536 447 1179 7414 1545 3465
£ ; i acids) L D L K H € K K
Z |7 A ot | 409 [ 43S | 2095 | w42 1282 | 3868 | 2093 | 3762
g e G P G F F K F G
E Without foliar 1313 609.3 1823 3745 1256 551.7 1829 1642
= | § Z|__application H H H G FG F G H
3 |7 5[ Delfan (amino [ 1707 | 5900 [ 203 | 4430 1570 | 5187 | 2133 | 422
r..g 2 acids) B 1 D C B GH C D
[ = . 1454 480.5 2110 4044 1355 379.2 2113 348
garlic extract F 0 F = E K E ¢
Without foliar 1194 7489 1555 3408 1190 517 1571 3513
» | 5| application K C K J H B ] ]
= _é @ Delfan (amino 1088 695.8 1742 3525 1134 709.2 1763 3606
T _|E 8 it N F 1 I 1 D H 1
E gl B ilic extrict 1216 759.8 1574 3550 1236 765.2 1591 1592
zZZ 5 1 B I H G A 1 1
2 E Without foliar 1637 5205 2380 4537 1506 468.2 2385 4359
) E § Z|_ application C M B B C I B B
A é ‘5 Delfan (amino 1814 595.5 2480 4889 1661 515.8 2488 4665
"O‘ % é acids) A I A A A H A A
. . 1605 571.0 2117 4299 1466 4722 2122 4060
garlic extract E ] E D D 1 D E

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.

98



4.1.4. P uptake
4.1.4.1. Effect of N-fertilizer sources

Concerning the effect of fertilizer source on phosphorus
uptake, data (Table, 17) show that adding 30kg organic-N +
30kg mineral-N, 60 kg mineral-N or 60 kg organic-N
significantly differed from each other in a descending order in P
content of pepper fruits and total phosphorus uptake per plant
during both seasons of this experiment. These results are in
harmony with those of Midan (1995) on pepper.

4.1.4.2. Effect of biofertilizer

Biofertilizer inoculation resulted in the highest significant
accumulation of P in leaves, fruits and consequently total
phosphorus uptake per plant over the control treatment when no
bio fertilizers were added. This trend was true in both seasons
and results could be referred to the role of Microbin on
increasing the availability of soil phosphorus, especially it
contained PDB. These results are in harmony with those of Poi
(1998) on pepper and tomato plants and Ouda (2000) on tomato.

4.1.4.3. Effect of foliar application

Data presented in Table (17) show that foliar application
with amino acids resulted in the highest significant P
accumulation in leaves, stem and consequently total phosphorus
uptake per plant followed by those sprayed with garlic extract as
compared with the control without foliar applications, in both
seasons.
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4.1.4.4. Effect of the interaction between N-fertilizer source,
biofertilizer and foliar spray treatments

Data (Table, 18) clearly show that the highest significant P
accumulation in leaves, stem and consequently total phosphorus
uptake per plant was found in plants fertilized with 30kg
organic-N + 30kg mineral-N, with or without biofertilizer and
foliar sprayed with amino acids as compared with all other
treatments in both seasons. However, using 60kg organic-N
without biofertilizer and without foliar application gave the
lowest phosphorus uptake in leaves, stem, fruits and
consequently total phosphorus uptake per plant as compared with
all other treatments. It seems that Delfan (ariino acids)
application induced favourable effect on P-uptake épecialty on
plants received both organic and mineral N together.

4.1.5. K uptake
4.1.5.1. Effect of N-fertilizer sources

Concerning the effect of fertilizer source on potassium
uptake, data (Table, 19) show that plants supplied with (30kg
organic-N + 30kg mineral-N), 60 kg mineral-N or 60 kg organic-
N significantly differed from each other in a descending order in
leaves, stem and total potassium uptake. This trend was true in
both seasons. These results are in harmony with those of Midan
(1995) on pepper.
4.1.5.2. Effect of biofertilizer

Biofertilizer inoculation induced the highest significant K
accumulation in leaves, stem, fruits and consequently total
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Table (18): P-content of sweet pepper plant parts as affected by N-fertilizer sources, biofertilizer (Microbin) and
foliar spray treatments of Delfan (amino acids) and garlic extract during the summer seasons of 2004 & 2005.

First Season (2004) Second Season (2005)
Characters mg P/plant mg P/plant

Treatments Leaves | Stem Fruit Total | Leaves | Stem Fruit Total
Without foliar | 62.90 47.20 1139 2241 51.67 42.00 115.2 208.9

- g application J H L N K K L L
5|2 E Delfan (amino | 86.50 | 59.00 1183 | 2639 | 13.713 53.03 119.7 | 246.5

£15E acids) H E K L 1 G K ]
z = ; 74.70 53.10 116.1 2439 | 6287 | 47.02 1174 | 2273

% garlic extract I G KL M 1 0 KL K
2 Without foliar | 105.1 | 68.30 1236 | 2970 | 91.73 | 61.67 125.1 2785

o Eie application D C ] K E E ] 1
§ Z B| Delfan (amino 1173 | 7440 | 1495 341.3 109.9 | 7117 1516 | 3327

2 § acids) C B 1 GH C C 1 F
a< G 116.1 73.80 125.7 315.6 103.9 66.37 127.2 297.5

garlic extract c o ] ] D D ] H
Without foliar | 95.40 58.90 2194 3736 85.10 5117 2204 356.6

5 ?g application F E CD E F GH CD E
& % "_E' Delfan‘(arnjno 99.10 65.30 160.9 3254 8527 58.30 162.3 305.8

LA E S acids) E D H 1 F F H H
Z 8 —— 84.10 | 47.00 | 217.1 1482 | 7420 | 40.23 2185 | 333.0

E gariic e H H D FG 1 K D F
E Without foliar | 91.30 57.35 189.8 3385 79.28 49.80 190.8 319.9

= | § 2|__application G EF E H H HI E G
z *é 8| Delfan (amino 1047 | 6490 | 221.0 | 3905 | 9430 | 56.30 2218 | 3724
b &3 acids) D D C CD E F c CcD
= g g 8350 | 4940 | 2187 | 3516 | 7313 | 4L13 2195 | 3338

garlic extract H H cD F I K cD F
Without foliar | 1169 | 74.20 1629 | 354.1 1042 | 67.78 165.0 | 337.0

F g application C B GH F D D GH F
o |2F Delfan (amino | 139.0 | 85.20 1828 | 407.0 | 1307 | 8117 185.7 | 3976

* ; £ acids) A A F A A A F A
] : 1348 83.10 165.0 383.0 123.0 77.10 167.6 367.7

E i garlic extract B A G D B B G D
é T}; Without foliar | 91.90 | 5520 | 2469 | 3940 | 81.27 46.67 | 2484 | 3763
9-5 E =| application G FG B BC GH J B BCD
:n T g_ Delfan (amino | 95.30 49.00 2574 401.6 85.70 40.77 258.6 385.1

'; “3 é acids) F H A AB F K A B
N = . 9740 | 5460 | 2459 | 3979 | 8413 | 4597 2474 | 3775
garticextract | “gp | "jg | B | BC | FG ] B | BC

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.
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Table (19): K-content of sweet pepper plant parts as affected by N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments during the summer seasons of 2004 & 2005.

Characters First Season (2004) Second Season (2005)
mg K/plant mg K/plant
Treatments Leaves |  Stem | Fruit | Total Leaves | Stem | Fruit | Total

N-fertilizer sources

60 kg organic-N/fed. 1402 C 1152 C 1273 B 3827 C 1193 C 1046 C 1284 C | 3523 C

60 kg mineral-N/fed. 1868 B 1496 B 1902 A 5265 B 1668 B 1338 B 1911 B 4917 B

30 kg organic-N/fed.
+30 kg mineral-N/fed.

2294 A 1705 A 2224 A 6010 A 2110 A 1583 A 2029 A 5722 A

Biofertilizer

Without biofertilizer 1747 B 1353 B 1604 B 4705 B 1537 B 1230 B 1617 B 4383 B

Biofertilizer
(Microbin)

1962 A 1549 A 1995 A 5364 A 1777 A 1415 A 1866 A 5057 A

Foliar application

Without foliar
application

Delfan (amino acids) 2010 A 1532

1724 C 1392 C 1690 A 4806 C 1519 C 1253 C 1702 C 4474 C

>

1771 A 5313 A 1827 A 1429 A 1786 A 5041 A

garlic extract 1830 B 1429 B 1937 A 4983 B 1624 B 1286 B 1736 B 4646 B

Means of the same column followed by the same letter were not significantly differed due to
Duncan MRT at 5%,
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potassium uptake per plant over the control treatment when no
bio fertilizer was added. This trend was true in both seasons.

4.1.5.3. Effect of foliar application

Data (Table, 19) show that foliar application of amino
acids, garlic extract or without foliar application significantly
differed from each other in a descending order in leaves, stem
and total potassium uptake during both seasons.

4.1.5.4. Effect of the interaction between N-fertilizer sources,
biofertilizer and foliar spray treatments

Data (Table, 20) clearly show that the highest total
potassium uptake was found in plants fertilized with 30kg
organic-N + 30kg mineral-N, inoculated with Microbin and
foliar sprayed with amino acids with a significant increase as
compared with all other treatments, especially in the second
season, followed by using 30kg organic-N + 30kg mineral-N
with amino acids spray but without biofertilizer application with
significant difference in the first season. It seems that adding
50% of the required-N in the organic + 50% in the mineral form
combined with foliar spray with amino acids had the most
favourable effect on K-uptake. However, using 60kg organic-N
without biofertilizer and without foliar application resulted in the
least potassium accumulation in leaves, stem, fruits and
consequently total potassium uptake per plant as compared with
all other treatments.

RESULTS AND DISCUSSIONS
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ible (20): K-content of sweet pepper plant parts as affected by N-fertilizer sources, biofertilizer (Microbin) and
foliar spray treatments of Delfan (amino acids) and garlic extract during the summer season of 2004 & 2005,

First Season (2004) Second Season (2005)
Characters mg K/plant mg K/plant
Tm““"-k Leaves | Stem Fruit Total | Leaves | Stem Fruit Total
Without foliar 733 818 1160 2712 541 720 1168 2430
. g plication 0 P D P Q R R 0
< |8 'E De]fan_ (amino | 1211 1057 1207 3475 1009 953 1216 3178
& ; 8 acids) 0 N CD N 0 P P [¢]
z 5 ; 972 937 1183 3093 775 837 1192 2805
bl garlic extract 3 0 D 0 P Q Q P
§° Without foliar | 1596 1250 1263 4109 1386 1144 1273 3803
2 | 82| application N M cD M N 0 0 N
§ = | Delfan (amino | 2068 | 1485 | 1539 | 5092 | 185 | 1373 1557 | 4773
% 2 acids) H H BCD I H I M J
@ & . 1831 1367 1286 4484 1600 1251 1296 4147
garlic extract ] K D L ] K N M
Without foliar | 2034 1666 1985 5685 1845 1483 1996 5323
.. B|_ application 1 F BCD G H G E G
< E E Delfan (amino | 1684 1294 1660 4638 1458 1181 1669 4307
& é—' % acids) M L BCD K M N L L
E 5 garlic extract 1747 1379 1965 5090 1562 1222 1973 4756
E L ] BCD [ K M G ]
E Without foliar | 1749 1382 1820 4950 1542 1233 1829 4603
= E E|__application L ] BCD I L L 1 K
3 [E B[ Delfan (amino [ 2180 | 1784 | 2001 | 965 | 1975 | t6: | o0 T see
< g8 acidsy) C B BCD E D C D E
@ g enci ot 1813 1471 1979 5263 1628 1288 1989 4904
K 1 BCD H I J F I
Without foliar | 2090 1496 1681 5267 1856 1381 1697 4934
FR P -g application G G BCD H G H K H
2 g | Dclfan‘ (amino | 2760 1831 1892 6483 2525 1713 1916 6154
+ o B %’ acids) A A BCD A A B H B
E & B ) 2496 1699 1702 5897 2259 1579 1725 5562
z32| | eicednct | Ty E [Bp | F | B D | F
E E Without foliar | 2141 1741 2233 6115 1946 1557 2250 5753
E], E .g =1 application E C BC C E E B €
So E ﬁ Delfan (amino | 2160 1738 2330 6228 2153 1729 2346 6228
s |28 ity D c A B C A A A
" |las ; 2121 1723 2224 6068 1920 1538 2241 5699
garlic extract F D BC D £ P c D

Means of the same column followed b

due to Duncan MRT at 5%
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4.1.6. Early and total yield:
4.1.6.1. Effect of N-fertilizer sources

Data (Table, 21 and Fig. 1) show that treatments supplied
with (30kg organic-N + 30kg mineral-N) produced the highest
early and total yield per plant and per feddan, followed by
treatment which received 60kg N in the mineral form with
significant increase as compared with those received all nitrogen
dose (60kg N/fed.) in the organic form. The same trend was clear
in both seasons. These results are in harmony with those of Abd-
El-Aty (1997) and Shams (2003) on sweet pepper, Ramadan et
al. (2007a) on tomato and Mohamed (2008) on strawberry.

The superiority of adding 50% of N in the organic form (30
kg) + 50% (30 kg N) in the mineral form over adding all N-
fertilizer (100%) either in the organic or mineral form (60 kg
N/fed.) may be referred to the increase in microorganisms
activity in the presence of both organic and mineral nitrogen
sources and increasing adsorbing capacity of essential nutrients
against leaching. Moreover adding mineral + organic fertilizer
together will improve the mineralization of organic-N (Tisdale
and Nelson, 1975).
4.1.6.2. Effect of biofertilizer

Data (Table, 21 and Fig., 1) show that inoculation with
Microbin resulted in higher early and total yield per plant and
per feddan as compared with no biofertilizer inoculation, as
shown in both seasons. The enhancing effect of biofertilizer
application could be referred to the role of free living bacteria on

RESULTS AND DISCUSSIONS

- 106 -



Table (21): Effect of N-fertilizer sources, biofertilizer (Microbin) and foliar spray treatments on early and total yield
of sweet pepper plants during the summer seasons of 2004 & 2005.

Characters First Season (2004) Second Season (2005)
Early yield Total yield Early yield Total yield
Treatments gplant | ton/fed | gplant | tonffed | g/plant | ton/fed | g/plant | ton/fed

N-fertilizer sources

60 kg organic-N/fed. 1748C | 0.279C 4376 C 6.999C 3040C | 0488C | 4504C 7.277C

60 kg mineral-N/fed. 23.77B | 0355B 506.6B 8.316B 3587B | 0.576B 5314B 8570 B

30 kg organic-N/fed.
+30 kg mineral-N/fed.

