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RESPONSE OF SOME NEW TOMATO HYBRIDS TO FOLIAR SPRAY WITH
SOME ORGANIC MACRO AND MICRO NUTRIENTS

Sally A. Midan
Horticulture Dept., Faculty of Agriculture, Minufiya University

ABSTRACT

A field experiment was conducted during the winter seasons of 2010/2011 and 2011/2012 to study
the effect of some organic macro and micro nutrients such as NPK-humate, chelated micro-elements,
organic K-citrate and organic Ca citrate on growth, chemical constituents and productivity of three
tomato hybrids, i.e., G8-12, TH 99806 and NSX 9535. All applied treatments showed superior effects
on plant height, number of leaves, number of branches, as well as fresh and dry weights of roots stems
and leaves. Moreover, all used organic nutrients increased chlorophyll a and b, carotenoids contents
and N, P, K% in leaves and their utilization quotient. The most effective treatment for increasing early
and total yields and improved yield quality (total soluble solids (T.S.S) and vitamin C in fruits) was
foliar application of tomato plants by NPK humate. While spraying plants with organic chelated
micro-nutrients and K citrate as well as Ca citrate decreased NO; accumulation in fruits.
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INTRODUCTION and K (Nelson, 2008). At this time the nutrients
can be applied as foliar spraying which is
recognized as a very efficient method of plant

nutrition {Chauduni and De, 1975; Giskin et al.,

Tomato is one of the most important
vegetable crops grown in Egypt for fresh

consumption and processing. Tomato fruits
contain some important nutritional compounds
such as minerals and vitamins.

In field experiments where mineral fertilizers
had only been used, some problems could arise,
especially increased soil erosion, soil
composition, environmental pollution and
public health risk (Top et al., 2002).

Thus, using some organic forms of macro
and micro-nutrients in tomato fertilization
approved to be effective to avoid soil and
environmental pollution.

The management of tomato crop is
somewhat more different than leafy crops
because the nutrient demands of the plant
change during different stages of plant growth.
At fruit setting stage, it requires more Ca, Mg
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1984; Komosa, 1990).

In this context, humic acid is particularly
used for increasing the nutrients availability,
which may positively reflected on plant growth
(Abd El-Al ef al, 2005). In addition, humic
substances can chelate most metals present in
the soil, thereby increasing their availability to
plants {Stevenson, 1994). Humic acid also had
effect on root growth and root-hairs (Pinton et
al., 1999).

Besides, using K in organic forms as foliar
spraying on garlic significantly increased plant
growth (El-Morsy et al., 2004).

Therefore, the objectives of this research
were to investigate effects of foliar application
of some organic macro and micro-nutrients on
tomato growth, chemnical constituents and yield.
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MATERIALS AND METHODS

This work was carried out during two winter
seasons of 2010/2011 and 2011/2012 at the
Experimental Station Farm of the Faculty of
Agriculture, Minufiya University, to study the
effect of some organic macro and micro
nutrients; i.c., NPK humate, chelated micro-
elements, organic K-citrate and organic Ca-
citrate on growth, chemical constituents and
productivity of three new tomato hybrids; i.e.,
(GS-12, TH 99806 and NSX 9535.

Seeds of tomato hybrids were sown in seed
bed on 11" of September and transplanted in the
open field on 4™ of October in 2010 and 2011
seasons.

Transplants were set on one side of the rows,
80 ¢m width and 4 m. long, with 40 cm between
transplants. Each experimental unit consisted of
4 rows as the plot area was 12.8 m’. Plots were
separated by 1 m from its counterpart neighbour
plot to reduce treatment overlapping as possible.

All of the used organic macro and micro-
nutrients in this study has been produced by the
Ministry of Agriculture, Egypt.

NPK-humates: contain total organic acids,
amino acids, humic acid, acid and organic NPK
(8-8-8%). It was sprayed at the concentration of
5 cm’/l.

Chelated micro-elements: contain Fe (3%),
Cu (0.5%), Mg (1%), Ca; (2%), Mn (1.5%), B
(0.5), N (1%), Zn (1.5%), Mo (1%), glucose
(2%) and organic chelators: citrate and EDTA.
It was sprayed at the concentration of 2 cm/1.

K-citrate: contain 46.6% K;O (organic-K).
It was sprayed at the concentration of 3.5 cm™/1.

Ca-citrate: contain 25% Ca (organic-Ca)
and 2% B. It was sprayed at the concentration of
4 em’/L.

All treatments solutions were sprayed four
times, beginning at 20 days after transplanting
every 20 days interval.

Split-plot design with four replicates was
applied where tomato hybrids were designated
as main plots and organic macro and micro-
nutrients were employed as sub-plots. Four rows

(4 m. long and 80 cm wide each) were devoted
for each experimental unit, two of which were
to study the vegetative growth and chemical
composition, while the other two rows were left
for yield investigation. The normal practices for
growing tomato were carried out through the
two growing seasons.

Four plants were randomly dug out from
each experimental unit after 80 days from
transplanting and subjected to the following
measurements.

Growth Characteristics

Plant height (cm), number of branches and
leaves / plant, as well as leaves, stems and roots
fresh and dry weights (g), root length (¢cm) and
leaf area/plant (cm®) were measured according
to Roods and Blood Worth (1964).

All parts of the vegetative sample (roots,
leaves, stems) were separated and oven dried at
70°C for 72 hr to determine dry weight.

