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ABSTRACT

Ficld experiments were conducted at E)-Baramoon, Res. Station. Hort. Res
Inst, during the late summier scasons of 2001 and 2002, Egpplants were sprayed with
50 mg/l B in form of boric acid, 100 mg/l Zn inorganic form and 2000 mg/l Ca
inorganic form, as well as 25 mg/ GA; (growth regulator} and 20 g/l. ghicose, one
month afler transplanting. Treatmenis were done separately as well as their different
combinations. Spraying was repeated 3 times with intervals of 20 days after the first
one.

The main results obtained could be summarized as following:

The combination of calcium and GA, in both seasons gave the highest
significant increases of all measured vegetative characteristics (plamt height. No. of
leaves and branches). On the other hand, carliness of flowering showed its maximum
value with the combination of zinc with sugar. Also. of interest that the same
ireatiment gave the highest significant increascs of each of percent of fruit setting,
yield/plant per arca and per feddan, as well as fruit diameter and drv matter percent of
fruit. These results were nearly the same in both seasons. Furthermore. the samce
treaument showed priority 1o increase different estimated bioconstituents.

As for seed vield of the second part of this study. it was cvident that
different aspects of seed yield expressed as seed vield either per plant or feddan.
weight of 1000 seeds and seed germination percentage were mosily affected with
applied treatments. In this respect calcium. calcium + GA; and calcium + sugar
gave the highest values regarding seed yield and its characteristics.

INTRODUCTION
Eggplant is a staple, public and commeon in food dishes that originated in
Egypt as well as in Southern Europe. North Africa and also has found its way into

the American diet from several cultures, (Hewedy et al., 1996a and Russo, 1996).

Eggplant known 1o be subjected to adverse effects of high temperature
when day and night temperatures are excegded 20/25°C (Wien, 1997). In the last
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Eggplant known to be subjected to adverse effects of high temperature
when day and night temperatures are exceeded 20/25°C (Wien, 1997). In the last
few years this was the case in Egypt. since extreme high temperatures were
prevailed during late summer months. Consequently, eggplant chlorosis.
abscission of chlorotic mature leaves and flowers, poor fruiting and bad fruit
quality (heat stressed planis) were frequently observed during this period (Fathy
et al., 2003),

Recently, it was demonstrated that an internally inducible stress known
as oxidative one, the internally generated reactive oxygen species {(ROS, toxic
oxygen free radicals), those were the main factor beyond all the heat and other
stresses related disturbances. Also, it was stated that ox. stress tolerance
considered as an important factor for all stresses tolerability (Cakmak and
Marschner, 1992 and Mckersie ef al., 1996).

- Higher temperature stress either accelerate the formation of toxic. ROS
within plant tissues or impair the normat defense mechanisms that protect tissues
from ROS toxic effect. Such stress induce higher O, photo reduction within
chloroplasts or electron transport disturbance, and donation of cleciron 1o O;
within mitochondria, all led to generation of toxic ROS.(Bowler et al., 1992;
Elstner and Osswald, 1994, and Mckerise et al., 1996). Those ROS {(H,0., OH,
O, ....) damaged chloroplast, reduced carbohydrate synthesis and exportation
and hastened oxygen senescence (Dicknson ef al., 1991), attack cell membranes
led to their degradation and leakage of cell solutes, denaturation of proteins and
enzymes, damage of nucleic acids, degradation of chiorophyll and suppression of
all metabolic processes, finally senescence and death of cells and tissues, hence,
stimulate flower abortion and reduction of yielded fruits (Stroev 1989; Diknson e/
al., 1991; Cakinak and Marschner, 1992 and Taiz and Zeiger, 1998).

More recently, groups of naturally occurting or exogenously applicd
substances known as antioxidants or oxygen free radical scavengers were used. In this
respect, (El- Ghamriny ef al., 1999; Arisha, 2000 (Vita. C), Fathy et af., 2000 (Vita. A
& C from carrot extract), EL-Lithy ef al., 2001 (Vita. C); Fathy et al. 2003 (citric
acid)) all were concerned with other eggplant vegetables. Also Hewedy et al.. (1996 a
& b} were concerned with the effect of some minerals and stimulators on eggplant.

In the present study, Boron, Zinc, Calcium, glucose and gibberellic acid
were applied. In this respect boron is one of nutrients that are important in energy
storage of structural integrity including sugar transpon, cell wall synthesis.
lignification and cell wall structure; carbohydrate, IAA and phenol metabolism
and respiration (Loomis and Durst, 1992; Shelp. 1993 and Bondok. 1996).

Also, zinc plays both a functional, catalytic (Vallee and Auld, 1990) and
structural role in enzyme reactions (Coleman, 1992; Vallee and Falchuk, 1993
and Utsusomiya and Muto, 1993). In this respect the role of zinc in protein
molecules especially the regulation of gene expression was investigated (
Coleman, 1992). In addition, many zinc-dependent enzymes are involved in
carbohydrate metabolism ( Kitagishi and Obata 1986) as well as its essential role
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in auxins and its precursor tryptophan biosynthesis { Domingo eif al, 1992).
Beside its requirement for maintenance of integrity of biommembranes, (Pinton ef
al., 1993). Moreover, zinc plays a key role In controlling (scavenging) both
generation as well as detoxification of free oxygen radicals. In which that led 1o,
potentially damaging of membrane lipids, photo-oxidation in chloroplasts,
disturbances electron transport in mitochondria. clectrolyte leakage from vacuoles
and distruction of protein synthesis in ribosome’s (Brown ef af., 1993, Marschner,
1995 and Mckerise et al., 1996).

