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OBJECTIVES

During the last decades in the countries of the 3 world gradually increased the importance of the
fruit production sector in order to satisfy the export and the domestic market’s demand for this type
of products. At the same time, insufficient production technologies and the lack of good quality
reproductive material does not serve the purpose. Even the central nurseries, with highly advanced
technologies, have to face up to problems like increasing the cutting’s secondary root system
development and achieving the established quality standards for saplings.

Organic carbon compounds occur naturaly in the environment in the form of humic substances.
Their non-soluble, solid phase gives color to the soil and builds up soil structure. Therefore, they
affect the soil’s physical properties. The soluble phase forms colloid solutions in the soil and
determines fundamentally soil fertility, as well as the utilization level of organic and inorganic
fertilizers. Several experiments observed the effect of humic substances on the yield of different
crops and vegetables. Though it may appear, there are only a few experiments with fruits and
nothing at all for nursery production.

The Eastern Region of Afghanistan is well known for its large scale of horticulture production. But
it is also knowledgeable that climatic and soil conditions are very difficult. In this region, where the
annual precipitation is very low and the heat is very high, the soil shows a very weak development.
The tested soil is young soil in the early stages of weathering. It is originated from sedimentary
material, which was deposited in the area. Consequently there is little difference between the
horizons. The soil is compact and poorly structured as well. The water penetration is also limited
into the soil. The chemical property tests show that nitrogen and generally the organic matter
content in the soil are low. The soil pH value is above 8.0; therefore the plant’s nutrient uptake is
limited. In this kind of soil the development of the plant’s secondary root system is limited, which
decreases the sapling’s survival rate and the percentage of quality saplings according to the
established standard.

The nursery has been producing pomegranate saplings of the indigenous “Kandahar” variety since
February 2006. The survey study in the end of 2006 showed that only 44-45% of the saplings
achieved the standard quality for transplantation.

The main objective of the research was to increase the pomegranate cutting survival rate and the
number of quality saplings in the nursery production through the application of humic and fulvic
acid during the growing period. The main condition to satisfy the quality standard for sapling had
been the increase of the sapling’ s secondary root system in mass and volume.

Theresearch objectives of the experiment:

- Increase the number of saplings, which fulfill the established specifications for the standard
sapling quality

- Study the effects of humic acid on seed germination in different application doses

- Analyze the changes of the NPK uptake by plants

- Study the major changes of the soil’ s physical and chemical properties



MATERIALSAND METHODS

There were two groups of experiments conducted. The first group involved the experiments
conducted on the open field of the nursery and the second group contained the experiment in a
closed environment (laboratory tests). The humic acid that was used during the research originates
from South Africa It was produced by Farmfert Formulators INC. and registered under the code
number of PCT WO 2006/092720Al.

Nursery experiment

The location of the nursery field for the experiment is in the Nangarhar Province of the Eastern
Region of Afghanistan and belongs to the Eastern Region Water Basin. The selected area is plain
valley with a sloping angle of less than1%. The underground water can be found between 4m and
6m. The field is divided into plots by the irrigation channels. The surface type irrigation system is
gravity-based furrow irrigation.

The soil’s pH is slightly-moderately alkaline. Based on the soil’ salt content the it is not belong into
the salty type of soils, tough it has the tendency to become a sodic soil. The alkaline saturation and
cation exchange capacity value indicates, that the dominant secondary clay minerals is,
Montmorrilonit. It is moderately calciferous soil. The percentage value of exchangeable sodium is
very low. The phosphorus and potassium content in the soil is moderately good.

The experiment was conducted with pomegranate saplings (Punica granatum, Kandahar variety).
For the purpose of propagation, we used simple and not rooted cuttings with 5-6 buds on it.

The experiment was conducted in four plots of the pomegranate cuttings nursery. We used 330 test
and 80 control rows equal to a total of 2.0 hectare area. Each plot covered approximately half a
hectare area. In every 5" row, there was a control row without any treatment application. In the
treated rows, we applied the humic acid in shallow furrows with a 15cm distance from the plants.
The application depth was 10cm. The humic acid solution contained humic acid powder (50%
concentration) mixed with water using 1:8 ratio during the preparation. The total quantity of the
applied humic acid was of 200 kg/ha. The first application occurred after two months of the
plantation and it was repeated again five weeks later. After four months of the planting time we
applied fulvic acid (10 I/ha dose) on the forming canopy of the saplings with a backpack sprayer.
Thetotal time period used for the experiment covered was of seven months.

