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ABSTRACT
The investigation was carried out for evaluation effects of humic acid fertilizer on nutrient uptake
(N, P, and K) and physiological characteristics of Fragaria ananassa var: Camarosa. Experiment
treatments included different concentration of humic acid (0, 10, 20, 30 and 40 ppm) with two
methods of application (fertigation and spray). Result of experiment showed that there is highest
amount of N in fertigation in concentration of 20 ppm and there are highest of Phosphorus,
potassium and amount of assimilation in concentration of 10 ppm. In spray method there are

highest amount of N and chlorophyll in concentrations of 10 and 20 ppm and there is potassium in
concentration of 10 ppm.

FERERREERRRENBERERFCENE R ETRURERNER -

A A,,\IJuitF“#EEﬁHEJrJ&TEE%ﬁﬂ&uﬂz (N> P> K) FIERFHAIRE *EMEIE@}EKH

IREREER (0,10,20,30f140ppm) MMERASE (RENEEIEE) o SBREGRE

,-T-\ > M20ppmig@RIBEHNIRIRERS > 10ppmiRiRRIZLE; ﬁE’JHﬂ:EE—T—] MEEH
= 1EFH1 Oppm K& 20ppm EEIEFRMEMNNEGZ R ERS > 10 ppm EEIEFER

f‘?az °

Merkez: istanbul Diinya Ticaret Merkezi

A1-Blok No:272 Kat:7 Yesilkoy
. Bakirkéy-istanbul
www.organiksa.com.tr Tel: +90 (212) 465 65 05
Fax: +90 (212) 465 65 06
BAKIRKOY V.D. 645 034 2434




Tarim Mad. Nak. San. ve Tic. A.S.

e Antalya Gazi Pasa Region (2010) (Strawberry) field test about the Effect
of Humic Acid on Nutrient Uptake and Physiological Characteristic of
Fragaria ananassa var: Camarosa

INTRODUCTION

The garden strawberry (or simply strawberry; Fragaria X ananassa) is a widely grown
hybrid species of the genus Fragaria (collectively known as the strawberries). It is cultivated
worldwide for its fruit. The fruit (which is not a botanical berry, but an aggregate accessory
fruit) is widely appreciated for its characteristic aroma, bright red color, juicy texture, and
sweetness. It is consumed in large quantities, either fresh or in such prepared foods as
preserves, fruit juice, pies, ice creams, milkshakes, and chocolates. Artificial strawberry
flavorings and aromas are also widely used in many products like lip gloss, candy, hand
sanitizers, perfume, and many others.In terms of exports turkey becomes in third place after
USA and Mexica. In past ten years turkey increased its productivity from 1590 Kg/Decar to
2802 Kg/Decar in this progress Humic Acid applications and benefits has been appriciated by
our customers.The aim of this study was, therefore, to determine the effect humic acid
fertilizer on nutrient uptake (N, P, and K) and physiological characteristic of Fragaria
ananassa.

MATERIALS AND METHODS

The investigation was conducted in 6 Oct. 2010 to 13 Jan. 2010 at the experimental
greenhouse of Antalya Gazi Pasa region.The experiment was arranged in factorial experiment
based on randomized complete design with three replications. The treatments of experiment
included concentrations of humic acid (0, 10, 20, 30, 40 ppm) with two application methods
of spray and fertigation. Daily temperature was 22C and nightly temperature was 17C.
Fertigation was begun two week after the planting and repeated each 14 day interval. In Foliar
application, the first spray started at the beginning of flowering and later at 14 days interval.
No other fertilizer was used during plant growth. Total nitrogen of the sample was determined
by Kjeldahl method (Kacar 1972). For determination of P and K contents of leaf, plant
samples were air-dried and were then ground. K was determined after dry digestion of dry and
sub-samples in a HCL preparation, P was measured spectrophotometrically by reaction with
ascorbic acid. Potassium was determined by flame photometry. Also chlorophyll,
assimilation, evapotranspiration and gas exchanges were measured. Leaf chlorophyll content
was measured by a portable chlorophyll meter, SPAD-502 (Minolta Corporation, Ramsey,
NJ). Assimilation, evapotranspiration and gas exchanges were measured by LCi portable
photosynthesis meter. Data were analyzed using SAS 9 and means were compared by LSD
test at 5% level of confidence.
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FIELD AREA:

The field area selected for the experiment is The above mentioned doses were applied at
situated in Antalya Gazipasa region .

CLIMATE OF ANTALYA:

The area is shielded from the northerly winds by the Taurus Mountains. Antalya has a hot-
summer Mediterranean climate (Koppen: Csa) with hot and dry summers and mild and rainy
winters. Around 300 days of the year are sunny, with nearly 3,000 hours of sunlight per year.
The mean sea temperature ranges between 16 °C (61 °F) in winter and 27 °C (81 °F) in
summer./2! The highest record air temperature reached 45 °C (113 °F) in July which normally
averages as high as 34.4 °C (93.9 °F) and the lowest record dropped to —4 °C (25 °F) in
February, when the low average is as low as 6.1 °C (43 °F).

RESULTS AND DISCUSSIONS

Analysis of variance showed type of fertilization was effective on all of traits except
chlorophyll. (Table 1). Humic acid fertigation application was effective on assimilation, leaf
uptake of N and P. foliar application of humic acid was effective on evapotranspiration, gas
exchanges and leaf uptake of K. (Table 2). Used concentrations were significant in all of traits
except evapotranspiration. (P< 0.01) (Table 1). Application humic acid was no effective in
assimilation, evapotranspiration, gas exchanges. 20 ppm humic acid had the highest of
chlorophyll content. The highest of leaf uptake of N was observed in 10 and 20 ppm and the
lowest of leaf uptake of N was in 40 ppm. There are this probably which high concentration is
inhibiter agent in leaf uptake of N. the highest of leaf uptake of P and K were related to 10
ppm. (Table 3). Interaction of type of humic acid application and their concentration were
effective in all of traits except chlorophyll and gas exchanges. (P< 0.01). (Table 4). The
highest of assimilation and leaf uptake of P were related to fertigation of humic acid in
concentration 10 ppm. There are the highest of percentage N in 20 ppm of fertigation and 10
ppm of foliar application. The highest of percentage of K in leaf was observed in 10 ppm of
foliar application. Studies were carried out about effect of humic acid on strawberry
characteristics which offered using of low concentration of humic acid. (Pilanal and Kaplan
2003) It has been demonstrated that plant growth can be stimulated by very low
concentrations of humic substances (Cacco and Dell’Agnolla 1984).which is in agreement
with this investigation, so that in this investigation high concentration was negative effect on
traits under study. Fagbenro and Agboola (1993) reported: with addition humic acid to soil,
nutrient uptake including N, P, K, Mg ,Ca, Zn, Fe and Cu increased which is in agreement
with results of this experiment and low concentration had high leaf uptake. Humic substances
(HS) have positive effects on plant physiology (Turkmen et al., 2004) so that concentration of
20 ppm acid humic was effective on increasing of chlorophyll content. There are two major
peaks in June-bearing strawberries which these are in fall and spring. After the beginning of
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fruit maturation in late spring, nitrogen moves directly from leaves to fruit and its soil uptake
was limited. (Neri et al., 2002). In during flowering and fruiting which soil uptake is low,
importance foliar application is clear. In this experiment leaf uptake of K in foliar application
was higher than fertigation but leaf uptake of N and P were lower than spray which it related
to time of measurement which was carried out in postharvest of fruits. In conclusion was
better measurement was done in during different periods and also for using humic acid in
strawberry should use from low concentration.