27.21A 0435 A 5820 A 9.049 A 40.24 A 0.654 A 5945 A 9.579 A

Biofertilizer

Without biofertilizer 21.60B 0.337B 4985 B 7.796 B 3431 B 0.551 B 5109B 8244 B

Biotertilizer 24044 | 0375A | 5190A | 84474 | 36694 | 05954 | 53994 | 87074
(Microbin)
Foliar application
Wikhout folisr 2265B | 0338B | 50418 | 79828 | 34958 | 0se1B | si688 | 83368
application

Delfan (amino acids) 24.60 A 0393 A 5171 A 8377 A 3740 A 0.609 A 5428 A 8.753 A

garlic extract 21.20C 0338B 505.0 B 8.005B 34.15B 0.548 C 516.8 B 8.337B

Means of the same column followed by the same letter were not significantly differed due to
Duncan MRT at 5%.
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N-fixation in the soil and the role of PDB on increasing the
available-P in the soil (Rai, 2006). Moreover, the mechanism of
microorganisms on plant growth and fruit yield depends on
producing growth promoting substances (El-Hadad et al., 1986)
and enhancing nutrients uptake (Sarig et al., 1984). This
explanation is in harmony with data of plant growth (Table, 9),
N-uptake (Table, 15) and P-uptake (Table, 17).

Such stimulating effect of free living N-fixing bacteria and
PDB involved in Microbin on increasing plant growth,
chlorophyll content, N and P uptake may justify the increase in
fruit early and total yield of sweet peppers obtaingd, when plants
were inoculated with Microbin. &

Results on the favourable effect of biofertilizer application
on early and total yield have been mentioned by Moustafa and
Omar (1990) and Gomaa (1995) on tomato and Shams (2003)
working on sweet pepper inoculated with Nitrobin and
Phosphorin.

4.1.6.3. Effect of foliar application

Data (Table, 21 and Fig. 1) show that treatments sprayed
with Delfan as a source of amino acids gave the highest early
and total yield per plant and per feddan with a significant
increase as compared with foliar application by garlic extract or
without foliar application during both seasons. The superiority of
foliar application with Delfan may be referred to the role of
amino acids content required to proteins synthesis. Moreover,
data show that garlic extract application did not increase early or
total yield than the control (without foliar application).
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Furthermore, garlic extract application decreased early fruit yield
per plant and per feddan only in one season of this experiment,
but had a similar effect on total fruit yield as compared with the
control, as shown in both seasons.

4.1.6.4. Effect of the interaction between N-fertilizer sources,
biofertilizer and foliar spray treatments

Data (Tables, 22 and 23 and Fig. 2) show that, the
treatment fertilized with 30kg organic-N + 30kg mineral-N and
inoculated with microbin biofertilizer and foliar sprayed with
Delfan (amino acids) gave the highest early and total yield per
plant and per feddan with a significant increase as compared to
all other treatments, in both seasons. This increase reached 37.20
and 16.05 % as an average of both seasons for early and total
yield per feddan respectively, as compared with plants supplied
with 60 kg mineral-N without biofertilizer or spraying
treatments. Moreover, the plants received 30kg organic-N +
30kg mineral-N + biofertilizer without foliar application or with
garlic extract came in the second rank.

While by adding 60kg mineral-N and spraying with amino
acids without biofertilizer inoculation significantly increased
total yield per plant and per feddan in both seasons compared
with other treatments under the same N-fertilizer source. It could
be clearly observed that using the foliar application of Delfan
(amino acids) had a beneficial effect for increasing total yield,
while supplying with biofertilizer in the presence of full dose of
mineral-N had no effect on the total yield. This result may be
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Table (22): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on early and
total yield of sweet pepper plants during the summer season of 2004.

W Early yield Total yield
Treatments g/plant ton/fed g/plant ton/fed
y | Withoutfoliar 56 | oae06H | s0rn | 62731
= 8 application
. Q= 1
4 | 48| Pelinfmioo 15.77G 0.243H 42461 6.583 1
E 3 acids)
g = | garlic extract 15.19G 0250 H 4133 M 6.47011
[ o .
| g | oot folia 1623G | 0256GH | 472K 7190 H
w | & application
= =8 Delfan (amino
2| 5§ ; 23.53CDE | 0.336BCDE | 48751 8.270 EFG
3 < acids)
B =1 garlic extract 17.68 FG 0.280 GH 45241 7207H
o | Withoutfoliar f o0y pcp | 03sapEF | 51416 | 8314DEFG
= 8 application
. Q = H
B|£§ Delfho (smino 2293DE | 0.372CDE 535.7E 8.643C
5 iz g acids)
E “ | garlic extract 20.24 EF 0310 FG 507.5H 8.217 FG
Q
g . .
E | 5o | Withoutfoliar | »540pep | 0339EF | s259F | s284EFG
w | 88 application
ol = Delfan (amino
2| EE ; 2576 BCD | 0402BCD | 4423K 8.240 FG
s g acids)
o= garlic extract 23.10 DE 0.352 DEF 5138 G 8.197G
- o | Withoutfoliar o541 pep | 0388BCDE | 5433D | 8.507 CDEF
= = 8 application
(== Qi 1
T | £% De”‘"".gam‘“" 2%683BC | 0441B 5942B | 8.589CD
<3| 2% acids)
SZ2| ©| ealicexmact | 2623BCD | 0418BC 552.7C | $.568 CDE
2T - .
E§| | Wthoutfoliar | .55 | g429Bc | s933B 9.326 B
@2l 8 =) application
S E 3 Delfan (amino
2 | ES . 32.80 A 0517 A 618.2 A 9.935 A
= 3 ﬁ acids)
T BT eadicextract | 24.79BCD | 0418BC 590.5B 9372B

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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Table (23): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on early and
total yield of sweet pepper plants during the summer season of 2005.

Characters Early yield Total yield
Treatments g/plant ton/fed g/plant ton/fed
o | Withoutfolir | 5g056 | oasom | 4130P | 6680K
= 8 application
. Q.7 1
g | 23| Delfnlmiio | 909G | o040k | 4363N 7.060 1
s 2% acids)
g - garlic extract 28.67G 0.460 L 42490 6.870J
<] x v
A 29.24G 0471K 460.8 M 7440 H
| B8 application
= a4 Delfan (amino
2| E5 . 36.68 DE 0.590 F S0L1K 8.090 G
E i acids)
@ =1 garlic extract 30.46 FG 0.490 J 465.6 L 7.520H
o | Withoufoliar ) yggepp | oss2F | s277HI | 8SIIEF
= 8 application
A o = 1
g | 28| Peifn@mi | s6sapE | 0592F 549.4F 8.850 D
S s 3 acids)
E = garlic extract 1235F 0.5201 51931 8376 F
o
5 : .
B o | P ohontiolier 35.97 DE 0.578 G 5373G 8.665 E
wl B8 application
Z | =5 -
2 | §g | Delfan(amino 18,08 CD 0612E 5294 H 8.539 EF
s 2 acids)
@ =1 garlic extract 35.10E 0.564 H 525.21 8.471 EF
- o | Withoutfolisr | agoiep | 0611E | sS63E | 8969CD
> = 8 application
(=] o= 1
& | 28| Detm(amino | 3954pc | o0635C 607.6 B 9.790 B
<3 Z E acids)
S5l F| saticexma 39.19C 0.630 CD 5633 D 9.080 C
S E = :
E 2| 5o Vil it 4136B 0.664 B 605.4 BC 9.753B
el 8E application
o E8 Delfan (amino 44.19 ,
» | E§ S 19A 0.760 A 632.2 A 10.18 A
= = 2 acl
“ 27| garlic extract 39.13C 0.628 D 602.2C 9.702 B

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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Total yield (ton/fed.)

o S
O O =
il il |

O = N W & OO N @

without Delfan

spray

gariic
extract

without Delfan
spray

Biofertilizer

60 kg organic-N

garfic
extract

spray

without Delfan garic without Delfan garlic
extract

60 kg mineral-N

spray

extract

Biofertilizer

Detfan

without
spray

Biofertilizer

without garlic
spray extract

30 kg organic-N + 30 kg
mineral-N

garlic
extract

Fig. (2): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin) and foliar spray treatments
of Delfan (amino acids) and garlic extract on total yield of sweet pepper plants during the summer seasons
of 2004 & 2005.
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due to that the addition of mineral-N at full dose inhibit the
activation of biofertilizer's microorganisms (Rai, 2006).

Furthermore, plants supplied with full N (60kg N/fed.) as
organic-N without biofertilizer and without foliar application
gave the lowest total yield per plant and per feddan with a
significant difference as compared with all treatments in both
seasons. Regarding to the treatment of 60kg organic-N, the
addition of biofertilizer significantly increased total yield per
plant and per feddan in both seasons compared to non addition of
biofertilizer. The positive effect of biofertilizer in this case
indicated that there were no competition between plants and
microorganisms for mineral-N uptake, hence, biogas the source
of organic-N was well decomposed, this explanation is in
harmony with Rai (2006).

4.1.7. Fruit physical characteristics
4.1.7.1. Effect of N-fertilizer sources

According to the effect of fertilizer sources on fruit quality,
data (Table, 24) show that adding 30 kg organic-N + 30 kg
mineral-N gave larger fruit length, diameter, siz and
consequently weight as compared with that of plants received all
applied-N (60 kg /fed.) in either organic or mineral form, in both
seasons.

Data also show that adding all N-requirements (60 kg
N/fed.) in the organic form mostly depressed all physical
characteristics of fruit quality. These results elucidate that solely
organic-N application is not enough to supply sweet pepper
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Table (24): Effect of N-fertilizer sources, biofertilizer (Microbin) and foliar spray treatments on fruit
physical characteristics of sweet pepper plants during the summer seasons of 2004 & 2005.

First Season (2004)

Second Season (2005)

Shaaiess Fruit Fruit Frant Fruit Fruit s
length diameter Fruit size . length diameter Fruit size %
Treatments ht
cm cm cm’/fruit weight (g) cm cm em’/fruit weight (g)
N-fertilizer sources
60 kg organic-N/fed. 7.08 B 6.31C 150.9B 90.67 B 8.03C 6.83C 161.8 B 91.83C
60 kg mineral-N/fed. 7.99 A 6.65B 154.7 B 122.1 A 8.67 B 720B 161.9B 1279B
30 kg organic-Nffed. | ) 6.94 A 1686A | 1236A 8.83 A 7.45 A 17944 | 12094
+30 kg mineral-N/fed.
Biofertilizer
Without biofertilizer 7.42 B 6.50 B 154.8 B 106.9 B 830 B 7.01 B 164.1 B 111.8B
Biofertilizer 7.98 A 6.77 A 161.3 A 117.3 A 872 A 7.31 A 171.4 A 121.3 A
(Microbin)
Foliar application
Without foliar 7.79 A 6.52 B 1565B | 110.6A 8.52 B 7.10 B 1672A | 1139C
application
Delfan (amino acids) 7.62 A 6.79 A 162.9 A 113.4 A 8.58 A 7.26 A 170.2 A 120.1 A
garlic extract 7.69 A 6.60 B 154.7 B 1123 A 843 C 7.13 B 165.8 A 1157 B

Means of the same column followed by the same letter were not significantly differed due to
Duncan MRT at 5%.
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plants with N required for plant growth, yield and consequently
may be not adequate to improve fruit physical characteristics.
Abd-El-Aty (1997) found that addition of organic manure
combined with chemical fertilizers gave the best fruit quality.
Also, these results are in harmony with those of Youssef et al.
(2001) on tomato.

4.1.7.2. Effect of biofertilizer

Biofertilizer inoculation significantly increased fruit length,
diameter, size and average fruit weight over the treatments when
1o biofertilizer was added. This trend was true in both seasons. It
means that the role of biofertilizer on improving physical
characteristics of sweet pepper fruit was more pronounced than
when no biofertilizer was added.
4.1.7.3. Effect of foliar application

The treatments which sprayed amino acids gave the largest
fruit length and diameter with the heaviest weight with
significantly increase in the second season.

The superiority of foliar application amino acids may be
referred to the role of Delfan (amino acids) protein synthesis.
Data of N uptake by sweet pepper plants (Table, 15) indicate that
plants sprayed with Delfan had accumulated more N in plant
organs.
4.1.7.4. Effect of the interaction between N-fertilizer sources,

biofertilizer and foliar spray treatments

Data (Tables, 25 and 26) show that treatment which
received (30kg organic-N + 30kg mineral-N + biofertilizer with

RESULTS AND DISCUSSIONS

- 116 -



Table (25): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on
fruit physical characteristics of sweet pepper plants during the summer
season of 2004,

.th g Fruit weight
Characters | Fruit length diameter Fruit size @
Treatments cm cm cm’/fruit -
o | Withoutfoliar |55 0p | smG 1447 H 808G
= & application
§ e = i
3| 28| Detmbmie | oo5p 626EF | 1500EFGH | 814G
S % acids)
g - garlic extract 7.26 C 6.13F 146.3 FGH 84.4FG
o " N
5| 5o Withoutfoliar | oacpe | 6268F | 1513EFG | 947EFG
o | 8= application
il =R Delfan (amino
2| 5E& : 725C 6.93 ABC 160.4 CD 102.1 CDE
35 acids)
@ =1 garlic extract 736BC | 656CDE | 152.3EF 100.5 DEF
o | Wihoutfoliar f gy 0p | 670ABCD | 1562DE | 1243AB
= 8 application
. Q = M
3| £5| Delfnlemino | 55 aBc | 660BcDE | 1563DE | 112.5BCD
sz .l§ acids)
% ©| garicextract | 764ABC | 643DEF | 1459GH 1249 AB
v
g : .
E | g | Withoutfolir | 55 0pc | 6s18cDE [ 1558DE | 11884BC
w | 8E application
= | € | Delfan (amino
2| E¢& : 847 A 690 ABC | 161.9CD 127.5 AB
.E g acids)
D=1 garlic extract 8.03ABC | 670ABCD | 1522EF 124.3 AB
. g [ Withoutfoliar )56 pc | 671aBcD | 1s8scp | 1138 ABCD
= = & application
=] Q= i
7T | £8 | Delfanfamino | .05 | 7064 1722AB | 1250 AB
<3| _"6 acids)
;” S| 2| garlicextract 7.56 ABC | 6.86 ABC 1629C | 1150 ABCD
2F Without foliar
22| 52| aplication 8.56 A 710 A 172.2 AB 1313A
Sl 28 M Dot (amino
»2 |55 i 854 A 7.00 AB 176.9 A 1316 A
= 3 = acids)
@] garlic extract 829AB | 6.90ABC 168.9B 124.8 AB