As for calcium, in recent years, it has attracted much interest in plant
physiology and molecular biology because of its function as a second messenger in
the signal conduction between environmental factors (such as high temperature) and
plant responses in terms of growth and development. This function of calcium is
causally related to its strict compartmentation at the celluiar level (Marschner, 1995
and Sanders et al., 2002).

Of the other materials being used in the present study were sugar and the
growth regulator gibberellic acid. Since, glucose the common source of sugars is
an energy — related organic compound and also for racing the carly and argent
sugars requirement for flowering and fruit setting (Mukherjee ef al., 1991 and
Takeda et af, 2001). While, gibberellic acid as a phytochormone plays an
important role in the sink- source relationships as well as on the tolerability of
plants to endure stress conditions such as high or low temperatures (Gadallah,
1999).

Therefore, it was the objective of the present study how to improve the
vegetative growth and minimize flower abortion and increase of fruit sesting and
yield as well as their content of seeds under stress of the high temperature of late
summer season. That, by using the more physiologically active materials, i.e.
Boron, Zinc and Calcium elements, glucose as a rich source of energy and the
growth regulator Gibberellic acid (GA,).

MATERIAL AND METHODS

Two field experiments were conducted during late summer seasons of
2001 and 2002, to study the effect of some mineral nutrients i.e. Boron, Zinc and
Calcium, the growth regulator Gibberellic acid and the common source of energy
i.€. Glucose and some of their combinations on eggplant Cv. Black Buety.

Seeds were sown in foam trays filled with peat + vermiculite (1:1) and
enriched with nutrients. Seedlings were transplanted at 45 days after sowing (end
of April) in rows on one side of ridge 3m long and 0.8m width. at 0.4m apart with
4 ridges per area (9.6m”).

Treatments were as following:

1- B at 50 mg/1 in form of Boric acid (16% B).

2- Zn (chelated-Zn) at 100 mg/1 in from of Zn- EDTA (14% Zn).
3- Ca (chelated-Ca) at 2000 mg/l in from of Ca- citrate (20% Ca).
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4- GA; at 25 mg/l 5- Glucose (Sug.) at 20 g/l

6- The combinations of B + Zn, B +Ca, B+ GA;. B+ Sug., Zn + Ca, Zn+ GA3, Zn
+ Sug., Ca + GA,, Ca+ Sug.. GA; + Sug., B + Zn + Ca + GA; + Sug. and
unsprayed plants as control. These individual treatments were used in
combinations at the same concentrations, RCB design of 3 replicates was
adopted; each replicate contained 17 treatments.

Plants were sprayed 4 times first at 30 days afier transplanting and
repeated each 20 days interval. All cultural practices were performed as
recommended.

A- Vegetative growth parameters:

Representative 5 plants from each area were taken 95 days after
transplanting for determination of plant height (cm), number of leaves and
branches/plant.

B- Chemical constituents:
At the same stage samples of 4" leaves were taken from plants of each
area and used for the following chemical analysis:
(1) Photosynthetic pigents:
Chlorophyll a, & and carotenoids were determined spectrophoto-metricatly
according to the method of Nornal (1982), and calculated as mg/g fresh weight.

{2YMinerals concentration:
N. K and P were determined according (o the methods of Horneck and
Miller (1998); Horneck and Hanson (1998) and Corton (1954), respectively.

(3) Bio- constituents:
Total carbohydrates were determined according to the method of Michell
et al, (1956) and total phenols by the method of Snell and Snell (1953),

C- Flowering behavior;

Earliness of flowering were recorded as well as fruit setting (%): was
calculated from number of flowers and fruits which were taken from 25% marked
plants of area, then calculated
As No. of fruits/plant

No. of total flowers/ plant

x 100

D- Fruis yield and its components:
Fruit yield and its components were recorded from the plants of two
rows of 4“‘ SN

Number and weight of fruits from the curnulative harvesting all over the
season of the area (4.8m?) were recorded and used to calculate the foliowing:
1- Fruit number/plant. 2- Average fruit weight (g).
3-Fruit yield {kg)/ plant. 4- Total yield (Ton)/ Fed.
5- Relative vield (%) calculated by the equation of:
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Yield/plan t of the treatment

Yield/plan 1 of control
6~ Fruit length and diameter (¢m) and fruit dry matter content (%).
were determined from the middle season harvested fruits.

x 100

RY % =

E- Seed yield and its components:

Those were taken from the remainder two rows {(4.8m” area) of the area.
Only first 4 fruits of plant per area (4.8 m®) were left and then harvested
successively at the sced stage (over ripe senescence fruits) seeds were manually
extracted.

Number and weight (g.) of seeds/ fruit, seed yicld as (g.)/plant, or (Kg)/
area and total seed yield (Kg)/ Fed., sced index wi, of 1000 seeds (g.), seed
germination (%) were determined.