TREATMENTS:
Table 1. Analysis of variance of the traits under study.
M.S
S.v DF Assimilation  evapotranspiration gas chlorophyll %N %P % K
(nmol/m?.s) (mmol/m’.s) exchange
(mol/mz.s)
F 1 5.36%* 0.077** 0.0017* 1.24 ns 0.010* 0.0136** 0.57%*
C 4 7.20%* 0.029 ns 0.0015%* 16.87%* 017%* 0.0079** 3.38**
FxC 4 3.64%* 0.051** 0.00028 ns 224 ns 0.014**  0.0205**  0.129%*
Error 20 0.095 0.0027 0.0003 1.026 0.002 0.00066 0.014

NS, *** Nonsignificant or significant at P = 0.05 or 0.01, respectively.
F= Type of fertilization, C= concentration of humic acid, F x C= fertilization X concentration.

Table 2. Effect of type of fertilization on physiological characteristics and leaf nutrient uptake of strawberry cv. Camarosa.

Treatment Assimilation evapotranspiration gas chlorophyll %N %P % K
(pmol/mz.s) (mmol/mz.s) exchanges
(mol/m~.s)
Fertigation 2.86a 0.16 b 0.05b 44.36 a 0.73 a 030 a 241b
Spray 2.02b 0.26a 0.06 a 43.96 a 0.69b 0.26b 2.69a

Different letters indicate significant difference between treatments at 5% levels.
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Table 3. Effect of concentration of humic acid on physiological characteristics and leaf nutrient uptake of strawberry cv. Camarosa.

Treatment Assimilation evapotranspiration gas chlorophyll %N %P % K
(pmol/mz.s) (mmol/mz.s) exchange
(mol/mz.s)
0 ppm Humic acid 403 a 0.22 ab 0.06 ab 42.96 ¢ 0.58¢ 0.27bc 2.18¢
10 ppm Humic acid 290b 0.26a 0.07 a 44.86b 0.86a 0.34a 385a
20 ppm Humic acid 241c¢ 0.19b 0.06 ab 46.26 a 0.88a 024c¢ 2.54b
30 ppm Humic acid 1.60 d 0.23 ab 0.036 ¢ 4470 b 0.72b 0.28b 1.99d
40 ppm Humic acid 1.27d 0.17b 0.04 be 42.01 ¢ 0.49d 0.29b 2.20 ¢

Different letters indicate significant difference between treatments at 5% levels.

Table 4. Effect of concentration of humic acid and type fertilization on physiological characteristics and leaf nutrient uptake of strawberry
cv. Camarosa.

Treatment
Fertilization Concentration Assimilation evapotranspiration %N %P %K
Of Humic acid (pmol/mz.s) (mmol/m’.s)
(ppm)
0 403b 0.22b 0.58 ¢ 027 b 2.18d
10 4.68a 0.25b 0.81 be 0.46 a 351b
Fertigation 20 2.82c¢ 0.12¢ 0.90 a 021c 25¢
30 1.58 de 0.12¢ 0.77 ¢ 0.28b 1.74 ¢
40
122 0.11¢ 0.57 e 0.29b 2.14d
0 4.03b 0.22b 0.58¢ 0.27b 2.18d
Foliar 10 112 0.27 ab 091 a 022¢ 4.18a
application 20 2.01d 0.26 ab 0.86 ab 0.27b 2.58¢
30 1.62 de 0.34a 0.68 d 0.28b 2.25d
40 1.32¢ 0.23b 0.41 f 0.28 b 2.26d
Different letters indicate significant difference between treatments at 5% levels.
CONCLUSIONS:

Using of humic acid is proposed as fertilizer of activator nutrition uptake of leaf and growth if
was used in low concentration.
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ORGANIKSA

APPLE

The Effect of the Foliar Application of Potassium, Calcium,

Boron and Humic Acid on Vegetative Growth, Fruit Set, Leaf

Mineral, Yield and Fruit Quality of Apple Trees
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ABSTRACT
This experiment was carried out during 2012 and 2013 seasons on seven years old apple trees.
Trees were planted at 5.5 meters on sandy loam soil under drip irrigation system in a private
orchard at Isparta, Turkey. The experiment involved ten foliage spraying treatments as follows:
control, sprayed with water, K at 2% as potassium sulphate, Ca at 0.2% as calcium chloride, B at
0.2% as boric acid, H.A. at 5% as humic acid, potassium sulphate+ humic acid, calcium chloride+
humic acid, boric acid+ humic acid, potassium sulphatet+ calcium chloride+ boric acid and
potassium sulphate+ calcium chloride+ boric acid+ humic acid. The obtained results showed that
potassium sulphate+ calcium chloride+ boric acid+ humic acid combination was the best treatment.
This combination had the highest positive effect to improve the percentages of yield, fruit set,
reducing sugar and total soluble solids. Also, it increased Ca, P, K, N, B, Zn, Mn and Fe in the
leaves in the two seasons, as compared to the control. Moreover, this combination improved
significantly anthocyanin concentration, TSS/acid ratio, shoot diameter, shoot length, leaf area, fruit
diameter, fruit length, average fruit weight and fruit firmness. It decreased the percentages of fruit
drop and acidity in the two seasons as compared to the control and the other treatments.
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e Isparta Region (2012-2013) Apple field test about The Effect of the
Foliar Application of Potassium, Calcium, Boron and Humic Acid on
Vegetative Growth, Fruit Set, Leaf Mineral, Yield and Fruit Quality of
Starking Apple Trees

INTRODUCTION
The apple tree (Malus pumila, commonly and erroneously called Malus domestica) is a
deciduous tree in the rose family best known for its sweet, pomaceous fruit, the apple. It is
cultivated worldwide as a fruit tree, and is the most widely grown species in the genus Malus.
Turkey becomes in third place in terms of world wide apple exports after China, USA.Turkey
had produced 3.1 million tons of apple in 2013. Most of the apple production in turkey comes
from Isparta region (%24 percent of total production). Turkey mostly produces Starking,
Golden,Amasya and Grannysmith type of apples. in this experiment we examined starking
type of apple trees.The purpose of this study was investigate the effect of foliar application of
either humic acid, potassium, calcium or boron as well as their combinations on vegetative
growth, fruit set, leaf mineral, yield and fruit quality of 'Starking' apple trees.

