ISSN 1110-0419

Annals Of Agric. Sc., Moshtohor,
Vol. 43(4): 1471-1496, (2005).

STUDIES ON PHOTOMORPHOGENESIS IN SOME ECONOMICAL
PLANTS.
1= YEGETATIVE GROWTII OF TOMATO AND SWEET PEPPER
PLANTS AS AFFECTED BY RED AND FAR-RED LIGHT
REFLECTED FROM COLORED PLASTIC MULCHES.
BY

El-Desouky, S.A. ; Abd El-Dayem, H.ML; Wanas, AL and Mady, M.A.
Dep. of Agric. Botany, Fac. of Agric. at Moshtohor, Benha Univ., Egpypt

ABSTRACT

In this stly, the red and red over black muleh colars reflected more
amount of red and far-red light on growing planis compasing with cither other
colors or bare s0il, i.c., unmulched one. So, the effect of this reflection on growth
of tomato ¢v. Super Strain B and sweet pepper o, Baladi was studied dunng
2001 and 2002 scasons, I'n this concern, significant increase was existed in many
growth aspects as stem length and diameter, number of formed branches and
leaves/plant, fresh and dry weaght of bolls stems and leaves, tatal leaf arca/plant
and specific Ieaf weight as well with all applied colors of plastic mulch a1 45 and
60 days after transplanting during the two seasons. The red followed by red over
black mulch colors were more cffective in this respeet compared with other
mulch colors. Alse, these two treatments increased the number of branches/plant
more than two times of the control value in tomato and more than threc or four
times of the control value in sweet pepper at 60 days after transplanting. Besides,
they increased the absolute growth rate of shoots 10 reach more than three limes
of the control values in both tomato and sweet pepper.

In addition, N, P and K content as well as tolal crude protein were
increased in leaves of bolli tomato and sweet pepper with all applied mulch colors
compared with those of control.

Morcover, different applicd mulch colors increased photosynthetic
pigments,, tolal soluble sugars and total ¢arbohydrates in [caves of tomato and
sweet pepper with the superiority of red and red over black mulch colors,

Therelore, it could be recommended the applying of red muleh color for
reflecting more red and far-red light on growing plants. Thus, increasing their
absorption by plants, hence, this positively affected all physiological processes
within growing planis,

INTRODUCTION

Because photesynthetic organisms are dependent on photosynthetically
active radiation (PAR) as their saurce of encegy; plant growth and development
are intimately tied to changes in the light environment (Alba e/ al., 2000),
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The direction of incident light entices shoots and rocts to respond phaoto-
tropically; light intensity and wavelength composition are important factoss in
determining the speed of cell growth, pigment accumulation and plastid
differentiation (Von-Amim and Deng, 1996),

In general, roughly 1.3 KW m™ of radiant cnergy from the sun reaches
Earth, but enly about 3% of this encrgy can be converted into cubohydrates by a
photosynthesizing leaf. The reason that this percentage is so low is that a major
fraction of the incident light is of a wavelengih either 160 shon or teo long (o be
absorbed by the photosynthetic pigments. I addition, much of the absorbed light
encIgy is [ost as heat, and a much smaller amount is st as fluorescence. About
85 to 0% of the phaio-synthetically active radiation (PAR) is absorbed by the
[caf; the remainder is cither refected at the leaf surface or is transmitied through
the leaf. Because, chlorophyll abserbs very strongly in the blue and the red
regions of the spectrum, the transmitied and reflected light aze eariched in green,
yielding the green color of vegetation (Terashima and Hikosaka, 1995).
Therefore, reponing that light plays a major signaling role in plant development is
not surprising. A plant’s ability 1o maximize its photesynthede productivity
depending on iLs capacity to sense, evaluale and respond to light quality, quantity
and direction (Briggs and Olney, 2001).

Applying water through trickle-irnigation tubes tocated below the plastic
mulch can provide enough waler for optima grawth and avoid nutrient leaching
by excessive rainfall. The most widely used color of plastic mulch is black
(Sweency et al, 1987; Bhella, 1988 and Lamont, 1993).

In this respect, Kasperbauer (1992) hypothesized that changing mulch
color could keep those beneflts while also reflecting a yield enhancing
morphogenic light signal to the growing plants, Since, plant growth, deselopment
and productivity are dependent on both the quantity and wavelength distsibution
(cotor) of Light. Jlence, the quantity and interecption of photosynihelically active
mdiation (PAR) have been studicd for many years (Hesketh and Baker, 1967:
Casal ef af, 1986 and Bruggink and Heuvelink, 1987), but the role of
photomarphegenic light as a regulator of pholosynthate allocution in growing
plants under ficld conditions s a recent discovery (Kasperbaver and Hunt, 1998:
Coffey et al., 1999 and Kaspeibauer, 2000),