All obtained data were subjected to analysis of variance test and
significant differences among means were calculated according to the Duncans
multiple range test, Duncan (1955). Also, day and night temperatures during the
whole period of experiment (two seasons) were presented as shown in Figs.
(1&2).
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Fig. (1): Temperature during 2001
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Fig. (2): Temperature during 2002
RESULTS ANP DISCUSSION

A-Vegetative growth characters:

Data in Table (1) show that plant height was significantly affected by all
tested treatments during both seasons of study. In this respect, irrespective of
treatments of Zn alone or combined with either Ca or GA; which reduced plant
height compared with the check treatment (unsprayed one) all the other
treatments significantly increased the plant height. In this regard, the highest
values were recorded in case of spraying plants with Ca combined with Sugars
during both seasons of study.

Regarding the number of leaves per plant, it was affected by different
spraying treatments during both seasons of study. In this respects, the highest increase
was achieved by spraying plants with Ca x Sug. in both seasons. On the other hand,
treatment the plant with B x Ca, Zn x Sug. and Zn x Ca, resulted in significant
reduction in leaves number/plant.

As regards the number of branches per plant, data in the same table
revealed that most of studied treatments significantly increased, except that
treatmants of Ca x GA; which led to a significant reduction during the two
scasons, compared with the control was observed.

The above mentioned results clearly indicate that the treatment of
calcium combined with sugar gave the highest values concerning plant height,
number of leaves and of branches per plant in the two assigned seasons, was
obsesved.
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Table (1): Effect of different applied materials (B, Zn or Ca; Sugar and GA;)
and their combinations on some growth characters of eggplant
during 2001 and 2002 seasons.

2001
Plant No. of
height Leaves/
cm plant
9143B | 8120C
6973FG | 6560EF
9043B | 87.10AB
7947CD| 5623G
8420C | 8533BC
7297EF | 69.57DE
8063CD| 4667H
8160CD | 6260F
9087B | 6773DE
6663GH| 5263G
63.27H | 67.33 DEF
7240EF | 5197G
91.73B { 70.77D
98.27A | 9080A
7780DE ! 830 AB
8467C | 7080D
T077FG| 5563G

The same letter(s) are not significantly difference.

This increase in growth parameters could be attributed to the
physiological role of Ca, since calcium participates in cell wall and plasma
membrane formation, thereby, increasing their hardiness and protein metabolism
and transportation as well (Hepler and Wayne, 1985: Fergusen and Drobak, 1988
and Marshener, 1995). Besides, sugar acl as a source of energy for different
physiological reactions; it also participates in osmoregulation of the plant cells
(Mukherjee ef al., 1991 and Takeda er al. 2001). The vigorous growth of
eggplant that existed with calcium treatment could be attributed to its key role as
a regulator of many celiular functions (Bush, 1995). Since Ca® generally acts as a
protective in reducing the rate of plant senescence and fruit ripening by: (a) a
reduction or delay cell wall breakdown. (b) maintenance of membrane function.
{¢) maintenance of pools both inside and outside the cell that allow retention of
the capacity for signal transduction. Thus, we can conclude that Ca>* may have
quite opposite effects on senescence. depending on whether ?rotection and
maintenance of normal cell metabolism, or collapse of cellular Ca®' regulation, is
manifest. The latter situation would be contingent on earlicr events in senescence.
That finally could be reversed into vigorous growth of treated plants (Ferguson
and Drobak, 1988). So. the interaction effect of Ca with sugar may have a role in
diminishing the harmful effect of heat stress on eggplant under the high temperature
of late summer season.
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B-Chemical constituents:
1- Bioconstituents

With regard to photosynthetic pigments, data in Table (2) show that
during the two assigned seasons, all applied treatments showed significant
increasc in leaf pigments concentration (chl. a & b) compared with the check
treatment. In this respect, the highest values of chl. a,b and @ + b were achieved
in case of Zn combined with Sugar. The same trend was also obtained regarding
total carotenoids concentration. This increasing effect may be due to Zn in which
act as antioxidants and protect the chloroplasts against the formation of toxic
ROS levels thereby prevent degradation of pigments, and inhibits the
photoxidation of pigments that arise under heat stress conditions during late
summer season {Domingo et al., 1990. Brown et al., 1993 and Sorte et al.. 2001).

Also, Zn acts as a functional or regulatory cofactor of a large number of
enzymes including those participate in photosynthesis efficiency (Brown et al,
1993), hence, carbohydrates synthesis and accumulation,

As for total carbohydrates concentration, it was being increased in most
cases with various sprayed treatments relative to control one. The highest value in
this respect was obtained by using of Zn combined with Sugar treatment. Of
interest to note that, increases of carbohydrates concentration were preceded with
the highest concentrations of photosynthetic pigments.

As for the total phenols also Table (2) shows that its content in leaves
was significantly increased with different sprayed treatments. In this respect,
phenol could be protected the sprayed plants and make them more tolerable for
the heat stress of late summer season, that is because phenols act as antioxidants
{(Mckerise ef al., 1996).