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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Table (26): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on
fruit physical characteristics of sweet pepper plants during the summer

season of 2005.
Fruit . .
Characters Fruit length | diameter Fruit size let(w)elght
Treatments cm cm cm’/fruit &
o | Withoutfoliar } g5y | 6an 155.0 GH 840K
- 2 application
=
% o= i
g | £ | Delfen(amino 7.95H 66G | 161.0 EFGH 86.01
E ERs acids)
E © |  garlic extract 7.95H 6.5GH 158.0 FGH 85.0JK
o vy .
2| g | Toemowiolae o ggeq 69F | 162.0EFGH 8901
w| BE application
< | 28 [ Delfan (amino
2| 5§ 3 8.25F 74BC | 170.0 BCDEF 1160 G
5 S acids)
B =1 garlic extract 8.05G 72CDE | 165.0 DEFGH 91.0H
o | Wihoutfoliar 1} gosc | 73CD | 1680CDEFG [ 1310C
= 8 application
j 243 Delfan (amino
2|EE ; 8.35F 7.1E 151.0H 118.0F
] =] n
E = E acids)
= 2| garlic extract BA4SE 71E 157.0 FGH 1310C
o
£ i -
E | g o Viehouthls §50E | 7DE | 164SEFGH | 1245D
o0 <G application
= =0 Delfan (amino
2l 55 : 9.15B 7.4BC | 169.0 BCDEFG 1320C
3 g acids)
A= garlic extract 8.65D 72CDE | 162.0 EFGH 131.0C
" g || b 835F | 72CDE | 170.5BCDEF | 119.5EF
g = 8 application
L= Q= 1
B | gg| PedmiGmeo 84S E 75 AB 182.0 ABC 131.0C
-3 & b acids)
S3| °|  sorlicextrat 835F 74BC | 1740 BCDE 121.0E
S H . -
] | Wit faber 935A 76 A 183.0 AB 135.3B
HEl 8= application
s E| 3 ‘é Delfan (amino
w | 55 A 9.35A 76 A 188.0 A 137.3A
= 3 S acids)
T 27| garlic exiact 9.15B 74BC | 179.0 ABCD 1353 B

Means of the same column followed by the same letter were not significantly
differed due to Duncan MRT at 5%.
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or without foliar application by amino acids or garlic extract
gave heavier fruit weight with larger diameter and length as a
general trend, especially in the second season. However, the
treatments which supplied by (60kg organic-N) without
biofertilizer and with or without foliar application gave the least
values as compared with all other treatments in fruit weight and
size as a general trend in both seasons.

4.1.8. Fruit chemical constituents
4.1.8.1. Fruit acidity, vitamin-C, sugars content
4.1.8.1.1. Effect of N-fertilizer sources

Concerning the effect of N-fertilizer source on fruit
chemical characteristics, data (Table, 27) show that using 60kg
organic-N, 30kg organic-N + 30kg mineral-N or 60 kg mineral-
N significantly differed from each other in ascending order, with
respect to acidity during both seasons. In addition, fruits
obtained from plants supplied with 60 kg N as organic biogas
had the highest vitamin-C, reducing, non reducing and total
sugars content followed by those received 30kg organic-N +
30kg mineral-N as a general trend, especially in the second
season. On the other hand, plants received 60 kg N as
ammonium sulphate had the least significant values of vitamin-C
and sugars as compared with the other N-sources, in both
seasons. These results are in harmony with those of Shams
(2003) on sweet pepper and Shafshak et al. (2007) on squash.
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4.1.8.1.2. Effect of biofertilizer

Data (Table, 27) show that biofertilizer inoculation
reflected in the highest values of fruit vitamin-C, reducing, non-
reducing and total sugars as compared with the control i.e.
without biofertilizer addition, as shown in both seasons. These
results are in harmony with those of Abo El-Hamd et al. (2006)
on strawberry.

4.1.8.1.3. Effect of foliar application

Treatments sprayed with Delfan (amino acids) highest
values of acidity, reducing, non-reducing and total sugars content
of fruits with a significant increase as compared with other
spraying treatments i.e. garlic extract or without any application
in both seasons (Table, 27). With respect to T.S.S and vitamin-C
content of sweet pepper fruit, plants which sprayed by amino
acids, garlic extract or without foliar application were not
significantly differed from each other, in both seasons.

4.1.8.1.4. Effect of the interaction between N-fertilizer sources,
biofertilizer and foliar spray treatments

Data (Tables, 28 and 29) show that adding 60kg organic-N
with biofertilizer and foliar application with Delfan or without
any foliar application or adding 60kg organic-N  without
biofertilizer and sprayed with amino acids had no significant
difference from each other with respect to total sugars content of
fruits in both seasons.

Data also show that adding 60kg organic-N or 30kg
organic-N + 30kg mineral-N with or without biofertilizer

RESULTS AND DISCUSSIONS

- 121 -



Table (28): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on fruit chemical
constituents of sweet pepper plants during the summer season of 2004.

Sugars mg/100g (F.W.)
Characters m;‘;gjatcyms T.s‘;S Vr:ga,’?l;%gc Reducing Non.- Total
Treatments reducing

Without foliar 193.0 5.61 173.1 99.33 142.7 242.0
. 5| application E ABC ABC C CD BCD
< | &% | Delfan (amino 193.7 6.03 175.1 106.3 1447 251.0
S|4 acids) E A A A CD AB
% 2 gulic esrat 194.0 5.76 174.4 105.3 141.0 246.3
2 E ABC AB AB DE BC
g0 Without foliar 194.3 5.96 174.1 100.3 160.7 261.0

% | 8 = [__application DE AB AB BC A A
= | E 8| Delfan (amino 196.2 5.83 175.2 105.3 155.3 260.7

= 22 acids) BCDE ABC A AB AB A
22 , 1943 5.66 174.6 1013 134.3 2351
gatlieCamitol DE ABC AB ABC EF CD
Without foliar 196.8 5.40 169.2 54.33 130.7 185.0

- 8 application BCDE BC D K FG G

< | 2% | Delfan (amino 200.9 5.26 170.3 64.33 124.0 188.3

CAEL acids) AB [of CD 1 G G
= 5| Cariic extract 197.2 5.35 169.5 59.33 127.7 187.0

E B ABCDE C D ] FG G
g B Without foliar 199.7 5.36 171.8 76.33 114.7 191.0
w| 8% application ABC BC ABCD H H FG
= | E £ [ Delfan (amino 201.7 5.50 173.8 92.33 1433 235.7
= acids) A ABC AB DE CD CD
22 . 199.7 5.46 171.5 78.33 123.7 2020

garlic extoact ABC ABC BCD GH G F
Without foliar 196.3 5.83 173.9 79.33 141.7 221.0

2 |3 g application BCDE ABC AB GH CD E
= 2 Delfan (amino 196.3 5.40 172.0 93,33 148.7 2420
! 3 acids) BCDE BC ABCD D BCD BCD
] - : 199.0 5.36 1738 83.33 1553 238.7
>Z garlicextract | ,pcp BC AB FG AB BCD
2B Without foliar 195.7 5.58 173.4 88.33 149.3 237.7
g 2| 8 = |__application CDE ABC ABC DEF BC CD
a =| E 8| Delfan (amino 199.7 563 174.7 87.33 155.3 2427
< | £ g acids) ABC ABC AB EF AB BCD
S = ; 195.3 5.46 174.8 83.33 148.0 2313
gadlic cxtract CDE ABC AB FG BCD DE

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.
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Table (29): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on fruit chemical
constituents of sweet pepper plants during the summer season of 2005.

Sugars mg/100g (F.W.)
Characters m;’cl\l(;j(;?mj T.SO.S \QE'{E; Reducing NmF- Total
Treatments reducing
Without foliar 205.0 6.05 179.0 102.0 146.5 2152
5 5| application F AB ABC B EF DEF
~ | 2| Delfan (amino 206.0 5.76 180.5 110.5 151.0 261.5
g [2& acids) EF ABCD AB A D AB
z 5| ariic extract 205.3 6.10 179.5 107.5 143.0 250.5
£ gartie F A ABC A F ABC
£ Without foliar 206.0 6.10 180.5 100.2 163.0 2632
= | & 5 |__application EF A AB BC A A
= % € | Delfan (amino 208.0 6.10 181.5 107.5 159.0 266.5
2 &g acids) CDE A A A B A
as i 207.0 6.00 180.5 99.50 162.3 261.8
gtlic extract DEF ABC AB BC AB AB
Without foliar 209.0 5.60 1745 58.50 125.0 183.5
5 g application ABCD D E K G G
< | & 3 | Delfan (amino 210.0 5.70 175.5 64.50 125.0 189.5
e|5s acids) ABC BCD DE ] G FG
= B ariic extract 209.0 5.65 175.0 61.50 125.0 186.5
E ;i ABCD cD E K G T
£ Without foliar 210.3 5.80 176.5 75.50 121.2 196.5
= | 8 = |__application AB ABCD CDE I G FG
=) Z 8 | Delfan (amino 211.0 5.90 1775 92.50 148.0 240.5
2 <8 acids) A ABCD BCDE DE DE ABCD
22 —— 210.0 5.80 176.5 81.50 121.0 202.5
gariic ex ABC ABCD CDE H G EFG
Without foliar 209.0 6.00 179.5 81.50 143.2 2245
-2 .E application ABCD ABC ABC H F CDE
=] g —E Delfan‘ {amino 209.0 6.00 178.5 96.50 150.0 246.5
+ < £ -;g acids) ABCD ABC ABCD CD DE ABC
SE&|7 5 " 208.0 5.80 178.5 86.50 155.0 2415
ZZz g | coe | aBcp | aBcp FG C ABCD
2E Without foliar 208.5 5.95 178.5 91.00 149.5 240.5
& g g = |_application BCD ABCD ABCD EF DE ABCD
S "| E €[ Delfan (amino 209.0 6.00 179.5 89.50 159.0 2485
2 |8 e acids) ABCD ABC ABC EEG B ABC
s lg2 ‘ 208.0 5.90 178.5 85.50 149.0 2345
garlicextract | pp ABCD | ABCD GH DE BCD

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.
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addition gave similar and higher vitamin-C content of sweet
pepper fruits than all other treatments as a general trend in both

seasons.

The treatments which received 60kg organic-N with or
without biofertilizer and 30kg organic-N + 30kg mineral-N with
biofertilizer gave similar and higher T.S.S of sweet pepper fruits
as compared with all other treatments in both seasons.

The highest values of acidity were obtained by using 60kg
mineral-N and biofertilizer inoculation with or without foliar
application, the treatment with 60kg mineral-N without
biofertilizer and foliar application with amino acids or garlic
extract or the treatment supplied with 30kg organic-N + 30kg
mineral-N with biofertilizer and foliar application with amino
acids were not significantly differed from each other, in both
seasons. However the treatments which supplied by 60kg
mineral-N without biofertilizer inoculation gave the least values
of fruit chemical constituents; TSS, vitamin-C, reducing and
total sugars as a general trend in both seasons.

4.1.8.2. Fruit nitrate-N content

Data (Table, 30 and Fig. 3) show that nitrate accumulation
in fruits was relatively low in plants received organic-N, medium
in plants fertilized with 30kg mineral-N+30kg organic-N and
high in plants supplied with 60kg mineral-N within all
treatments. This result is in harmony with the results of total-N
uptake in leaves and fruits of plants supplied with 60 kg mineral-
N (Table, 15). It is clear also that plants supplied with all N dose
(60 kg N) in the mineral form with or without biofertilizer
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Table (30): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin) and
foliar spray treatments of Delfan (amino acids) and garlic extract on heavy metals and
nitrate nitrogen (mg / kg DW) content of sweet pepper fruits during the summer seasons of

2004 & 2005.
First Season (2004) Second Season (2005)
Characters
Cd Ni Pb | NOs-N Cd Ni Pb NO3-N
Treatments
Without foliar 193.2 195.4
. & |_application ND 24 1.21 G ND 24 0.9 G
| 2 = | Delfan (amino 174.7 178.0
3 E % acids) ND 2.8 0.75 H ND 2.3 0.5 H
3| °| sicextmct | 0.06 | 25 | 0.04 9231 005 [ 27 [ o7 972
=1
g Without foliar 164.4 166.7
E” g =| spplication ND 2.8 0.45 | ND 2.8 1.6 |
2 | Z & [ Delfan (amino 118.7 122.6
o %’;g acids) ND 2.9 1.48 K 0.05 29 0.8 K
7| garicextract | 005 | 23 | 1.18 591 008 | 27 [ 1a 1300
Without foliar 270.8 279.3
- 5 |_spplication ND 27 0.87 AB ND 25 0.5 A
2 = [ Delfan (amino 257.0 260.6
§ ; :5:3' asidd) ND 2.9 0.63 cD ND 2.1 13 c
Z| 5 . 265.2 269.6
% 1 .
E garlic extract ND 27 1.76 ABC‘I ND 2.6 0.7 : B
=2 Without foliar 273. 71.7
jff-‘ & =|_application ND 27 1.29 A ND 24 1.4 P
2 | E 8| Delfan (amino 2528 261.8
v ég scids) ND 2.9 2.29 D ND 2.7 0.8 C
= garlic extract ND 3.1 0.74 23%2 ND 26 0.6 2586.5
Without foliar 2351 238.3
. g spplization ND 2.8 0.88 E 0.04 2.8 1.5 D
=% | 2 = Delfan (amino 230.9 2331
% E% acids) 0.05 || 23 1.51 EF 0.05 23 2.2 £
s o .2
g S| °| eaticextact | 0.05 | 28 | 053 246 | 005 [ 22 | os 2372
L E Without foliar 223.7 216.7
§D “E._% § | _application ND 2.1 1.41 F ND 2.5 1.4 F
=] o .
=0 | E 8| Delfan (amino 194 .4 197.7
; %E‘é acids) ND 2.5 113 G ND 3.0 0.8 G
“ 7| garticexwact | ND | 31 | 060 ’9§'° ND | 28 | o7 1935

Means of the same column followed by the same letter were not significantly

differed due to Duncan MRT at 5%.

ND = Not detected.
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inoculation and no foliar spray showed the highest nitrate-N
accumulation in fruits reached 270.8-279.3 ppm, this result
reflect the high N-uptake in such treatments which led to high
nitrate accumulation as a general trend in both seasons.