MATERIALS AND METHODS
This experiment was carried out during the two successive seasons, 2012 and 2013 on seven
years old "Starking" apple trees, planted at 5x5 meters apart in a clay loam soil under drip
irrigation system in a private orchard.Forty uniform trees were selected for this study and all
of them were subjected to the same cultural practices in the two seasons. They were sprayed
three times, before flowering, 10 days after full bloom and one month later after adding misrol
liquid soap (1 ml/l) as a wetting agentin the two seasons with the following treatments:
T1: Control (sprayed with water)
T2: K at (2%) as potassium sulphate
T3: Ca at (0.2%) as calcium chloride
T4: B at (0.2%) as boric acid
T5: H.A.(humic acid 5%) T6: K + H.A
T7:Ca+HA.T8: B+ HA. T9: K+Ca+B
T10: K+ Ca+ B+ H.A.
The trees were treated with Black Diamond 10-10-10 a fertilizer whose NPK ratio is 10-10-10
and humic acid Black Diamond Humic Acid of 12% The previous treatments were applied
and arranged in a randomized complete block design. Each treatment included four replicates
with one tree for each replicate. The effect of the previous treatments was studied by
evaluating their influence on the following parameters.

1.1 Vegetative Parameters

At the end of growing seasons, the selected shoots were measured for the average of shoot
length cm, shoot diameter cm and leaf area cm?2.
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1.2 Fruit Set and Fruit Drop Percentage
Two main branches from two direction (east and west) of each tree were chosen and tagged in
March of the two experimental seasons, the number of flowers was recorded and those set
fruits on the selected branches were counted for calculating the percentage of fruit set
according to Westwood [12] equation:
Fruit Set% = [(Number of set Fruitlets)/(Numbers of Opened flowers)]x100

Pre-harvest fruit drop was calculated by counting the number of dropping fruit from the 4th
week of May till the commercial harvesting time under the experimental conditions (3rd week
in June),then expressed as a percent from the whole number of fruits existed on the tree at the
4th week of May.
Fruit Drop% = [(Number dropped Fruitlets)/(Numbers of set Fruitlets)]x100

1.3 Yield per Tree
Yield was pressed in weight kg and number of fruits per tree was recorded at harvest time
(3rd week of June).

1.4 Leaf Chemical Composition
Samples of twenty leaves from the middle part of the shoots according to [13] were randomly
selected from each replicate (at the 2nd week of June) to determined their content from N%, P
%, K %, Ca% and Fe, Zn, Mn and B at ppm.
Leaf samples were washed with tap water, then with distilled water and dried at 70°C until a
constant weight, finally, ground and acid digested using H2SO4 and H202 until clear solution
was obtained according to Wilde et al.
The digested solution was used for the determination of each of nitrogen (N) using micro
Kjeldhal method, phosphorus (P) by vanadomolybdo method and potassium (K) was
determined by flame photometer. Zinc, manganese, calcium and iron were determined on
atomic absorption spectrophotometer. The B in leaf samples was determined by dry ashing ,
and subsequent measurement of B was done through colorimetry Azomethine-H.

1.5 Fruit Quality
Twenty fruits were randomly taken at harvest time from each replicate for the determination
of both physical and chemical characteristics.

1.6 Fruit Physical Characteristics
Fruit weight (g), fruit length (cm), fruit diameter (cm) and L/D ratio, fruit firmness (Ib/ inch2)
using a Magness and Taylor pressure tester with 7/18 inch plunger.

1.7 Fruit Chemical Characteristics
Total soluble solids were determined using a hand refractometer, percentage of titra table
acidity in fruit juice was determined according to [18], total soluble solid / total acidity ratio
were calculated.Total sugars, reducing and non-reducing sugars were estimated According to
[19]. Anthocyanin was determined at the stage of coloration (mg/100 g fresh weight peel)
according to Rabino et al.
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1.8 Statistical Analysis

The obtained data were subjected to the proper analysis of variance (ANOVA) [21]. Least
significant difference (LSD) at 0.05% level of significance was used to compare the treatment
means.

FIELD AREA:
The field area selected for the experiment is The above mentioned doses were applied at
situated in Isparta.

CLIMATE OF ISPARTA:
Isparta has a climate type between Mediterranean (Koppen climate classification: Csa) and
Central Anatolia's typical climate type (Koppen climate classification: Dsa). Winters are cool
and rainy, summers are hot and dry. The lakes around the city have important influence on the
climate. Rainfall occurs mostly in January and December in a year. Monthly rainy days
reduce until August. Rainy days increase again with September.

RESULTS AND DISCUSSIONS

Data in Table 1, clearly showed that shoot diameter, shoot length and leaf area were increased
significantly over the control by the foliar application of potassium sulphate alone or
combined with humic acid, humic acid alone, potassium sulphate + calcium chloride + boric
acid combination. Moreover, they also improved by usage, potassium sulphate + calcium
chloride

+ boric acid + humic acid, calcium chloride + humic acid and boric acid + humic acid
combinations as compared to the control in both study seasons. Boric acid improved
significantly leaf area, but it did not have any significant effect on shoot length or shoot
diameter. Also, the usage of calcium chloride alone did not have any significant effect on
shoot length, shoot diameter or leaf area, in both seasons as compared to the control.

Results in Table 2, showed that the foliar application of potassium sulphate alone and humic
acid alone or in combination with each other gave great increases in the yield, fruit set
percentages, average fruit weight and decreased the percentages of fruit drop. The similar
results were obtained by the usage of boric acid alone or combined with humic acid.
Furthermore, calcium chloride + humic acid, potassium sulphate + calcium chloride + boric
acid or potassium sulphate + calcium chloride + boric acid + humic acid combinations
increased significantly the yield, fruit set percentages, average fruit weight and decreased the
fruit drop percentages with comparing to the control. On the opposite side, the combination
between potassium sulphate and humic acid gave non- significant increase in average fruit
weight as compared to the control. The usage of calcium chloride did not have any
remarkable effect on fruit set, yield, average fruit weight or/and fruit drop as compared to the
control treatment in the two seasons.