2- Mineral concentration:

Data in Table (3) clearly indicate that all treatments significantly
increased the N, P and K concentrations in treated leaves compared with the
untreated plants in both scasons. In this connection the highest value was obtained
when plants treated with zinc combined with sugar. This increase may be
attributed to Zn in which it may prevent the formation of free radicals {G; "H;0,
OH), thereby, the membrane leakage and chlorosis and necroses of leaves.
Besides, it may prevent the oxidative degeneration of IAA and consequently
increases the level of IAA in plants. Such increase causes an enhancement of
plant growih and mineral nutricnts uptake and translocation, or partially due to
that sugar acts as an osmoregulator in plant cell; the process that participates in
cnhancing mineral uptake and translocation in plants and consequently the higher
concentrations of mineral in plant tissues (Dhakshinamoorthy and
Krishnamoorthy, 1989; Cakmak ef al., 1989 and Marschner, 1995).

C- Flowering and fruit yield and its components:

As shown in Table {4 & 5) that spraying the plants with boron at 50mg/t,
Zn at 100mgA, calcium at 2000mg/1; gibberellic acid at 25mg/1 or 20 g/l sugar as
well as their combinations significantly shortened the number of days required for
25% flowering of sprayed plants.



Table (2): Effect of different applied materials (B, Zn or Ca; Sugar and GA;) and their combinations on photosyathetic pigments
lant during 2001 and 2002 seasons.

and some biocenstituents of ¢

2001 2002
Chlo. | Caroten | Total
Trestments| Chloa q:;: C:;’:’ Carotencids | ‘”‘Iy " pTI owr f:;; ?:L‘/’gb ath | oids |carboby| Total
mg/g fresh frest frest mg/g fresh mg/g mg/g drae | phenols
weight . ; weight ates mgfg | mp/g fr?sh f".ﬂl fresh | fresh | mg/g [mg/gdwt
weight | weight dwt. dwt | weight | weight weight | weight | dwt.
BS0 1417FG | 08567 | 22737 | 04927 | 2170F | 1136G | 1415K | 0854) | 22697 1 0491] [2170G| 1149E
7n100mgl| 1334G [0729L] 2063K | _0469K | 2164F | 1124G | 1334L | 0723 L | 2057K | 0.468K | 212G | 1131E
C;;‘?“ 165BC |1L120E| 2776D | 0818D | 2406E | 11.73F | 1663E | 1.118E | 2781D | 0818D | 2410F | 11.55E
GA.2Smg/l| LABEFG | 09931 ] 24661 | 05701 | 1974FG | 1162F | 14617 | 09921 | 24531 | 0501 | 1959H] 1154E
20gh| 127201 [0734K| 2008L | O41IL | 3309B | 11.23G | 1.269M | 0.731K | 2.000L | 0412L | 2966C ] 11.26E
BxZn | L713B |1188B| 2001B | 0891B | 3423B | 1351B | 1714C | LISTB | 2.002B | 08918 | 2103E | 13498
BxCa | 1S512DEF|LI37C| 2649F | 0711G | 2715D | 1255E | 1511H | L136C | 2647F | 0711G | 17837 | 12.52D
BxGA, éé;‘; 06I0N| 2184P [ 03190 | I1718H | 1033H | 17738 | 0609N | 23%2P | 03180 | 1705K | 1054 F
Bxs | LIOIUK 10639M] 1830N | 0365N | 1853GH | 1036H | 11860 | 0647 M | 1828 N | 0363 N | 3396 B | 1035 FG
ZnxCa | 1226H1 | 0585P | 18110 | 0378M | 1795GH | 11.20G | 1223N | 05820 | 18050 | 0375M | 185.11 | IL3E
ZnxGA, | LIITIK [0575Q] 1962M | 0305P | 1754GH | 10.16H1] 1.116P | 0575P | 1691Q | 0304P |1743JK| 10.14G
ZnxS | 1973 A |1880A] 3853A | O0941A | 3673A | 1528A | L976A | 183 A | 3850 A | 0945 A | 3964 A | 1535 A
CaxGA, | 1960A |1123D] 3083C | 0853C | 2882CD | 1342B | 1688D | 1.127D | 2815C | 0851 C | 2876D | 13.52B
CaxS |1562CDE|1002H| 2564G | O71SF | 3421B | 1284D | 1.560G | 1003H | 2.563G | 0.716F | 3405B | 1281 CD
GAsxS | 1487EF [1058G| 2545H | 0593H | 2854CD |1288CD] 14871 | 1057G | 2.544H | 0591 H | 2873D | 1282 CD
Mix | 1642BCD| LIOGF | 2748E | OT32E | 2954C | 1308C | 1642F | 110GF | 2748E | 0734 E | 2924C | 13.09C
Control | 108K 06050 1681 0279 1694H | 10041 [ 1.077Q | 0610N | 1687M | 02820 | 108K | 1006G

The same letter(s) are not significantly difference.
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Table (3): Effect of different applied materials (B, Zn or Ca; Sugar and GA;)
and their combinations on N, P and K concentrations in leaves of
egeplant during 2021 and 2002 seasons.