[n the ficld, the amount of FR (and the FR/R ratio} received by a
growing plant is influcnced by FR reflected cither from nearly green plants
(Kaspecbaver, 1992; Thomas and Vinee-Prue, 1597 and Oyacrt 2 af, 1999) or
from the soil (or mulch) surface (Taber of al,, 1999; Waterer, 2000 and Greee and
Dale, 2003),

Experimentally, Shinomura et af, {2000) and Runkle and Heins {2001)
stated that, adding far red lx'ght(F&‘lOOto&OOnm)tomdlighx(R.wOlo?w
nm) 1o extend the day or interrupt the night for many plants promotes extension
growth. Also, blue light (B, 400 10 500 nm) independently inhibits extension
growth (Rankle and Heins, 2001 ).
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Also, Csizinszky er af. (1995) reposted that tomato growth and its yield
were inconsistent with mulch colors during the three scasons of their study.

In general, since there is no report in Egpypt on the effect of varicas
colored mulch covers that create a specific microeavirenment for fomato and
sweet pepper plants. So, changes in the microenvironment in case of different
colors, compared (o bare soil (unmulched), include clianges in the quantity and
Quality of light reflected from the mulch susface back 1o tomato and sweel pepper
lanves (canopics), arc of interest (o be considered.

Thereby, present study in this part aimed 1o quantify vegelative gronth
of tomato and sweet pepper plants. That included evaluation of different gronth
aspects and dry matter distibution during the first sixty days of tomato and sweet
peppers apes in case of different used colored-malches

MATERIALS AND METHODS

Two ficld experiments were conducted at the Experimental Farm Station
of the Faculty of Agriculture, Moshiohor, Benha University during the mo
prowing seocessive seasons of 2001 and 2002,

" Two cconomical crops, Le. tomato (Lycopersicon esculentum, Mill., cy.
Super Strain B) and sweet pepper (Copricunr anmuum, L., ov. Baladi), those
known to be largely cultivated in Egypt in wasm scasons, were taken as a
bolanical matenial in this study, Sceds of these two ¢rops were secured from
Vepetable Research Department, Agnicultusal Rescarch Center, Ministry of
Agricultere, Giza.

These experiments weee performed 1o study the effect of some new
promising Leatments, polyethylens mulch surface colors, on soms vepelative
gronth characteristies and dry matler distibution of both tomata and sweet
pepper plants compared 16 bare soil (unmulched),

The trickle irrigation system was used before ¢ovening the soil surface
with black, red, red over black and blue plastic mulches as well as bare seil
(control).

Sipge the lateral lines wsed ase line source tuding made with 16 mm
dixmcter polycthylene hose, The applied emitter rates were 2.5 and 3 ler / br,
The trickle irrigation Lines were [aid on the surface of the experimental rows.

Palycthylens susface color was considered the main factor in this sudy,
Polyethylens mulch sheoets were of 1.20 m wide and 150 g thick. The black, red
and blos colors of mulch were used in this study.

Five-week-0ld tomato and sweel pepper seedlings (i.e., at 20™ and 15*
of February for 2001 and 2002 scasons, respoctively) were transplanted to the

experimental plote.
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The mulch treatments (Wack, red, red over black, blue polycthylene
mulch colars and the Bare soil as control) weee arranged in a randomized
complelc-block design with three blocks (replicates). Each block had five plols
(10m leagth and 3 m width), Each plot had theee rows (30m Jength and 80 cm
width) as a replicate for tomato and pepper as well. Theee are three rows of bare
soil (unmulched) between each two [reatments (Fig. 1) Lo provide complete
separation of diffesent colors.

Fig (1): Indicates the three rows of bare soil betneen each twa Ircatments

In the two assigned scasons all agricullural praciices of growing tomato
and sweet pepper plasts including equal amount of fertilizers were followed as
reconunended for the two species in case of trickle icrigation system (Cook ef af.,
1982). [rrigation was for one hour two times weekly for different mulch color
teealments. But it was for 2 hours theee tinses weekly for the bare soil. The
ferulizer was applied weekly through the trickle irrigation system for 12 weeks
starting 10 days after transplaning, That means that bare soil was consumed
amounl ol water exceeded that consumed in (rickle immgation by three Limes more
during 1he onto and pepper life cycles. That was very necessary (o prevent
permanent willing and @ rexch the normal growth of tomato and sweet pepper
cultivated in bare scil {contrel),
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Light reflection:

Light reflection was measured for cach color of polyechylens mulch
teeximents at mid-day of April and May the 14° for 2001 and 2002 scasons,
respectively wsing an Exotech model 100 Ax fleld hand radiometer. Light
reflection meassrements included each of grecn-orange-yellaw (S00-600 nm),
Red light, R (600-700 nm), Far-red Light, FR (700-800 nm) and the invisibls ncar
infrasred, NTR (800-1100). Thea the R phaton ralio accosding to Decoteau ef of.
(1989) and (1990) using the equation of R photon ratio = FR / R ratio was
calculmed (Tables; 1 and 2),