From the results in Table 3, it can be concluded that potassium sulphate + calcium chloride +
boric acid + humic acid combination gave a remarkable increase in the percentages of Ca, P,
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K and N in the leaves as compared to the control treatment. The usage of potassium sulphate
alone or combined with humic acid enhanced significantly the percentages of K and N, but it
did not have any significant effect on P and Ca percentages as compared to the control.
Potassium sulphate and humic acid combination improved the percentages of P, but it did not
have any remarkable effect on the percentages of Ca. The usage of calcium chloride had a
positive effect to increase the percentages of calcium, but it did not have any great effect on
N, P and K percentages in the leaves. Calcium chloride and humic acid combination improved
remarkably N, P and K percentages in the leaves but it did not affect significantly Ca
percentages as compared to the control. Boric acid had no significant effect on N, P, K and Ca
percentages. The combination between humic and boric acid increased significantly P and Ca
percentages, but it had insignificant effect on the percentages of N and K. Humic acid gave a
great increase in Ca, K and N percentages over the control. Potassium sulphate + calcium
chloride + boric acid combination increased positively N percentage, but it gave non-
significant increase in Ca, K and P percentages in the leaves with comparing to the control in
both study seasons.

Listed data in Table 4, B, Zn, Mn and Fe content in the leaves was affected positively by the
foliar application of humic acid alone, calcium chloride + humic acid, potassium sulphate +
calcium chloride + boric acid or potassium sulphate + calcium chloride + boric acid + humic
acid combinations as compared to the control in the two seasons. Potassium sulphate
increased significantly Zn, Mn and Fe concentrations, but its effect on B content was
insignificant as compared to the control in the two seasons. Potassium sulphate + humic acid
combination enhanced Zn and B concentration but, it had no significant effect on Fe or Mn
concentration in the leaves as compared to the control. Moreover, calcium chloride gave a
considerable enhancement in Zn and Mn concentration but it did not have any significant
effect on Fe or B content in the leaves in both seasons as compared to the control. Boric acid
gave no remarkable increase in Fe, Mn and Zn content in the leaves. On the other side, boric
and humic acid combination caused significant increments in Zn, Mn and B concentrations
but it gave in significant increase in F concentration in the leaves with comparing to the
control treatment in the two seasons.

From the results in Table 5, it can be noticed that potassium sulphate + calcium chloride +
boric acid + humic acid combination enhanced remarkably fruit diameter, fruit length and
fruit firmness in both seasons as compared to the control. Potassium sulphate, boric acid,
humic acid, calcium chloride + humic acid combination or potassium sulphate + calcium
chloride + boric acid combination increased fruit lengthand fruitdiameter but, they did not
give a significant increase in fruit firmnessin the two seasons as compared to the control.
Calcium chloride enhanced fruit length and fruit diameter only in the first season and fruit
firmness in the second season as compared to the control. Potasium sulphate + humic acid
and/or boric acid + humic acidcombination gave a slight increase in fruit length or fruit
diameter in the two seasons as compared to the control.

From the results in Table 6, the foliar application of potassium sulphate, humic acid, boric
acid or calcium chloride + humic acid combination improved TSS and TSS/ acid ratio and
decreased acidity percentage in the fruitsas compared to the control in the two seasons. In
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addition, the combination of potassium sulphate + calcium chloride + boric acid or potassium
sulphate + calcium chloride + boric acid + humic acid had the same effect. Potassium sulphate
combined with humic acid increased positively TSS/ acid ratio but it had insignificant effect
on TSS or acidity, with comparing to the control. On the opposite side, calcium chloride
alone and boric + humic acid combination did not have any remarkable effect on acidity, TSS,
TSS/acid ratio in both seasons as compared to the control.

Data in Table 7, showed that the combination of potassium sulphate + calcium chloride +
boric acid + humic acid gave a remarkable increases in reducing sugar percentages and
anthocyanin in the two seasons as compared to the control.

Potassium sulphate, boric acid and calcium chloride + humic acid combinationincreased
significantly anthocyanin concentrationin the fruits. Additionally, Potassium sulphate + humic
acid or potassium sulphate + calcium chloride + boric acid combination had the same effect,
however all of them gave insignificant increase in reducing sugar and total sugar percentages
as compared to the control in the two seasons. Humic acid achieveda great increase in
reducing sugar percentage, although it gave insignificant enhancement in the total sugar
percentage and anthocyanin with comparing to the control in the two seasons. On the other
side, calcium chloride or boric acid + humic acid combination did not have any remarkable
effect on anthocyanin concentration, total sugar or reducing sugar percentages as compared
to the control in the two seasons. All the treatments did not achieve any significant increases
in the total sugar percentages in the fruits in the first season or in non-reducing sugar in both
seasons as compared to the control.

According to our results the foliar application of potassium, calcium, boron and humicacid
either alone or incombinations improved vegetative growth, fruit set, leaf mineral, yield,
chemical and physical fruit characteristics of 'Starking' apple trees.
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Table 1. Effect of spraying potassium, calcium, boron and humic acid on some

vegetative growth of "Starking" apple trees in 2012 and 2013 seasons

Treatments Shoot length (cm) Shoot diameter (cm) Leaf area (cmz)
2012 2013 2012 2013 2012 2013
T1: Control (sprayed with water) 35.76e 36.47g 0.65¢g 0.67d 23.36e 24.17d
T2: K at (2%) as potassium 40.36¢ 41.65¢ 0.73de 0.74c 27.18bcd  28.53bc
sulphate
T3:Ca at (0.2%) as calcium chloride  36.81de 37.27fg 0.67fg 0.69cd 25.37de 26.67c
T4: B at (0.2%) as boric acid 36.92de  37.31fg 0.68efg 0.70cd 26.46d 27.85¢
T5:H.A. (humic acid5%) 41.87b 43.52b 0.81bc 0.82b 29.24ab 30.46ab
T6:K+ H.A 37.28d 38.52¢ef 0.72def 0.73cd 26.85cd 27.14c
T7: Ca+H.A. 42.74b 43.83ab 0.77cd 0.82b 28.65abc  30.06ab
T8: B+ H.A. 37.65d 39.67de 0.71ef 0.74c 26.12d 27.23c
T9:K+Ca+B 38.14d 40.36¢d 0.84b 0.85b 27.25bcd  28.65bc
T10: K+ Ca+ B + H.A. 44.67a 45.17a 0.91a 0.94a 30.67a 31.42a
L.S.D.o05 1.46 1.57 0.05 0.06 2.1 2.17

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability

Table 2. Effect of spraying potassium, calcium, boron and humic acid on fruit set, fruit
drop, yield and average fruit weight of "Starking" apple trees in 2012 and 2013 seasons

Treatments Fruit set (%) Fruit drop (%) Yield (kg/ tree) Average fruit
weight (g)

2012 2013 2012 2013 2012 2013 2012 2013

T1: Control (sprayed  13.64e 12.96g 76.37a 75.85a 36.47f  38.14f  117.38f 120.549g

with water)

