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ABSTRACT

Notwithstanding the important roles of calcium andagnesium ions in plant growth and devel-
opment, the use of fertilizers containing them istryet a common agricultural practice in Cam-
eroon. Such fertilizers were applied on the soilchteaves of three most cultivated varieties of
tomato in the Western Highlands of Cameroon. Thdegts of these treatments on plant health,
growth, development, and yield and fruit quality medetermined. The combination of soil appli-
cation of calcium nitrate and foliar sprays of falizer containing calcium (T,) led to significant
reductions of the severity and incidence of Phytdpdra infestans and Septoria lycopersici on
leaves of Rio Grande and Rio de Grenier tomato fifaseven days after the first foliar applica-
tion (d.a.f.a) of liquid fertilizers. At the samente significant reductions in the incidence and
severity of S. lycopersici were observed on leafeéRoma plants previously treated with a solu-
tion of the fertilizer containing magnesium ) or simultaneously treated with calcium and
magnesium solutions (J). Twenty-one d.a.f.a there were reductions in theverity of Alternaria
solani on leaves of Rio Grande, Rio de Grenier aRdma plants that previously received;, T
Applications of T also led to the reduction of the incidence and egty of Fulvia fulva on the
leaves of both Rio Grande and Rio de Grenier 21.flaa T; was very effective in enhancing the
growth in length and yield of Rio Grande and Rio @&renier plants. The green-life of fruits pro-
duced by these two tomato varieties that receivedvds respectively 10 and 6 days longer than
that of control fruits. T, prolonged the shelf-life of fruits from those vaaiies by 4 and 12 days
respectively. On the whole, Rio Grande and Rio derier plant were the tomato varieties whose
health, growth, development, yield and fruit qualiparameters were the most positively affected
by treatments with fertilizers containing calciumder magnesium. Roma tomato plants were
affected to a lesser extent by these treatmentsesthresults could be interpreted in terms of a
temporal shift in the resistance of tomato plants P. infestans and S. lycopersici on the one
hand and A. solani and F. fulva on the other hanad also in terms of similarities of responses
of closely related tomato varieties to fertilizers.
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INTRODUCTION (Taiz and Zeiger, 2006).
Calcium ion (C&) is involved in a wide range
of processes in plants including responses tBrevious work has shown that soil application
infections (Zooket al, 1987), flower induction of calcium nitrate at 200 kg/ha in combination
(Friedmanet al, 1989), fruit yield (Hao and with foliar spray of solutions containing Ear
Papadopoulos, 2004) and conservation (Rark Mg®* lead to the prolongation of the green-life
al., 2005). At the cellular level it is well estab-and shelf-life of tomato fruits of the variety Rio
lished that C& plays an important role in the Grande (Aghofack-Nguemezi and Tatchago,
maintenance of membrane stability, the firm-2010). The present study was undertaken to
ness of cell wall and cell integrity (Hepler, further investigate the influence of simultane-
2005; Leshem, 1991; Hepler and Waynepus applications of calcium nitrate at 200 kg/ha
1985). Calcium ion may also stimulate the acen the soil and foliar sprays of fertilizers con-
cumulation of phytoalexin, a compound knowntaining C&" and Md* on fungal diseases, the
to be implicated in the defense mechanisms ajrowth and development of plants, the quality
plants as a result of fungal attacks ( Z@blal, of fruits produced by the three most cultivated
1987). Synergistically to calcium, the magne-varieties of tomato in the Western Highlands of
sium ion (Md") activates enzymes that cata-Cameroon - Rio Grande, Rio de Grenier and
lyze processes such as respiration, photosynthRoma Savana.
sis, synthesis of DNA and RNA and is part of
the ring structure of the chlorophyll moleculeMATERIALSAND METHODS
(Taiz and Zeiger, 2006). From results of theStudy site
measurement of Mg fluorescence in the apical The research was conducted at the Experimen-
meristems ofPharbitis nil Kobayashiet al tal Farm of the Faculty of Agronomy and Agri-
(2006) suggested that ¥fgplays an important cultural Sciences of The University of Dschang
role in flower induction. in Cameroon. Dschang is located at 5996
latitude, 10°26E longitude and 1400 m alti-
Despite the multifunctional roles of €aand tude. The work was carried out from April
Mg?" in plant growth and development, fruit 2011 to October 2011. The experimental period
maturation, ripening and conservation, the useoincided with the rainy season.
of fertilizers containing these ions is not yet, to
the best of our knowledge, a common agriculExperimental design and plant material
tural practice in the Western Highlands ofSeeds of three varieties of tomatSolanum
Cameroon. There is thus an urgent need dfcopersicumy Rio Grande, Roma Savana and
popularizing these types of fertilizers in theRio de Grenier from the firms Tehnsisem
West region in particular and other regions ofFrance) and Baddar (Morocco)were sown in
Cameroon where tomato crops and other vegewrsery beds. The soil was enriched with hen
tables are widely grown. It is worth noting thatdroppings at the dose of 1kdg/rand was also
the efficiency of fertilizers containing calcium fertilized with urea and N-P-K (20-10-10) both
and/or magnesium depends on the mode @it 70g/mM. Seedlings in the nursery were treated
application. Indeed, while the application ofwith the fungicide Ivory 80 (80% mancozebe)
Cd” to soils is not very efficient, its application after every rainfall. The plot used for trans-
to leaves as sprays can in some cases have gipnting tomato seedlings had not been grown
ronomic advantages due to the reduction of theith any Solanaceaous crop for the past three
lag-time between the application and uptakeyears. Before transplanting the seedlings, holes
This is important especially during the phase ofvere dug in rows spaced by 0.5 m apart with
rapid growth of plants. Foliar sprays of fertil-0.4 m between holes. Each hole was then
izer solutions could circumvent the problem oftreated with 1.48 g of the insecticide-
restricted uptake of the nutrient from the soilnematicide Furaplant 10G (10% carbofuran)
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Ca’* and Mg*" improved tomato health and shelf-life... 11