Table (1): Average of the sisible and isvisible light reflected from
polyethylene mulch surface color at mid-day of April the 14
doring 2001 and 2002 seasons (calewmlated as %) under

rimental conditione

Visible Eght (%)

Creen<oange- Red (R) 600-
00

Far-red (FR)
TC0-800

*FR'R
ntio

Stason Scawn
2001 | 2002 | 2001 | 2002
940 [ 1060 14.18| 13.20
26.01|22.56]43.52(44.5+
13.23| 17.56}49.85|54.28

18.13) 12041 10.93| 14.18

Hare soil 5.39 | 10.03411.25{ 13.63

Scason
2001 | 2002
2.78 | 12.05
50.12|51.45
54.52|56.57
13,70 19.04
11.03] 1831

S¢cason
2001 {2002
0.69010.913
115210055
10941092
1.1441 1343
0585/09%)

Table (2): Average of the visihle and Imvisible light reflccted from
polycthylene muleh surface color at mlddday of May the 14®
during 2001 and 2002 scasons (calculated as %5) woder

Wave

reaiment

lack

ciperimental conditions.

cogth

Yisible light (%)

Tnvisible
{Light %4)

(0 m) | Greeneesnge | o g () (00-
00

0300

Far-red ﬂ)l “FRR

miio

Near [afrm.
d(NLR)
500-1100

Season Scason

Scawn

Seawon

Season

2001 | 2002 | 2001 | 2002
1531 14,84 13.04{14.70
2500(28,75|46.58[49.72

Red +Black  |2509)23,13|514315953

Blug

1938 [ 1813|1532} 1574

Hare soil 1395| 11.95]| 1691|1560

2001 | 2002
10.55113.30
4987|5267
359016205
1835]19.04
149711242

2001 | 2002

0.809|0.%05
1071 1.055

2001 | 2001
1078|134
45614561

1087 1.036]44.50]55.98
L198(1.210{49.0750.79,

0.885|0.796]23.22{ 1949,

Also, ceflection from the mulch coler trealmeol without cullivation was
determined only during 1he first season (Table, 3).
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Table (3): Refection of the visible and invisible !ifﬁl from pol;ictb)‘lene
mulch surface color at mid-day of April the 14% duriog 2001
season (calculated as %) without cultivation.

Visible light (34)
Green-oranpe- Red (R) Far-red "FR/R ;‘::;f(;:ll;;.

yellow (FR)
sone0n | 59709 | 0p.900 | 20 | doo-1100

276 2.5% 212 | 0835 | 2.55
New Red 23.26 5135 | 4434 | 086+ | 6373
vew Red + Black 17.7? 41.03 39.52 0,963 40.20 |
ew Blue 5,64 333 | 964 | 2895| 4804

e e P B + e N -
* FRIR ralio greatly differed from color 1o another, is considered the
more significant result of applying this system

Sampling and collecting data:
I-Growth characteristics:

Different vegetalive growth characteristics of tomato and sweet pepper
phants at 45 and 60 days after transplanling were measured andfor calculated.
Nine plants from each treatment were randomly taken for the following
measurenments, stem length (cm), stem diameler {(cm) at the first intemode,
number of both leaves and branches/plant, leaves and stems fresh weights
(2)Vplamt and total feaf arca (em®Mplant using the disk method according to
Dericux ef al. {1973),

Samples of each treatment were taken for growth measusements, then,
dried in oven at 70 °C for 48 hoars il weight stability, the dry weight of stems
(main stem + branches) and leaves/plant were estimated,

Also, the percentages of dry matier distribulion in different shoot organs
were calculated as well as specific [eaf weight and alsa crop growth rate of stems,
leaves and shoots using the following equations:

Specific leafl weight (SLW) according to Hall ef ool (1993).

Dry weight of leaves (mp)plast
Leaf area (cm*Vplant

SLW=

Absolute growth rate (AGR) is defined as ibe increase of plant material
per unit of ime, according to Radfoed (1967).

Wi =~ W,
T:-Ty

Where Wy, W2 = dry weight a1 45 and 60 days aRer transplanting, respectively.
Ty, Ty= lime at 45 and 60 days after transplanling, respectively.