T2: Kat (2%) as 18.42cd 18.57d  70.25cde 68.46cd 43.52d 45.27d 134.65cd 137.94e

potassium sulphate

T3:Ca at (0.2%) as 13.87e 13.72g 75.84ab  73.25ab 38.56ef 40.71ef 119.73ef 121.41g

calcium chloride

T4:B at (0.2%) as 19.86bc  19.75cd 70.86cd  69.14c 45.17cd 49.63c 132.38d  135.46e

boric acid

T5:H.A. (humic 20.36b  20.85bc 68.46def 65.36de 52.74b 53.67b 145.20b  152.46b

acid5%)

T6:K+H.A 17.65d 16.36e  71.25cd 68.56cd 39.82e 42.62de 119.65ef 122.469g

T7: Ca+H.A. 20.46b  21.74bc 67.36ef 65.47de 47.85c 49.36c 137.81c  146.54c

T8:B + H.A. 14.67e 15.27ef 72.37bc  70.85bc 40.17e 43.65de 122.45e¢  128.37f

T9:K+Ca+B 21.37b  22.57b  66.31f 64.73ef  50.76b 51.36bc 137.56c  142.17d

T10: K+ Ca+B + H.A. 24.56a 2487a 60.27g 61.83f 58.47a 60.27a 152.37a 167.24a

L.S.D.g05 1.67 2.05 3.48 3.29 2.84 3.04 4.38 4.14

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability
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Table 3. Effect of spraying potassium, calcium, boron and humic acid on some leaf
macro elements content of "Starking" apple trees in 2012 and 2013 seasons

Treatments N (%) P (%) K (%) Ca (%)
2013 2012 2013 2012 2013 2012 2013

T1: Control (sprayed with 1.90e 0.31de 0.30cd 1.83d 1.87e 1.31cd 1.34cde

water)

T2: Kat (2%) as 2.02bcd 0.32cde 0.34abc 2.01c 2.04bcd 1.30cd 1.34cde

potassium sulphate

T3:Ca at (0.2%) as 1.91de 0.31de 0.32bcd 1.82d 1.85e 1.44ab 1.48a

calcium chloride

T4: B at (0.2%) as boric 1.98cde 0.29e 0.28d 1.84d 1.90de 1.28d  1.29de

acid

T5:H.A. (humic acid5%) 2.11ab 0.34bcd 0.35abc 2.04bc  2.07bc 1.40b  1.44ab

T6:K+H.A 2.08bc 0.37ab 0.38a 2.01c 2.02cd 1.34c 1.37bc

T7: Ca+H.A. 2.10b 0.35abc  0.36ab  2.14ab  2.18ab 1.30cd  1.35cd

T8: B+ H.A. 1.95de 0.36ab 0.38a 1.87d 1.90de 149a 1.50a

T9:K+Ca+B 2.07bc  0.34bcd 0.35abc 1.86d 1.94cde 1.28d 1.27e

T10: K+ Ca+B +H.A. 2.22a 0.38a 0.37ab  2.20a 2.25a 146a 1.48a

L.S.D.g.05 0.1 0.03 0.05 0.12 0.14 0.05 0.07

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability

Table 4. Effect of spraying potassium, calcium, boron and humic acid on some leaf
microelements content of "Starking" apple trees in2012 and 2013 seasons

Treatments Zn (ppm) Mn (ppm) B (ppm)
2013 2012 2013 2012 2013 2012 2013

T1: Control 118.00de  25.00f 26.00g 45.00e 47.00d 68.00e 70.00e

(sprayed with water)

T2: K at (2%) as 124.00b 30.00de  30.00e 50.00c 52.00b 71.00de 73.00de

potassium sulphate

T3:Ca at (0.2%) as 117.00e 28.00e 29.00ef  49.00cd 49.00bcd 68.00e 71.00e

calcium chloride

T4: B at (0.2%) as 119.00cde 25.00f 27.00fg  46.00de 48.00cd 86.00bc 88.00b

boric acid

T5:H.A. (humic 128.00a 32.00cd  34.00c 56.00ab 58.00a 88.00b 89.00b

acid5%)

T6:K+H.A 120.00cd  31.00d 33.00cd 48.00cde 49.00bcd 75.00d 78.00c

T7:Ca+H.A. 130.00a 35.00b 37.00b 55.00b 57.00a 83.00c 89.00b

T8:B + H.A. 119.00cde 30.00de  31.00de 51.00c 50.00bcd 74.00d  76.00cd

T9:K+Ca+B 121.00c 34.00bc  38.00b 49.00cd 51.00bc 88.00b 91.00b

T10: K+ Ca+B + 129.00a 41.00a 44.00a 59.00a 60.00a 93.00a 97.00a

H.A.

L.S.D.g0s5 2.02 2.05 3.46 3.67 4.61 4.67
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Table 5. Effect of spraying potassium, calcium, boron and humic acid on fruit length,
diameter, the ratio between them and fruit firmness of "Starking" apple trees in 2012
and 2013 seasons

Treatments Fruit length (cm) Fruit diameter (cm) L/ D (ratio) Fruit firmness
2012 2013 2012 2013 2012 2013 2012 2013

T1: Control (sprayed with 5.27g 5.36e 5.21h 5.29f 1.01b 1.01a 12.86b 12.73e

water)

T2: K at (2%) as potassium  5.47d  5.68c 5.36d 5.58d 1.02ab 1.02a 12.81b 12.57e

sulphate

T3:Caat (0.2%) as calcium  5.35ef  5.48e 5.26fg 5.34f 1.02ab 1.03a 13.37b  13.84bc

chloride

T4: B at (0.2%) as boric 5.45d 5.57d 5.31e 5.42e 1.03a 1.03a 12.83b 12.69%e

acid

T5:H.A. (humic acid5%) 5.76b 5.89b 5.63b 5.72b 1.02ab 1.03a 13.04b  13.45cd

T6:K+H.A 5.30fg 5.38e 5.23gh  5.29f 1.01b 1.02a 13.26b 13.51cd

T7:Ca+HA. 5.62c 5.72c 5.54c 5.65¢c 1.01b 1.01a 13.08b 13.14cde

T8:B + H.A. 5.37e 5.52de 5.27f 5.47e 1.02ab 1.01a 14.64a 14.37ab

T9:K+Ca+B 5.60c 5.74c 5.54c 5.63cd 1.01b 1.02a 13.00b 12.96de

T10: K+ Ca+B+HA. 5.92a 6.03a 5.84a 5.97a 1.01b 1.01a 14.77a 14.63a

L.S.D.o.05 0.05 0.07 0.03 0.05 0.01 0.02 0.64 0.71

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability

Table 6. Effect of spraying potassium, calcium, boron and humic acid on total soluble
solids, acidity andthe ratio between them of "Starking" apple trees in 2012 and 2013
seasons