Biochemical Constituents of Leaves

a) Photosynthetic pigments: Chl. a , b and
carotenoids contents were determined in
fresh leaves following the method described
by Witham et al. (1971).

b) Mineral elements: N, P and K were
determuned in dry leaves following the
method described by A.0.A.C. (1990). Snell
and Snell (1953) and Chapman and Pratt
(1961), respectively,

¢} N, P and K utilization quotient : It was
estimated using the equation of Loneragan
and Asher (1967).

Element utilization quotient = 1/ element
concent x plant organ d.wt.

d) Total sugars in leaves: It was determined
according to the method of Dubois ef al
(1956).

e) Total free amino acids: It was determined in
leaves according to the method of Rosen
(1957).

Biochemical Constituents in Fruits

Fruit samples were undertaken from the third
picking and the following constituents were
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determined:

a) Total soluble solids (T.S.S): It was recorded
using a hand Abb Refractameter according to
A.0.A.C (1990).

b) Vitamin C content (mg/100 ml of tomato
juice): It was determind using the dye 2, 6-

dichlorophenol  indophenols method as
described in A.O.A.C. (1990).
¢)Nitrate (NO; ) accumulation: It was

determined in the fresh fruits using the
method of Woolly et al. (1960).

Yield and its Components

a) The early yield was expressed as the sum of
fruit weight of the first three pickings.

b)Total yield was calculated from the first
picking up to the last harvesting.

¢) Number of fruits / plant.
d) Average fruit weight (g).
Statistical Analysis

All obtained data were subjected to
statistical analvsis using Costat-C programe
(1985) and the LSD at 5% level (Snedecor and
Cochran, 1972).

RESULTS AND DISCUSSION

Growth Characteristics

Plant height and number of branches and
leaves

As it could be seen from data in Table 1,
NPK-humate exerted superior records in all
studied growth parameters. It was, generally,
followed by pctassium citrate, then came Ca-
citrate and chelated micro-nutrients as check
plants occupied the latest rank.

The superiority of NPK-humate was also
noticed by Inaki ef al. (2011) on pepper and
Haghighi et al. (2010) who noticed that humic-
N increased plant growth and stimulated plant
biological activitiecs. Further confirmation was
done by Hebbar et al. (2004) who demonstrated
that NPK enhanced tomato plant height, number
of branches and some other growth parameters.

Such interpretation could be done as
increasing NPK contents of plants that followed
NPK. humate application significantly affected
Mn, Cu contents and consequently number of
leaves. Similar conclusion was suggested on
tomato by Bohme and Thi-Lau (1997) who
stated that NPK humates could increase macro
and micro nutrients content in plant.

As for the tested hybrids, TH 99809 showed
superior records in plant height, number of
branches and number of leaves (Table 1). It was
followed by GS-12 hybrid as NSX 9535 came at
the latest position.

Results could interpreted as hereditical
factors controlled these growth parameters. The
differences among cultivars in plant height and
number of branches were reported by El-Sayed
et al. (2010) working on sweet pepper.

As for the interaction between the two
studied factors, TH 99809 hybrid is of pioneer
position when it received NPK-humate (Table
1). Results appeared logic as the studied factors;
i.e.,, TH 99809 hybrid and NPK-humate showed
superior individual effects on the above
mentioned growth parameters.

Leaves, stems, roots fresh and dry weights
as well as root length

Economic yield is a part of the total
biological yield of the crop and hence the dry
matter production is an important determinant
of the economic yield.

NPK-humate was insistently observed to
favour fresh and dry weights of stems, leaves
and roots (Tables 2 and 3). Similar trend was
also noticed in root length. K-citrate came in the
second rank as Ca-citrate, chelated micro-
nutrients and control came descendingly at the
third, fourth and fifth rank, respectively.

Significantly higher dry weight per plant was
also reported by Hebbar et al. (2004) due to
NPK application on tomato.

The superiority of NPK- humate may be
interpreted as humic acid stimulate absorption
of nutrients by root, plant photosynthesis and
respiration, it consequently may enhance dry
matter accumulation in plant organs. This
conclusion was also suggested by Maryam
(2012) on lettuce.
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Table 1. Effect of some organic macro and micro nutrients on growth parameters of three
tomato hybrids during 2010/2011 and 2011/2012 seasons

Hybrids 2010/2011 season 2011/2012 season
TH NSx TH NSx
Treatment:
eatments GS-12 49809 9535 Mean GS-12 ;45,5 o535 Mean
Plant height (cm)
NPK-humate 804 905 703 804" 828" 908 727 8§2.1°

Chelat micro-elements 75.3* 834 655 747° 71.7* 8589 679 77.1°

K-citrate 78.1%  §33% 694"  786° 805 890° 7185  §0.4°

Ca-citrate 76.2% 852> 6657 759 785% 876 589 78.3C

Control 7068 793 615 7055 729" 81L7F 6395 728F
Mean 76.1°  853%  66.6° 785 869"  69.0°

. Number of branches / plant
NPK-humate 11.8% 120* 103" 114% 125° 125 11.0* 120%

Chelat micro-elements 9.3%f  10.3*¢ 85 9.4%  100% 111%™ 93f  10.1°

K-citrate 11.0°%  11.5® 9.8 10.8% 115%™ 123* 106 11.5°
Ca-citrate 10.0%  10.8™ 90® 99 107 116 9.7% 107
Control 9.0%  10.0¢ 80" 9.0 98 1077 80" 95°
Mean 1022 1092*  9.12% 109*  11.7* 974
Number of leaves/ plant
NPK-humate 243 283* 18.7% 238* 27.7% 317 221% 2724