On the other hand, the lowest NOs-N accumulation in fruit
was 118.7-122.6 ppm (Table, 30) in plants fertilized with all N in
the organic form (60 kg N as biogas) and inoculated with
microbin and sprayed with Delfan (amino acids). This result
reflect the high N-assimilation of this treatment as compared
with all other treatments which led to good plant growth,
moderate fruit yield with less nitrate accumulation in fruits.
Therefore, application of all N as biogas (organic-N) and
inoculation with microbin could be recommended to get the
lowest nitrate-N accumulation in fruits.

It is worthy to mention that NO;-N concentration in sweet
pepper fruits found in this experiment is still in the safe border
for human consumption. These results are in harmony with
Gabal (1983) who mentioned that NO3-N accumulation was
high in stem and leaves however it was very low in sweet pepper
fruits ranged from 50 — 750 ppm NO3-N due the cultivar, level
and source of N-fertilizer.

4.1.8.3. Fruit heavy metal content

From data Table (30) and Figs (4 and 5) it could be
concluded that Cd, Ni and Pb content of sweet pepper fruits in
all treatments and in the two seasons did not exceed the critical
limits which are 5-700 ppm Cd and 50-200 ppm Ni according to
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Fig. (4): Effect of interaction
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Brown et al. (1983) and 30-300 ppm Pb as mentioned by Kabata-
Pendias and Pendias (2000).

With regard to Cd concentration in pepper fruits tissue in
all treatments in the two seasons, the maximum value was 0.06
ppm and the lowest value was 0.00 (not detected) while there
was a clear positive relation between the content of Cd in fruits
tissue and biogas manure application and garlic spray. Hence the
treatments supplied with nitrogen fertilizer as 60 kg organic-N or
30 kg organic-N + 30 kg mineral-N recorded Cd accumulation in
pepper fruits tissue (0.05 ppm Cd). However, no accumulation of
Cd was detected in the treatments supplied with 60 kg mineral-N
in the two seasons. The high Cd content of biogas fertilizer
(0.198-0.203 ppm Cd) may explain the presence of Cd in
treatment supplied with 60kg N as biogas or 30kg N as biogas +
30kg N as (NH4),SO4. These results are in harmony with those
of Eissa (1996) on sweet pepper.

Regarding with Ni and Pb content in pepper fruit tissues it
could be concluded that the highest content of Ni (3.1 ppm) and
Pb (2.29 ppm) among all treatments during two seasons. The
maximum relative Ni content of fruit was found in plants
fertilized with 60kg mineral-N or 30kg mineral-N + 30kg
organic-N and inoculated with Microbin and sprayed with
Delfan or garlic extract. Furthermore fruits of plants supplied
with 60 kg organic-N as biogas and inoculated with Microbin
and sprayed with Delfan or not sprayed showed a relative high
Ni content ranged from 2.8 - 3.1 ppm Ni, as a general trend in
both seasons. It is worth to mention that Ni content of fruits still
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at the safe border for human consumption according to Brown et
al. (1983) who mentioned that 50 — 200 ppm of Ni is still safe.

With respect to pb content of fruits it ranged from 0.45 —
2.29 ppm, whereby the relative high content was found in fruits
of plants fertilized with 60kg organic-N, inoculated with
Microbin and sprayed with Delfan. Moreover, plants fertilized
with 30kg organic-N + 30kg mineral-N, without biofertilizer
inoculation and sprayed with Delfan showed relative high pb
content in fruits (1.51 — 2.2 ppm), as shown in both seasons. It
seems that organic-N application (biogas) and foliar spray with
Delfan (amino acids) tended to produce fruits with relatively
high Pb. Whereas Pb content of fruits still in the safe border in
both seasons according to Kabata-Pendias and Pendias (2000)
who mentioned that 30 — 300 ppm Pb is still safe for human
toxicity.
4.1.8.4. Fruit micronutrients content

Data Table (31) and Figs (6, 7 and 8) showed that fruit
tissue analysis for Fe, Zn, Mn and Cu in all treatments are still at
the safe normal concentration ranges, as a general trend in both
seasons.

It could be concluded that the Fe accumulation in pepper
fruits tissue ranged between 68-197 in the two seasons and in all
treatments which matched with normal concentration range as
25-300 ppm Fe according to Beeson, 1941, Chapman, 1973 and
Chaney, 1989. Plants supplied with 60kg organic-N, inoculated
with Microbin and sprayed with Delfan showed the highest
relative Fe content of fruits. Moreover, plants supplied with 30kg
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Table (31): Effect of interaction between N-fertilizer sources, biofertilizer (Microbin)
and foliar spray treatments of Delfan (amino acids) and garlic extract on
micronutrients (mg/kg DW) content of sweet pepper fruits during the
summer seasons of 2004 & 2005.

First Season (2004) Second Season (2005)

Characters
Fe Zn Mn Cu Fe Zn Mn Cu

=
a
]
g
a
=2
73

Without foliar | g4 24 24 14.7 76 25 22 15.5

application

Without
biofertilizer

i Delfan (amino
% acids) 73 25 25 16.5 70 22 26 14.3
% garlicextract | 108 22 21 146 | 101 26 24 18.4
20 Without foliar
s % =| application 105 22 24 14.7 102 28 28 16.7
= | = 8 [ Delfan (amino
2|55 L 197 | 30 26 | 15.0 | 191 | 26 21 | 174
E g acids)
A=\ garlicextract | 79 27 23 | 142 | 74 30 26 | 14.5
| Withoutfoliar | g7 | g | 22 | 133 | 80 | 31 | 24 15.8
5 8 appllcano.n
5 |2 [ etfmtamino [ yaq | 33 | 27 | 104 | 130 | 27 | 28 | 167
S = E acids)
""ﬁ © | garlic extract 171 36 28 18.4 175 25 27 17.1
£ Without foliar
Eﬂ 5 2| application 76 25 22 16.4 74 24 29 15.3
= | = 8 | Delfan (amino
S|1EE . 92 25 23 17.5 87 31 23 18.2
g g acids)
m =

garlic extract 82 30 22 16.8 85 26 24 16.5

Without foliar
application

De]fan_(amino 120 24 29 15.7 114 22 21 13.7
acids)

garlic extract 113 26 24 14.2 111 27 30 15.3

17 27 25 17.3 122 28 25 14.3

Without
biofertilizer

Without foliar 192 27 30 16.0 197 28 26 17.4

30 kg organic-N/fed. +30 kg
mineral-N/fed

E ‘= |__application

= & [ Delfan (amino

55 acids) 68 22 21 144 | 70 25 27 | 165
= .

m ~

garlic extract 79 26 21 14.8 82 27 28 15.4
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organic-N + 30kg mineral-N, inoculated with Microbin showed a
relative high Fe-content of fruits. Furthermore, plants received
60kg mineral-N with biofertilizer and sprayed with garlic acid or
Delfan accumulated relatively high Fe in fruit tissues. It seems
that Fe accumulation in fruits was associated with organic
fertilizer (biogas) application as well as biofertilizer inoculation

treatments.

Regarding to Zn accumulation in pepper fruit tissues it
ranged between 22-36 ppm in the two seasons and in all
treatments that was in the normal range of 10-100 reported by
Beeson (1941) and Chapman (1973). Data (Table, 31 and Figs. 7
& 8) show that Delfan (amino acids) and garlic foliar spray were
the more effective treatments which relatively increased Zn
content of fruits when plants were fertilized with 60kg N in the
organic or mineral form.

Also, Mn accumulation in pepper fruits tissue was in the
range of 21-30 in the two seasons and in all treatments that was
matched with the normal concentration range 35-300 according
to Beeson (1941) and Chapman (1973). Hence Cu accumulation
~ in pepper fruits tissue was in the range of 13.3-19.44 ppm in the
two seasons and in all treatments that was in the normal range 3-
20 ppm according to Chaney (1989).

Conclusion

It could be recommended that inoculating sweet pepper
seeds just before seed sowing and transplant roots before
transplanting process with the biofertilizer "Microbin" and
supplying developed plants with 30 kg N in the organic form
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(Biogas manure) + 30 kg N in the mineral form (ammonium
sulphate) and sprayed with Delfan (amino acids, 3 ml/) seven
times at 14 days intervals starting 21 days after transplanting, led
to the highest vegetative growth, early and total fruit yield as
well as the best physical and chemical fruit quality of sweet
pepper, cv. California Wonder when grown in clay loam soil.

4.2. Second experiment

"Effect of protecting method, chilling seeds and foliar
application  treatments with Delfan, sucrose and
micronutrients on cold tolerance and productivity of sweet
pepper grown at winter season"

Pepper plant considered as a tropical plant as it couldn't
take its temperature requirements for growth and flowering in
winter under Egyptian condition thus the decrease in temperature
degrees (10-13°C) might retard plant growth and initiation of
floral buds (Hassan, 1989), hence if it planted under low plastic
tunnels in winter it will give a good growth, Shafshak (1983) on
winter sweet pepper and Saleh (1992) and Darwesh (1996) on
tomato plants.

In this experiment we try to increase or improve cold
tolerance of sweet pepper plants grown in winter season in the
open field or under polyethylene tunnels by mean of chilling
swollen seeds under -1°C for 24 hrs before sowing or by
spraying plants with amino acids, micronutrients (Fe, Zn, Mn),
sucrose or with a mixed of micronutrients, sucrose and amino
acids. This study included 3 factors which are protecting method,
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seed chilling and foliar spray treatments. Results were recorded
on the effect of these 3 factors and its interaction on:
1- Vegetative growth of sweet pepper plants
2- Chemical composition of plant foliage
3- Flowering time and fruit setting
4- Early and total yield
5- Fruit physical characteristics
6- Fruit chemical constituents
4.2.1. Vegetative growth:
4.2.1.1. Effect of low plastic tunnels:

Protecting sweet pepper cv. California Wonder in winter
season under low plastic tunnels (Table, 32) significantly
increased vegetative growth characteristics i.e., plant height,
stem diameter, leaf area, fresh and dry weight than that of the
open field. This trend was true in both seasons. Results are
confirmed with those indicated by Shafshak (1983) on winter
sweet pepper and Saleh (1992) and Darwesh (1996) on tomato
plants.
4.2.1.2. Effect of seeds chilling:

Treating seeds pre sowing at low temperature (Table, 32)
significant increased vegetative growth characteristics i.e., leaf
area, fresh and dry weight as compared with unchilled seeds.
This trend was true in both seasons.

Treating pepper seeds after dipping in water with low

temperature increased plant tolerance to low temperature
subjected during winter conditions, which called adaptation, that
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Table (32): Effect of plants protecting method, pre-sowing seeds chilling treatment or foliar spray treatments
on vegetative growth of sweet pepper plants during the winter seasons of 2005/2006 & 2006/2007.

First Season (2005/2006) Second Season (2006/2007)
Characters Fresh Dry Fresh Dry
Plant Stem Leaf area weight weight Plant Stem Leaf area weight weight
Treatments height diameter | cm¥plant | g/plant g/plant height diameter | em?plant | g/plant g/plant
cm cm cm cm

Protecting method

Open field 2405B | LIIB | 1494B | 1785B | 554B | 2384B | 1.10B | 14798 | 17088 | s713B
ca_nrwh__m_ﬁ% 4981A | 142A | 5333A | 42384 | 1680A | 5003A | 143a | s333A | 42034 | 16964
Seeds chilling
Unchilled seeds 363LA | 125A | 3211B | 2914B | 1058B | 3646A | 126A | 3205 B | 2842B | 10788
Q:._ﬁ_.n_m Ma&m 3755A | 127A | 3616A | 3109A | 1176A | 37414 | 1284 | 36074 | 3069A | 11904
Foliar application

sww”w_ﬁmﬂ%ﬂ 3645A | 127A | 332D | 2967C | 1099D | 36418 | 126BC | 3356D | 2008¢ | 1ii1c
Delfan (amino acids) | 3738A | 126A | 3453B | 3058A | 112.8AB | 3727AB | 12948 | 3440B | 20044 | 1147 AB
Micronutrients 36.92A | 126A | 3410C | 3015B | 111.5BC | 37.04aB | 125¢ | 3403c | 20418 | 1129BC
Sucrose 3643A | 125A | 3363D | 2954C | 1103¢D | 3635B | 124¢ | 3357D | 2018¢c | 1nisc
%Mm%_h”a 3748A | 128A | 3481A | 3063A | 1142A | 3760A | 130A | 3474a | 30184 | 11674

Means of the same column followed by the same letter were not significantly differed due to Duncan MRT at 5%.



could be explain the obtained positive results of chilled seeds on
plant growth (Abdallah et al.,1984 on sweet pepper and
Abdelhalim, 1990 and Gabal, 1990 on tomato plants).

Many investigators reported such favourable effect of
exposing seeds to low temperature. They attributed this effect for
hardening plants against frost. This may be due to the increase in
total sugars and soluble protein in the cellular level (Ledov'skii
and Bondarenko, 1974). Moreover, Chen and Li (1974)
suggested that during cold acclimatization, higher abscisic acid
(ABA) levels induce synthesis of specific proteins which are
responsible for the increase of frost hardness. Exposure of
tomato plant leaves to low temperature may help plants
afterwards to induce frost injury through the effect on the degree
of stomatal aperture (Levitt, 1980).

4.2.1.3. Effect of foliar application:

Concerning the effect of foliar application on vegetative
growth, data (Table, 32) show that foliar application with amino
acids, micronutrients or mixed significantly improved plant
growth, with respect to most studied vegetative growth
parameters as compared with sucrose or not treated (control).
Moreover, data show that sucrose application did not increase all
vegetative growth characteristics than the control. Moreover,
plant sprayed with mixed foliar application (sucrose,
micronutrients and amino acids) significantly resulted the
highest leaf area as compared with other spray materials. Data
also show that spraying plants with amino acids or mixed
treatment increased plant growth with respect to fresh and dry
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weight with no significant difference between each other, as a
general tread in both seasons.

In this connection, El-Fadaly (1992) on cucumber plants
found that, applying a mixture of Fe, Zn and Mn as chelate
(EDTA) improved vegetative growth. Maini and Sgattoni (1999)
found that, the positive effect of foliar application of an amino
acid on sweet pepper due to the anti-stress activity of the
hydrolysed protein.

4.2.1.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic tunnels
or in the open field:

Data Tables (33 and 34) show that chilling seeds at -1°C
and growing plants under low plastic tunnels had a considerable
effect on improving plant growth, especially leaf area, dry
weight and fresh weight as a general trend in both seasons.
Moreover, data show that spraying plants with amino acids or
with mixed foliar application and chilling seeds at low
temperature and growing plants under low plastic tunnels gave
the highest value of fresh and dry weight with significant
difference as compared with all other treatments in both seasons.
Spraying plants with micronutrients or amino acids came in‘the
second rank due to plant growth when grown under plastic and
chilling seeds at -1°C.