Treatments TSS (%) Acidity(%) TSS/Acid Ratio
2012 2013 2012 2013 2012 2013
T1: Control (sprayed with water) 12.50b 12.60c 0.48a 0.49ab 26.04d 25.71f
T2: K at (2%) as potassium 14.70a 14.90a 0.39b 0.43bcde  37.69b 34.65d
sulphate
T3:Ca at (0.2%) as calcium chloride  12.60b 12.50c 0.49a 0.50a 25.71d 25.00f
T4: B at (0.2%) as boric acid 14.60a 14.80ab  0.40b 0.42cde 36.50b 35.24d
T5:H.A. (humic acid5%) 15.10a 15.40a 0.37b 0.38e 40.81a 40.53ab
Te:K+H.A 13.10b 13.40bc  0.45a 0.46abcd  29.11c 29.13e
T7:Ca+H.A. 15.20a 15.40a 0.37b 0.40de 41.08a 38.50bc
T8:B + H.A. 12.70b 12.90c 0.47a 0.48abc 27.02cd 26.88ef
T9:K+Ca+B 14.80a 14.90a 0.39b 0.41de 37.95b 36.34cd
T10: K+ Ca+B + H.A. 15.80a 15.70a 0.37b 0.38e 42.70a 41.32a
L.S.D.g05 1.26 1.48 0.04 0.06 2.18 2.27

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability
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Table 7. Effect of spraying potassium, calcium, boron and humic acid on some chemical
fruit characteristics of "Starking" apple trees in 2012 and 2013 season

Treatments Total Sugar Reducing Sugar Non-reducing Anthocyanin
(%) (%) Sugar (%) (mg/100g)
2012 2013 2012 2013 2012 2013 2012 2013
T1: Control (sprayed with  7.82a 7.92b 4.67c 4.73cd 3.15a 3.19a 21.37c 22.87d

water)

T2: Kat (2%) as 8.14a 8.21ab 4.89bc  4.92bcd 3.25a 3.29a 27.84ab 28.17ab
potassium sulphate

T3:Ca at (0.2%) as 7.81a 7.90b 4.66¢ 4.71d 3.15a 3.19a  21.40c 22.72d

calcium chloride
T4: B at (0.2%) as boric 8.05a 8.12ab 4.86bc 4.90bcd 3.19a 3.22a 26.35b 26.57bc

acid

T5:H.A. (humic acid 5%) 8.46a 8.57ab 5.12ab 5.17ab 3.34a 3.40a 22.76¢ 24.36¢d
T6:K+H.A 7.92a 7.96b 4.72bc  4.82bcd 3.20a 3.14a 29.47a 28.95ab
T7:Ca+HA. 8.24a 8.37ab 5.02abc 5.11abc 3.22a 3.26a 28.37ab 29.34a
T8: B+ H.A. 7.92a 7.97b 4.70bc  4.78cd 3.22a 3.19a  22.35¢c 23.47d
T9:K+Ca+B 8.21a 8.35ab 4.97abc 5.01bcd 3.24a 3.34a 27.25ab  28.17ab
T10: K+ Ca+B + H.A. 8.45a 8.72a 5.36a 5.42a 3.09a 3.30a 29.46a 30.18a
L.S.D.oos 0.67a 0.74 0.42 0.38 0.27 0.28 2.52 2.74

Means not sharing the same letter(s) within each column, significantly different at 0.05 level of probability

CONCLUSION
The foliar application of potassium sulphate, boric acid and humic acid, singly or in
combination, had a positive effect to improve the vegetative growth, fruit set, leaf mineral
content, yield and fruit quality of 'Anna' apple trees. Calcium chloride alone had a positive
effect to increase calcium content in the leaves. Potassium sulphate + calcium chloride + boric
acid+ humic acid combination was the best treatment. This combination had the highest
positive effect to improve the percentages of yield, fruit set, reducing sugar and TSS. Also, it
increased Ca, P, K, N, B, Zn, Mn and Fe content in the leaves in the two seasons, as compared
to the control treatment. Moreover, it improved significantly anthocyanin concentration,
TSS/acid ratio, shoot diameter, shoot length, leaf area, fruit diameter, fruit length, average
fruit weight and fruit firmness. It decreased the percentages of fruit drop and acidity in the
two seasons as compared to the control and the other treatments.
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ORGANIKSA

TOMATO

Test Field Experiment about Black Diamond Humic Acid
Effects of humic acid application upon the phosphorus uptake
of the tomato plant &Lycopersicum esculentum L.)

[BIEEEE B B Rk U b < RO &

V=]

ABSTRACT

Humic acid can transform mineral nutrients into available forms for the plants. High lime content,
low organic matter content, high pH, low moisture content and insufficient profile characteristics all
higher plant phosphorus uptakes and consequently regress plant growth and development. The
present research was conducted to investigate the effects of humic acid treatments (H.A.) (0, 60,
120 mg/kg) on phosphorus use efficiency (PUE) (0, 50, 100 mg/kg P) of grape and pole tomato
(Lycopersicum esculentum L.) varieties. Pot experiments were carried out in a glasshouse in
randomized block design with three replications. As basic fertilization, 250 mg/kg N and 200 mg/kg
K was applied to the pots. Plants were harvested when they had their 5Sth raceme. Dry matter yields,
N, P and K contents were
analyzed. Dry matter yields increased with humic acid and phosphorus treatments. Phosphorus
contents also increased with increasing phosphorus doses. While humic acid and phosphorus
treatments affected the potassium contents, Ca contents increased through only the humic acid
application.
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Tarim Mad. Nak. San. ve Tic. A.S.

o Antalya/Kumluca Region Tomato Greenhouse Field Test with Black
Diamond Humic Acid. Black Diamond Humic Acid Effects on
phosphorus uptake of Tomato