and filled with 40 g of chicken droppings. Plotsdomly selected plants in the middle rows of
were fertilized with N-P-K (20-10-10) at 24.3 each plot.

kg/ha. Seedlings were transferred to the experi-

mental plot 30 days after sowing when youndetermination of the height of plants and
plants had 4-5 true leaves. A complete randonerop yield

ized block design was used with four replicaPlants height was measured from the first
tions. Control plants received only N-P-K (20-branching to the apex on the ninth week after
10-10) in the soil whereas other plants furthepricking out. Fresh tomato fruits were weighed
received either calcium nitrate at 200kg/ha irand dried in an oven at 65°C for five days. The
the soil and foliar sprays of the liquid fertilizer fruits were further dried at 105°C for 24 hours.
containing C&" at 3 ml/l (LFCA, T,), calcium They were then weighed for the determination
nitrate at 200kg/ha and foliar sprays of the lig-of dry matter weight according to Chapman
uid fertilizer containing M&'at 3 ml/l (LFMG, (1976). The crop yield was obtained by calcu-
T,) or a combination of LFCA and LFMG ¢l  lating the total fresh weight of tomato fruits
The liquid fertilizers were of the trademarkharvested in all the plots that received the same
Manvert (BIOVERT, Spain). The Manvéft treatment.

solutions were sprayed on the aerial parts of

tomato plants once in a week from 24 days afbetermination of calcium and magnesium

ter transplanting onwards till the harvest of thecontents

first mature fruits. All plants were staked andFresh tomato fruits were dried in an oven at
watered in case of need. They were treated withO5C for 24 hr. One gram of the dried samples
the insecticide Cypercot (cypermethrine 10QGvas then calcined at 4@ for 24 hr. Ten milli-
EC) and the fungicides Ivory 80 (80% liters of 1 nitric acid solution were added to the
mancozebe) or Beauchamp (8% metalaxy andsh and the mixture was heated till the evapora-

64% mancozebe). tion of half of the volume. The mixture was
then completed to 50ml with distilled water.
Evaluation of fungal diseases This solution was further threefold diluted be-

The Assessment of fungal diseases startddre use. Cd and Md* contents were deter-
seven days after the first treatment of plantsnined by the complexometric method as de-
with liquid fertilizers. The disease incidencescribed by Pauwelst al (1992).

was determined as the percentage of plants with

symptoms per plot whereas the disease severiBeter mination of the green-life and shelf-life

was scored in each plot by using a modifiedromato fruits at mature green stage were har-
formula grading scheme from Merriit al  vested and stored at 25 The green-life was
(1999). Diseases were identified on the basis @fssessed in terms of the number of days elapsed
field symptoms followed by laboratory diagno-between the mature green stage at harvest and
sis in plant pathology laboratory of the Univer-the commencement of ripening (Dadzie and
sity of Dschang. Diseased plant organs wer®chard, 1997) of 100% of tomato fruits in each
identified directly with the aid of amicroscopelot. The shelf-life was considered as the length
or after spore induction or pathogen cultureof time between the red-ripe stage and the trick-
(Streets, 1982; Fontem, 1993). ling of 100% of fruits.

