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ABSTRACT

INDRODUCTION

Growth and development of photo-
synthetic plants those dependent on photo-
synthetically active radiation (PAR) as their
source of energy; are intimately tied to chan-
ges in the light environment (Alba er al,
2000).

In this respect, plastic muiches are
widely used to conserve water by blocking
rapid cvaporation from the soil surface,
enhanced soil biological activity, control
weeds with less herbicides, increased plant
growth and development, enhanced carly
yield, increased yield and improved quality
and keep fruit clean in the production of
tomato, pepper and other vegetable crops
(Decoteau ef al, 1990; Lamont, 1993 and
Kasperbaur and Hunt, 1998). Also, in this
respect applying water through trickle-
irrigation tubes located below the plastic
mulch can provide enough water for optimal

growth, improved water-use efficiency and
avoid nutrient leaching by excessive rainfall.

Plants sense both the quantity
(fluence) and quality (Wavelength) of light
and respond in many ways, ranging from
germination to timing of flowering. But for
the various aspects of plant photomor-
phogenesis, phytochrome remains the most
investigated photoreceptor (Kevi and Nagy,
2003).

Recently, many investigations hypo-
thesized that changing mulch color could keep
those benefits, while also reflecting a yield-
enhancing morphogenic light signal to the
growing plants (Kasperbauer and Hunt, 1998
and Kasperbauer, 2000).

Also, Briggs and Olney (2001) con-
cluded that a plant's ability to maximize its

photosynthetic productivity is depending on
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its capacity to sense, evaluate and respond to
light quality, quantity and direction. That is
the colored of light received by a growing
plant influences how and where the photo-
synthates are used (Kasberbaure, 2000). In the
field the amount of red light (R) absorbed and
far red light (FR) sets the photo equilibrium of
the ratio FR/R, which function as a regulator
of photosynthates partitioning and allocation.
Therefore, the amount of FR reveived by a
growing plant is influenced by FR reflected
either from nearby green plants (Oyaert et al.,
1999) or from the soil mulch surface (Greer
and Dole, 2003). In this respect, Niu et al.
(1998) concluded that compared with unmul-
ched spring wheat plants the mulched ones
accumulated greater than 26% of dry matter at
anthesis, and produced 35% more grain yield.
So, application of white clear plastic mulches
to spring wheat affectively increased dry
matter production and mobilization from
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vegetative organs to grains. Also, Kasperbauer
(2000) reported that yield of strawberry per
plant and size per berry were greater over the
red mulch color than over the black one in the
field experiments at a research centre and in a
commercial strawberry farm.

Generally, as cropping systems con-
tinue to develop, the impact of reflected light
on yield and quality of plant products needs to
be exploited. Therefore, in the present study
changes in the microenvironment in case of
red and black colors of the applied mulch
compared to bare soil (unmulched), include
changes in the quantity and quality of light
reflected from the mulch surface back to sweet
pepper plants. Thereby, this study aimed not
only to quantity vegetative and reproductive
growths of sweet pepper plant, but also to
determine the content of some putrients and
amino acids in ripened sweet pepper fruits.

MATERIALS AND METHODS

Two field experiments were conclu-
ded at the experimental farm station of the
faculty of Agriculture Moshtohor, Benha
University, Egypt, during 2005 and 2006
seasons to study the effect of black and red
mulch colour on growth, yield and fruit
quality as well as crude protein, total amino
acids and micronutrient contents in fruits of
sweet pepper (Capsicum annum L.). Five
weeks old of sweet pepper seedlings (January
25" in the two seasons) were transplanted to
the experimental plots. Before the soil surface
of each treatment were covered with black,
red and red over black mulch colours; the
tubes of trickle irrigation system werc
strengthened. Polyethylene mulch sheets with
thickness of 150 p were divided into sheets
with 120 min wide. Mulch treatments were
arranged in a randomized complete block
design with three blocks for each. Different
recommended agricultural practices for this
plant were followed.

Sampling and collecting data:

a) Morphological characteristics: different
morphological characteristics at fifty days
after transplanting were inspected as
following:

- Number of branches and leaves/plant.

- Total leaf area (cm®) using the disk
method according to Derieux et al
(1973).

- Leaves dry weight: sample of each
treatment were dried in oven at 70°C till
the constant weight.

b) Photosynthetic pigments: chlorophyll a,
b and carotenoids were colorimetrically
determined according to the described by
Inskecp and Bloom (1985).

¢) Flowering characteristics:

- Number of flowers/plant.