INTRODUCTION
The tomato (see pronunciation) is the edible fruit of Solanum lycopersicum,'*' commonly
known as a tomato plant, which belongs to the nightshade family, Solanaceae. The species
originated in Central and South America. The Nahuatl (Aztec language) word romatl gave rise
to the Spanish word "tomate", from which the English word tomato originates. Numerous
varieties of tomato are widely grown in temperate climates across the world, with
greenhouses allowing its production throughout the year and in cooler areas. The plants
typically grow to 1-3 meters (3—10 ft) in height and have a weak stem that often sprawls over
the ground and vines over other plants. It is a perennial in its native habitat, and grown as an
annual in temperate climates. An average common tomato weighs approximately 100 grams.
Turkey becomes in third place in worldwide exports after China and USA.
The present study was conducted to investigate the effects of humic acid applications upon
phosphorus uptake of tomato plant in soils with high lime content. Phosphorus is a macro-
element that plays an important role upon the development of higher plants. Phosphorus has
several functions in plants. It is a component of key molecules such as nucleic acids,
phospholipids and ATP, and, consequently, plants cannot grow without a reliable supply of
this nutrient (Daniel et al., 1998). P is also involved in controlling key enzyme reactions and
in regulation of metabolic pathways (Theodorou and Plaxton, 1993). Significant yield losses
are also experienced in plants which are not nourished with sufficient phosphorus, and the
quality of crop is affected negatively, as well. Efficiency and beneficialness of phosphorus
fertilizers can increase the solubility of phosphorus in soil solution.
Cation exchange capacity and soil productivity are increased through administering humic
acid into soils and having positive impacts on mineral matter uptake of plant (Stevenson,
1994). Humic acid serves as a buffer at a broad pH interval and several micro-elements can be
taken by the plants since the soil is neutralized (Yilmaz, 2007). The studies carried out on
humic acids have revealed the necessity of using these substances in vegetative production.
Commercial humic-fulvic acid treatments improve the phosphorus fertilizer use efficiencies
(Delgado et al., 2002). Besides increasing the plant growth of squash, humic acid
application also increased fruit yield and quality (Hafez, 2004). Together with increased root
dry matter yields and plant heights, humic acid also increased the N. P, K, Ca, Cu, Mn, Zn
and Fe uptake of maize plants (Eyheraguibel et al., 2008).
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MATERIALS AND METHODS

This study was carried out in a greenhouse over experimental fields in the year 2011. A pot
experiment was conducted in completely randomized block design with three replications.
Pots were filled with four kg of calcareous soil.Bandita and Bestona tomato varieties
(Lycopersicum esculentum L.) were grown in pots. Each pot had a single plant.Commercial
liquid humic substance (Black Diamond Humic Acid; total organic matter 5%, total humic
and fulvic acid 12%) was administered at 0.60, 120 mg/kg doses as the humic substance of
the experiments. Phosphorus fertilizer was administered at 0, 50, 100 and 150 mg/kg P doses
as phosphoric acid (H3PO4). As basic fertilization, 250 smg/kg N as ammonium nitrate and
200 mg/kg K as potassium nitrate were administered to the pots. For plant development, other
nutrients were administered to each pot equally as they needed. When the leaves of the plants
reached up to 5th raceme, they were harvested, dried to a constant weight at 68°C and their
dry weights were determined. The leaves of plant were combusted according to dry
combustion method (Kacar and Inal, 2008). Plant N content was analyzed according to
distillation method (Bremner, 1965) and P, K, Ca, Mg, and S contents were analyzed using
ICP-AES (Perkinelmer 2100DV). In the experimental soil, texture (Gee and Bouder, 1986),
soil CaCO3 (Chapman and Pratt, 1961), soil pH (McLean, 1986), exchangeable potassium
(Richards, 1954) and available P (Olsen et al., 1954), organic matter (Jackson, 1956) and
available Fe, Zn, Cu and Mn contents in DTPA were determined (Lindsay and Norwell,
1978). Experimental soil has a clay-loam texture and has clay, silt and sand contents
respectively of 31%, 33% and 36%. Lime content was 18.90%, pH (soil:H20 = 1:2.5) was
8.15, organic matter content was 1.20%, available P content was 1.45 kg/da, CEC = 36.90
me/100 g and exchangeable K content was 200 mg/kg. DTPA soluble Fe, Cu, Zn, and Mn
contents were 2.05, 1.02,0.11 and 3.65 ng/g, respectively.Variance analysis of the obtained
data was performed using the MSTAT-C statistical software and the differences between the
means were determined by Duncan’s multiple range test (Diizgline et al., 1978).

RESULTS AND DISCUSSIONS

Dry matter yields and P contents

The effects of different doses of humic acid and phosphorus treatments on dry matter yields
of Bandita and Bestona tomato species and variance analysis results are presented in Tables 1
and 2. Humic acid treatments had significant impacts (p<0.05) on dry matter yields of
Bandita and Bestona tomato species. Through the humic substance treatments, dry matter
yield of Bandita tomato species increased from 25.8 g/pot to 34.3 g /pot Compared to
control treatment, humic substance treatments also significantly increased the dry matter
yields of Bestona tomato species (from 18.3 to 26.3 g/pot). Phosphorus treatments also
resulted in significant increases in dry matter yields of tomato species (p<0.01). The highest
dry matter yield of Bandita and Bestona tomato species in 150 ppm P application
was respectively observed as 49.5 g/pot and 43.6 g/pot. The effects of humic substance x
phosphorus interaction on dry matter yields of tomato species were also found to be
significant (p < 0.01).
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The effects of humic acid treatments on phosphorus contents of tomato species were not
found to be significant (Tables 1 and 2). In both tomato species, foliar P contents did not
significantly change with humic acid treatments. However, phosphorus doses had significant
(p<0.01) impacts on P contents of the leaves (Tables 1 and 2) and increasing P contents were
observed with increasing phosphorus doses. The highest P content in Bandita tomato species
was 1.69% in 100 mg/kg P and 120 mg/kg H.A treatment and the highest P content in
Bestona tomato species was 1.65% in 150 ppm P and 60 mg/kg H.A treatment. Exploited
phosphorus amounts showed parallelism with phosphorus contents of the plant for both
tomato species (Tables 1 and 2).

Table 1. The effects of humic acid and phosphorus treatments on dry matter yield and macro nutrient
contents of Bandita tomato species.

H.A ppm Bandita phosphorus treatment (mg/kg) Average
0 14.3 29.4 23.3 311 25.8
Dry matter yield (gr/pot) 60 19.4 28.1 38.2 49.5 36.1
120 28.3 358 432 441 34.3
0 0.36 0.85 1.09 1.21 0.87
P (%) 60 048 1.10 1.26 1.23 1.01
120 0.39 1.25 1.69 1.47 1.20
0 514 2501 2541 375.1 232.3
Total P, mg/pot 60 93.1 306.3 4751 607.6 3701
120 110.3 4576 7339 648.2 4871
0 3.00 2.91 3.19 2.83 2.98
N (%) 60 3.17 3.20 3.16 2.87 3.07
120 2.75 3.33 3.26 3.06 3.10
0 2.60 3.60 3.72 3.28 3.30
K (%) 60 366 432 436 3.54 3.97
120 3.46 3.91 4.20 3.99 3.89
0 1.72 1.51 1.42 1.85 1.62
Ca (%) 60 196 230 224 2.14 2.16
120 248 2.06 2.43 212 2.27
0 0.20 0.13 0.14 0.13 0.15
S (%) 60 0.12 0.21 0.13 0.21 0.17
120 0.21 0.20 0.24 0.17 0.20
0 0.90 0.80 0.61 0.85 0.79
Mg (%) 60 0.79 0.95 0.80 0.86 0.85
120 0.92 0.87 0.91 0.83 0.88