In spite of chilling treatments and foliar application, plants
grown in open field had deleterious effects on plant height, stem
diameter, leaf area as well as fresh and dry weight as without
significant differences in both seasons. From the previous results
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Table (33): Effect of interaction between protecting method, seeds chilling treatment and foliar spray
treatments on vegetative growth of sweet pepper plants during the winter season of 2005/2006.

Plant Stem Leafarea |Fresh weight | Dry weight
haracters | height diameter | cm’/plant | g/plant g/plant
Treatments cm cm
Wik smage | 1isp | eske | 17391 | s261
foliar application
% | Delfan (amino acids) | 2375C 1.08B 1462 L 174.0] 5111
2
2 | Micronutrients B7AC 1.08 B 1461 L 17237 5281
§ Sucrose 21329C 113B 1456 L 173.1] 5291
oo | -
o  Mmed wooc | 1068 | weL | 17417 5301
2 foliar application
g i uarc | 1B | wak | 170w | s67H
8 foliar application
g | Delfan (aminoacids) | 25.03C 1.08B 1542 1846HI | 579GH
(7]
O o~
23| Micronutrients uNC L11B 490K | 1824 HI 56.7H
B
E Sucrose 25.18C 1.16B 15557 1850HT | 582GH
kel wirc | s | 1ses | 875H | 601G
foliar application
Without
i 10.14AB | 135A 48751 4039F 1559F
foliar application
§ | Delfan (amino acids) | 49.21 AB 1.46 A 5038 G 419.7E 160.7 DE
2
3 | Micronutrients 1918AB | 1414 | 4967H 4132E | 1589EF
| § Sucrose e | 13sa | 4sest | 939G | 1559F
gl S
2 Mixed
2 fotiar spoficath 5017AB | 1434 5065 F 4158E 1622D
g oliar application
iy i Wit 4963AB | 1474 s619D | 431.0CD | 1742C
2 oliar application
5|x | Delfan (aminoacids) | 51.53A 141 A 57698 | 4448AB | 179.5AB
el ©
0o
Pl 25| Micronutrients s054AB | 143A snaic | 482BC | 17748
o7
E - Sucrose 4949AB | 133A 5576 E 4296D 174.1 C
 Mied 5149 | 150a | sssa | 476a | 18134
foliar application

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.
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Table (34): Effect of of interaction between protecting method, seeds chilling
treatment and foliar spray treatments on vegetative growth of sweet pepper plants
during the winter season of 2006/2007.

Plant Stem Leaf area WF resh weight | Dry weight
aracters height diameter | cm¥/plant g/plant g/plant
Treatments cm cm
Wathott B51E | 109E | aa3p | w617k | ssF
foliar application
-§ Delfan (amino acids)| 23.60 E 1.O9E 1442 PQ 163.2K 564F
o
3 Micronutrients 23.68E 1.O9E 1444 PQ 16l.6 K 54.1F
£ Sucrose B49E | 109E | 441Q | 1625k | ss0F
- Mixed
= ;R 2339E LO9E 1446 P 1634K S59F
& foliar application
£ Without
g_ foliar application 2374E LLIOE 1495 N 174.71 56.6 F
3 Delfan (amino acids)| 24.28 E LI2E 1515 M 179.91 58.3EF
o
23| Micronutrients B92E LIOE 1486 0 17481 | 59.2EF
L7
- Sucrose UIE LI3E 15341 180.51 58.9 EF
s ey #50E | 11sE | 1s9k | 1ss5H | e26E
foliar application
Without
s 4896 CD 1.41 BCD 4884 1 3996 G 156.1D
foliar application
ﬁ Delfan (amino acids) [ 49.81 BCD 1.50 A 031G 4129E 163.7C
o
w
2 Micronutrients 49.51 BCD 1.40CD 4976 H 406.1 F 160.2 CD
Tl Sucrose 4815D | 138D 48697 [ 3984G | 1568D
5 = Mixed
2 , EEL 50.50 ABC 1.48 AB 5077F 4129E 164.2C
g foliar application
- Without
g foliar application 4943 BCD | 1.46 ABC 5602 D 427.0D 1758 B
-";‘ ] Delfan (amino acids)| 51.37 AB  |1.45 ABCD 5770 B 441.5B 180.2 AB
S |5
w = 2| Micronutrients 51.06 AB 1.41 BCD 5707C 4340C 178.1 B
87
E - Sucrose 4947 BCD 138D 5585E 4256D 176.6 B
Mixed

51.99 A 1.48 AB 5824 A 4452 A 1842 A

foliar application

Means of the same column followed by the same letter were not si gnificantly differed
due to Duncan MRT at 5%.
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it could be concluded that the foliar applications had no
significant effect on vegetative growth in plants grown in open
field.

Finally, it could be concluded that plants cultivated under
low plastic tunnels gave the higher vegetative growth with
significant differences as compared with that grown in the open
field. This trend was true in both seasons.

It was found that tolerant plants produced soluble proteins
and starch hydrolyzation (Opik and Rolfe, 2005), so that the
treatment with amino acids and sucrose induced plants to tolerate
frost conditions. It could be concluded that using foliar
application with mixed or amino acids alone improved growth
and yield due to warm condition under low plastic tunnels
comparing with untreated plant (open field). Also, it could be
observed that no significant difference between plants which
supplied with foliar application in open field but the differences
between plants could be due to chilling treatments which applied
to plant seeds.

4.2.2. Chlorophyll content:
4.2.2.1. Effect of low plastic tunnels:

Planting under low plastic tunnels (Table, 35) significantly
increased chlorophyll a, b and total chlorophyll over the
treatments in the open field. This trend was true in both seasons.
These results are in harmony with those of Shafshak (1983) on
sweet pepper and Darwesh (1996) on tomato plants and could be
refered to the effect of plastic tunnels on air and soil temperature
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Table (35): Effect of plants protectin

g method, pre-sowing seeds chillin
treatments on chlorophyll content (mg/100g fresh weight) in |
at flowering stage during the win

eaves

g treatment or foliar spray
of sweet pepper plants
ter seasons of 2005/2006 & 2006/2007.

First Season (2005/2006)

Second Season (2006/2007)

Characters
Treatments Chlorophyll Chlorophyll Total Chlorophyll Chlorophyll Total
a b chlorophyll a b chlorophyll
Protecting method
Open field 6596 B 2508 B 91.0B 6536 B 2545 B 90.8 B
Under low plastic 103.3 A 4433 A 147.6 A 103.6 A 44.54 A 148.1 A
tunnels
Seeds chilling
Unchilled seeds 84.28 A 3446 B 118.7 A 83.92 B 3486 B 1188 B
n:__%n_m_,wunn% 84.99 A 34.95 A 119.9 A 85.01 A 35.12 A 120.1 A
Foliar application
Without foliar 83.49 B 34.12D 117.6 C 83.09 D 34.40 E 117.5D
application
Delfan (amino acids) 85.01 AB 35.10B 120.1 AB 85.39 B 3540B 1208 B
Micronutrients 84.92 AB 3461 C 119.5 B 84.37 C 3490 C 119.3 C
Sucrose 83.68 B 3421 D 117.9C 83.33 D 3453 D 117.9 D
Mixed foliar
application 86.07 A 35.49 A 121.6 A 86.14 A 3574 A 121.9 A

Means of the same column fo
due to Duncan MRT at 5%.

llowed by the same letter were not significantly differed
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since it was warmer with 5-6°C than that of open field, (Somes,
1973).
4.2.2.2. Effect of seeds chilling:

Chilling seeds at low temperature (Table, 35) significantly
increased chlorophyll a, b and total chlorophyll over that of
unchilled seeds, especially in the second season. However,
chlorophyll b was significantly increased in plant grown after
seed chilling, as a general trend in both seasons. Results are
confirmed with those indicated by Abdallah et al. (1984) on

winter sweet pepper
4.2.2.3. Effect of foliar application:

Concerning the effect of foliar application on chlorophyll
content of leaves, data (Table, 35) show that foliar application
(mixed, amino acids and micronutrients) significantly differed
from each other in a descending order, with respect to
chlorophyll a, b and total chlorophyll, especially in the second
season. Moreover, data show that sucrose application did not
increase chlorophyll a and total chlorophyll content of leaves
than the control (without foliar application).
4.2.2.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic tunnels or in
the open field:

Data Tables (36 and 37) show that chilling seeds at -1°C or
not and grown under low plastic tunnels with mixed foliar
application gave the highest chlorophyll a, b and total
chlorophyll content of leaves with significant increase than other
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Table (36): Effect of of interaction between protecting method, seeds chilling
treatment and foliar spray treatments on chlorophyll content (mg/ 100g fresh weight)
in leaves of sweet pepper plants at flowering stage during the winter season of
2005/2006.

aracters | Chlorophyll | Chlorophyll Total
Treatments a b chlorophyll
Without 64.96 C 24231 89.1G
foliar application
g | Delfan (amino acids) | 66.17 C 25.06 H 91.2 EFG
73
z Micronutrients 65.85C 24.551 90.4 EFG
";i Sucrose 65.23C 24231 89.4 FG
S .
5 _ Mixed 6644C | 25.19GH | 91.6 EFG
2 foliar application
) Without
§ falia applicilin 6535C 25.18GH | 90.5 EFG
“ Delfan (amino acids)| 6543 C 25.57 FG 91.0 EFG
L5
9
22| Micronutrients 65.33C 25.10H 90.4 EFG
8 7
% - Sucrose 6721C 2563 F 92.8 EF
 Mued| 67.62C 26.10E 93.7E
foliar application
Without 1018AB | 4354D 1453 CD

foliar application

2 | Delfan (amino acids)| 103.7 A 4470BC | 148.4 ABC
Eﬁ Micronutrients 104.0 A 4438C 148.4 ABC
TE ‘E Sucrose 99.60 B 4345D 143.1D
2| -
£ roﬁar“‘;;‘:l‘iicaﬁm 105.0 A 4531 A 1503 A
L) e et 100848 | 4352D | 145.4cD
3 oliar application
1&3 g Delfan (amino acids)| 104.7 A 45.07 AB 149.8 A
5 i?: 2| Micronutrients 104.5 A 4441¢C 148.9 AB
z [ Sucrose 127AB | 4354 |1462BCD
Mned 1052 A 4534 A 150.6 A

foliar application

Means of the same column followed by the same letter were not
significantly differed due to Duncan MRT at 5%.
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Table (37): Effect of of interaction between protecting method, seeds chilling
treatment and foliar spray treatments on chlorophyll content (mg/ 100g fresh weight)
in leaves of sweet pepper plants at flowering stage during the winter season of
2006/2007.

araeteis Chlorophyll Chlorophyll Total
Treatments a b chlorophyll
Withoot. 6401 K 24.7TM 887K
foliar application
4 | Delfan (amino acids) 65.79 HIJ 25.55) 91.3 HI
LV
2 | Micronutrients 65.26 UK 2524 K 90.51
£ Sucrose 6381 K 24.7TM 885K
s | .
= Mixed §6.25 HI 25.761 92,0 GH
2 foliar application
g e b 64471k | 2525K 89.7 1K
& oliar application
4 Delfan (amino acids)| 66.20 HI 2586 H 92.0 GH
3
L o~
25| Micronutrients 64.54 JK 25.17L 89.7JK
B~
% - Sucrose 66.27 Hl 2592 H 92.1 GH
Mixed 66.93 H 26.18G 931G
foliar application
Withoat 101.2 FG 4378 E 144.9 EF
foliar application
4 | Delfan (amino acids)] 104.0 CD 45.03C 149.0C
(7]
w
2 | Micronutrients 102.9 DE 4457D 147.5D
E e Sucrose 100.8 G 4365F 1445 F
2| = Mixed
9 i I 105.1 ABC 4549 A 150.5 AB
Z oliar application
B Without
s filin npplication 102.7 DE 4378 E 146.5D
-:"75 4 Delfan (amino acids)| 105.6 AB 45.16 B 150.7 A
gl 8 o
2| 25| Micronutrients 104.7 BC 4461D 149.3 BC
5 5
% . Sucrose 102.4 EF 4378 E 146.2 DE
Mixed
3 5
foliar oplicasion 106.3 A 4553 A 151.9 A

Means of the same column followed by the same letter were not
significantly differed due to Duncan MRT at 5%.
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treatments except treatment sprayed with amino acids with
chilling seed and grown under plastic, which gave simillar
chlorophyll a and total chlorophyll content in leaves, as shown in
both seasons. Oppositely, the treatments in open field gave the
lowest content of chlorophyll a, b and total chlorophyll in leaves.
4.2.3. N uptake
4.3.1. Effect of low plastic tunnels:

Data (Table, 38) show that plants grown under low plastic
tunnels contained the highest significant N accumulation in

leaves, stems, fruits and whole plant over the treatments in the
open field. This trend held true in both seasons.

4.2.3.2. Effect of seeds chilling:

Data (Table, 38) show that plants developed from chilled
seeds had the highest significant N accumulation in leaves,
stems, fruits and whole plant as compared with plants developed
from unchilled seeds during both seasons.

4.2.3.3. Effect of foliar application:

Data (Table, 38) show that foliar application (mixed, amino
acids, micronutrients and sucrose) significantly differed from
each other in a descending order in leaves, stem, fruits total
nitrogen uptake, this trend was true in both seasons. In addition
plants sprayed with sucrose alone showed total-N uptake similar
with unsprayed plants. i.e. sucrose application was not able to
improve N-uptake than the control.
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4.2.3.4. Effect of the interaction between seeds chilling and
plants foliar spray treatments under low plastic
tunnels or in the open field:

Data presented in Table (39) clearly show that pepper
plants developed from chilled seeds and grown under low plastic
tunnels and foliar sprayed with mixed, amino acids or
micronutrients contained in a descending order the highest
significant N accumulation in their leaves, stems, fruits and
consequently the whole plant as compared with either sucrose or
unsprayed plants which did not significantly differ from each
other in most traits during both seasons.

On the contrary, the treatments in open field and unchilled
seeds showed the lowest accumulation of N uptake in leaves,
stems and total N uptake per plant. In this connection, no data
could be taken regarding fruits, because under such conditions,
no fruits could be produced.