Treatment 2041 w002
N % P % K % N % P % K%
B S0 mg/l ‘“}_1191 0677E | 314G [339DE ] 0678H 3127
Zon 100 mgfi | 3401 | 0665E | 3.19G 341 DE| 0.663] 3181

Ca2000mg/lf 40C | 07398 | 346D | 398B | 0740 C 352E
GA,25mgfl {347H | 0677E { 338E (345CD | 0677H | 336G
Sugar 20 g/l | 320K | 0.629F | 3.08H 3.21F 0.625] 3.087]

BxZn 336) |[0777A | 387B | 368C | 0777B | 386B
BxCa 3.67F [0.725BC| 333E | 3.66C | 0.726E | 334G
BxGA, 298N [0395H | 274) [299FG | 0396M | 275L
BxS 3.01M | 0463G | 2971 |301FG! 0463L | 297K
ZnxCa 304L | 0469E | 315G | 3.02FG | 0466 K | 3.13J
ZnxGA, 2800 | 0393H | 279) | 281G | 0349N | 279L
ZnxS 497TA|0784A | S02A | 495A | 0781 A | 400A
Cax GA, 404B [0721CD[ 363C | 403B | 0.700G | 359D
Cax S 3.92E [0.713CD| 343D | 392B | 0.700G | 34LF
GAxS 356G [ 0707D | 328F [357CD| 0.703F | 3.24H
Mix 3.96D | 0.738B | 368C | 3.94B | 0.737D | 366 C
Control 210P [ 03411 | 221K | 203H | 03410 | 220M

The same letter(s) are not significantly difference.

The highest carliness existed with the combination of Zn + Sugar
followed by baron + Zn, then the mixture of diflerent applied materials, Ca, Ca +
GAj and Ca + B, respectively. The above mentioned results were of 2001 scason.
vel. nearly similar results obtained during 2002 season.

With regard (o the fruit scfting, it could be also noticed that significant
results with the different applied treatments were also obtained during 2001 and 2002
scasons. Also, the highest percentage of fruit set was obtained with Zn + Sug. in both
scasons. Meanwhile, the treatment of Zn + B gave the second value in this respect.

As for the fruit yield per plant, data in Tables (4 & 5) clearly indicate that
fruit number and fruit weight per plant were significantly increased as a result of
all the studied treatments compared with the control treatment. In this respect,
spraying plants with solution of zinc plus sugars ranks first and reflected the
highest increment in number and weight of produced fruits per plant followed by
treatment of Zn + B, Ca + GAs and Ca + Sugar, respectively. The obtained yield
reached 3.15 and 2.99, 3.09 and 2.91 in cas¢ of using Zn + Sugar and Zn + B
during first and second season, respectively. The superiority of Zn plus sugar in
increasing number and weight of fruit per plaat may be due 10 the main role of
zinc and sugars upon increasing bioconstituents and N. P, K absorption (Table, 2
& 3) as well as the effect of Zn + Sugar on pollenation, pollen grain development
and fertilization which internal increased fruit setting % and fruit development
which consequently increased the number and weight of fruits/ plant.



Table (4): Effect of different applied materials (B, Zn or Ca; Sugar and GA,) and their combinations on flowering and fruit vield

of eggplant during 2001 season.

pr——

The same letier(s) are not significantly difference.
* 25% flowering plants.

- Earfiness | Fru | Yied Yield /area Total | Relative | Average | o 0 | pnien, | D.M% o
Treatments Days) * | setting % fplamt Weight yield total | weight of (cm) (Cm) fruit
) K0 | Vo | Number | (ow Fed) | vidd% | froit @
I BSomgt | 680DE| TTF | 237CD | 35.55F | 1200FGH |2R4dF | 1092 | 273.7DE | 1076 EFG | 873BC | 9.141
[Zn100mgh | 8938 | 760EF | 230CD | 345FG | 1263H | 276FG | 1060_| 273.2CD | 1077DEF | 871BC | 9411
[Ca2000mpn| 5387H | 76STEF | 285B | 4275C | 1450DE | 342C | 1314 | 2948A | 1197AB_937 ABC| 1033B |
[GA,Z5mel | 550D | T650EF | 233CD | 349FG | 1334FG | 2196FG | 1074 | 26L6E | 10276 | 840C | 96H |
[Segar 20p1 | 5.47EF | 7783 CDE | 230CD | 345FG | 1266H1 | 276FG | 1060 | 272.5CDE | 1070 EFG | 873BC | 906 ]
| BxZa | 5301 | 80.74AB | 309A | 464B | IS8.1AB | 37.12B | 1424 | 2735AB | II43AB | 027E | 1LI1B
T BxCa | 5420H | RGTBCD | 274B | 411D | I408E | 3288D | 1263 | 2919AB | 1150A | 1030A | 958G
[ BxGA, | BB | 613EF | 228CD | 432G | 1256H | 2736G | 1051 | 272.3CDE | 10.70EFG | 963 AB | 8391
I BxS | S680DE | 7637EF | 238CD | 357F | I350FGH | 28.56F | 1097 | 2644DE | 1063EFG | 0.57AB | 839L
[T 2axG 58558 [ 7605EF [ 280D | 5426 | 1IN | 21376 | 1051 | 374DE | 1053FG_ 9%0AB | 872K
| ZnxGAs | 5743C | 7977ABC| 234CD | 350FG | 12361 | 2808FG | 1078 | 2389ABC Aéé; 1007A | 817M
|
[ Znxs | 51277 | SL70A | 315A | 4725A | 1633A | 378A | 1452 | 9LIAB | UL41AB | 1027A | 1285A
| CaxGA, | S40H | 7687DE [ 289AB | 335C [ 1S0ICD | 347C | 1332 [ 2888AB | 110ABC | 10JTA [ 1062C |
[ CaxS | 5467G | 7860BCD | 288AB | 432C | 1536BC | 346C | 1327 | 2812BCD | 1L03BCDE| 993A | O66F
[ GA,xS | 5633F | 1947BC | 247C | 4305 | 1339F | 2964E | 1138 | 2767CD | 10.87 CDEF | 573 AB | 954G
™ Mix 33301 | 90BC | 2184B | 426C | 1273GHI | 34.1C [ 1300 | 3346A | 040H | 843C | 1009E
[ Cowtrdl | 6020A | 71536 | 217D | I338FG | 2604H | 1000 957H | 73D | 785N