Dry matter yield: H.A.:*, P.A.:**, HA x PA:*; P content: H.A.: N.I.,P.A.:**, HA x P.A:N.l.; Total P:
H.A..*, P.A..**, HA x PA:*; K content: H.A.:**, P.A..**, H A x P.A.: ** Ca content: H.A.:**, P.A.:N.|,
HA x P.A.:N.1.; NI: Not Important; * P<0,05 and **P<0,01,P<0,001 possibility are important.
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N, K, Ca, S, and Mg contents of tomato plants

Humic substance and phosphorus treatments did not have significant effects on nitrogen
contents of tomato species (Tables 1 and 2). On the other hand, H.A. and treatments had
significant impacts on K contents of tomato plants at 1% level (Tables 1 and 2).
Considering the averages, potassium content of Bendita tomato species increased from
3.30% to 3.97% through the humic acid treatments. In Bestona species, potassium
content increased from 3.59 to 3.98% with the humic acid treatments. Similarly, it was
also noticed that K contents of both species increased with phosphorus applications.
According to research results, it was seen that as a result of the increase at vegetative
development the plant produced at low phosphorus, the plant benefited more from the
administered potassium.

While the humic acid treatments had significant (p<0.01) effects on calcium contents of
the plants, phosphorus treatments did not result in any significant impacts on calcium
contents. Ca content of Bandita tomato species was observed as 1.62% in H 0 mg/kg
treatment, 2.16% in H 60 mg/kg and 2.27% in H 120 mg/kg treatment. Ca contents of
Bestona tomato species were, respectively observed as 2.08, 2.31, and 2.11%. Finally,
humic acid and phosphorus treatments did not have any significant effects on sulfur and
magnesium contents of tomato plants.
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Table 2. The effects of humic acid and phosphorus treatments on dry matter yield and macro nutrient
contents of Bestona tomato species.

HA ppm Bestona phosphorus treatments(mg/Kg) Average
0 50 100 150
0 11.8 16.3 201 249 18.3
Dry matter yield (gr/pot) 60 13.2 19.2 19.4 33.0 21.2
120 16.6 17.9 27.0 43.6 26.3
0 0.36 1.22 1.23 1.64 1,11
P (%) 60 0.32 1.30 1.65 1.51 1,19
120 0.36 1.13 1.41 1.30 1,05
0 42.8 198.2 333.2 408.3 245,8
Total P (mg/pot) 60 42.8 253.6 327.2 500.5 281,11
120 59.7 202.2 283.4 566.8 227,2
0 3.1 2.88 2.98 3.25 3,05
N (%) 60 2.94 2.87 3.10 3.28 3,05
120 3.02 3.52 3.27 3.12 3,23
0 3.33 4.02 3.54 3.49 3,59
K (%) 60 3.67 3.92 3.98 342 3,75
120 3.86 4.08 4.14 3.86 3,98
0 2.23 2.39 1.81 1.90 2,08
Ca (%) 60 297 2.10 2.16 2.01 2,31
120 2.25 1.92 2.09 2.18 2,11
0 0.22 0.19 0.23 0.16 0,20
S (%) 60 0.23 0.23 0.24 0.27 0,24
120 0.26 0.21 0.21 0.23 0,23
0 0.76 0.78 0.81 0.84 0,79
Mg (%) 60 0.76 0.88 0.90 0.89 0,86
120 0.88 0.88 0.87 0.91 0,88

Dry matter yield: H.A.:*, P.A.:**, HA x PA:*; P content: H.A.: N.I.,P.A.:**, HA x P.A:N.l.; Total P: H.A.:*,
P.A.:**, HA x PA:*; K content: H.A.:**, P.A.:**, H.A x P.A.: ** Ca content: H.A.:**, P.A.:N.l, HA x P.A.
:N.I.; NI: Not Important; * P<0,05 and **P<0,01, P<0,001 possibility are important.

Compared to the control treatment, humic acid treatments resulted in significant increases in
dry matter yields of tomato plants. Previous studies also reported significant positive impacts
of humic substance treatments on dry matter yields of different plants (Hafez, 2004; Salman
et al., 2005; Eyheraguibel et al., 2008). Functional groups of humic molecules form
complexes with metals through various means (Livens, 1991). These functional groups
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provide percolation of cations in soils and serve as natural chelate in soils. Stable complexes
of humic substances with metal ions are related to these functional groups. Humic substances
have high cation exchange capacity, thus metals in soils can form chelates with humic acids.
Humic substances may hold the existing and externally applied soil minerals and
consequently enrich plant growth and development. The increases in dry matter yields of the
present study may also be related to these functions of humic substances. Increasing  foliar
phosphorus  concentrations were observed in this study with increasing phosphorus doses.
Plant phosphorus uptake from the soil is directly related to dry matter yields of the plants.
Exploited amount of phosphorus was higher in Bestona than Bandita tomato species. Effects
of humic acid were more distinctive in this case.

CONCLUSION:

The present results revealed that tomato dry matter yields significantly increased with humic
substance treatments and such results comply with the findings of the previous studies
(Hafez, 2004; Tirkmen et al., 2004; Akonco, 2011). P treatments also significantly
increased P contents of the leaves and dry matter yields of the plants at 1% level. High pH,
high lime and low organic matter content of experimental soil might have restricted the
phosphorus uptake and the effects of these characteristics could clearly be inferred from the
results of the study.

K and Ca contents of the plants also increased through the humic acid treatments, but
significant effects were not observed on other minerals. These findings comply with the
results of previous studies (Eyheraguibel et al., 2008; Mohamed, 2012). It was concluded in
this study that the organic sedimentary compounds such as humic acids administered to the
rhizosphere part of the plant roots after plantation increased the nutrient uptakes of the
plants. Moreover, phosphorus treatments also enriched root development and growth.

BRINGRETE > BEEREBMGZMEESERZIEN  EEERNTETAMAENER
(Hafez » 2004;TurkmenZf > 2004;Akoncd » 2011) - HiRIEthEE=ILINE BB 2
EMNEMEEELN % - R TIENSpH > SARTEEEE S = TEER S T BiA9IRUX
MR SR BE i S B R E -
BIBEEEERRE > BYNKFCaS2thig - BEHEMRISBE RINEZENINUR - ELE
TS KLRIAENGSSR (EyheraguibelZ » 2008; Mohamed » 2012) - AR REET »
BHGIUEYANGE B REMIR SRS » ELE/EERLIEIN T EYNESIRIT o LES » FELABIE th &
ETRANBBENLEER -
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