- Fruit setting percentage was calculated as

following:

Fruit setting % = No. of fruits/plant

No. of flowers/plant

x100

d) Fruiting:

- Early fruits number/plant: was considered
as the number of first four pickings.

- Total fruit number: was calculated as
number of fruits in all pickings.

e) Total amino acids determination:
Amino acids were determined in the dry
matter of fruits according to the method
described by Doumas et al. (1981).

f) Elements determination: The following
elements were determined in the dry
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matter of fruits ie, N according to
Homek and Miller (1998) and P, S, Mg,
Ca, B, Zn, Mn, Mo, Al, Cu and Fe accor-

i) Vitamin C and titratable acidity were
determined “according to the method
described by the A.0.A.C. (1990).

ding to the method described by Black er j) Statistical analysis: Data of moropho-

al. (1965). logical, flowering and yield characteristics
g) Crude protein was calculated according were statistically analyzed and the means

to the following equation: were compared using the least significant

Crude protein = total nitrogen x 6.25 as different test (L.S.D.) at 5% and 1% levels

described by A.0.A.C. (1990). according to Snedecor and Cochran
h) Total soluble solids (T.S.S.) was (1980).

measured by using a hand refractometer.

RESULTS AND DISCUSSION

1- Growth behaviour:

Fifty days after transplanting pepper
seedlings above red, red over black and black
mulches and bare soil as control; number of
branches and leaves and the leaf arca/plant as
well as leaf content of photosynthetic pig-
ments were greatly differed (Tables | & 2). In
this respect, as indicated in Table (1) each of
red and red over black mulches, high
significantly increased number of the formed
branches and leaves as well as the leaf arca
when compared with plants grown either in
the bare soil or that covered with black mulch.

Also, it could be noticed that black mulch
increased the above mentioned characteristics
but insignificantly when compared with the
bare soil. In addition, it is of interest to note
that, the increment of vegetative growth
characteristics was completely reversed up on
the dry matter accumulation of these plants in
mulch treatment (Table, 1). That is being of
significant value when a great part of this
weight being to be directed towards or alloca-
ted to form fruits with onset of flowering and
fruiting stages.

Table (1): Some morphological characteristics of mulched sweet pepper with the onset of
reproductive stage at S0 days after transplanting.

Character- Season 2005 Season 2006
istics brh::; of No. of Ia‘::! L;ag',es No. of No. of I;::r L;:;\;s
ches | leaves (em weight branches | leaves (em weigh
Treatment /plant fplant Jplant lant) /plant /plant /plant lant)
Bare soil 8.1 58.1 | 4155 52 10.7 547 461.8 49
Black 13.5 643 | 468.3 57 15.7 70.6 583.3 6.3
Red over black 285 99.0 | 847.7 8.9 304 1125 | 1225.8 10.1
Red 32.8 102.8 1 917.2 10.0 29.3 107.3 | 970.2 9.6
LSD 5% 6.3 143 | 170.8 1.7 7.2 16.3 134.7 2.0
1% 8.5 19.6 | 236.2 2.2 9.7 20.7 | 254.6 23

Here, the obvious effects of red
mulch are including not only significant in-
creases of photosynthates creation but also an
alteration of their partitioning and allocation.
Confirming our present results are those of
moreover, as shown in Table (2) red or red
over black miches obviously increased the
content of chlorophylls (a & b) and their
accessories carotenoid pigments as well, either
when compared with the bare soil or black

mulch. In agreement with our results are
Oguchi et al. (2003) who reported that in
Chenopodium album chlorophyll content in
high irradiated leaves was the highest com-
paring with low irradiated ones or these
subjected to high light after low one. Again,
here, it seems that enhancement of photo-
synthetic pigments creation maximized ~dry
matter production and accumulation confir-
ming with no double-the high ability of the
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red mulch to increase not only the rate of
photosynthesis (by increasing the photosyn-
thetic area Table, 1) but also, by rising the
efficiency of photosynthesis process itself.

Of the other studies are being in
harmony with our results are Adams (1977),
Fortnum et al. (1997) and El-Desouky et al
(2005a) who reported that tomato plants
grown with red mulch resulted in increase of
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leaf area and dry weight of leaves and
branches compared with black mulch or other
colors. Leaf area and chlorophyll content in
strawberry were also increased by red muilch
when compared with other colors (Wang et
al., 1998). Also, Flores and Ibarra (1998)
found that in sweet pepper, red mulch gave the
greatest of stem diameter; yet, blue mulch
exhibited the highest of plant height.