‘wnupjos) wod33g JO) p121d paas ® Supmmd] aaosduiy
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Table (5): Effect of different applied materials (B, Zn or Ca; Sagar and GA;) and their combinations on flowering and fruit vield

of lant during 2002 season,
- Eartiness { Fruit setting [Vield /plan Yicld /area Total yield | Relative | Average | pryip 1, | FruitD. | DM. %
@ay* | % & | cight(cg| Number | (too/Fed) [ yid ‘;:g"(g“l‘ ) | (m) | offrul
BS SITAB | 7620CDE | 225FG | 33.J5F | 1256FG | 270FG | 1092 | 2687DE | 106E | 95CD | 9.14G
Zn100mg | 583 AB | 7640CDE | 219GH | 329FG | 1171H | 263FGH | 1063 | 2809C | 110BCD| 99BC | 908G
a2000mg| 544DE | 7833B | 271C | 407C | 1401D | 326C | 1315 | 2905AB_| 114AB | 103AB] 1034D
GA 2Smp/l | 575 ABC | 7627 CDE | 2.22FGH | 33.3FG | 121.3GH | 266FGH | 1077 | 2745CDE | 108DE | 9.7CD | 947F
2090 [575ABC| 7530DE | 2.19GH | 329FG | 1225FG | 263FGH | 1063 | 2686E | I105E | 94D | 903G
BxZn | 538E | 7817B | 291B | 437B | 1224FGH | 349B | 1413 | 3570A | 115A | 104A | 11.08B
BxCa | 547DE | 7830B | 259D | 389D | 1494BC | 3LID | 1257 | 2604E | 114AB | 103AB | 953EF
BiGA, | 591AB | 7847B | 2.17GH | 329G | 1354E | 263GH | 1053 | 2429CD | 109CDE| 98CD | 841l
BxS |576ABC| 7827B | 226F | 339F | 1173H | 270F | 1097 | 2890BC | 110BCD| 99BC | 8421
ZnxCa | 587AB | 7527EF | 206H | 324G | 1208GH | 259H | 1049 | 2682CDE | 108DE | 9.7CD | 867H
InxGA, |5T4ABC| 7573DE | 223FGH | 335FG | 1177H | 268FGH | 1093 | 2846BC | 109DE | 97CD | 8.15)
ZnxS | S09F | 8093A | 299A | 449A | 1214GH | 359A | 1451 | 3694AB | 114AB | 102AB | 12824
CaxGA, | 542E | 7T747BC | 274C | 4LIC | 15488 | 329C | 1329 | 2656D | 115A | 104A | 1061C
CaxS |552CDE| 7830B | 273C | 409C | 140aD | 327C | 1325 | 2919C | 113ABC| 99BC | 969E
GA;1S | 568BCD| 7697BCD | 235E | 353E | 1471C | 283 | 1141 | 239.9CDE | 109DE | 96CD | 9.53EF
Mix | S41E | 7840B | 272C | 408C | 1276F | 326C | 1320 | 3197A | 93F | 84E | 1028D
Coutrol | 593A | 7360F | 2061 | 309H | 12L5GH | 2471 | 1000 | 2543F | O94F | 8SE | 19K

The same letter(s) are not significantly difference.
* 25 % flowering plants.
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Concerning the effect of applied treatments on total yield/Fed., treatments
gave higher values when compared with control, moreover, fruit yield per feddan
was also significantly affected. Since, treatment of Zn + Sug. gave 30.24 and
28.70 ton/Fed. during 2001 & 2002 seasons, respectively. In addition, these
values were descendingly decreased to reach 21.89 with cach of B + GA; & Zn +
Ca during 2001 scason and 20,74 with Zn + Ca during 2002 scason. Meanwhile,
other treatments showed intermediate values.

These results were also analogues when this yield counted on the basis
of control. Obtained results on total yield are connected with the increasing effect
of Zn + Sugars on number and weight of fruit/plant.