During the field trial, | conducted measurements on a weekly basis. This involved the measurement
of the sapling stem’s midsection (diameter) and the height from 400 test and 100 control plants. We
used line transect method, with the help of a measuring “U: frame, to recollect the samples.
Additionally, we registered data about the on-going climatic conditions.

Plant experiment with ryegrass

Fast growing ryegrass (Lolium perenne) was tested during the experiment. The selected seed type
was perfect for the one month trial because of its size and its fast growing characteristics. The seeds
were planted in small 200 ml plastic containers filled with soil. In each one, we sowed 200 seeds.
The dry soil was previously sieved using a 2 mm diameter sieve and treated with humic acid in
different concentrations. Equal number of tests and control samples were used for each treatment
(10 tests and 10 control containers).

After five weeks of a growing period, the leaves were removed from the root system and dried.
Parallel with the ryegrass experiment treated and untreated soil was placed into similar plastic
containers and kept wet during the time period of the experiment for further soil analysis.



Seed germination experiment had been conducted to egtablish the effect of humic acid on seed
germination. For that experiment 25 seeds were placed on a cotton layer in small Petri cups, which
had been soaked with the humic acid solution and water. In this case we also prepared 10 test and
10 control experiments for each treatment’s doses. The humic acid solution was prepared in
different concentrations. During the experiment, we observed and registered data on daily bases.

Sample analysis
These samples were tested in the soil laboratory of SZIE University, Godollo:

Phosphorus and Potassium content (given in P,Os and K,0) from soil sample extracted with
Ammonium-L actate

Soil sample' s Nitrate-Nitrogen content soluble in nKCl

NH4-N content from soil sample extracted with KCI

Cu, Fe, Mn, Zn content from soil sample extracted with HNOs

K, Na, Ca, Mg content from soil sample extracted with NH4; (Ammonium-Acetate)
Measurement of pHy20 and pHkcy

Measurement of exchangeable and hydrolytic acidity

CaCQO3 content

CEC and S% measurement

Weight loss of heated soil sample

Measurement of humus content (0.25mm and 2.00mm)

Total nitrogen content

Measured and dried leaf sample’s Nitrogen, Phosphorus and Potassium content



RESULTS

The humus content analysis of the soil samples indicated that the value of the coarse size humus
content (0.25-2.00mm) in the top 0-20 cm soil layer was half in the treated soil than the measured
value of the untreated soil. While in the treated soil the accumulation of the fine humus content
(less than 0.25mm) occurs in the top 0-20 cm surface layer, in case of the untreasted soil the
measured values are close to equal in both surface layers, in the 0-20cm and 20-40cm layers. The
value of the coarse humus content (0.25-2.00mm) resulted equally similar in both, the treated and
untreated soil, independently from the sampling soil depth. In case of the treated samples and
comparison with the untreated ones, the measured low level of coarse humus content smaller than
0.25mm in the root system’'s zone (20-40cm) indicates an increasing tendency for organic matter
decomposition, mineralization and plant’s nutrient uptake (Table 1).

Table 1: Average values of soil’s organic matter content of the humic acid treated and untreated
nursery soil after harvest in the pomegranate nursery

Organiz matter

Soll Stability index %% Hu% Cha
depth K <025 mm <i).25 mm

{em} Treated  Not treated Treated Naot trealed Treated Mot tre ated
(=20 0.as 077 1.17 (.90 0.68 052
2040 1.5¢ 1.16 (L33 0193 0,19 .54
Sail Heating loss Hii%a i
depth Lv.% 2mm 0.25-2 mm 0,252 miny

{em} Treated Mol treated Treated  Nottreated — Treated  Not reeated
(=20 4.20 4.50 0.70 1.40 041 (8] ]
2040 &.00 5.00 0T 140 0.41 mEl

While the parameters of the saplings improved, parallel to that, the nutrient uptake by the plants
also increased. This fact may explain why the values of the NOs-N and K20 were smaller in the
treated soil than in the untreated soil after the harvest. At the end of the production period the
humus content in the treated soil was lower than in the untreated one, which also indicates the
increasing tendency of organic matter mineralization. Consecutively, the ammonium loss decreased
in the treated soil as a result of the effect from the humic acid. Therefore the NH4-N value in the
treated soil was significantly higher than in the untrested soil. The value of the phosphorus content
had been found higher in the treated soil.