Table (2): Photosynthetic pigments content in leaves of sweet pepper from the onset of

reproductive stage at So days after transplanting (m:

fresh weight).

Season 2005 Season 2006

haracter- = = = 2 = = = 3

istics = = = 3 = = = =

s | 8. |B2| §| £ |%.| 5| £

2 5 5w 3 £ S 8 = 15

=] — — [ [~] 1 1 Jot

e | 8 5 5 2 | 5 5 3

Treatment 5 © 5 ©
Bare soil 0.56 0.44 1.03 0.40 0.52 0.46 0.99 041
Black 0.61 0.52 1.31 0.48 0.70 0.56 1.26 0.51
Red over black 0.78 0.61 1.39 0.54 0.79 0.60 1.38 0.58
Red 0.79 0.61 141 0.60 0.77 0.59 1.36 0.55

Recently, Kreslavski e al (2005)
reported that far red light reversed all effects
of red light upon wheat seedlings, ie., in-
creased chlorophyll accumulation and ace-
lerated both coleoptile and first leaf elon-
gation. In this respect, vigorous growth of
pepper plants grown over red mulch could be
attnibuted to the following facts: (1) providing
the common known benefits for mulch (mini-
mizing water consumption, weeds control and
keeping fruit clean), moreover, changing
mulch color to the red one could keep those
benefits, while also evocates a growth and
yield-enhancing morphogenic light singal to
the growing plants (Kasperbauer and Hunt,
1998 and Kasperbauer, 2000). (2) physiolo-
gically, light (including the red one) affects
metabolism directly through photosynthesis
and growth and development, indirectly
(Casal, 2000; Neff et al., 2000 and Yang et al.,
2001).

2- Flowering and fruiting:

As shown in Table (3) flowers, early
and total fruit numbers/plant were increased
by using the red mulch either alone or over the

black one to reach the high level of signifi-
cance when compared with bare soil or the
black mulch. The same trend was also existed
with fruit setting percentage. Also, it could be
noticed that the above mentioned results were
nearly the same in the two seasons under
study. The only exception was that significant
increase of early fruit number of plants
cultivated over the mulch when compared
with the bare soil number during 2005 and
2006 seasons.

It is of interest to note that, increase of
early fruits number with red mulch treatment
is being of great economic value because that
not only enables producers to market their
fruits with high prices but also it is possible to
worth them from the high coasts of production
under green houses or tunnels. On the other
hand, in the two scasons the economical final
yield, i.e., the weight of total picked fruits-in
the two mulch colors (ie, red and black)
increased this fruit weight to reach the high
level of significance. Although, increase of
this weight in the case of red mulch was
nearly double that of black one.
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Table (3): Flowering and fruiting of sweet pepper (Capsicum annum cv. Baladi) grown

under mulch treatment
Character- Season 2005 Season 2006
istics Number per plant . Number per plant .
l § oo ge | o 5':“"1: 6 |2zl 32 | st 1;3:;
BEHEHES O IE|EE |6 | W
Treatments g | ® plant) | 2 = plant)
Bare soil 77 40 [ 257 | 334 | 068 | 804 | 46 | 274 | 341 | 0.73
Black 82 94 | 283 ) 345 ] 131 | 865 86 | 305 | 353 | 142
Red over black | 109 | 233 504 | 462 | 234 [ 1136|228 | 57.3 | 504 | 2.53
Red 115 222 527 | 459 | 245 | 1105|246 | 553 | 50.1 | 249
LSD 5% 10.17 | 422 | 640 | 2.84 | 0.28 | 11.63 ( S.11 | 7.32 | 3.01 | 0.31
1% 1542 1577 | 1190 ) 3.70 | 0.69 ) 1486 | 6,62 | 13.17 | 412 | 0.42

Regarding the above mentioned data,
we could conclude that, the vigorous growth
obtained (Table, 1) and the high photosyn-
thetic pigments content (Table, 2) were
extended to reverse upon flowering (including
earliness and reduction of their abscission) and
fruiting of sweet pepper growing over red
mulch (Table, 3). That means that a large
amount of photosynthates are being directed
towards the formed fruits. In this respect, the
alteration of R/FR ratio has been reported to
affected  photosynthates  partitioning  and
allocation (Kraepiel and Miginiac, 1997).
Also, of interest not only increases number of
formed flowers with red mulch treatment but
also the earliness of flowers appearance. There
are several hypothesis, concepts and theories
about the role of phytochrome (the photo-
receptor of red and far red light) in the
mechanism of plant transition to the

generative development. Also, Chory ef al
(1996), Chory and Li (1997), Duchovskis
(2004), El-Desouky et al (2005b) and
Samuloliene er al. (2005) suggested that the
ratio of phytohormones in plants exposed to
the light has substantial influence on flowering
initiation especially increase of gibberellins
and auxins and the reduction of abscisic acid.