AGR =
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Il - Chemical constitucnts in the lcaves :

Samples of both lomalo and sweet pepper leaves were iaken at 45 and 60
days afler transplanting in both scasons 1o delccming photosycibetic pigments
(Inskeep and Bloam, 1935), Total carbobydrales (Dubois ¢f al., 1956), total and
reducing sugars (Themas and Duteber, 1924), total nitrogen (Homeck and Miller,
1998). phosphorus (Sandel], 1950) and Polassium (Homeck and Hanson, 1996).
Crude protein was caloulaled using the following equalion:

Crude protein = Total nitrogen X 6.25 (A.O.AC,, 1950)

11T — Statistical Analysis :

Data of vegetative growth characteristics were statistically analyzed and
the means were compared using the lcast significant difference test (L.S.D.) at 5%
and 1%a levels aceording 10 Snedocor and Coehiran (1980),

RESULTS AND DISCUSSION

Growth behavior at 45 and 60 days after transplantiog :
I. At 45 days:-

L1-VYepetative characteristies:

LL.1-5tem paramcters:

As showa [n Table (4), diffezent estimated characteristics of stem (e
lergth, diameler, fresh weight and number of branches/plant) in both tomalo and
pepper plants weee increased ta reach the highest Il of significance (1%) with
all applied nwulch surface coless. The exccption was only insignificast increase
that existed in stem Tenggh of tomato with dlue mulch during 2001 season and in
number of brasches/plant of bolh omato and swetl pepper with black mulch
during the two assigned seasons,

Also, it could be noticed that slem diameler showed ils highest
significant increase with red + black mulch Lreatment. Meanwhale, stem bength,
stems fresh welght showed their maximum increxss in ¢ase of red mulkch.

Regasding, the namber of branchew/plast in tomato, each of red and red
over Black mulch susface colors inceeased this number more than two times of the
control value. Meanwhile in sweet peppet, this number reacked more wan five
Limes of the control yalos with red and red over black mulches in 1he two scasons.
Io this respect increasing of formed branches on a growing plant could be
teversed upon many ofber chamcters such as number of Jeaves, Jcaf arca, lcaves
dry weight, Nowering and ylelded fruils. =

I.1.2.Leaves paramelcrs:

Data in Table (4) clearly indicate that number of leaves, leaf arca £ plant
and the leaves fresh welght of (emalo and peppet plants were increased to reach
1bs high level of significance with different muich surface colors agplied during

2001 and 2002 scasons.
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1t could be also noticed that the red and sed + black gave the highest leaf
number and the red was preceding in this respect, since increase in leaf number
reached more than two times of control valuss in the two assigned Kasons.

Total leaf arca / plant and leaves fresh weight in tomato and sweet
pepper, bebaved ns the same as the abave mentioned parameters. Since, all
2pplicd mulch coloss showed high significant increase but its maximum was also
obtained with the rod then red + black treatments, respoctively. Increment of leaf
area may be reflected vpoa the efficiency of pbotosynthesis by accumulating
}mce assimzlates and high rates of their translocation specially foward the formed

nuits.

In addition, increment of shoots fresh weight could be a base for
increasing each of Jeaf arca, number of both Jenves and branches and he
photosynthetic efficicncy, thercdy, more dry matter production and their
allocation to fruits are being expected.

L.2-Dry matter distribution:

Table (5) indicates the effect of different applicd mulch surface colors on
dry matter production and distridution in stems (branches ¢ main stem) and
leaves of tomato and sweet pepper plants at 45 days afler traasplanting. Data
clearly indicated that diffecent mulch colors, i.e. black, red, red over black and
blue increased dry weight of stems in tomaio and pepper plants at this casly stage
of growth. Increases reached the high lovel of significance. Yet intomalo, the red
color pave the highest value during 2001 szason bt red + blxk showed its
manimam duning 2002 scawon, thete two treatments excooded stems diy weight
move than three times when compared with the ceatrol value. That could be more
¢vident when relaled to the control values, since Lhe 100 percentage of contsol
rose 10 339,09 and 326.72% with red mulch during first scason and with red +
biack during sccond season, respectively.  Meaanwhile, in swest pepper, the red
mulch gave the highest values of stems dry weight in boch sasons, since the
percentage of 1 parameter reached (o 245,00 and 338.24% of the controd value
Curing 2001 and 2002 scasons, respectively,

As for leaves dry weight, data in Table (5) cvidemly confirmed the
stimulatory and significantly effects of applied mulch colors upon dry matier
prodoction and accumelation in Jeaves of tomato and pepper plants. Also, red
color was more procounced in this respect. Singe, increases reached to nearly
throe times during fiest season and reached to peasly five times in second season
comparing with control values in both tomalo and sweet pepper. Therefore, to1al
dry weight of shoots also behaved as the same as that of stems and leaves with
different mulch colors and also with prionity ol the red mulch. Besides, dry matter
distnbution was high significastly affected Since, more diy matter being
distriduted into Jeaves but that also confirm the high efficiency of phetosynithesis
process in plants grown up the applied mulch colors that was also, with the
priority of ced one in this respect.
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Moreavey, the calculated dala of spesific Jeaf weight could suppart the
above mentionad data about the vigorous growth of tomato and pepper plants
grown above the assigned mulch colors specially in red one.

. In gencral, data In Table (5) not only being a direct results for that
vigorous growth cblained in Table (4) but also could be consideced an indicaor
for expactable high yicld of fruils.