Determination of the period between the Statistical analysis

transplantation and flowering of 50% of This analysis was done with the SPSS software
plantsor formation of thefirst fruits version 12.0 (IBM, Cambridge, USA). Group
The period (in days) between the transplantacomparisons were made using One-way Analy-
tion and flowering of 50% of tomato plants orsis of Variance (ANOVA) to see if variations
the first fruiting was determined using five ran-among the means of parameters from various
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treatments were significantly different. Thed.a.f.a of liquid fertilizers. Nevertheless, the
Duncan Multiple Rang Test was used to comdegree of severity of early blight infection on
pare means differences, whereby a P value dfie three tomato varieties that previously re-
<0.05 was considered statistically significant. ceived & was lesser (86.67%, 80.0% and
91.67% respectively) than control plants
RESULTSAND DISCUSSION (95.0%, 88.0% and 95.0% respectively).was
Plant health also very effective in inducing the resistance of
Seven days after the first foliar applicationRio Grande plants against leaf mould as shown
(d.a.f.a) of liquid fertilizers containing €a by the significant differences in its incidence
(T1), untreated Rio de Grenier plants were sigand severity between control (26.67% and
nificantly more infected (66.67% and 20.0%45.0% respectively) and treated plants (0.0%
incidence respectively with 51.67% andand 25.0% respectively ) 21 d.a.f.a.
33.33% severity) by late blight induced Biay-
tophthora infestansaand leaf spot induced by All the three types of mineral fertilizers applied
Septoria  lycopersici than treated plants significantly decreased the incidence (20.0%,
(26.67% and 0.0% incidence respectively witt20.0% and 6.67% respectively) as well severity
30.0% and 25.0% severity) (Table 1). Applica{40.0%, 40.0% and 30.0%) of leaf mould fungi
tion of liquid fertilizer containing Mg (T,) or on treated Rio de Grenier plants 21 d.a.f.a as
simultaneous applications of; Tand T,(Ts) compared to control tomato plants (40.0% inci-
reduced septoria leaf infection in Roma varietydence and 55.0% severityiRoma plants that
7 d.a.f.a compared to untreated control plantseceived } were significantly more resistant to
The incidence ofS. lycopersici was signifi- F. fulva than control plants 21 d.a.f.a. with re-
cantly lower in Roma plants that previouslygard to significant decreases in the incidence
received F(0.0%) or TK(0.0%) than control (0.0%) and severity (25.0%) of this pathogen
plants (20.0%). Moreover, the severity 8f when compared to control plants (13.33% inci-
lycopersici7 d.a.f.a of any of all the three treat-dence and 38.33% severity). No significant
ments applied depressed on leaves of treatedfects of mineral fertilizers tested on the inci-
Roma plants (26.67%, 25.0% and 25.0% redence and severity d®. infestans and S. ly-
spectively) compared to controlsgf{31.37%). copersicicould be observed on leaves of all the
three tomato varieties studied 21 d.a.f.a. of lig-
There was no significant effect of mineral fer-uid fertilizers (Table 3).
tilizers applied on the incidence and severity of
early blight (due tdAlternaria solan) and leaf Application of mineral fertilizers depressed the
mould (caused byrulvia fulvd) on the three severity ofS. lycopersicion tomato leaves.The
tomato varieties studied 7 d.a.f.a (Table 1)reduction of pathogen severity caused by sev-
Also, no significant effect of T T,or Tson the eral fungi has been reported to be enhanced by
incidence as well as the severity Alternaria  calcium fertilization (Percival and Haynes,
solani, Fulvia fulvaandPhytophthora infestans 2009). This reduction could be due to some
could be observed 14 d.a.f.a of liquid fertilizersresistance mechanism developed in mineral
with all the three tomato varieties tested. At thdreated plants. Although this study did rint
same period, the incidence and severitySof vestigate the mechanistic basis of enhanced
lycopersicion Roma plants that had previouslyresistance, Percival and Haynes (2009) sug-
been sprayed with,{0.0%) and }(0.0%) were gested that one or more biochemical mecha-
significantly lower than those observed on thenisms could be involved. Calcium foliar treat-
control plants (20.0%) (Table 2). ments are known to increase resistance to many
fungal diseasedy improving the structural
There was no significant difference in the earlyintegrity of the cell wall and middle lamella
blight incidence or the three varieties tested 2ihat physically increased cell wall strength
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Table 1: Effects of calcium and magnesium containing fertilizers on the incidence and sever -
ity of tomato fungal diseases seven days after thefirst foliar application of liquid fertilizers