3- Fruit quality:
a) Some bioconstituents:

Data in Table (4) clearly indicate that
each of red and black coloured mulch when
used each alone or together increased vitamin
C content, total soluble solids (TSS) and
titratable acidity percentages when compared
with the bare soil as control. These findings
arc of great economic value because the shelf
time of such fruits will increased and that is
confirmed by Wang ef al. (1998).

Table (4): Effect of much treatments on vitamin C (vit. C), total soluble solids (T.S.S.) and

titratable acidity (Tritart acid) in sweet fruits.
Characteristics Season 2005 Season 2006
Vit.C Vit.C .
(gD | TSS.(4) | 08 | (mg) | TSS.6) |
Treatments F.W. F.W.
Bare soil 115.5 4.1 037 1124 40 0.38
Black 121.6 4.2 041 124.7 4.0 047
Red over black 134.6 52 0.46 130.3 49 0.47
Red 133.8 5.5 0.51 132.7 5.36 0.51

As for the amino acids content, it
could be noticed that the red aver black mulch
film gave the highest content of the essential
amino acids determined, i.c., methionine,
threonine, valine, isoleucine, leucine, tyrosine,

phenylalanine and lysine. Meanwhile, the red
mulch film ranked the second in this respect,
yet, the lowest content of these amino acids
was existed in case of basre soil.
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On the other hand, as regards the non-
essential amino acids, it could be seen that
nearly were behaved as in case of essential
ones. Despite it was in some cases alter-
natively positions of superiority between black
film and bare soil and between red over black
film and the red one.

In this respect, the increment effect of
red mulch film either used over black alone
strictly would define the form of created
proteins. That it means the strict role of red
light through amino acids biosynthesis (Table
5).

In general, if that is the case, therby,
priced fruits with maximized quality and
nutritional value is being gained and the main
target of the present study to be performed.

b) Nutrients elements:

As shown in Table (6), total nitrogen
content was slightly increased in mulch
treatment ecither red or black one when
compared with the bare soil. Meanwhile, for
carbon an opposite trend was existed, since it
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was slightly higher in case of bare soil
comparing with mulch treatment.

Conceming crude protein content it
was also obviously increased in mulch
treatments when compared with bare soil. But
increase was moreless than the red one either
when used alone or over the black mulch
(Table, 6).

Otherwise (as shown in Table 7) red
over black treatment ranked the first in case of
Mn, Zn and Mo, yet black mulch showed only
the highest amount of Fe in the fruits that
reached 58% more than the control. Mean-
while, aluminum (Al), boron (B), calcium
(Ca), copper (Cu), magnesium (Mg), phos-
phorus (P) and sulphur (S) were considerably
increased with mulch treatment to reached its
maximum with the red one followed by red
over black and black one in the last order, yet
bare soil showed lowest content. These results
are being more evident when calculated as a
percentage of control, e.g. in case of red mulh
percentages of increases were 90, 70, 25, 56,
28, 31 and 29%, more than contol (bare soil)
for Al, B, Ca, Cu, Mg, P and S, respectively.

Table (5): Effect of mulch treatment on amino acids content of sweet pepper fruits during

2006 season (on dry matter basis

Treatments Bare soil Black Red over black Red
Amino acid (@16gN)| % | (g16gN) | % | (g16gN)| % | (gi6gN) | %
Cystine 1.05 0.31 1.22 0.34 1.25 0.39 1.32 0.40
Methionine* 1.28 0.37 1.32 0.37 1.28 0.40 1.26 0.38
Aspartic acid 1047 | 3.04 11.06 3.07 10.92 3.37 10.95 330
Threonine* 3.94 1.14 4.05 1.12 4.00 1.23 3.94 1.19
Serine 3.54 1.03 3.60 1.00 3.57 1.10 3.51 1.06
Glutamic acid 10.08 | 2.93 1043 2.89 10.22 315 10.08 3.04
Proline 1357 | 3.94 10.73 2.98 958 2.95 918 276
Glycin 472 1.37 492 1.37 478 147 4.79 144
Alanine 5.29 1.54 5.54 1.51 5.34 1.65 5.27 1.59
Valine* 587 1.71 6.07 1.69 5.76 1.77 5.70 1.72
Isoleucine* 1201 | 349 10.15 2.82 8.31 2.56 171 232
Leucine* 758 2.20 7.95 2.21 7.70 2.37 7.71 2.32
Tyrosine* 2.05 0.60 2.65 0.73 2.56 0.79 258 0.78
Phenylalanine* 495 144 5.16 143 4.90 1.51 4.93 1.48
Histidine 1.65 048 1.73 043 1.74 0.54 1.66 0.50
Lysine* 4.19 1.22 437 1.21 4.37 1.35 422 1.27
Arginine 5.51 1.60 570 1.58 541 1.67 5.32 1.60
Nitrogen 4.65 4.44 493 482