These resulls are in agreement with these oblained by Kasperbaver and
Karken (1994). Thoy reported thet the kalisiem and shootiroot photogynthate
allocation patterns in responss to FR/R mtio (which was influsnced by FR reflected
from necky plants) in fickd-grown seedlings was evident. The phnyicchsome system
within the seedlings functioned as a sensor of comgetition (the FR/R ralio) and
initiated physiofogica! events that infuenosd pricsitization in the allocation ¢f pew
photo-assimilstes 1o the vanous components of the growing plant For cxample, a
seodling in the higher population density received more rellected FR and a higher
FR/R mtio. The adaplive response was 10 allocate more of the new pholosynihates for
developmwent of longer stems and loager Jees, both of which increased the
probadility tut the plant would have soene plictasymihetic arca abave competing
plants. When a grealer fraction of new photosymibazes was allocwed 1o clongating
stome, ko remaingd for new 100t gromth, and wice versa, Thus, the leal’stem and
shootroet bicmass ralios were aliersd in soedlings according 10 the FR/R ratio, which
could be medifiad by FR relection from other groen plants or by the FR/R rato In
upwardly reflocted Light ever different eolored Sarfioss, [ could be concludad that it is
imporiant to be aware of (hese adaplive growth responses (o lighl st
corsequences of plant spacing and soil surface color (including presenee of any crop
residues and rulebes that might alter the FR/R mika in reflocted Light), and 1o then use
the information in development or medificnizan of plant soil waler light management
FySICmS.

L.3-Photosynthetic pigments;

As shown in Table (6) photosynthetic pigments (chlorophyll a & b and
carptenoids) cancentrations in leaves of loma1o and pepper plants were increased
with difTerent used mulch colors during 2001 and 2002 scasons. Red + Black
treument was more efficient in this respect followed by the red one, The
exception was only that slight reduction of chlorophyll (b) with the blue mulch
tecatment during 2001 season in tomato and both scasons in pepper.

These results are of great inlersst, bocause they are Lightly considered  diroat
reason for the more dry matler production and distributzon in sboots of tomato and
pepper plants prown abose applied mulch coloes (Table, 5). Also, of interest to nole
that, this stimulalory elfect of mulch colors upon photesyniheliz pigments creation
was stariod at this Gy seage of gronth Le. at 35 dyys alter planting.

II-At 60 days:
IL1- Vegetative characteristics:
IL1.1-Stem paramelers &

Stem lengih of tomato and pepper plants was significanily increased
with vasicus applicd mulch colars dusing the two seasons compared with the
control plants (Table, 7). Morcover, it was found that red mulch ranked the first in
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i insignificant incxcasclnlhismmm
this respect, The only exception was l!l:ll insig ”
with black mulch in pepper plants during the two scasons,

As for stem diameter, ils high significant increase existed with mog op
applied mulch colors. Here, it s of inlerest (o nate lhf!l INCTeAsing of stem
diameter was accompanied with increasing stem lengh which means that myge),
colors Jed 10 vigorous growth and mose bealthy tomalo and pepper plants,

With regacd to the fresh weight of stems, it was significan|ly U‘Cmscd
during the two seasons with different applicd muleh_colofs exeepl with black
mulch in case of sweet pepper, sinoe the increase did mot reach the level of
significance (at %) in both seasons. .

Regarding, the number of branclics formed on tomate and pepper plants
at 60 days after transplanting, it was significantly incrcased with most of 1he
applied mulch colors. Again, the red + black and red mulches were more
pronounced in this respect.

Such results clearly could be inierpreted by those alterations are being
crealed in the hormonal profile. Since, cytokinins level was increased on the
account of auxin which might be in favor of increasing the number of formed
branches and increasing transvesse growth on the account of langiiedinal one (E1-
Desouky, e? of, 2005b),

+ Table (6): Effect of polycthylene mulch surface color oo photasynthetle

pigments concentrations (caleulated as mp/e fresh weight) of
lomato (Lycopersicon eseulentum, Mill) and sweet pepper
(Capsicum armnuum, L) plants at 45 days after transplanting
during 2001 and 2002 seasons

Character Chlorephyil : '
ol o) aTh) Carotcnoids

Seasang Seasons Seasons Scasons
Treatment™{2001 | 2002 | 2001 | 2003 2001 | 2002 | 2001 | 2002 |
Tomato

Control 041 1061 | 038 [ 036 [ 0.9 1 107 020 [ 0,48
Black 047 | 067 [ 0,39 | 0.2 036 | 1.19 | 022 | 0.50
Red 0.57 1 0.82 [ 045 | 0.63 102 | 1.45 | 031 | 0.58
Red +black | 0.62 | 0.35 | 0.50 068 | 102 | 153 | 032 1 0.63
Blue 0.50 | 0.66 | .33 | 0.53 034 ) 120 [022 | 049

o T Sweet pepper . j
ntro I y 034 | 040 T 0.0 090 | 0,30 | 032
Rlack 063 | 0.55 1036 | 0.39 0.99 | 094 | 033 | 0.37
Red 033 | 061 | 0.49 | 0.49 122 | 1,10 | 043 | 0.4%
Red +black | .75 071 | 0.5 ["0.57 131 [ 128 050 | 0.55