Chelat micro-elements 20.0°% 253% 163" 205 234°® 287 19.7% 239

K-citrate 2330 2670 1778 226" 267°% 30.1% 2112 25.9%F

Ca-citrate 21.3%0 257%% 1708 21.3%C 247% 20.1% 204% 24.7%

Control 17.6%  22.0% 137 17.8° 21.0* 254 175 21.3°
Mean 213 256* 16.7° 247 29.0*  202°

# Means followed by the same letters are not significantly differed according to LSD at 5% level.
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Table 2. Effect of some organic macro and micro nutrients on growth parameters of three
tomato hybrids during 2010/2011 and 2011/2012 seasons

2010/2011 season 2011/2012 season
Hybrids
TH NS x TH NS x
Treatments \ GS-12 ggei0 gsys Mean GS-12 o0, oo Mean

Leaves fresh weight (g / plant)

NPK-humate 250.25% 503.20° 243.20° 332.22* 305.75° 558.70° 298.70° 387.72*
Chelat micro-elements  235.30° 245.35° 205.35' 228.67" 290.80°7 300.85° 260.85' 284.17"
K-citrate 243.20° 481.40° 242.75° 322.45° 298.70° 536.90° 298.25° 377.95"
Ca-citrate 242.50° 363.25° 207.35' 271.03° 305.75° 558.70° 298.70' 326.53¢
Control 220.00" 230208 190.20' 213.47° 275.50" 285.70° 245.70' 268.97
Mean 238.25" 364.68* 217.77° 293.75% 420.18* 273.27°
Leaves dry weight (g / plant)
NPK-humate 41.90° 70.50° 35.95°% 4945% 44.70° 73.30° 38.75°% 52.25%
Chelat micro-elements  36.75°% 4135 34002 3737° 3555% 44.15% 36.80®" 40.17°
K-citrate 4020 60.93% 3516 4543 43.00% 63.73° 37.96® 48.23°
Ca-citrate 39.80% 50.75° 34.35% 4163° 42.60% 53.55° 37.15% 44.43€
Control 34.50% 38.35%F 3230 35055 37.30% 41.15%F 35.10" 32.85F
Mean 38.63% 52.38% 34.35° 41.43% s55.18% 137.15°
Stems fresh weight (g / plant)
NPK-humate 195.30° 229.63" 95.20' 173.38" 217.50° 251.83* 117.40' 195.98*
Chelat micro-elements  150.50" 157.44% 80.20' 129.38° 172.70" 179.64% 102.40' 151.58°
K-citrate 185.80° 215.00° 92.50' 164.43% 208.00° 237.20° 114.70' 186.63°
Ca-citrate 160.35" 166.36° 81.95 136.22° 182557 188.56° 104.15 158.42€
Control 148.90" 156.40° 80.00' 128.43" 171.10" 178.60° 102.20 150.63"
Mean 168.17° 184.97* 85.97° 190.37% 207.17* 108.17°
Stems dry weight (g / plant)
NPK-humate 48.07°" 59.49* 39.64% 49.07* 5027 61.69° 41.84% 51.274
Chelat micro-clements  40.63%® 50.75* 32.50% 41.29° 42.83% 52.95* 34707 43.49°
K-citrate 45.86% 5588 36.69" 46.14° 48.06% 58.08® 38.89" 48.34°
Ca-citrate 43307 53.05 35.05" 43.80° 4550°7 5525° 37.25% 46.00°
Control 39.03% 49.15° 30.90 39.69° 41.23% 5135 33.10' 41.89°
Mean 43.38% 53.66% 34.96° | 45.58® 55.86* 37.16%

* Means followed by the same letters are not significantly differed according to LSD at 5% level.
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Table 3. Effect of some organic macro and micro nutrients on growth parsmeters of three
tomato hybrids during 2010/2011 and 2011/2012 seasons

2010/2011 season 2011/2012 season
Hybrids
TH NS« TH  NSx
Treatments G812 59809 9535 Mean  GS-12 54045 o535 Mean

Roots fresh weight (g / plant)
NPK-humate ) 20° 15.93 ) 19.57 4 7. 19.37
18.37% 20.20° 15.93%%C 18704 57 21.40° 17.13%%" 19374

Chelat micro-elements 14.59%% 16.95%% 1223 14.59° 15.79%% 18.15%% 13438 15.79°

K-citrate 17.40%¢ 19.04® 14.16"® 16.87° 18.60™ 20.24® 15.36°% 18.07°
Ca-citrate 16.95™% 18.00°* 13.20% 16.05° 18.15%* 19.20™ 14.40% 17.25°
Control 14.00% 16.00°" 12.00° 14.00° 1520% 16.35° 13208 15.20°
Mean 16.26° 18.04* 13.50° 17.46® 19.24* 14.70°
Roots dry weight (g / plant)
NPK-humate 719" 975° 623 7.72% 794 1050° 698 g47*

Chelat micro-elements 625 730 515° 6.23° 7007 805" 590° 698°

K-citrate 7.12% 905® 603" 7.40° 787 980" 678" 8.15*
Ca-citrate 6.84%% 838%™ 5980 707 759 913*™ 673 7.824
Control 6.00¢ 7.00™ 500° 6.00° 6950 7.75™ 5000 6.57°
Mean 6.68°% 830 5.68° 747°  905* 628
Root length (cm)
NPK-humate 31.50® 3290 28.90% 31.10*% 32.30° 33.70° 29.70* 31.90*

Chelat micro-elements 30.00%%* 3070 2620% 28.90° 30.80™% 31.50®¢ 27.008® 29.80°¢

K-citrate 31.00% 32.00® 28.00°% 30.30"% 32.00% 32.80" 28.80°% 31.20*°

Ca-citrate 30904 31.40% 27.50% 29.90° 31.70™ 32.20" 28.30% 30.70°

Control 28.00°% 29,00 25,00 27.30° 28.90°% 29.90°%f 2580" 28.20°
Mean 30.28%  31.20% 27.12° 31.10% 32,00 279"

* Means followed by the same letters are not significantly differed according to LSD at 5% level.
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As the positively effect of K-citrate on plant
growth, similar results were obtained by
Synsuke et al. (2011) on tomato. Results could
be easily explained as potassium is well-known
to enhance photosynthesis, thereby, it could
increase dry matter accumulation in plant
organs. The relationship between potassium and
photosynthetic rate in tomato was reported by
Synsuke et al. (2011).