4.2.4. P uptake
4.2.4.1. Effect of low plastic tunnels:

Data (Table, 40) show that 'plants grown under low plastic
tunnels gave the highest significant P accumulation in leaves,
stems, fruits and whole plant over the treatments grown in the
open field. This trend was true in both seasons.

4.2.4.2. Effect of seeds chilling:

Data (Table, 40) show that plants developed from chilled
seeds gave the highest significant P accumulation in leaves,

RESULTS AND DISCUSSIONS
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Table (39): Effect of of interaction between
on N-content various plant parts of sweet pepper

protecting method, seeds chilling treatment and foliar spray treatments
during the winter seasons of 2005/2006 & 2006/2007.

First Season (2005/2006) Second Season (2006/2007)
Characters mg N/plant mg N/plant
Treatments Leaves Stem Fruit Total Leaves Stem Fruit Total
Without folar | ygqn [ 1211k | NA | 50950 | 3686L [1410GH | NA S09.6 N
application
4 |Delfan (amino acids)| 3792 | 108K | NA 50990 | 3691 | 1407m | na | 5098N
(7}
(7]
2 | Micronurienss | 783N | 1309K | NA 50070 | 369021 | 1908H | Na | 100N
g Sucrose yeaN | LK | NA <1120 | 3081 |4t1GH| Na | 120N
2 Mixed foliar | 3596 | 1313k | NA 51090 | 36871 [1ariou| Na | 5098N
* application
g Without folar | 4ogang | 13257K [ 6988M | 12400N| 005 IK |1426GH | TO46M 12480M
8— application
o [Detn(aminoacids) 41551 sk | 71ion | 12610 40651k |145.1GH | TI6IL | 12680L
2
35| Micronuriens | 4072M | 1321 5K | 6967M 1236081 3977x |14206H | 7025M | 12420M
B>
Z Sucrose oL | 13611 | 181K | 12140L] 40797 |1464GH | 241K 12780K
Mixed foliar o9k | 13741 | 73247 | 13020K| 42141 | 1478G 73857 | 130801
application
Without folar | 4331 | 478 |222000 | 412801| 1371 H | 4469F | 22700 404501
application
2 | Delfan (amino acids| 1475G | 4849F | 22880F 12430G] 1413F | 4595 DE | 22910F | 41640G
o
)
3 | Miconuiens | 14son | 400G | 22640 | 420308 137G | 4549 | 2670G | a1190H
a| E
i Sucrose 281 | 4r02m | 221601 | anaps| 1375H | a4sSF | 222001 404101
-1
a ry "
2 Mixed foliar 1490F | 4898E |23120E | 42020F| 1428E | 4641D 23150 DE| 42070F
7 application
4 Without olr | 1501 | s300D |23170D | 44380D| 158D | 4923C | 23200D 43400D
Z application
§ |y |petnaminoaciss| 16388 <108 | 238408 | 45660B| 15718 |5060AB | 238708 | 446408
=
=N I
85| Micronutiens | 1620C | s [23s90¢ | 45190€ 1ssac | so0om | 2620¢| ar60¢
8-
£ Sucrose Ts6E | 5284 | 23090E | 44230E| 15210 [ 4s07C | BIBOE) 4380F
Mixed folir | 1essA | 5505A | 200904 | 46140A] 15884 | SILIA | 241204 SS1L0A
application

Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments
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Table (40): Effect of plants protecting method, pre-sowing seeds chilling treatment or foliar spray treatments
on P-content various plant parts of sweet pepper during the winter seasons of 2005/2006 & 2006/2007.

Characters First Season (2005/2006) Second Season (2006/2007)
mg P/plant mg P/plant
Treatments Leaves _ Stem _ Fruit — Total Leaves - Stem _ Fruit — Total
Protecting method
Open field 40.99B | 2833B | 3649B 1058B | 4292B | 3035B | 37048 1103 B
Under low plastic 8231A | 4642A | 2397A | 3684A | 7785A | 42134 241.0A | 36104
tunnels
Seeds chilling
Unchilled seeds 3982B | 3863A | 1174B | 2158B | s858B | 37434 1183B | 2143B
nz_a_.m_mmun& 6347A | 36.12B I588A | 2584A | 62184 | 3505m 15974 | 2569 A
Foliar application
Without foliar 0074C | 3691B | 1358D | 2335D | s886B | 35714 | 1370C | 2316 c
application
Delfan (amino acids) | 62.12AB | 37.63AB | 1395B | 23038 6036 AB | 3645A | 1399B | 2367 aB
Micronutrients | 61.46BC | 37.27AB | 137.9¢C | 2366C | 61184 | a6 13A | 13888 wmn_
Sucrose 60.93C | 37.03B | 1359D | 2339D | 6025AB | 36.05a 137.0Cc | 2333BC
Mixed foliar R )
i 6297A | 3803A | 1413A | 24234 | 61264 | 26384 1424A | 2405A

Means of the same column followed by the same letter were not significantly differed due to Duncan MRT at 5%.
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fruits and whole plant as compared with plants developed from

unchilled seeds during both seasons.
4.2.4.3. Effect of foliar application:

Data (Table, 40) show that plants sprayed with mixed
substances (Delfan, micronutrients and Sucrose) gave the highest
significant phosphorus uptake in fruits and whole plant as
compared with other foliar applications, in both seasons. But the
plants sprayed with sucrose were equal with those unsprayed
(control) in leaves, stem, fruits and total phosphorus uptake, this

trend was true in both seasons.

4.2.4.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic
tunnels or in the open field:

Data (Table, 41) show that the plants developed from
chilled seeds and grown under low plastic tunnels with mixed
foliar application gave the highest significant P accumulation in
leaves, fruits and total phosphorus uptake as compared with all
other treatments, except the plants sprayed with amino acids or
micronutrients under the same conditions which had equal P

accumulation in leaves, this trend was true in both seasons.

On the contrary, the treatments in open field and unchilled
seeds showed the lowest accumulation of P uptake in leaves,
stems and total P uptake per plant. In this connection, no data
could be taken regarding fruits, because under such conditions,
no fruits could be produced. Also, it could be observed that foliar

RESULTS AND DISCUSSIONS

- 154 -



Table (41): Effect of of interaction between protecting method, seeds chilling treatment and foliar spray treatments
on P- content various plant parts of sweet pepper during the winter seasons of 2005/2006 & 2006/2007.

First Season (2005/2006) Second Season (2006/2007)
Characters mg P/plant mg P/plant
Treatments Leaves Stem Fruit Total Leaves Stem Fruit Total
Without oliar (s34 [ 2799 | na | 6700w 971F | 995¢ | Na | ossE
application
[ Delfon aminoacids)] 39110 | 2790¢ | NA | 203m [ 40762 | 989¢ | N | 7085 E
§
3 [ Mieronuwrients | 3907H | 2794C [ NA [ 62010 [42735F | 991 | NA | 72658
E .
E Sucaree WU | 09 NA | 6r09H | a2328F | 3002 | NA | sk
T Mirchishr | oo in Votore [ o 67184 | 40798F | 997¢ | NA | 707k
& application
g Witboutfoliar | 1 046 | 2826¢ | 7171 14206 | 44.148F | 3015¢ | 13.00G | 1473p
application

Delfan (amino acids)| 42.75FG | 28.74C T29411 | 1444FG | 4447E | 3066C 7424G | 1494D

Micronutrients 4192G | 28.18C | 1150 1 | 1416G 4439EF | 3009C | 73.44G | 1479D

Chilled seeds
(-1%)

Delfen (amino acids)| 85.11A | 44.03B 24758 | 376.7AB |79.53 ABC| 19.84B 24698 | 3663B

Sucrose ALI6FG| 2901C | 1367HI | 1459FG | 4475 | 3119¢ | 14636 | 1506D
Mixed foliar
prmeshins M39F | 2030C | 101K | 1488F | 4s1E | 3157¢ | 15086 1518D
Wiboufolar | 29198 | 4a534 | 2090 I86E | 7440D | 4409A | 2333F | 3518
application
3 | Delian (amino acids) | 8149CD| 49.86A | 2375E | 3689CD |7667mCD 4540A | 238.3DE | 3603 BC
(1]
g
b Micronutrients | 80.64DE| 49374 [ 2351 F [ 365.1D [76.64 B 4493 27.1E | 358.78C
Té g Sucrose TBIE | 4838A | 230.1G | 3575E [7507CD | 44174 | 2329F | 35210
E . m
° Mixed foliar o) 35BeD] 50354 | 24000 3m.78¢ (76.71BCD| 45874 | 24170 | 36438
z application
} Without foliar [ o BC| 4285B [ 2406D | 362D [77.198CD| 38638 | 2417 D 3575BC
2 application
z

Micronutrients 8422AB| 4360B | 2450C | 3m28BC 8097AB | 3959B | 2447BC | 36538

Chilled seeds
(-1%)

Surose  [8244BCD 42728 [ 2399D | 38501 Eg; 38728 | 2406DE | 3581 BC
Miodil | wooss | iten | zsnm 3806A | 82434 | 40108 | 25284 [ 27544
zpplication

Means of the same column followed by the same letter were not significantly differed due to
Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments

155



applications treatments did not appear any considerable
effect on phosphorus uptake of open field plants.

4.2.5. K uptake
2.5.1. Effect of low plastic tunnels:

Data (Table, 42) show that plants grown under low plastic
tunnels gave the highest significant K accumulation in leaves,

stems, fruits and whole plant over the treatments in the open
field. This trend was true in both seasons.
4.2.5.2. Effect of seeds chilling: _

Data (Table, 42) show that plants developed from chilled
seeds gave the highest significant K accumulation in leaves,
stems, fruits and whole plant as compared with plants developed
from unchilled seeds during both seasons.

4.2.5.3. Effect of foliar application:

Data (Table, 42) show that foliar application of mixed,
amino acids, micronutrients and sucrose significantly differed
from each other in a descending order in leaves, stems, fruits and
total potassium uptake, this trend was true in both seasons. But
the plants sprayed with sucrose was equal with unsprayed plants
with respect to K-uptake of plant organs.
4.2.5.4. Effect of the interaction between seeds chilling and

plant foliar spray treatments under low plastic
tunnels or in the open field:

Data (Table, 43) show that plants grown under low plastic
tunnels developed from either chilled seeds or not and sprayed
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Table (42): Effect of plants protecting method, pre-sowing seeds chilling treatment or foliar spray treatments
on K-content various plant parts of sweet pepper during the winter seasons of 2005/2006 & 2006/2007.

Characters “irst Season (2005/2006) Second Season (2006/2007)
mg K/plant mg K/plant
Treatments Leaves | Stem | Fruit | Total Leaves | Stem | Frit | Toml
Protecting method
Open field 2257B | 8998B | 3630B | 6787B | 2509B | 111.9B | 3656B | 7284B
:n%_w_m_ﬁm_ua_n 19500A | 1639.0A | 21720A | 5761.0A | 1901.0A | 1593.0A | 217804 | s6720 A
Seeds chilling

Unchilled seeds 1056 B 84314 B 10638 | 296308 | 1021B 810.4 B 1066 B 2898 B
Chilled seeds 119A | 8853A | 14724 | 34770a | 1130a | s9046a | 14774 | 3502m

(-1%)

Foliar application

Without foliar

i f 10700 | 8508D | 1247D | 3167D | 108D | 8383p | 12500 | 147D
application
Delfan (aminoacids) | 11008 | 87398 | 12818 | 3254B | 10878 | 8623B | 12858 | 32358
Micronutrients 1088C | 86s1C | 1265c | 321sc | 1076c | ssssc | 1270c | 3z00c
Sucrose 1069D | 8489E | 1248D | 31660 | 1057D | 386D | 12520 | 3148D
Mixed foliar 12A | 8829A | 1297A | 32034 | 11004 | 86074 | 13014 | 3071
application :

Means of the same column followed by the samc letter were 1ot %mim@:zw differed due to Duncan MRT at 5%.



Table (43): Effect of of interaction between protecting method, seeds chilling treatment and foliar spray treatments
on K- content various plant parts of sweet pepper during the winter seasons of 2005/2006 & 2006/2007.

First Season (2005/2006) Second Season (2006/2007)
Characters mg Kiplant mg K/plant
Treatments Leaves Stem Fruit Total Leaves Stem Fruit Total
Withoutoliar | g4y | ssseL | Na | 3035k | 2379M | 10971 | WA WI6L
application
2 Delfan (amino acids) | 211N | 8859L | NA 1037k | 238aM | 11071 | Na 49.1L
L'
2 | Micronutrienss | 2149N 8868 | NA 336K | 2305M | 11221 | NA 3517L
E
S Sucrose 256N | e886L | NA 045K | 2409M | 11141 | NA 3523L
=
= Mol | qrsan | sessL | NA | 043K | :sam | 088D ) NA | W2
=2 application
i Without foliar | 31 g | g9 6k | 7132M | 10357 | 2586KL 11221 | 7168M | 10880K
5 application
3 Delfan (amino acids)| 23561 | 9127KL| 72561 | 105200 ser7xke | naar | 707L | 107.0
o
2 -
#35|  Micronuients | 209M | 8930KL aom| 1033 | 25681 | nost | n76M | 10830K
35
F Sucrose n7oL | snroxe| m2ok | wew | 263K | 11521 7377K | 1117.07
Mixed oliar | 5qq9k | oni10k | 74753 | osst | 27183 | 11401 75311 | 13901
application
Without foliar | ges 01 | 157201 | 20910H| $529H | 177301 14840 H | 2099.0H | 5356.0H
application
2 | Delfan (amino acids) | 19200G | 1617.0G 2520F | s689F | 18250G | 15280F | 21600F | 55130F
£
< | Micronutients | 1900.0H | 16000H 1300G| s630G | 18070 | 151206 | 21350G | 345406
TE» g Sucrose 185907 | 156707 | 208501| ssitm | 176701 | 14830H 209101 | $341.0H
2 . -
2 Mixed foliat 15410F | 16330F | 217408 | STBE | 18470F | 15440E 21800 | 55710
g application
£ Without foliar | 15600 | 16520D | 21820D| 803D | 19640D 16470D | 21860D | 5797.0D
H application
5|, | peln (amino xids)| 202708 | 169908 | 22450B| $971B | 202408 1696.0B | 224908 | 5969.0B
=
518
35| Micronurients | 20060C | 16820C mioc| swec |2000c | 16s00c | 22280€ ) 39090C
57
g Sucrose 10620E | 16470E | 21750 E| 784D | 19570E | 16440D 2U79.0E | $781.0D
Mixed oliar | ys90 A | 171604 [ 22680A] 6033A | 20204 ] 171204 17304 | 6027.0A
application

Means of the same column followed by the same letter were not significantly differed due to
Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments.
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with (mixed, amino acids, micronutrients, sucrose and
unsprayed) significantly differed from each other in a descending
order, with respect to K uptake in leaves, stems, fruits and total
K uptake and this trend was true in both seasons.