The Arany fixation number in the top 0-20 cm layer was higher in the case of the treated soil than in
the untreated soil resulting from the improvement of the soil structure, as aresult of a positive effect
of the humic acid treatment (Table 2).



Table 2: Average values of soil’s NPK content of the humic acid treated and untreated nursery soil
after harvest in the pomegranate nursery

So0il NPK s1amas

Soil depth Aramv-index Free lime content AL-F20:
(cm) K CaCi®s P
Treated Mol treated Treated Mot ir eated Treated Mot treated
-2 41 35 240 1058 439 360
20-40) ¥ 35 005 1135 37 144
Soil depth AL-F:0 ."'\-H.l..-.\ "'-ﬂ!-"-
(cm) E:0 N N
Treated Mok treated Treated Mot tr eatesd Treated Mok treated
-2 13 263 46 37 10.0 120
2040 168 145 4% 4.5 140 132
Total N Humus pH
5":1:'1"“ ™ Hin'®s H:0
Treated Mot treated Treated Mot ireated Treated Not treated
3-20 0.08 009 187 130 816 8234
lo4a .08 0.0 103 33 g5 836

The lower pH also resulted in a lower free calcium-carbonate content. However the exchangeable
sodium content slightly increased in the treated soil. Based on the measured CEC value we were
able to determine that the dominant soil clay mineral is 2:1 type Montmorrilonit (Internationally
knowen as Smektit). The presence of the Allofan type clay minerals was excluded, because the
AL*" and H30" content were low (Table 3).

Table 3: Colloid status of the humic acid treated and untreasted nursery soil after harvest in the
pomegranate nursery

Soail Colloid Status

. Salt Exchangeabl e cations Exchangeable
Soil depth
(cm) % T S
Treated Not treated Treated Nat treated Treated Not treated
0-20 0.08 0.06 68.00 91.80 54.43 76.48
20-40 0.06 0.05 87.30 86.80 72.04 71.37
Soil depth T-S \% U
(cm)
Treated Not treated Treated Nat treated Treated Not treated
0-20 1357 1532 80.04 83.31 19.96 16.69
20-40 15.26 15.43 82.52 82.22 17.48 17.78
Soil depth pH pH Exchangeabl e acidity
cm) Kcl H20 y2
Treated Not treated Treated Nat treated Treated Not treated
020 7.2 7.39 8.16 824 0.30 0.30
20-40 7.31 745 8.32 8.36 0.30 0.30
Sail depth Hydrolytic acidity Freelime Exchangeable Sodium
(cm) vl CaCO3% Na%
Treated Not treated Treated Nat treated Treated Not treated
0-20 0.75 0.75 9.40 1056 0.37 004
20-40 0.75 0.75 10.05 1135 0.08 0.17

Results of soil sample analysis from the ryegrass experiment

The result of the soil analysis for the soil treatment with lower concentration of humic acid solution
(0.075%) indicated that the available N-NOs; content is higher in these samples than in the soil
samples, which had been treated with a solution of higher concentration (0.5%) (Table 4).