Root length was also positively responded to
NPK-humate. In this connection, K~citrate came
at the second rank followed by Ca-citrate and
chelated micro-nutrients as control occupied the
last rank. Humates was also reported to increase
tomato root growth (Norman et al, 2003).
Another confirmation was done by Lulakis and
Petsas (1995) who found that humic substances
were beneficial to root length of tomato.

The positive effect of Ca-citrate on root growth
may be a result of increasing photosynthesis and
carbohydrate accumulation in plant organs. This
conclusion was also suggested by Synsuke et al.
(2011) on tomato.

The noticed insignificant effect of chelated
micro-nutrients on studied growth parameters
may be a result of existing enough amounts of
these nutrients in the soil. This conclusion goes
along with the results of Cengiz and David
(2002) who found that high levels of Zn and Fe
showed a significant decrease in the production
of dry matter and chlorophyll contents of tomato.

The three studied tomato hybrids significantly
differed in leaves, stems, roots fresh and dry
weights as well as root length (Tables 2 and 3).
TH 99809 hybrid showed superior records in all
of the above mentioned growth parameters. It
was followed by GS-12 hybrid as NPK-
occupied the last position.

The variation among cultivars in their growth
was also suggested by Ramakumar et al., (1981)
and Coltman (1983) to be due to variations in
nutrients use efficiency and heritability genes.
Another confirmation was done by Kleinkopf ef
al., (1981) who reported varietal variation in the
potentially of dry matter accumulation.

As for the interaction effect, data in Tables 2
and 3 show that TH 99809 hybrid receiving

NPK-humates was of pioneer position in all
tested growth parameters.

Leaf area/ plant

Comparing to control, all the tested treatments
increased leaf area/ plant, moreover, NPK-
humates attained the highest record (Table 4).
This result hold true in both growing seasons.
NPK-humates was followed by K-citrate, Ca-
citrate, chelated micro-nutrient and control.

Obtained results coincide with those of Norman
et al. (2003) who found that humates increased
leaf area of pepper plants. Another confirmation
was done by Inaki ef al. (2011) on pepper.

The increase in leaf area may be a result of
increasing chlorophyll, nutrients content and
photosynthesis, factors that may be positively
reflected on leaf area.

Besides, the known fact of nitrogen
incorporation in chlorophyll of leaves which is
responsible for the photosynthesis process
known to be the base of synthesis of all organic
substances in plant, factor that may reflected on
leaf area. This conclusion was also suggested by
Midan (1972) on beans.

The positive effect of K-citrate on leaf area
may be explained as K favoured photosynthesis,
leaf water potential and leaf transpiration rate,
factors that favourably affected leaf area.
Synsuke et al. (2011) drawn similar conclusion.

The studied hybrids varied in leaf area as TH
99809 hybrid achieved the highest record
followed by GS-12 as NSX came at the last
position (Table 4). Again growth criteria of
plants are controlled by heriditical genes.

As for the interaction, TH 99809 hybrid
receiving NPK-humates exhibited the highest
leaf area value (Table 4). It could be easily
concluded from such data that NS x 9535
hybrid failed to exhibit superior records under
all of the applied nutrients.

Biochemical Constituents in Leaves
Total sugars

Ca-citrate and K-citrate exhibited significant
increases in total sugars content in tomato
leaves (Table 5). In this connection, the lowest
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Table 4. Effect of some organic macro and micro nutrients on leaf area (cm*plant) of three
tomato hybrids during 2010/2011 and 2011/2012 seasons

2010/2011 season 2011/2012 season
Hybrids
TH NS x TH NS x
Treatments G812 g9000 9535 Mean GS-12 o055 9535 Mean

Leaf area (cm’ / plant)

NPK-humate 2380.0° 2795.0° 2065.0' 2413.3* 2452.0° 2867.0° 2173.0' 24853%

Chelat micro-elements 2066.0' 2410.0° 1953.0™ 2143.0° 2138.0' 248207 2025.0™ 2215.0°

K-citrate 2310.08 2571.0° 2020.0' 2300.0° 2382.0° 2643.0° 2092.0' 2372.3°

Ca-citrate 2096.0" 2510.0° 1995.0' 22003¢ 2168.0" 2582.0° 2067.0' 2272.3°

Control 2011.0% 2355.0° 1898.0° 2088.0° 20830 2427.0' 1970.0° 2160.0°F
Mean 2172.6" 2528.2* 1986.2° 2244.6° 26002* 2058.2°

* Means followed by the same letters are not significantly differed according to LSD at 5% level.