On the contrary, the treatments in open field and unchilled
seeds showed the lowest accumulation of K uptake in leaves,
stems and total K uptake per plant. In this connection, no data
could be taken regarding fruits, because under such conditions,
no fruits could be produced.

Also, it could be observed that foliar applications did not
induce any considerable positive effects on K uptake under open
field conditions with unchilled seeds.

4.2.6. Flowering
4.2.6.1. Effect of low Plastic tunnels:

Data Table (44) show that anthesis of the first flower under
open field conditions was earlier than the plants grown under
low plastic tunnels. However, fruit setting % showed a contra
trend .i.e. fruit setting % was significantly higher when plants
grown under plastic tunnels.

4.2.6.2. Effect of seeds chilling:

Concerning with the effect of seed chilling it delayed
anthesis of the first flower but increased fruit setting % as
compared with seeds grown without chilling seeds. This trend
Wwas true in both seasons. These results are in harmony with those
of Shafshak (1983) on winter sweet pepper.
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4.2.6.3. Effect of foliar application:

With respect to the effect of foliar application treatments,
data (Table, 44) variances in anthesis time and fruit setting were

not considerably clear.

4.2.6.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic tunnels
or in the open field:

According the effect of interaction treatments data Table
(45) show that chilling seeds at low temperature before sowing
in the open field gave 100% fruit setting which their plants
produced 1-3 flowers per plant during the season and all of these
flowers were sited forming fruits. Also, these treatments were
late in flower anthesis time about one week comparing with plant
under low plastic tunnels. These results are in harmony with
those of Ravinder and Srivastava (2000) on tomato. On the other
hand, plants grown from unchilled seeds failed to flower and
fruit set when grown under open field conditions at winter
season.

Pepper plant is considered as a tropical plant as it couldn't
obtain its temperature requirements for growth and flowering in
winter under Egyptian condition so as to the decrease in
temperature degrees (10- 13°C) stopping plant growth and
mitiation of floral buds (Hassan, 1988). Hence if it planted under
low plastic tunnels in winter it could grow and flower well.

Treating swollen seeds at low temperature after dipping in
water induced plants to be tolerant to low temperature of

RESULTS AND DISCUSSIONS
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Table (45): Effect of of interaction between protecting method, seeds chilling treatment and foliar
spray treatments on flowering time and fruit setting % of sweet pepper plants during the winter
seasons of 2005/2006 & 2006/2007.

First Season (2005/2006) Second Season (2006/2007
Characters Anthesis of
Treatments 1st Fruit setting | Anthesis of Ist| Fruit setting
Flower " Flower
% %
(éays) % (days) o8
Without .
foliar application RA HA NA NA
4 | Delfan (aminoacids) | NA NA NA NA
2
B Micronutrients NA NA NA NA
3 Sucrose NA NA NA NA
e a
2 Mued NA NA NA NA
2 foliar application
H i Rl 52E | *1000 | 7520E *100.0
o) oliar application
x| Delfan (amino acids) 7421D *100.0 7443D #1000
o
o -
23| Micronutrients 7440D *100.0 7462D *100.0
27
% Sucrose 7452D *100.0 7474D *100.0
_ Mixed s2E | *1000 1SMUE #1000
foliar application
 Withost w08 | swx0E | oaB | 9SE
foliar application
%4 | Delfan (amino acids) 67.08B ST63F 67.30B 5706 F
2
g | Micronutrients 6661 A | 6222BC 66.84 A 60.60 D
@ =
zgé f=, Sucrose 67.42BC 5287H 67.63 BC 5231 H
d1= Mixed
2 . = 67.40 BC 55426 67.61 BC 5536 G
2 foliar application
R ” Wikbost cac | ospe | erssc | eos2cD
z oliar application
5 |g [ Delfan (amino acids) | 66.44 A 63308 66.66 A 6384B
(=]
P E 3| Micronutrients 66524 | 6097CD 6674 A 61.26C
e
g Sucrose 67.12B 56.82FG 67.33B 5T40F
Mixed
folar spplication 66.40 A 66.21A 66.48 A 66.18 A

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.

NA= not applicable. No flowers were obtained using these treatments

* The plants which produced 1-3 flowers per plant during the season and all of these
flowers were sited forming fruits.
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winter season conditions, which is called adaptation. Results
agree with that of Abdallah er al. (1984) on winter sweet pepper
and Abdelhalim (1990) and Gabal (1990) on tomato plants.

Meanwhile, sowing swollen seeds with unchilled in the
open field didn't produce any flowers along both seasons.

The highest significant fruit sitting was obtained by the
treatment which sprayed with mixed foliar application and
chilled treated seeds under low plastic tunnels compared to all
other treatments in both seasons. The earliest significant flower
opening time was obtained when chilled seeds were grown under
low plastic tunnels and sprayed with amino acids, micronutrients
or mixed as compared to other treatments in both seasons.
Meanwhile unchilled seeds and grown under plastic tunnels and
sprayed with micronutrients also gave similar early anthesis.

In this connection, Shafshak (1987) found that using foliar
application of Fe, Zn and Mn on eggplant increased each of fruit
setting percent and number of fruits per plant. Darwesh (1996)
found that, tomato plants grown under polyethylene tunnels
improved percentage of fruit set than these of the open field.
4.2.7. Early and total yield:
+.2.7.1. Effect of low plastic tunnels:

Data (Table, 46 and F igs 9 and 10) show that plants grown
in winter under open field conditions did not produce early yield,
but give very low quantity of total yield comparing with the
plants gown under low plastic tunnels. The highest early and
total yield per plant and per feddan resulted when plants were
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Fig. (9): Main effect of plants protecting method, Pre-sowing seed chilling treatment or foliar spray treatments on early
_, yield of sweet pepper plants during the winter seasons of 2005/2006 & 2006/2007. |
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grown under plastic tunnels with a great significant difference
than that grown in the open field. These results could be referred
to the warm conditions under plastic tunnels as compared with
cold weather conditions in the open field (Somos, 1973). These
results are in harmony with those of Shafshak (1983) on sweet
pepper and Saleh (1992) and Youssef ef al. (2001) on tomato.

4.2.7.2. Effect of seeds chilling:

From (Table, 46 and Figs 9 and 10) it could be observed
that plants developed from chilled seeds produced high early and
total yield per plant and per feddan with significant differences
as compared with those developed from unchilled seeds. It
means that seed chilling at low temperature -1°C before sowing
produce plants more tolerant to the cold conditions of winter
season. Abdallah et al. (1984) and Gabal (1990) reached to the
same result and referred it to the increase of T.S.S, cell sap
sugars content in chilled seedlings.

4.2.7.3. Effect of foliar application:

Data (Table, 46 and Figs 9 and 10) show that treatments
sprayed with amino acids (Delfan) or mixed foliar (sucrose,
micronutrients and Delfan) application gave the highest values of
early and total yield per plant and per feddan in both seasons. In
this connection, El-Fouly (2004) found that spraying strawberry
plants with three micro nutrients Fe, Mn and Zn increased fruit
yield compared to the control (without foliar application). Maini
and Sgattoni (1999) found that, the positive effect of foliar
application of an amino acid on sweet pepper may be due to the
anti-stress activity of the hydrolysed protein.
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Moreover, data show that sucrose application did not
increase early and total yield per plant and per feddan than the

control.

4.2.7.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic
tunnels or in the open field:

From Tables (47 and 48) and Figs (11 and 12) It could be
concluded that the highest significant early and total yield per
plant (g) and per feddan (ton) were obtained from plants grown
under plastic tunnels and developed from chilled seeds or not
and using foliar spray or not. Moreover, plants grown under
plastic tunnels, using chilled seeds and sprayed with mixed foliar
application of (sucrose, micronutrients and Delfan) or Delfan
alone (amino acids) produced the highest early yield per plant (g)
and total yield per feddan (ton) comparing with other treatments
in both seasons, followed by the treatment with micronutrient
foliar application under the previous conditions respecting with
early and total yield per feddan comparing to other treatments n

both seasons.

However, the treatments with sucrose or without foliar
applications with chilled seeds and grown under low tunnels
were equaled in early and total yield per plant (g) and per feddan
(ton) with no significant differences between each other in both
seasons.

From this table also it could be observed that no early or
total fruit yield was obtained in the two seasons when plants
grown in open field without chilling seeds.
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Table (47): Effect of of interaction between protecting method, seeds chilling treatment and foliar spray
treatments on early and total yield of sweet pepper plants during the winter season

2005/2006.
Characters Early yield Total yield
Treatments gplant | ton/fed gplant | ton/fed
 Without NA NA NA NA
foliar application
é Delfan (amino acids) NA NA NA NA
o
B Micronutrients NA NA NA NA
£ Sucrose NA NA NA NA
= -
) | Mixed NA NA NA NA
& foliar application
- Without
§ Kol splication NA NA 59.79E 0945G
% | Delfan (amino acids) | Na NA 60.89 F 0.949 G
o
9~
=2 |  Micronutrients NA NA 5835E 0934 G
87
z . Sucrose NA NA 62138 | 1011G
Mixed
folar application NA NA 6193E 0.957G
Without
folar spmlication 2984D | 0466E S18.6D 8.141F
2 | Delfan (amino acids) |3031cp | 0.491 5333CD | 8437DE
L]
ki Micronutrients 2985D | 0478 DE 5274D 8318E
A =
g § Sucrose 3091CD | 0446F 5155D 8.122F
5 -
Mixed
% foliar application 3196C 0.507C 5380CD | 8.505CD
iy i oot | ugian | ossu | ssagane 8663 C
3 oliar application
5 § | Delfan (amino acids) [35.11AB | 0.588 A 537.3CD | 8.999A
o
| 2 |32 Mionwiens | 36574 | 05668 | sesam | seorn
';: = Sucrose 34358 0.569B $526BC | 86420
Mixed

35,60 AB 0.591 A 5759A 9.057 A

foliar application

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments
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Table (48): Effect of of interaction between protecting method, seeds chilling treatment and foliar spray
treatments on early and total yield of sweet pepper plants during the winter season

2006/2007.
Characters Early yield Total yield
Treatments g/plant ton/fed g/plant ton/fed
Wt NA NA NA NA
foliar application
j: Delfan (amino acids) NA NA NA NA
o
0
3 Micronutrients NA NA NA NA
;f;: Sucrose NA NA NA NA
2 -
z Mid NA NA NA NA
= foliar application
] Without
g‘ foliar application NA NA 6423 H 1.016 G
4 Delfan (amino acids) NA NA 65.82H 1.053G
o
o -
22| Micronutrients NA NA 6426 H 0.999G
o
E i Sucrose NA NA 6571 H 1046 G
Ml NA NA 6635H | 1.101G
foliar application
Withead WSSDE | 0554E | s445FG | B49TF

foliar application

% | Delfan (amino acids) 3573¢D | 0s576D 5600DE | 8.856 DE
L
o | Micronutrients 35.18DE | 0569D 5542 EF 8758 E
ﬁ E
el Sucrose MG4E | 0536F 5426 G 8.505F
2l > Mixed
2 o PR w20C | ossip | s6s9CcD | 8897D
7 foliar application
e Withot w768 | 0s9scp | smIC 8.998 C
z foliar application
E 2 Delfan (amino acids) | 40.77 A 0.601C 5728C 9.206 A
a o
5|25 Micommriems  [40444B | 06598 | S87B 9.158B
a7
z Sucrose 18638 | 0624C s708CD | 8.880CD
Mixed

4104 A 0.704 A 5954 A 9278 A

foliar application

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments
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Meanwhile, pepper plants grown in open field using chilled
seeds did not produce any early yield, but it yielded very low
total yield comparing with other treatments. Also, foliar
application did not induce any effect on early and total yield per
plant (g) or per feddan, especially when plants were grown in the
open field.

Finally, it could be concluded that plants grown under low
tunnels expressed higher early and total yield per plant (g) and
per feddan, especially when used chilled seeds at -1°C combined
with  spraying plants with mixed substances  (Delfan,
micronutrients and Sucrose). The high vegetative growth
(Tables, 33 and 34), chlorophyll content (Tables, 36 and 37), N,
P and K uptake (Tables, 39, 41 and 43) of this treatments may
explain such superiority. It may be taken in consideration that
pepper plants considered as tropical plants can not grow
successfully under circumstances similar to Kalubia governorate
during winter cultivation, in the open field.

4.2.8. Fruit physical characteristics
4.2.8.1. Effect of low plastic tunnels:

The treatments under low plastic tunnels (Table, 49)
significantly increased fruit physical characteristics i.e fruit
length, diameter, size and weight over the treatments in the open
field. This trend was true in both seasons. Results are confirmed
with those indicated by Shafshak (1983) on winter sweet pepper
and Youssef et al. (2001) on tomato
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4.2.8.2. Effect of seeds chilling:

The treatments with low temperature treated seeds (Table,
49) significantly increased fruit physical characteristics over the
treatments without chilling. This trend was true in both seasons.
These results are in harmony with those of Abdalla (1984) on
winter sweet pepper and Gabal (1990) on tomato plants.

4.2.8.3. Effect of foliar application:

Data (Table, 49) show that spraying with mixed foliar
application resulted in the heaviest fruit weight with significantly
increase in both seasons.

While the treatments sprayed with either mixed or amino
acids produced the largest fruits length, diameter and size with
no significantly increase in the first season.

Moreover, data show that sucrose application did not affect
fruit physical characteristics as compared with the control
(without foliar application). This finding is not in accordance
with that of Abd-El-Maksoud et al. (1974) and Shafshak (1983)
on winter sweet pepper.