Table 4: NPK and organic carbon content of soil samples, which were treated with humic acid
solutions of different concentration comparison to the untreated samples



mg/kg mg/100g
Treatment Sample

NH+N  NOa-N P K C
0.075% Humic acid Treated 13.90 406.90 0.347 45.47 19.67
o Not treated 3.40 126.40 2.751 50.18 48.18
Treated 280 27.10 0.08 26559 35 66

0.5% Humic acid (1
sHmmicaduh Not treated 3.00 19.60 0.04 32.70 31.02
Treated 140 18.30 012 198.05 16,61

0.5% Humic acid (2
“Humic acidid) Not treated 150 17.10 0.05 71.76 35,60

However, in both cases the available N-NO3 content was higher than in the untreated soil samples.
The comparative analysis of available potassium and phosphorus content between the treated and
untreated soil samples indicated a different tendency. The treatment with 0.075% humic acid
solution resulted in a lower potassium content in the treated soil than in the control samples, while
the treatment with 0.5% solution resulted in higher potassium, as well phosphorus content in the
treated soil.

The single factor analysis of variance (ANOV A) of the soil test results of the samples taken during
the beginning and the last third part of the production cycle showed a significant difference for the
available N-NO3 and the P-PO4content in the 0-20cm and 20-40cm soil layers. However, the
analysis for potassium content could only show a similar difference in the 20-40cm layer. This
indicates that potassium leaches intensively from the surface layer into the deeper soil layers with
theirrigation water (Table 5).

Table 5: Single factor analysis of variance to compare the NPK content of humic acid treated and
control soil samples from different soil depths

Amalysis of varance - Fp gz 7 12= 4.4

™ utrient Soil depth; 1-20 cm Soil depth: 20-40 cm
F Df Prob. F nf Prab.
N-NO; 42,79 s | 0040 7337 23 0.000
P-PO, 60.511 23 0,000 28076 23 0.000
K 1.509 23 0.151 55.798 23 0.000

The analysis of the PH value changed in the soil during the 8-month period, which determined a
significant decrease in the top 0-20cm layer, while in 20-40 cm soil depth, the measured difference
is statistically not significant (Table 6).

Table 6: Single factor analysis of variance to compare the pH values of humic acid treated and
control soil samples from different soil depths

Amalysis of variance - Fpgs. 5,32= 44
g Soil deprh: 0-20 cm Soil depth: 20-40 cm
. F Df Prob. F Dr Prob.
ot B6. 186 A 0000 0318 23 0.579
Sep-09

The test for salt content measured an increased value in the top 0-20cm surface layer and the same
value decreased in the 20-40cm soil depth. This effect was a result of two factors. First, the soil
hydrologic conditions are characterized by high evaporation and second, the hardness value of the
water is high. However, the calculated “F’ value only in the 20-40cm soil depth determined a
significant difference. The humic acid able to regulate salt content in the soil and probably this
effect kept the salt content at arelatively low level in the top surface layer (Table 7).



Table 7: Single factor analysis of variance to compare the salt content of humic acid treated and
control soil samples from different soil depths

Analysis of variance - Fy 5. 1.22= 44

Salt Sail depth: 0-20 ¢m Soil depih: 2040 cm
' F D Prob. F D Proh.
Jan-0r2
2.3 23 0,138 48.27% 23 0000
Sep-00 L% | B ) 000

Results of the pomegranate nursery experiment

The field trial indicated that at the end of the production period the height and the diameter of the
test plants increased with an average of 30-35% more than the diameter and height of the control
plants (Table 8). During the harvest time, the diameter of the control plants was only 69.7% of the
diameter of the test plants. This is a 95.4% difference in development and a 30.3% in proportion
measurement. In harvest time, the height of the control plants was 76.2% of the height of the test
plants. Thisis adifference of 23.8% in proportion measurement.

Table 8: Average diameter and height of pomegranate saplings during the production period

Average diameter (mm)

Test plant Control plant Kontroll / Teszt

008 Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Initial Final
Plot 1 5.00 792 1054 970 971 3.62 570 7.08 6.60 6.59 114.0% 67.9%
Plot 2 154 529 7.89 6.88 7.58 0.74 296 5.00 513 5.14 192 4% 67.8%
Plot 3 503 7.39 8.10 851 948 281 470 6.49 6.54 7.10 93.6% 74.9%
Plot 4 3.76 6.29 7.93 848 921 1.78 3.87 514 6.57 6.28 102.8% 68.2%
Ave. 3.83 6.72 §.61 839 9.00 2.24 431 5.93 6.21 628 125.7% 69.7%

Average height (cm)