Table 5. Effect of some organic macro and micro nutrients on biochemical constituents in leaves
of three tomato hybrids during 2010/2011 and 2011/2012 seasons

2010/2011 season 2011/2012 season
Hybrids.
TH NS x TH NS x
Treatments GS-12 g9g09 9535 Mean  GS-12 4859 9535 Mean

Total sugars in leaves (mg / g d.wt)

NPK-humate 850 9.00° 830" 8.60° 890® 9.40° 870® 9.00°
Chelat micro-elements 8.70®  9.10°  7.50° 8.40° 9.10® 9.50° 790° 8.80°
K-citrate 9.10° 9.50° 890 920° 950° 990° 9.30° 960"
Ca-citrate 9.80° 10.90° 8.70° 9.80* 1020 1130 9.10° 1020*
Control 7.70°  850®  7.10° 7.80° 8.10° 8.90® 7.50° 8.20°
Mean 8.80° 940* 8.10° 920° 980* 8.50°
Total free amino acids (mg / g d.wt)
NPK-humate 25.90" 26.40° 2530 2590* 2640 2690° 2580 2640
Chelat micro-elements 25.10% 2590 2500 2530% 25.60° 2640® 2550 25.80*
K-citrate 24.50% 2550® 24.10™ 24.70° 25.00™ 2590 24.60™ 25.20°
Ca-citrate 24.90" 2590 24.50™ 25.10% 25.40™ 26.40® 25.00™ 25.60*
Control 2200 23.00"° 21.00° 22.00° 24.50 25.50° 23.50° 24.50°
Mean 24.50° 25.30* 24.00° 25.40% 2620% 24,908

* Means followed by the same letters are not significantly differed according to LSD at 5% level.
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value was obtained in check plants. The role of
potassium in photosynthesis and sugars
translocation in tomato was reported by Bishnu
and Zeev (2004) and Synsuke et al. (2011).

It is worthwhile to mention that, the tested
tomato hybrids differed in the total sugars
content (Table 5). TH 99809 hybrid showed the
highest record (Table 5). Results may be
explained as the biochemical constituents of
plant organs are dependent on hereditical factors.

As for the interaction effects, TH 99809
hybrid interacted with Ca-citrate give the
highest total sugars content in leaves (Table 5).
The lowest record, in this connection, being
obtained from NS x 9535 hybrid receiving
chelat micro-elements.

Total free amino acids:

Comparing to control, all of the tested
treatments gave significant increases in total
free amino acids in leaves (Table 5). In this
connection, NPK-humates achieved the highest
record followed descendingly by chelated
micronutrients and Ca-citrate. This result hold
true in both seasons.

Results could be explained on the base of
increasing nitrogen absorption and consequently
it's assimilation by plants. This suggestion matched
well with that of Maryam (2012) on tomato.

Such micronutrients, i.e., Zn, Fe and Mn,
were also reported by El-Sayed et al. (2010) to
augment total frez amino acids in onion leaves.

As for the free amino acids in the studied
tomato hybrids, data in Table 5 show that TH
99809 hybrid are of the highest record in this
regard followed by GS8-12 and NS x 9535
hybrids. Results could be interpreted as a
variation in N uptake, the important element in
amino acids synthesis.

As for the interacted effect, TH 99809
hybrid receiving chelated micro-nutrients
exhibited superior total free amino acids record.

N, P and K contents in plant leaves

As it could be seen from such data, NPK-
humates showed significant increases in N and
P contents of plant leaves as compared to
control (Table 6). Chelated micro-nutrients
showed also significant increases in P content.

However, K-citrate caused significant increase
in K content, followed by NPK -humates.

Results may be discussed as humates
encourage nutrients uptake by plants.

Similar conclusion was previously drawn by
Bohme and Thi-Lau (1997) who reported that
humic acid had beneficial effects on P and K
uptake by tomato plants. Further confirmation
was done by Maryam (2012) who found that
humic acid stimulate nutrients absorption by
roots., Obtained results go along with those of
Hasanein (2011) on tomato.

The highest value of NPK contents comparing
to the other tested hybrids was recorded by TH
99809 hybrid (Table 6). This result goes along
with those of Hernandez et al. (2007) who reported
that elements content of tomato plants seemed
more influenced by the cultivar.

TH 99809 hybrid receiving NPK-humate
showed superior N and P contents in leaves
(Table 6). Also, it exhibited the highest K
contents when plants receiving K-citrate.

N, P and K utilization quotient

The efficiency of elements utilization can be
expressed through the relation between dry
weight produced by plant and the element
absorbed, also, by plant.

It could be detected from such data presented
in Table 7 that plants received K-citrate are of
pioneer position in N and P utilization quotient.
It was followed, with slight discrepancies, by
those received Ca-citrate. Also, the highest
value of K-utilization quotient being obtained in
plants received Ca-citrate.

Results could be discussed as treatments of
lowest leaves dry weight or those of less
element concentration in leaves showed, in
general, superior values of element utilization
quotient. Vice versa is true, i.e., plants of high
leaves dry weight or those of high element
concentration are of inferior element utilization
quotient. Results appeared logic as this index,
element utilization quotient, was calculated by
dividing one by leaves dry weight multiplied in
element concentration. Thus, the reduction of
denominator (the root of the fraction) lead to an
increase in the produced value and vice versa in
true. This conclusion was previously suggested
by Midan {2003) on pepper.
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Table 6. Effect of some organic macro and micro nutrients on N, P and K contents in leaves of
three tomato hybrids during 2010/2011 and 2011/2012 seasons

Hybrids 2010/2011 season 2011/2012 season

TH NSx TH  NSx

Treatments GS-12 99809 9535 Mean GS-12 o949 g535 Mean
N(g/100 g d.wt)

NPK-humate S 410 450° 390 407f 490 5300 4.70°  497%

Chelat micro-elements 3.80° 4.10® 3.50® 3.80® 460 490 430® 4.60°

K-citrate 2.90®  3.00® 250° 280° 3.70® 3.80® 330" 3.60°
Ca-citrate 3.00"  3.80® 2.80° 3.20° 3.82*% 4.60® 3.60° 4.01°
Control 2.08°  301® 2077 239% 306" 3.09®° 305 307
Mean 3322 370 3.08° 4.12% 450 3.88°
P(g/100 gd.wt)
NPK-humate 220" 250 210%™ 227 290 3200 280" 297*