Fungi types and Tomato varieties, incidence and severity of the fungal diseases
treatments Rio Grande Rio de Grenier Roma Savana
Incidence  Severity  Incidence Severity Incidence Severity
(%) (%) (%) (%) (%) (%)
Alternaria solani
To 100° 90.¢% 100° 85.¢0% 100° 81.67
T 100° 81.67 100° 85.¢% 100° 86.67
T, 100° 75.G° 100° 83.3% 100° 85.¢0¢
Ts 100° 83.33% 100° 86.67 100° 91.67
Fulvia fulva
To 0.0 25.¢¢ 0.0 25.¢4 0.0 25.0¢
T, 0.0 25.0¢ 0.0 25.¢4 0.0 25.0¢
T, 0.0° 25.¢¢ 0.0° 25.¢% 0.0° 25.¢¢
Ts 0.0° 25.¢¢ 0.0° 25.¢% 0.0° 25.¢¢
Phytophthora infestans
To 53.3% 50.0 66.67 51.67 46.67 48.33
T, 80.C° 63.33 26.67 30.0° 73.33 55.0°
T, 66.67 53.3% 73.33% 55.¢G% 93.33% 66.67
Ts 40.0 36.67 60.G° 53.3% 66.67 51.67
Septoria lycopersici
To 6.67 28.33 20.G° 33.3% 20.G% 31.37
T. 40.04 4504 0.0 25.¢° 6.67 26.67
T, 6.67 25.0° 20.G° 33.3% 0.0 25.0
Ts 13.33 28.3% 6.67 30.¢% 0.0 25.0

To, N-P-K (20-10-10) applied on the soil;, Ty + soil application of calcium nitrate + foliar spys of calcium solution;,T
To + soil application of calcium nitrate + foliar spys of magnesium solution, Ty + soil application of calcium nitrate +
foliar sprays of calcium and magnesium solutioredu¥s bearing different letters in the same colamnd for the same
fungus are statistically different at P<0.05

making host plant less susceptible to enzymatiplants. Because the Ca and Mg- related resis-
degradation (Olsson, 1998, Henn, 2004). Aptance to the disease is not well documented,
plication of T;to tomato plants reduced thefurther experiments should be conducted. No
severity of early blight infection. This could besignificant effect of mineral fertilizers tested
due to the presence of magnesium in the mixwas found on the incidence and severity of late
ture. In fact magnesium fertilization has beerblight. This corroborates with Duvenhageal.
reported to strengthen the resistance againt992) who found no influence of calcium and
early blight pathogen (Elfrich, 2010). Our re-magnesium amendment on disease severity of
sults also suggest that early blight symptom®&hytophthora cinnamomi

can be reduced through nutrition by foliar*Ca _

spray. This present study may be of help in thElant growth, development and yield

integrated control of the disease in tomato>imultaneous applications of calcium nitrate at
200 kg/ha on the soil and foliar sprays of solu-

Journal of Science and Technology © KNUST April 2014



14 Aghofack-Nguemezi et al.

Table 2: Effects of calcium and magnesium containing fertilizers on the incidence and sever -
ity of tomato fungal diseases 14 days after thefirst foliar application of liquid fertilizers