Tiuc 064 1056 1033 [ 042 | 097 Toss o

—————me 0.98 | 0,32 | 031
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I1.1.2-Leaves characteristles @

As shown in Table (7) the number of lcaves formed on wmato and
pepper plants a1 60 days after teansplanting was high significantly increased with
different used mulch colors during the two seasons compaced with the control
plants, Exception was only that Insignificant increase existed with black mulch in
cass of pepper plants in the two scasons, These resulis are of great inlerest
because their reversion upon the final photosynibesis ared, thereby the net
assimilates that could be mainly dirccted to the developing fiuits.

Wilh regard to the leaf area in bath 1omato and pepper plants, it could
also be noticed that its high significant increase was oblained with each of red +
black and red mulches in the two scasons, but the increass reached to $% level of
sipnificance only with bluc mulch in case of tomato plants, Meanwhile,
insignificant increase in this area was only existed with black muleh in esch of
lomato and pepper plants dusing the two seasens These results could also be
oom{:crcd as a complele reflection of increasing of each of branches and lcaves
rumper.,

While, high significant increases were dominanily exisied in leaves fresh
weight of both tomato and pepper with various colors of used mulch surface, [t
could be policed that sed + black gave hiphest values followed by red, blos and
biack mulches,

In general, shoots fresh weight of tomato was increased with various
colors but reached the two levels of sigalficance with red + black (in the two
seasons) and with red color (in sccond scason), while reached the level of 5%
significance wilh red and black colors in fiest and second season, respectively, yet
the 1est showed only insignificant inceease. Meanwhile, in case of sweet pepper,
the increase in this parameter reached to the high level of significant (1%) with
different used coloes of mulch surface except with black one, since ths increase
did nol reach $%4 level of significance,

In addition, increment of shoots fresh weight cither at 45 or 60 days
could be a base for incrcasing cach of leaf area, number of both Ieaves and
branches and the photosynthetic eficiency, (hereby more dry matter production
and their allocation 1o fruits are being expested,

The cbtained resulls were in harmony with these eblainad by Decoleau
e/ al. (1990) on pepper plants Chakraborty and Sadhu (1994) on tomato planis, In
this respect Kaspertauee and Hunt (1993) ceported that light reflected from the
surface of plastic mulch can have a pholo-regulatory role in growth of young
tomato (Lycopersicon esculentum, Mill) plante,

11,2« Dry mattcr distribution :
As shown in Table (8) differeet applicd mulch colors significanily in
most cases affocted dry matter distribulion, Le. partitioning and allecation,




Studdies On Photomorphogenesis In Some Economical Plants, 1485

-t

WIS FUT I oy po g3ed Tu P MY FAIS ,
orr | oaoe [Jamsr bt [ssmn Jeem f[oer [ owe | = | — [[ese Lo [[ = | — || s | w» || 100
x | o [l weo | s oo e || x| we || — | — || we | sow || — | = || orr | rox || sov nx
wwot | rrze Y| oror | soes || aver | seer || conn | oren Woovar | et ) ser [ svw || renie | svsnn || sy | s g
oras | wony [ sswe | eows B oceen | ocewn [ ovse | oseer | rries |ooooss || corn | otws Hovere | swee | s [ e || aveqepy
ot'el | 2ttt B | elte || eaTe | oeuc | sert | owver || $1of | ab'ter || eve pE || LrTee | SeEE ) Te | ™y
sent [ over [ ez |oeost || oree | orrs || 5w | svor Mesa | svest ) oeer | e [ eewer |ocosee || cez | oy )
et | sz | ovee | oeote U rsvr | wees || wir | oave [Joveen | s || e | sox [[eecor | menn ||t | mew e
22ddod 1d0oMSy
wr | osoe |[eeor | s || man | erw [eeue | e B o= | = o | mec || — | — B we | 22| 100
we | nz || e | os || ees | ses | ozme | 169 § o= | = Rron | ers || — | — || st | v || swe b T
coet | exor || svwe | tese || reer | cowr || ave | osens [{zeess | orecet | et | e [[asest | oeesa || awe | s g
teol | cror || ecee | seee || eowr | oz || w55 | seua [[oress §oavsor || ecer | avor || wwvmir | seses || cven | oeren )| owrae pou
et | osue || swse | mewe || sevr | e || evws | eawr [| evser | ovswe || seur | owes Yoo | eosse ot [ avn || e
xenr | ters || evoe | reve || test | were || wee | soer || orer | eonez || tsre | aest [[svore [oesse [ we | aes | v
ety | seor || Tose | ss<e || seve | aeet || sym | aeve || cooor | oweor || vuw | eu || ewvor | oovet | t6z | 5w || reured
OIVWOo L ;
s | ot | ewt | reer | et | 1ot LS%_I_.E tor | 1ot || tot | 1eor J] s | et || teet | et 1
TS (IS WIS TTEN I Tenty CIoES Judageaa)
I [ o O ey
h wﬁm.ﬁm. ul i lap-ihonos e PO oot S 13 Lip waerg 19913 &g vuis, SN |