Chelat micro-elements 1.80°* 190" 1.70™ 180° 250™ 260™ 240" 250

K-citrate . 1.10*  1.30% 095* 1120 180 200%™ 165 1.82°
Ca-citrate 1.50%  1.70™ 130" 1.50° 220%™ 240®™ 200%™ 2.20°¢
Control 0.90° 1.10® 085 0958 1.60° 180 155 1.65°
Mean 1.50* 170 138* 2200 240 208"
K(g/100 g d.wt)
NPK-humate 6.10%  6.30% 6.00° 613 692®° 7.12% 682" 6.95°

Chelat micro-elements 5.50"° 5.80™ 5.10% 547° 632% 662 592 629

K-citrate 7022 732° 7000 7t 784 814 7000 7.93*

Ca-citrate 510" 530" 4.80° 5.07° 592" 612" 562 5.89°

Control 470% 480 450 4.67°F 5529 562¢ 532 549"
Mean 568 590% 548" 650 6.72* 6.30"

* Means followed by the same letters are not significantly differed according to LSD at 5% level.
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Table 7. Effect of some organic macro and micro nutrients on N, P and K utilization quotient of
three tomato hybrids during 2010/2011 and 2011/2012 seasons

Hybrids 2010/2011 season 2011/2012 season
, TH NS x TH NS x
Treatments \ GS-12 99809 9535 Mean GS-12 99809 9535 Mean
N utilization quotient
NPK-humate 12.32%  12.37% 1196 1222° 1036% 10.55* 10.03° 10.31°€

Chelat micro-elements 12.67% 11.09%" 1071 11.49° 10.60% 11.01® 10.562 10.72€

K-citrate 13.86* 20.31° 14.06° 16.08* 11.62° 1677 11.50° 13.30%
Ca-citrate 1397 18.55® 12.84°* 15.12% 11.704 1593° 10.76* 12.80®
Control 9.71% 11.28% 881" 993° 869%™ 10.10°®* 790" 8.90°
Mean 12.51%  14.72* 11.68° 10.59% 12.87% 10.15°
P utilization quotient
NPK-humate 27.93° 4147° 2765 3235 2331 2286 22,65 22.94°

Chelat micro-elements 20427  21.76" 20.00" 2073 15827 1698 15337 16.04°

K-citrate 36.55¢ 46.87° 37.01% 40.14* 2389¢ 31.87° 23.01¢ 26.26*
Ca-citrate 38.33% 3486 38.00® 37.06° 2032° 30.54° 19.38° 23.41°
Control 18.09% 2030° 16368 18255 14.69% 16.73" 1327¢ 14.90°
Mean 28.26° 33.05% 27.80° 19.61® 23.80% 18.73°
K utilization quotient
NPK-humate 6.52  8.06™ 573 677 616® 7.52% 545 6.38°

Chelat micro-elements 6.68%° 7.13® 667 6.83% 626 6.67° 622 638°

K-citrate 734%  799%  718® 750% 6.76® 7.32®  6.60° 6.89°

Ca-citrate 8.22°  13.30° 7.49® 967" 765® 1198 6.90° 8814

Control 434° 799" 418" 550 476 632 360" 4.89°
Mean 6.62° 889 6.25° 6328  796* 5.75°

* Means followed Iy the same letters are not significantly differed according to LSD at 5% level.
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Another explanation could be done as
potassium increased photosynthesis intensity
and carbohydrate accumulation, thereby, it
could enhance elements utilization quotient. The
relationship between carbohydrate content and
minerals utilization quotient was previously
recorded by Khalil (1990) on tomato.

The generally unfavourable effect of such
treatments on elements utilization quotient
could be explained on the same base of
increasing leaves dry weight and / or element
content in leaves. Midan (1972) on bean and
Midan e al. (1989) on potato came to similar
conclusion.

The tested tomato hybrids varied in elements
utilization quotient (Table 7) TH 99809 hybrid
evidently gained the highest record in all
elements utilization quotient. The efficiency of
clements utilization seemed to be dependent on
hereditical factors.

The cultivars variation in nutrients use
efficiency was also noticed by Ramakumar ef al.
(1981) and Coltman (1983). They attributed the
cultivars variation to be due to variation in
hereditical genes.

Genotypical differences in nutrient efficiency
occur for a number of reasons, these being related
to uptake, transport and utilization within plants.

There are typical differences in nitrogen
requirement at the cellular level, for example,
between C; and C4 species, factor that may
affect it's use efficiency. English and Barker
(1987) came to similar conclusion. Besides, for
phosphorus higher use efficiency in certain
genotypes may be related to better use of stored
P either within a given tissue or by better
retranslocation between shoot organs as
suggested by Riley ef al. (1993).

In the case of potassium use efficiency
genotypical differences in potential potassium
replacement, play a major role. The suggested
interpretion was previously reported by Graham
(1984).

As for the interaction between studied
tomato hybrids and applied organic nutrients, it
is obviously clear that TH 99809 hybrid
achieved the highest record in all studied

elements utilization quotient when K-citrate was
added (Table 7).

Chlorophyll a, b and carotenoids

NPK-humates caused superior values in ail
studied chlorophyll fractions content (Fig. 1). It
was followed by K-citrate.