Fungi types and Tomato varieties, incidence and severity of the fungal diseases
treatments Rio Grande Rio de Grenier Roma Savana
Incidence  Severity Incidence Severity  Incidence Severity
(%) (%) (%) (%) (%) (%)
Alternaria solani
To 1008 90.¢¢4 100t 86.67 100t 90.¢¢4
T, 100G 88.33 100" 90.33 100" 93.33
T, 10G¢% 90.¢ 100" 93.33 100" 93.33
T3 10G¢% 83.33 100" 86.67 100" 91.67
Fulvia fulva
To 0.0 25.0¢4 6.67 30.¢¢ 0.0 25.0¢4
T, 0.0 25.¢ 0.0 25.0¢ 6.67 30.¢¢
T, 13.33 30.¢¢ 0.0 25.¢4 0.0 25.¢
T3 0.0 25.¢ 0.0 25.¢4 6.67 28.33
Phytophthora infestans
To 73.33 56.67 60.0¢ 53.3% 60.0¢ 56.67
T, 1008 66.67 60.0¢ 45.¢ 80.0¢4 55.¢¢4
T, 93.33 60.G! 86.67 61.67 93.33 63.33
T3 60.0¢ 41.67 80.0¢ 60.G! 73.33 53.33
Septoria lycopersici
To 13.33 31.67 26.67 35.0° 20.G° 30.G°
T, 40.0¢ 41.67F 6.67 28.3% 6.67 26.67
T, 26.67 33.3% 20.¢% 31.67 0.0 0.0
Ts 20.¢° 30.0° 6.67 28.3% 0.0 0.0

To, N-P-K (20-10-10) applied on the soil;, Ty + soil application of calcium nitrate + foliar spys of calcium solution; T
To + soil application of calcium nitrate + foliar spys of magnesium solutions, Ty + soil application of calcium nitrate +
foliar sprays of calcium and magnesium solutioredu¥'s bearing different letters in the same coland for the same
fungus are statistically different at P<0.05

tions of liquid fertilizers containing Gaor nitrate at 200 kg/ha and foliar sprays of liquid
Mg?* (T5) induced significant increases in thefertilizer containing C& (T,) induced a signifi-
height of tomato plants of varieties Rio Grandecant reduction of the length of the period be-
(67.2 cm) and Rio de Grenier (62.5 cm) asween the pricking out and the formation of the
compared to controls ( 57.9 cm and 59.0 crfirst fruits by treated Rio Grande (43 days after
respectively) and plants that received othetransplantation) and Roma (35 days after trans-
treatments (Table 4). All treatments used ratheplantation) plants in comparison to controls (45
led to an inhibition of the growth in length of and 37 days respectively after transplantation)
Roma tomato plants (51.0 cm, 56.4 cm anénd plants that received other types of mineral
55.6 cm respectively) in comparison to controldertilizers. Rio Grande and Rio de Grenier
(58.1 cm). Rio de Grenier plants that receiveglants which previously received; yielded
any of the three treatments applied set fruitsignificant greater quantities of fruits (4.6 and
significantly earlier (38, 38 and 39 days respecil.3 t/ha respectively) than controls (3.8 and
tively after transplantation) than control plants8.8 t/ha respectively) and plants thaceived
(41 days after transplantation). Calciumother types of mineral fertilizers. Applications
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Table 3: Effects of calcium and magnesium containing fertilizers on the incidence and sever -
ity of tomato fungal diseases 21 days after thefirst foliar application of liquid fertilizers

Fungi types and Tomato varieties, incidence and severity of the fungal diseases
treatments Rio Grande Rio de Grenier Roma Savana
Incidence  Severity Incidence  Severity Incidence Severity
(%) (%) (%) (%) (%) (%)
Alternaria solani
To 100 95.0" 100 88.33 100 95.0"
T, 10G° 93.3% 10G° 95.¢% 10G° 90.¢°
T, 10G¢° 95.¢¢ 10G¢% 95.¢¢ 100" 96.67
Ts 10¢° 86.67 100 80.0° 100 91.67
Fulvia fulva
To 26.67 45.0 40.0¢ 55.0 13.33 38.33
T, 6.67 31.67 20.0° 40.0 6.67 30.¢%
T, 20.¢° 31.67 20.0 40.0° 0.0 25.¢°
Ts 0.0 25.¢° 6.67 30.0° 26.67 38.3%
Phytophthora infestans
To 80.0¢ 63.33 73.33 50.¢¢ 60.G! 60.G!
T, 93.33 56.67 60.0" 48.3% 86.67 61.67
T, 86.67 55.¢ 86.67 60.0" 93.33 60.G!
Ts 60.0" 41.67 80.0 58.33 66.67 50.0"
Septoria lycopersici
To 33.33 43.3% 33.33 41.67 0.0/ 30.0"
T, 33.33 31.67 6.67 26.67 0.0 25.¢4
T, 13.33 25.0 13.33 30.0¢ 0.0/ 25.0"
T3 6.67 28.33 6.67 28.33 0.0 25.0!