4.2.8.4. Effect of the interaction between seeds chilling and
plant foliar spray treatments under low plastic
tunnels or in the open field:

From Tables (50 and 51) It could be concluded that the
largest length and diameter fruits were obtained by the treatment
with mixed or amino acids foliar applications with low
temperature treated seeds under low plastic tunnels. In addition,
the treatments with mixed or amino acids foliar applications with
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Table (50): Effect of of
treatment and foliar spray treatmen

plant

interaction between protecting m
ts on fruit physical characteristics of sweet pepper

ethod, seeds chilling

s during the winter season of 2005/2006.
Fruit Fruit Fruit Frui
. = ruit
Characters length diameter size weight (2)
Treatments cm cm em’/fruit ght (8
Withionit NA NA NA NA
foliar application
'§ Delfan (amino acids) NA NA NA NA
3
2 Micronutrients NA NA NA NA
é Sucrose NA NA NA NA
= .
2 _ Mixed NA NA NA NA
2 foliar application
] Mot 719F 551F 993G 632 H
& foliar application
3 Delfan (amino acids) | 7.29F 559F 104.3F 65.3 GH
2
L o~
e Micronutrients 711 F 553F 101.1 FG 63.7GH
80
'.E Sucrose 725F 556F 102.8 FG 64.5 GH
. Mixed 728 F 596 E 103.3 G 656G
foliar application
Ntk 8.36 DE 6.61 D 186.6DE | 131.0EF
foliar application
4 | Delfan (aminoacids) | 852D 7.24C 193.2 AB 130.3F
L¥]
v
= Micronutrients 8.45DE 7.08C 189.5 BCDE | 1334CD
K =
2 5 Sucrose 831E 7.03C 187.6 CDE 1299 F
,a = Mixed
2 - = 8.54D 7.03C 195.5 A 136.6 AB
g foliar application '
s  Withaut 9.13C 817 AB 185.5E 132.9 DE
Z foliar application
_;-‘3 “ Delfan (amino acids) 9.44 A 8.49 AB 191.9 ABC 137.6 AB
=] 3 —
2 | 25| Micronutrients 9.36 AB 8.36 AB 190.7 BCD 135.5 BC
5 7
’5" i Sucrose 9.24 BC 8.28B 186.8 DE 1334CD
_ Mixed 9.50 A 863 A 196.0 A 1382 A
foliar application

Means of the same column

due to Duncan MRT at 5%.

NA= not applicable. No fruits we
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Table (51): Effect of of interaction between protecting method, seeds chilling
treatment and foliar spray treatments on fruit physical characteristics of sweet pepper
plants during the winter season of 2006/2007.

Fruit Fruit Fruit Fruit
Characters length diameter size weight (g)
Treatments cm o Cm cm’/fruit entie
. Without NA NA NA NA
foliar application
% | Delfon (aminoacids) | NA NA NA NA
2
2 Micronutrients NA NA NA NA
I’S Sucrose NA NA NA NA
2 .
=  Mixed NA NA NA NA
] foliar application
§  WVHBORE. 690 | ss2H 943 E 608 H
) foliar application
K] Delfan (amino acids) | 7.17 FG 573G 98.5D 645G
o
23| Micronutrients 701H | se2H 950 627H
0o
g - Sucrose 712G 5.62H 989D 64.6 G
, Mined, 721F 530G 99.6 D 65.1G
foliar application
 Without 870E 7.07F 181.9C 1314E
foliar application
% | Delfan (amino acids) | 9.03C 7.44 D 187.0 AB 136.2B
5]
T Micronutrients 891D 7.27E 1853 B 133.9CD
0 =
21 5 Sucrose 8.72E 1TI12F 181.6C 1313 E
5|5 .
o . Mined. 911C | 735DE | 19004 | 14134
Z foliar application
B e, Without | 9.08 C 7.84C 181.5¢C 129.0 F
2 foliar application
5 | g | Delfan (amino acids) | 9.46 A 8.13A 186.2 B 1333D
=] 8 =
= 23] Micronutrients 935 B 7.96 B 184.8 B 1314E
LT
5 B Sucrose 9.09C 7.76 C 1814C 129.1 F
Mixed 4
foliar application 9.51 A 821 A 189.7 A 135.6 BC

Means of the same column followed by the same letter were

due to Duncan MRT at 5%,

not significantly differed

NA= not applicable. No fruits were obtained using these treatments
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unchilled seeds was equaled with the treatment with mixed foliar
application with low temperature treated seeds under low plastic
tunnels and gave the largest fruit size with significant differences
as compared with all other treatments in both seasons.

The treatment with mixed foliar applications with unchilled
seeds under low plastic tunnels gave the heaviest fruit weight

with significantly increase in both seasons.

However, the treatment with sucrose or without foliar
applications was equaled in all physical characteristics of fruits
i.e. length, diameter, size and fruit weight under low tunnels with
chilling seeds or not. This trend was true in both seasons.

While, plants which subjected to open field and developed
from low temperature treated seeds and sprayed with mixed,
amino acids or sucrose was equaled in size and weight of fruits
without significant differences in both seasons. Also,
micronutrients foliar application and without foliar applications
under the previous conditions were equaled in all physical
characteristics of fruits i.e. length, diameter, size and weight.
This trend was true in both seasons.

The plants which subjected to open field and developed
from unchilled seeds did not give fruits to can take any measure

on it.
4.2.9. Fruit chemical constituents
4.2.9.1. Effect of low plastic tunnels:

The treatments under low plastic tunnels (Table, 52)
produced fruits with the best quality (acidity, T.S.S, vitamin-C,
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Table (52): Effect of plants protecting method, pre-sowing seeds chilling treatment or foliar Spray treatments on fruit chemical constituent
of sweet pepper plants during the winter seasons of 2005/2006 & 2006/2007.

S

First Season (2005/2006) Second Season (2006/2007)
Characters Vitamin Vitamin
Acidity T.S.S c Sugars mg/100g (F.W.) Acidity | TS.s C Sugars mg/100g (F.W.)
3 o,
Treatments mg/100 cm % mg/100g Reducing Nor- Total SM\_._MUO 0 % mg/100g Reducing Non- Total
reducing reducing
Protecting method
Open field 97.95B 233B | 84.17B 1843 B 36.39B | 548B | 9567B | 242B | 82718 | 17308 36.09B | s38B
cuan“:w:,m_w_mma 194.5 A 548A | 16724 96.28 A 1488A | 24514 | 19944 [ 5774 | 16954 | 9629 1492A | 24554
Seeds chilling
Unchilled seeds 9%.8B 274B | 8356B 4728 B 7472B | 1220B | 994B | 238B | 84538 | 46758 75.29B | 12208
Q__A_.n_m%&m 195.6 A SO7A | 16794 | 67434 | 11054 | 17794 | 19574 [ 5314 | 16764 6733A | 1100A | 17734
Foliar application
Without foliar 144.4 C 384B | 1238B 56.49 B 91.05C [ 147.5B | 1452E [ 403E | 121D | se00c 91.06D | 1471 C
application
Delfan (amino acids) 1472 B 391B | 1258B | 57.66 AB mw.m_ ! wwm |488B | 4.13B | 1272B | 57.60AB | 93508 | 151.1 AB
Micronutrients 145.7C 387B | 1246B | 57.29 AR o_w.% 1496B | 1468C | 408C | 1254C | s693BC | 9235¢ 149.3 BC
Sucrose 1446 C 38B | 1251B 56.17B 91.29C | 147.5B | 1462D | 405D | 1249¢ | s6.16 BC 91.29CD | 1475C
Mixed foliar 149.3 A 403A | 12034 59.18 A I48IA | 1540A 1 1508A 14194 | 12804 | s843a 9499A | 15344
application

Means of the same column followed by the same letter were not si gnificantly differed due to Duncan MRT at 5%.
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reducing, non-reducing and total sugars) with significant
increase over the treatments in the open field. This trend was true
in both seasons. Results are confirmed with those indicated by
Abdalla et:al. (1984) on winter sweet pepper and Darwesh
(1996) on tomato.

4.2.9.2. Effect of seeds chilling:

Plants developed from low temperature treated seeds
(Table, 52) showed significant better fruits chemical properties
(acidity, T.S.S, vitamin-C, reducing, non-reducing and total
sugars) as compared with those developed from unchilled seeds.
This trend was true in both seasons. These results are in harmony
with those of Tropina and Nezhdanova (1975) and Abdalla
(1984) on winter sweet pepper and Yasins'ka (1972) and Gabal
(1990) on tomato plants.

4.2.9.3. Effect of foliar application:

Data (Table, 52) show that pepper plants with mixed,
amino acids or sucrose in a descending order produced fruits

.\

with better chemical properties as compared with unsprayed

control plants which came in the last rank.

4.2.9.4. Effect of the interaction between seeds chilling and
plant foliar spray__treatments under low plastic
tunnels or in the open field:

Data (Tables, 53 and 54) show that plants with mixed foliar
application with chilled seeds or not under low plastic tunnels
produced fruits with the best quality (acidity, T.S.S, vitamin C
and total sugars) and equal with the plants sprayed with
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Table (53): Effect of of interaction between protectin
and foliar spray treatments on fruit chemic

the winter season of 2005/2006.

g method, seeds chilling treatment
al constituents of sweet pepper plants during

foliar application

Sugars mg/100g (F.W.)
Characters Acidity T.S.S Yitamin C =
mg/100cm® o, mg/100g Reducing Non- Total
Treatments reducing
Without: NA NA NA NA NA NA
foliar application
é’ Delfan (amino acids NA NA NA NA NA NA
73
2 Micronutrients NA NA NA NA NA NA
% Sucrose NA NA NA NA NA NA
= Mixed
= | SR NA NA NA NA NA NA
& foliar application
g Without {103 8cp | assc 1666CD | 3679E 70.87F 107.7E
S foliar application
4 [Delfan (amino acidsf 195.3BC | 460c | 167.1¢CD 35.67E 7333 F 109.0 E
7]
25| Moromniies 193.0CD | 453C| 1655¢D 3639 E TI40F 1078 E
8=
2 Sucrose 1973AB | 464C | 1700ABC| 3673 E 7413 F 1109E
oed [ a00a | sen] 1728 3875E | 7420F | 1120E
foliar application
Without PLIDE | 542A| 1641D | 9331cD | 1474cpE| 24058cD
foliar asplication
2 [Delfan (amino acids| 195.3BC | ss3A | 167.7BeD 96.25 ABCD| 151.0 ABC | 247.2 ABC
2
2 | Micronutrients 1944 C S48A | 1664CD | 9443BCD| 1492BCD | 243.7 Bch
E fc:: Sucrose 188.7 5S40A | 1649D 91.62D 146.1DE | 237.7D
gl = -
2 _Mixed 198.7 A 556A | 1725A | 97.23ABC| 15344 250.6 AB
= foliar application
) "
e i mote | 1997¢D | sata| 16430 9586BCD | 1459DE | 2418CD
2 oliar application
5|4 [Delfan (amino acids| 198.0 AB | 5534 | 168.5 ABCD| 98.71 AB | 149.7 ABCD| 2484 ABC
£l 8
Sl 251 Micrommients 1953BC | 548A | 1667CD | 9836 AB | 148.7BCDE| 2470 ABC
25
L;: Sucrose 1923CD | S41A| 1653D |9632ABCD| 1449E | 2412cp
ited 198.7 A 556A | 1720 AB 1007A | 151.8AB | 25254

Means of the same column followed b

due to Duncan MRT at 5%,

y the same letter were not significantly differed

NA= not applicable. No fruits were obtained using these treatments
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Table (54): Effect of of interaction between protecting method, seeds chilling treatment
and foliar spray treatments on fruit chemical constituents of sweet pepper plants during
the winter season of 2005/2006.

Sugars mg/100g (F.W.)
Characters Acidity T.S.S Vitamin C .
mgflﬂl]cm’ o, mg/100g Reducing Nnu: Total
Treatments reducing
Without, NA NA NA NA NA NA
foliar application
'ﬁ Delfan (amino acids NA NA NA NA NA NA
2
% | Micronutrients NA NA NA NA NA NA
5 Sucrose NA NA NA NA NA NA
- Mixed
= R NA NA NA NA NA NA
2 foliar application
g g Without 18830l | 4771 | 1628G 1404G | 7081G | 1058F
8 oliar application
g |Delfan (amino acids) 191.6 GH | 4s6H | 1656F 3550G | 72.00G | 107.5EF
(53
25| Micronutrients 187.71 4761 | 16236 484G | 7060G | 1054F
5
% Sucrose 193.6FG | 491G | 1673F 15.83G | 72.70 EG | 108.5 EF
Mixed 1955EF | 496F | 169.0E 1682G | 7480F | 1116E
foliar application
Withgut 195.6EF | 567D | 1663F 91.97F | 1481D | 240D
foliar application
4 | Delfan (amino acids) 201.2 ABC | s84B | 171.1CD | 94.62 DEF| 1524 AB | 2470 ABC
L
= | Micronutrients 199.1 CDE | 5.78C | 1693 E 93.64 EF | 150.8 BC |244.4 BCD
w| =
2| Sucrose 1950FG | 5.66 E | 165.8F 9168F | 1476D | 2393D
El Mixed
2 SODEC 2032AB | 590a | 1729AB 9560 DE | 1540A | 249.6 AB
7 foliar application
= Without 1968 DEF | 567D | 167.1F 97.45BCD| 1453E | 2428CD
zZ foliar application
5|5 |Delfan (amino acids] 202.4 ABC | 5.84B | 171.9BC 100.3 AB | 149.6 CD | 249.8 AB
=3 ]
S| 2 5| Micronutrients | 200.3BCD f 5.78C 170.1 DE | 99.22 ABC| 148.0D [247.2ABC
o
3:; = Sucrose 1962EF | 5.66E | 166.6 F 97.14CD | 1449E | 2420CD
Mixed 2044A | 590A | 17374 10134 |1st1Bc| 25244

foliar application

Means of the same column followed by the same letter were not significantly differed
due to Duncan MRT at 5%.

NA= not applicable. No fruits were obtained using these treatments
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amino acids with chilled seeds or not under low plastic tunnels in
acidity and total sugars as shown in both seasons.

The plants which subjected to open field and developed
from unchilled seeds did not give fruits to can make any analysis
on it.

Conclusion

It could be generally concluded that in winter season, sweet
pepper plants responded better when swollen seeds were chilled
at -1°C for 24 hrs before sowing and developed plants were
grown under low plastic tunnels and sprayed with mixed foliar
application i.e. Delfan (amino acids, 3 ml/€) and sucrose (10%)
seven times at 14 days intervals starting 21 days after
transplanting and micronutrients (60 ppm Fe + 30 ppm Zn + 30
ppm Mn) three times at 21 days interval staring 30 days after
transplanting and using drip irrigation system and supplemented
with 30kg N in organic form (chicken manure) + 30 kg N in
mineral form (ammonium nitrate 335 % N) + 64 kg P,O5 + 96
kg K,0O/fed. Such treatments induced the best results regarding
vegetative growth, early and total yield with the best physical as
well as chemical fruit characteristics of sweet pepper cv.
California Wonder when grown under winter conditions in clay
loam soil.

RESULTS AND DISCUSSIONS
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