Results could be interpreted as nitrogen
involved in chlorophyll molecule, thus its
positive effect in this connection is reasonable.
Besides, potassium was previously reported by
Bishnu and Zeev (2004) to favour total
chlorophyll in tomato leaves.

Results revealed significant differences
between the tested hybrids in chlorophyll
fractions (Fig. 1). TH 99809 hybrid seems to be
of the highest contents in this regard.

The chemical constituents of plants being
dependent on hereditical genes.Obtained results
matched well with those of Cengiz and David
(2002) on tomato. They reported that there were
significant differences between the cultivars in
chlorophyll content. They added that, there were
an inherent differences in response between the
cultivars.

Results concerning the interaction between
studied factors indicate that TH 99809 hybrid
being of superior chlorophyll record when
plants received NPK-humates (Fig. 1).

Biochemical Constituents of Fruits
NO; accumulation in fruits

The highest value of NO; accumulation in
fruits was noticed in plants received NPK-
humates (Fig. 2). Those received K-citrate and
Ca-citrate came in the second and third
position,respectively, as control plants occupied
the latest position.

Results could be explained as a result of
increasing N-uptake and assimilation. Obtained
results coincided with those of Maryam (2012)
on lettuce who reported that NO, concentration
increased in treatments supplemented with
humic acid.

GS-12 hybrid exhibited superior value of
NO; accumulation in fruits as TH 99809 hybrid
came in the second rank (Fig. 2).
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Fig. 1. Effect of some organic macro and micro nutrients on chlorophyll a, b and carotenoids
contents of three tomato hybrids
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Fig. 2. Effect of some organic macro and micro nutrients on NO; accumulation in fruits (mg/kg
fr.wt) of three tomato hybrids during 2010/2011 and 2011/2012 seasons

The cultivars differences in chemical
constituents were also noticed by Cengiz and
David (2002) who reported that the differences
indicated an inherent differences in response
among the cultivars.

As for the interaction, GS-12 showed the
highest values of NO; accumulation in fruits
when plants received NPK-humates (Fig. 2).

Total soluble solids and vitamin C in
fruits

Ca-itrate and chelated micro-nutrients
exhibited superior T.S.S and vitarmin C contents

in tomato fruits (Table 8). Besides, control

plants achieved the lowest values in this respect.

Ca<itrate and chelated micro-nutrients
activate  photosynthesis and  assimilates
accumulation that may explain their positive
effect on T.S.S and vitamin C contents in fruit.
In addition, the effective role of such micro-
nutrients in controlling various enzymes
activities and  photosynthetic  pigments
formation may explain their positive effect in
this regard. Similar conclusion was previously
drawn by Abou El-Khair ef al. (2011) working
on garlic. Results could be interpreted also as
the assimilation of carbohydrates enhanced
vitamin C synthesis.
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Table 8. Effect of some macro and micro organic nutrients on total soluble solids in fruits (%)
and vitamin C in fruits (mg / 100 g fw) of three tomato hybrids during 2010/2011 and

2011/2012 seasons
Hybrids 2010/2011 season 2011/2012 season
Gs12 ol TOY Mean GS-12 9;;39 1;553; Mean
Treatments
Total soluble solids in fruits (%)
NPK-humate 6.12% 5859  540% 579%  482™ 4559 4109 4.49°
Chelat micro-elements 7.30®  6.83% 730" 7.14* 6.00® 553" 600° 5.84%
K-citrate 603 520 623 582° 473 3907 493 452°
Ca-citrate 8.00° 835" 7.53® 796* 670° 7.05° 623" 6.66
Control 420° 435 400" 4.18° 390" 405 3.70° 3.88°
Mean 633*  6.12% 6.09° 523%  502%  4.99°
Vitamin C in fruits (mg / 100 g fr.wt)
NPK-humate 28.92%f 2974% 28.75%" 2914 27.62% 28.44% 2745% 2784°
Chelat micro-elements 31.78® 32.70® 29.36* 31.28% 30.48% 31.40® 28.06* 29.98°
K-citrate 28.04°% 29.56% 2856 28.72° 26.74%% 2826% 2726 27.42°
Ca-citrate 32.88° 3365° 30.02¢ 32.18* 31.58® 3235 28.72°¢ 30.88"
Control 27.00% 27.95% 26878 27.27° 2570% 26.65% 25578 2597°
Mean 29.72% 30.72% 28.711° 28428 29.42% 27.41°

* Means followed by the same letters are not significantly differed according to LSD at 5% level.

As for the studied hybrids, GS-12 approved
to be of the highest T.8.S contents in fruits,
since TH 99809 followed it, with insignificant
differences. However, TH 99809 came in the
first rank regarding vitamin C contents, as it was
followed by GS-12.

As previously discussed, the chemical
constituents of plant organs appeared to be
dependent on the capability of plants to absorb
nutrients from the soil that controlled by
hereditical genes.

As for the interaction, TH 99809 hybrid
achieved superior contents of both T.S.S and
vitamin C 1in fruits of tomato plant receiving Ca-
citrate. Besides, somewhat superiority in T.S.S
and vitamin C content was noticed in GS-12
when plants received Ca-citrate.

Yield and Yield Components
Number of fruits and average fruit weight

Comparing to control or the other tested
treatments, NPK-humates exerted significant
increases in both number of fruits / plant and
average fruit weight (Table 9). It was followed
by K-citrates as chelated micro-nutrients and
Ca-citrate came at the third and forth position,
respectively.