< TORTA T0OT FUE LOOL 34109 JVSR NI 20T FLTP ¢ 38 1an)d () enraws sy )
234 3d 3anr pre [Ty WA BANEALOLT) 0TRG01 2 196q1 1ELI0 BADUIP V) eaguiep 1e leap w0 Jeod diepees qdpe i Cadid 1212y 12) 0L




1486 Annals Of Agric. Sc., Moshtokor, Vol. 43(4), 2005

In this respodt, stems (main stem + branches) dry welght of both tomato
and sweet pepper showed ils high significant increase with different colors of
applied mulches during the two scasons, The exception was only that
insignificant increase with the blue mulch color duning 2001 season and with
black mulch in the two seasons in case of pepper plants, These values reached
more than three times and more than fous times cspecially In 2002 season with
the red and the red + black color mulches in both temato and pepper plants.

As for leaves dry weight of tomato and sweet pepper, it is more evident
2150 that different mulch colors inereased it (o reach the high level of sigaificance.
The only cxceplion was that increase at $% Jevel with blee mulch in tomato
duting 2002 scason and the Insignificant increase with black mulch in sweet
pepper during both seasons, Here, of integest to nole that more dry maticr being
accumulated in leaves that is not caly necessary for vigorous gromth of grown
plants but also could be in favor of developed formad fruits. So, high yiclded
fruits being mose expecied,

In addition, total dry weight of shocts as well as their relation to control
made the cbiained resulls also more evident,

Morcover, of great interest also those results obtained about dry matter
distribation in stems and leaves, since increases in Jesves mostly on the account
of that being necumulated or directed to stems. That, because values in leaves
exhibited insignificant increase but insigaificant reduction was dominantly
existed in case of stems, that was Lrue only at 60 days of plast old not at 45 days
of eld, Those differences ia dry matter accumalation existed in the first sample
could be attnbuted mainly to vanations of assimilates translocation rates and
individual allocation of assimilates dusing this casly stage of growth,

On the other hand, the specific leal weight showed reduction in the
common rate of increase that existed in other parameters. That could be also of
interest, bocause it means that more dry matter being accumulated from the came
lcaf arca when compared between that of different treatments and that of control
ong,

In this respect, othier studies also reported similar positive cffocts of the
mulch colors on the improvement of tlomato vegelative growth (Adams, 1997 and
Fortaum et al, 1997) and stranberry vegpctative characteristics (Wang et al, 1998
and Kasperbauer, 2000),

IL3 - Photosynthetic pigments:

Data in Table (9) clearly indicate that different used colors of applied
mulches increased cach of chlorophyll a, b and carctenoids concentration in
leaves of tomato and sweet pepper at 60 days from transplantation dusing the two
assigned seatons compared with the control values.

Also, it could be noticed that maximum increase of all these plgments
existed in case of red + black mulch color followed by the red one meanwhile the
black on¢ ranked the last in this respect.
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Table (2} Effect of polyetbylene mulch surface color on photosynthetic
pigaieats concenteation (caleulated as mg/g frosh weight) of
tomata (Lycopersicon esculentunr, ML) and sweet pepper

(Cq‘m‘cum annuwm, L) plants at 60 days after teansplanting
duriog 2001 and 2002 seasons .

Character Chlorophyll Carotenoids
(2) {b) {ash)
Scasons Seasons Seasans Scasons
Treatment ™ 2001 [ 2002 | 2001 [ 2002 | 2001 | 2002 | 2001 | 2002
Tomato
Control 0.60 | 063 | 045 | 051 [ 105 [ 1.19 [ 0.35
Black 060 | 0.72 | 045 ] 056 | 105 | 1.28 | 036
Red 071 1020 | 055 ) 0.60 | 126 | 1,40 | 0.44
] Red+black | 086 | 084 [ 073 1072 | 1.59 | 1.56 | 0.51
Blue 063 [ 09 | 045 | 057 | 1.08 | 1,33 | 0.36
Sweet pepper

Contral 055 ] 0551036 [ 033091 [ 0.38 [ 0.34
Black 0.52 | 057 | 042 | 040 | LGOI | 097 | 0.37
Red 075 1071 [ 055 ) 05 [ 13| 122 | 048
Red +black | 084 | 059 | 064 J 053 | 148 | 132 | 0.52
Blue 072 | 065 | 047 | 045 | 1,19 | 1.10 § 0.35

[n addition, of inlerest also 1o refate the stimulation of photosynihetic
pigments creation with that of dry maiter produced in each of stems and leaves
that existed at 45 and 60 days of plang age.