To, N-P-K (20-10-10) applied on the soil;, Ty + soil application of calcium nitrate + foliar spys of calcium solution;,T
To + soil application of calcium nitrate + foliar spys of magnesium solutions, T + soil application of calcium nitrate +
foliar sprays of calcium and magnesium solutioredu¥'s bearing different letters in the same coland for the same
fungus are statistically different at P<0.05.

of calcium nitrate at 200 kg/ha on the soil andyencies toward calcium and magnesium ions
foliar sprays of the liquid fertilizer containing for their growth and fruit yield. The efficient
ca&* (T or Mg?*(T,) induced significant in- physiological concentration balance of the two
creases in the fruit yield of treated Roma plantdivalent ions was probably reached by combin-
(7.6 and 8.3 t/ha respectively) when comparethg an application of calcium nitrate on the soil
to controls (5.8 t/ha) and plants that receivgd Twith foliar sprays of liquid fertilizers containing
(C&" and Md*) (Table 4). calcium or magnesium during the growth and
development phases of Rio Grande and Rio de
Thus, Tz was more effective in enhancing theGrenier. Roma tomato plants didn’t seemingly
growth and yield parameters of the two tomatwequire a combination of calcium and magne-
varieties Rio Grande and Rio de Grenier plantsium for an optimum fruit yield. The physio-
whereas Fand T, induced significant increases logical relationship between calcium and mag-
in the yield of Roma plants. Obviously thenesium might be mediated by the phytohor-
closely related Rio Grande and Rio de Greniemone abscissic acid (ABA). It is well estab-
tomato varieties had similar physiological exi-lished that ABA signaling involves calcium-
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Table 4: Effects of calcium and magnesium containing fertilizers on tomato plant growth,
development and yield parameters

Varieties and Height Period between the Period between the Yield
treatments (cm) pricking out and flow- pricking out and (t/ha)

ering of 50% of plants fruiting of plants

(days) (days)

Rio Grande
To 57.9+2.8 382 45+2 3.810.9
T, 61.0£19.6 382 432 3.6+1.F
T, 58.1+8.8 39+ 44+2 3.6+1.7
Ts 67.2+3.5 4012 45+0° 4.610.8
Rio de Grenier
To 59.0+1.2 36+1° 412 8.8+0.8
T. 59.9+9.8 35+1° 38+1° 9.616.F
T, 60.419.4 35+1° 38+1° 9.5+1.%
Ts 62.5+0.5 362 39+1° 11.3+1.2
Roma savana
To 58.1+8.% 342 3717 5.8+0.F
T. 51.0+8.8 35+2 35+0° 7.610.8
T, 56.4+17.8 36+3F 38+1° 8.3+1.¢¢
Ts 55.6+22.9 34+7P° 37+ 6.6+0.9

To, N-P-K (20-10-10) applied on the soil;, Ty + soil application of calcium nitrate + foliar spys of calcium solution;,T
To + soil application of calcium nitrate + foliar spys of magnesium solution, Ty + soil application of calcium nitrate +
foliar sprays of calcium and magnesium solutioredu¥s bearing different letters in the same colamnd for the same
tomato variety are statistically different at P<6.0

dependent pathways (Taiz and Zeiger, 2006yuit growth and development. Besides its inter-
and that the enzymes kinases promote the acference in ABA action, calcium ion is a well
vation of the C& channel in cells (Assmann, known component of plant signal transduction
2007). Magnesium that activates many dehy(Buchanaret al, 2000). It is therefore involved
drogenases and phosphate transfer enzymasthe control and regulation of various proc-
(Opik and Rolfe, 2005) may stimulate the ef-esses related to plant growth and development,
fects of calcium and/or ABA on fruit yield and the maturation and ripening of fruits.