This result coincided with those of Maryam
(2012). Results could be interpreted as humates
stimulate root absorption of nutrients, factor that
may positively reflected on plant yielding.
Number of fruits and average fruit weight of
tomato were also reported by Hasanein (2011)
to positively respond to NPK application.
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Table 9. Effect of some organic macro and micro nutrients on yield and its components of three
tomato hybrids during 2010/2011 and 2011/2012 seasons

Hybrids 2010/2011 season 2011/2012 season
Treatments GS-12 9}8]:9 1;583; Mean  GS-12 9;‘81:(:9 1;583; Mean
Number of fruits / plant
NPK-humate 39.00° 41.13*° 26.90° 35.68* 40.57° 4268 2845 37.73%
Chelat micro-elements 30.35° 32.30% 2258 2841° 31.90° 33.85% 24.13% 29.96°
K-citrate 30.45° 32.63% 22.80° 28.63° 32.00° 34.18% 24358 30.18°
Ca-citrate 36.20° 40.50° 26.10° 3427° 37.75° 42.05*° 27657 35828
Control 34.80% 36.37° 25.00% 32.06° 36.35° 37.92° 26.50% 33.61°
Mean 34.16* 36.59* 24.68° 35714 38.14% 26.23°
Average fruit weight (g)
NPK-humate 83.81% 86.76° 76.88" 82.48* 84.31™ 87.26° 77.38% 82.98*
Chelat micro-elements 76.75% 83.20°¢ 73.30% 77.75¢ 77.25% 83.70™¢ 73.80™ 78.25°
K-citrate 79.16% 82.81%¢ 74,752 78.91% 79.66" 83.31™¢ 75258 79.41%¢
Ca-citrate 80.64°® 84.44® 7536% 80.15° 81.14°° 84.94° 75.86™ 80.65°
Control 73.10% 80.20%" 7035 7455 73.60™ 80.70%" 7085 75.05"
Mean 78.69% 83.48* 74.13° 79.19% 83.98* 74.63°
Early yield (ton / fed.)™
NPK-humate 11.86™ 12.90* 5.82% 10.19* 12.58™ 13.62° 6.54% 10.91%
Chelat micro-elements 9.05% 10.93%¢ 4.42¢ 813 9.77% 11.65* 5.14® 885
K-citrate 10.92°¢ 12.00% 5.02% 931% 11.64™ 12.75® 5.74% 10.03°
Ca-citrate 8.35° 10.109 392" 746 907 10.82¢ 664" 8.18°
Control 6.64° 828 138 543F 736" 9.00° 2100 6.15°
Mean 936% 10.84* 4.11° 10.08% 11.56* 4.83°
Total yield (ton / fed.)
NPK-humate 21.82% 2295 19.90™% 2156 24.18" 25317 22.26"% 23.92*
Chelat micro-elements 19.35%% 2054 17.42% 19.10%¢ 21.71%% 22.90® 19.78% 21.46°C
K-citrate 20.20%% 21.78% 18.98%% 20.32%% 22.56™% 24.14™ 21.34™% 22.68*"
Ca-citrate 21.20% 22.00% 19.27°% 20.82% 23.56™ 2430 21.63™* 23.16*
Control 18.50°% 19.35%% 17.00° 18.28° 20.86°* 21.71™* 19.30° 20.64°
Mean 2021 21.32% 18.51° 22.57% 23.68% 2087°

* Means followed by the same leiters are not significantly differed according to LSD at 5% level.
** Fed. = 4200m’
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As for the somawhat superiority of K-citrate,
results could be explained as this nutrient
enhanced plant growth, total chlorophyll and
carbohydrate accumulation. Carbohydrates is
well-known to enhance pollen viability and
consequently increasing fruit set Bishnu and
Zeev (2004) came to similar conclusion.

Another confirmation was done by Hamid
and Mohsen (2011) who noticed that K
application significantly increased number of
tomato fruits.

As for studied tomato hybrids, that of TH
99809 had the highest number of fruits / plant
and average fruit weight (Table 9). GS-12 and
NS x 9535 hybrids occupied the second and
third rank.

Results could be interpreted on the base of
the superiority of TH 99809 hybrid in growth
characters and have high values of nutrients use
efficiency, factors that may affect yielding
potentiality. Similar results were obtained by
Midan and Gabal (1986) on peppers, Rao and
Chonkar (1981) and Gill et al. (1982) also on
peppers. They attributed these vanations to
heredital factors.

As for the interaction between the two studied
factors, TH 99809 hybrid produced high values of
number of fruits and average fruit weight when
plants received NPK-humates (Table 9).

Early and total yields

As it could be seen from such data, NPK-
humates were of the highest records in early and
total yields as compared to control or the other
tested treatments (Table 9).

In addition, K-citrate showed somewhat
superiority in this regard, as chelated micro-
nutrients came with insignificant differences in
the third rank. Fesults were insistently observed
in both seasons.

Obtained results are in accordance with those
of Hamid and Mohsen (2011) and Hasanein
(2011) on tomato.

Further confirmation was done by Maryam
(2012), who reported that humates increased
plant yield via increasing root absorption of
nutrients, plant photosynthesis and respiration
and consequently improving growth, flowering

and fruitting.

As for the tested hybrids, TH 99809 hybrid
approved to be of the highest early and total
yields in both seasons (Table 9). It was followed
by GS-12 as NS x 9535 came at the last rank
regarding yield parameters.

The differences among the tested hybrids in
early and total yields were quite expected as
these yield indices seems to be dependent on
heredity. This suggestion was confirmed by the
results of Cengiz and David (2002) working on
tomato. The authors reported that the hybrids
differences indicated an inherent differences.

The highest values of both yield parameters
were obtained from TH 99809 hybrid as
interacted with NPK-humates (Table 9).
Besides, the lowest values being obtained in NS
x 9535 hybrid receiving Ca-citrate.
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