Furthermore, different applied treatments posiively affected the
assigned characteristics of fruit quality. Since, average weight, length. diameter
and the dry matter per fruit were significantly increased. In this respect Zo + Sug.,
B + Ca, B + Zn, Ca + GA; were the most effective ones. Other studies also have
been reported similar stimulatory effects of zinc upon flowering and yicld of
eggplant (Dhakshinamoorthy and Krishnamoorthy. 1989; Bid et al, 1993;
Ravichandran et al.. 1995 and Raj et al., 2001).

It is likely that sugar is also involved in pollen grain development, pollen
tube growth and fruit development during seed development (Gahrtz ef al., 1996
and Weber er af, 1997). That, when related with the strict role of zinc upon
pollination and fertilization process through auxin synthesis being of great
importance. Because, that could be lightly interpreted why great number of setted
fruits existed in case of zinc + sugar treatment.

D- Seed Yield and its components;

Table (6) clearly shows a significant reduction in seed weight per fruit,
with Zn + Ca treatment; the rest of treatments exhibited their significant increase
upon this parameter, The treatment of Ca alone, B + Zn, B + Ca, Ca + Sug., GA,
+ 8 and the mixture of all applied materials gave the greatest values in this
respect, meanwhile, Zn alone, B + GA;, B + Sug. and Zn + GA; treatments were
fess effective ones, but they were most effective than control one.

As for the seed number per fruit, it could be noticed that despite that
increase of seed weight/fruit but their numbers were significantly decreased (B.
Zn, sugar each alone, B + GAs, Zn + Ca, Zn + S and Zn + GA;). On the other
hand, the mixture of all applied materials exhibited the highest number of seeds
per fruit. The above mentioned results were obtained during 2001 season
meanwhile it was to some exiend different during 2002 season. These slight
differences could be attributed to the environmental variations between the two
$easons.

With regard to the total seed yield/plant during 2001 & 2002 seasons;
different applied treatments significantly increased this parameter compared to
the control except that a reduction was existed with Zn +Ca only in 2001 season.



Table (6): Effect of different applied materials (B, Zn or Ca; Sugar and GA;) and their combinations on seed yield of eggplant
during 2001 angd 2002 seasons.

2001 2002
suwm’ SeedNa/ | Seed T Seod viekl | Seed yiekd | Seedmdex | Germina { Seed Wt | SeedNo/ | Seed | Seedyield |  Seed Seed | Germing
Trestwosds | oy Fret vield (gares) | (gFed) | (me 1000 | ton% | (o frokt) Frak yie | (paren) | yied |idex(wt| ton%

firuit) (g /plant) seed) {2/phant) (kg/Fed) :::3
BSdmgt | 1148C | 2888 | 3445C | S1675C | #134C | 3977DE | 9310CD | 1028CDE | 2786FG | 3084DE | 4626DE | 370.1C | 3693B | 9363E
EFGH
2n 100 959D | 2801GH | 2876D | 4314D | 345.1DE | 3427F | 9337D | 8603F | 2611GHI | 2581G | 387.15G | 3097F |3297CD| 923H
Ca 2008 1346A | 326C | 4039A | 60585A | 4847A | 417T7CD | 9627A | 1211 | 3086DE | 3631AB| S447AB | 4357A | 3923B | 958B
1143C | 2967FF | 3428C | 5142C | 4114C | 385IE | 9470B | 1044C | 2696GH | 3132D | 46598D | 3758C | 38T'B | 941D
20 11.87C | 7805FGH | 33.57C | S03.55C | 4028C | 399%0DE | 940BC | 9930DE | 2T23GH | 29.79FF | 44685EF | 357.5D | 3.647BC | 940DE
Bx7n 1360A | 3514B | 4079A | 61185A | 489.5A | 3BME |%413BC| 1151B | 3310BC | M.55C | 51825C | 41468 | 3840B | 941D
BiCa 130A | 3140CD | 4109A | 61635a | 4931A | 4373BC | 9%623A | 12474 | Z79FF | 3726A | 5589A | 447ta | 3.170D | 96574
BxGA;, | 941D 2901 2821D | 423.15D | 3385EF | 3250FG | 9240D | 803G | 2609GH | 2408H | 3612H : 2885F | 303D |92.3GH
EFGH

BiS 929DE | 2910EFG | 2788 DF | 4182DF | 3396EFG] 3203FG | 9257D | 807G | 2536 HI | 2421H | 363.15H | 2905F | 3.1857D | %2.27H
InxCa 892F WI1EFG { 2677F 401.55F 321.2G 3403 F 925D 813G 24531 2403H 360,454 2884F | 3310CD | 9273 FG
InxGA; | 946D | Z7TRGH | 2839D | 42585D | 3407D | 3407F | 9340CD| 829FG | 2659GH | 24%GH | 3134GH | 2987FF | 3.123D | 929F
InxS 1298 | 7/42H | 3896B | S844B | 4675B | 4743A | 9660A | 1038CD | 3396B | 3L14D | 467.1D | 313JC | 3060D | 950C
CaxGAy | 1128C | MTIB | 3385C | S07.75C | 3062C | 3247FG | 93.77BC| 988E ¢ 3120CDE | 2964F | 4446F | 3557D | 3.067D | 922H
Cax$S 1375 A 423 B 4126 A 618.9A 495.1A 4.020DE 96.0 A 1199 A 3265BCD | 3697 AB | 554.55AB | 443.6A 37738 | 9583 B
GAgxS | 1353A | 3029DE | 4059A | 60885A | 4871A | 4543AB | 9627A | 1225A | 2669GH | 3675AB| 35125AB | 441.0A | 4657TA | 96334
Mix 1371A | 4207A | 4113A | 616954 | 4936A | 3260FG | 9263D ) 1i98AB | 3712A | 3592B | 5388B | #310A | 3.227D | 9237GH
Comtra | O08EF | 2966EF | 2725EF | 40R7SEF | 3770FG | 3063G | O010E | 796G | 2567HI | 23%8H | 3582H | 2866F | 3.103D | 90401