since ABA regulates fruit maturation, seed stor-

age reserve accumulation and induces proteifruit quality

synthesis in seeds (Davies, 2007; Taiz an@here was no significant change in the water
Zeiger, 2006). ABA found in fruits is used content of fruits produced by plants that re-
mainly in environmental stress to move calciunceived fertilizers containing Gaor Mg?* when

to tomato fruits (Setha, 2012; Waterlagidal, compared to fruits produced by control plants.
2010). ABA reduces the xylem activity of Rio Grande, Rio de Grenier and Roma plants
leaves and increases the phloem activity, thukat previously received ;Tsubsequently pro-
reorienting more calcium to the tomato fruitsduced fruits whose Gécontent was signifi-
rather than leaf tissues (de Fratdsal, 2011). cantly higher (respectively 28.2, 33.3 and 29.5
The increased calcium concentration may iimeqg/kg) than that of controls (respectively
turn stimulate the promoting role of ABA in 22.4, 28.2 and 25.7meq/kg) and fruits from
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other treated plants (Table 5). No significantespectively). Fruits produced by Roma plants
alteration in the endogenous level of ¥g that previously received;Tand T had signifi-
fruits produced by all the three varieties of to-cantly longer shelf-life (75 and 73 days respec-
mato plants as related to applications of fertiliztively) than fruits produced by controls (62
ers containing calcium or magnesium was obdays) and plants that receiveg(Tlable 5).

served. Fruits produced by Rio Grande and Rio

de Grenier plants that previously receivedof  Fruit ripening is a result of many processes
Tsshowed a longer green-life (24 and 25 daymcluding the softening of cell walls and mem-
respectively) for Rio Grande, 18 and 16 day®ranes, chlorophyll breakdown and synthesis of
for Rio de Grenier) as compared to fruits pronew carotenoids (Giovannoni, 2001; Brady,
duced by control plants (14 and 12 days resped987). In the mature treated tomato fruits, cal-
tively). All the three types of fertilizers testedcium ions could bind with the negatively
didn’t significantly affect the green-life of frsit charged carboxylic groups in pectin to form
produced by Roma tomato plants. The applicaeross bridges in the cell wall and membrane
tion of T, induced significant increases in thecomplexes (Mageet al, 2003; Leshem, 1991).
shelf-life of fruits produced by Rio Grande (79These cross bridges reinforce the rigidity of the
days) and Rio de Grenier (75 days) as conezell wall (Leshem, 1991) and inhibit the activ-
pared to fruits from control plants (75 and 63ty of pectinmethylesterase and polygalaturo-

Table 5: Effects of calcium and magnesium containing fertilizer s on tomato fruit quality
parameters

Varieties and Water content  Calcium content  Magnesium  Green-life Shelf-life
treatments (%) (meg/kg) content (days) (days)
(meg/kg)
Rio Grande
To 88.1+ 1.4 22.4+3.% 19.4+2.9 14+ 755
T1 88.3+1.8 28.2+1.8 19.5+1.3 24+3F 64+1P
T, 87.1+ 2.4 21.0+4.8 18.9+5.0 15+4 79+2
Ts 90.3+ 2.4 25.9+5.9 19.1+5.6 25+2 709
Rio de Grenier
To 88.9+ 1.8 28.2+1.8 15.4+3.7 12+1° 633
T, 88.9+ 1.7 33.3+1.2 17.318.4 18+2 59+3
T, 89.7+ 1.8 27.2+8.% 17.745.9 1443 752
Ts 89.1+ 1.6 28.7+1.8 17.145.2 1641 54+10F
Roma Savana
To 86.9+ 0.5 25.7+0.8 16.8+7.2 8+1% 62+2
T1 88.2+ 0.5 29.5+1.2 16.0+4.6 7+12 75+3F
T, 88.0+ 0.8 26.5+6.0 17.1+2.2 10+ 58+4
Ts 85.3+ 0.8 26.3+2.3 17.746.2 9+ 735

To, N-P-K (20-10-10) applied on the soil;, Ty + soil application of calcium nitrate + foliar spys of calcium solution; T
To + soil application of calcium nitrate + foliar spys of magnesium solutions, Ty + soil application of calcium nitrate +
foliar sprays of calcium and magnesium solutioredu¥'s bearing different letters in the same coland for the same
tomato variety are statistically different at P<6.0
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nase which are enzymes implied in the degrasium solutions on the plant health, growth and
dation of the cell wall pectin (Mageet al, vyield, the green-life and shelf-life of fruits.
2003). Thus these cross bridges significantljHowever, weaker responses were observed in
prolong the green-life of mature fruits. Magne-the Roma tomato plants.
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