In this respect, Bradburne ef el (1989) reporied that the elfect of FR/R
ralio oa saybean and tobaceo socdlings was not anly allecalion of pholosynthates
among leaves, stems and roots bul also on the deselopment of phetosymibetic
apparacus, chlorophyll concentration and photasynthetic efficiency. also, Oguchi
el al. (2003) hypothesized that the increase in e photosynthetic capacily in a
high Light condilion was due 1o (1) increased activity of Rubisco; (2) increased
concentralion of Rubisos in chloroplasts; (3) increased number of chloroplass;
(4) Increased volume of chlosoplasts; or {5) a combination of some of them.

II-Effect of muleh surface colors an absolute growth rate:

Here, it could be noticed that, stsalute growth e of cach of stems and
Jeaves was increased to roach the highest lovel of significant (1%6) in most cases with
dilferert used mulch coloes compared with ¢oetrol values (Table, 10). However,
insigraficant increse with blue mulkh in toemato 2nd with black one in sweat pepper
during the two scasons was recoeded, Also, it ocould be noticed that rod + black canked
the finst followed by red nvalch in both sonalo and pepper plants.

Thercfore, the absolule growth rate of tolal shools also behaved as the
same as [n leaves with different malch cologs and also the red + black treatment
gave the highest values, meanwhile the red treatment ranked the second during
the two seasons.
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A photo-regulatory role for upwardly reflected light on tomato plant
development in plastic mulch culture has been established (Decolean ¢f af.,
1588). Morphological development of young, tomato plants was aliesed by subtle
changes in the wavelength composition of light reflocted from various painted
colors of polycthylene surfaces (Decoleau of af., 1986), Differences in tomato
plant deselopment ¢an be indueed in controlled environments by cxposure to red
(R) and far-red (FR) light, implicating phyto chrome as the sensing mechanism
(Decotean ef al., 1938 and Tucker, 1975), Tomalo plants treated with FR light at
the end of the day geew taller and had fewer branches than temato plants teeated
with R light. Even subtle changes in the FR: R ratio can have a nujor influcnce
oa plant grawth (Kasperbawer, 1988 and Kaspecbaver ef af,, 1964), Because
tomate plant growth is respensive to subtle changes in the plant light environment
allernative colors of mulch that selectively reflect desired navelengths of light

into the plant canopy may have potential for improving tomato yields under ficld
conditions,

IV-Chemical composition;
IV.1- Mincrals and crude protein concentrations:

With regard to the mineral concentrations, data in Table (1) clearly
indicate that different used mulch colors increased N, P and K concentrations in
leaves of tomato and sweet pepper plants at 45 and 60 days afee transplanting
duning 2001 & 2002 seasons compared with controd values. Also, it could be
noticed that the highest increase of any of these elements oblasned with red mulch
alonc or that used as red over black treatment,

As for protein concentration, it could be noticed that it behaved as the
sme as in case of clements, since the three used color mulches Increased this
content dusing 1wo assigned scasons. So, proicin concenlrtion in leaves of
tomato and pepper plants grown above different applicd melch surface colors was
higher when compxared with the control ancs.

IV.2-Sugars and carbohydratcs concentrations at 45 and 60 days
after transplanting:

As shown in Table (12), tolal carbohydrates and 1otal soluble sugars
(reducing and non reducing) in Jeaves of tonssio and pepper plants were increased
with different used muleh colors during 2001 and 2002 scasons at the two times
of determination, ie. at 45 &60 days afler transplanting, compared with the
<ontrol values.

Again, red muleh color when used above black muleh gave the highest
<ontents of both total carbohydrates and soluble sugars during the two seasons
folloswed by red then blue mulch, while the black mulch ranked the last, That was
Lrue at the two times of determinazon during the two assigned scasons.

In this respest, high total carbobydrates is a direct result for high rates of
Photosynthesis with great efficicncy. That was preceded with targe photosynthetic
arca (Tables 6 & 5) and high content of photosynthetic pigments (Tables 8 & 11)
as well under the treatments of varicus mulch colors but it reached its maximum
with red ane,
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, sed mulch being reflocted more red and farered light (Tapy,
and 4) (os:sa]n pecetrale the photosynthelic area of growing tomatg 34 ;3-3
pepper plants that is related with the alleration of RAFR ratio, uzmuomm.;‘;
calio hat been recommended to increase photo-assimilate accumulalion iy w
translocation out, of the photosynthetic leaves (Kaspc.rbaucr 1988, 1993 o,
2000), Kasperbawer and Hunt (1998) and Runkle and Heins (2001),
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