‘The same letier(s} are not significantly difference.
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Regarding seed yield, in inost cases all treatments were over or superiored
yielded than control one, either per arca or per feddan, cbviously different treatments
significantly increased these two parameters except their significanmt reduction only
during 2001 season with Zn + Ca treatment.

As regards the weight of thousand seeds, i.e. the seed index, Table (6)
clearly shows thal a significant increase was the dominant result of each treatment
during both secasons except that a reduction during the second season existed with
B + GA; and Zn + Sugar treatments.

Here, of intcrest to note that the significant reduction of seed
characteristics was existed with Zn + Ca treatment; and a significant increase was
only existed in case of seed index.

Lastly, ability of the harvested sceds to germinate was also investigated
in the present study. Since, in the two seasons and with various applied
treatments; a significant increase in germination percentages was existed.
Increases, for example reached to 96.23 & 96.57 with B + Ca in the two seasons.
respectively comparing with 90.1 & 90.4 that of control treatment.

In general, increasing of yiclded eggplant fruits and seeds production
was proceeded with high percemtages of fruit setting by the most of the applied
treatments. Also, increasing of fruit setting could be attributed to the increase of
plant tolerability to the heat stress during the period of late summer months,
Thercby, cggplants were grown well under the conditions of most applied
trecatments. Also, that was proceeded with vigorous growth of wransplanted
scedlings. So, the final obtained fruit and sced yield being more expectable under
the conditions of various applied treatments.

As pgeneral conclusion, several studies have been reporied the
requirement of boron in flowering and seed production. These studies started
from the abnormal chromosomal separation during cell division and
differentiation in B deficient plants (Bould et al., 1984).

Also, B necessity for regeneration growth (flower and seed production)
is much higher than for vegetative growth (Gupta 1993). In addition it was
concluded that during pollen germination, pollen tubes absorb B from pistl
tissues and thus create a sink for B in the pistil (Robbertse er al, 1990).
Morcover, B-deficiency enhanced production of oxygen free radical, impairment
of plasma membrane and RNA/ DNA metabolism as well as the reduction ol IAA
level. Although, B deficiency has been found to alter many metabolism systems
and alter the concentration of several amino acids (Marschner. 1995).

Considering zinc element. also as general its deficiency has not been
directly attributed to enzyme malfunction, but to diminished activity of enzymes
in certain tissues. This lead to a reduction of photosynthesis, decreased starch
formation, reduced auxins level, accumulation of amino acids with a decrease in
protein synthesis, an increase in permeability of bio-membranes, and inorganic P
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content, and depression of male fertility. Also, Zn stress depresses synthesis of
DNA, which suppresses gene replication and finally cell formation and cell
division. In addition, Zn could increasc seed yiclds through the effect on seed
formation rather than on seed growth (Brown et al., 1993).

Finally, addition to all that discussed about the role of boron, zinc, sugar,
calcium is generally seen as protective in reducing the rate of different pathways
leading to senescence and mediate survival responses (Hepler and Wayne, 1985).
That is of great interest regarding the ability of treated plants to induce tolerable
case to different stresses including high temperature conditions. There are a
number of effects that support this seen: a) a reduction or delay in cell wall
breakdown. This effect is most usually expressed in a delay in fruit sofiening
associated with polygalacturonase activity. Given, however, that cell wali
breakdown is unlikely to be the primary event in ripening or senescence (Grieson
and Tucker, 1983), then evolvement of Ca** here may not be strictly regulatory.
but rather fortuitous. b) maintenance of membrane function. This effect would be
seen as an extracellular effect. and a consequence of Ca” binding to the outer
surface of the plasma membrane, where, Ca™* can affect phase transition and
membrane fluidity (Ferguson, 1984). and ¢) maintenance of pools both inside and
outside the cell that allow retention of the capacity for signal transduction, This
effect seems now an important possibility. An implication is that some aspects of
senescence resemble those associated with Ca>* deficiency, where pools become
depleted and addition of external Ca®' can delay or inhibit senescence (or remedy
deficiency) (Ferguson and Drobak, 1988).

As conclysion of this study. the treatments of zinc + sugar followed by
bedww + gibberellic acid and zinc + calcium each gave vigorous growth and great
sooff snd fruit yield of eggplant during the high temperatures of late summer
sowdlin, Thereby, these treatments could be recommended to endure the injury
efleet of high temperature stress and improving seed and fruit yields of eggplant
dwréng late summer cultivation under the Egyptian conditions.
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