* essential amino acids




Influence Of Colour Mulches On Photomorphogenesis & Productivity... Bo. 77

Table (6): Effect of mulch treatment on some bioconstituents content in sweet pepper

fruits, 2006 season.

Characteristics Total N % to Cru(!e % to Carbon % to
Treatments (%) bare soil | P li::/t:;n bare soil (%) bare soil
Bare soil 4.64 100 29.00 100 39.11 100
Black 5.02 107 31.38 108 38.13 0.98
Red over black 4.70 101 2937 102 37.54 0.97
Red 5.05 108 31.56 110 37.48 0.97

Otherwise (as shown in Tables 7 and
8) red over black treatment ranked the first in
case of Mn, Zn and Mo, et black mulch
showed only the highest amount of Fe in the
fruits that reached 58% more than the control.
Meanwhile, boron (B), calcium (Ca), copper
(Cu), magnesium (Mg), phosphorus (P) and
sulphur (S) were considerably increased with
mulch treatment to reached its maximum with
the red one followed by red over black and
black one in the last order, yet bare soil
showed lowest content. These results are
being more evident when calculated as a
percentage of control, eg. in case of red
mulch percentages of increases were 70, 25,
56, 28, 31 and 90%, more than contol (bare
soil) for B, Ca, Cu, Mg, P and S, respectively.

For interpreting the above mentioned
results, from our view stimulation of mineral
absorption and content under mulch treatment
could be of great value not only for maxi-
mizing yield and improving quality but also it
could be determine whether or not to use
fertilizer, and if so, of what type and quantity
it should be. Also, that it may guide us for
using mulch system especially in the organic
farming. That, it could provide sufficient
supply of nutrients from different organic
resources those are being used. Thereby, large
yield with good quality could be reversed up
on net satisfied gain for producers and
minimizing prices for consumers.

Table (7): Effect of mulch treatment on the amount of macro-nutrient elements (g'kg DM)

in sweet fruits (Season, 2006).

Treatment Mﬁ S Ca
reatments % of % of % of % of
gke cont. g/kg cont. g/kg cont. mg/kg cont.
Bare soil 9.273 100 | 3.192 | 100 | 0.1698 100 16416 100
Black 11.050 121 | 34511 108 | 0.2999 176 19.065 116
Red over black 11.632 126 {3602 | 112 | 0.3013 177 18.921 115
Red 11.875 128 | 4183 | 131 | 0.3215 190 20448 125

Table (8): Effect of mulch treatment on the amount of micro-nutrient elements (mg/kg
DM) in sweet fruits (Season, 2006).

Zn Mn Mo B Cu Fe

o o o el o 3

Treatments § § § § g §
SIE(g12] 5 |2 818 |8(28 3¢

3 N N P R N
are soil 276) 100 | 65 | 100 | 16416 | 100 |27.6] 100 | 17.2 | 100 |220{ 100
lack 309 112 | 77 | 120} 19.065 | 116 1309 112 | 216 129 |348] 155
ed over black | 327 118 | 82 | 126 | 11.892 | 115 |32.7| 118 |25.4| 147 |344] 156
Red 451 170 | 79 | 123 | 20448 | 125 {45.1 | 170 [ 26.9 | 156 |345| 157
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In this respect, Marschner (1995)
reviewed that environmental factors such as
temperature, soil moisture and irradiation
(considerably were achieved in mulch treat-
ment) influence both the availability and
uptake of nutrients by the roots and the shoot
growth rate. Also, El-Desuky er al. (2005¢)
attributed the significant increase of tomato
and pepper yielded fruits over mulch treat-
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ment to those acute alteration in the phyto-
hormones profile and the histological feature
in mulched plants as well as repartitioning and
allocation of photosynthates. In general,
according to our knowledge and reviews we
have researched, increasing the uptake of
measured nutrient elements by mulch treat-
ments it may considered pioneer findings in
this respect.
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