Test plant Control plant Kontroll / Teszt

HI04 Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Initial Final
Plot 1 8202 10036 12309 13816 12741 5545 7568 8616 9335 9598 92.3% 75.3%
Plot 2 2872 7070 91.08 9303 9331 1394 3980 6590 6694 090 138.6% 76.0%
Plot 3 8206 9908 9520 10785 11379 413 5650 8533 8443 8895 68.9% 78.2%
Plot 4 5780 8858 %416 9911 10775 2688 4805 67355 7696 8124 83.1% 754%
Ave. 62.65 89.68 10088 109.54 110.56 35.10 5501 76.23 80.42 8427 95.7% 76.2%

The analysis of the root system also showed large differences. While the average weight of the test
plant’s roots had been 97.62g after harvest, the roots of the control plants weighted only 37.23g.
The number of roots higher than 2mm resulted in an average number of 63 in the case of the test
plants, against the counted average number of 18 in the case of the control plants. These
measurements showed that the measured value of the test plants for the root system average weight
2.62 times and for the average number of roots over 2mm diameter was 3.5 times higher than the
measured values of the control plants. Similar comparison for number of roots between 2mm and 4
mm and over 8mm diameter established 4 and 3.5 times higher proportion values in favor of the test
plants. The average diameter of the root neck was 15.52mm in the case of the test plants and
10.16mm for the control plants (Table 9).



Table 9: Plant’s average characteristics of the pomegranate saplings after harvest

Test plant

Description Unit 1 2 3 4 P 6 7 3 9 10 Ave,
Height cm 10000 18500 18200 17900 180.00 18300 178.00 18100 181.00 18000 181.70
Reot neck diameter mm 1613 1517 1532 1511 1610 1600 1507 1571 1523 1535 1552
Stem mid-section diameter mm 1112 1092 1083 1112 1085 1100 1080 1115 1087 1081 1098
Stem top section diameter mm 641 885 721 605 637 697 701 824 1@ 725 123
Root weight £ 10540 17050 7590 6760 11250 7970 6900 10790 10650 8120 97.62
Ne. ofroots (8 mm) db 9 11 4 7 8 7 3 9 8 7 8
No. ofroots (4.7 mm) db 19 24 12 15 19 13 1 17 b 12 17
Ne. ofroots 2-4 mm) db 56 19 30 31 3 37 3 1 31 33 39
Totalno. of roots db " 84" 8" 557 537 @& 51" x»" 61" " 54 63
- ok Control plant
Description Unit 1 2 3 1 s 6 . 3 N 10 Ave.
Height em 10900 10400 11200 10700 107.00 10300 108.00 11100 105.00 10200 106.90
Reot neck diameter mm 1023 1050 948 1072 1021 1014 1055 971 1012 98¢ 1016
Stem mid-section diameter mm 727 834 661 891 8.4 736 82 746 18 687 174
Stem top section diameter mm 132 432 329 511 4@ 386 417 375 41 328 403
Root weight s 4620 4570 1970 450 3780 4170 2810 4320 2190 4550 3723
Ne. efroots (8 mm) db 3 2 1 4 3 2 2 4 i 2 2
MNo. efrocts (4-7 mm) db 3 4 1 3 3 & 3 2 3 3 4
No. ofroots (2-4 mm) db 7 14 i1 15 2 12 9 14 2 14 12
Totalno. of roots dv: " 15" 20" 137 ol 1m0 4" w0 6" 21 18

The single factor analysis of variance established a significant difference for both, diameter
(F=23.268, P=0.003) and height (F=9.507, P=0.022) between test and control plants. The
calculations for the side shootings did not offer a similar result, but this does not mean that the
difference did not exist. The excessively high probability value (P=0.968) seemsto support the idea
of the existing differences between the two groups (Table 10).

Table 10: Analysis of variance for the characteristics of pomegranate saplings

Analysis of variance - Fo.05;1,6=6.0

Description F Df Prob.
Diameter 23 268 7 0.003
Height 9507 7 0.022
No. of sprout 0.002 7 0.968
Vigor 9475 7 0.022

The value of the Person correlation index stated a strong correlation for the three sapling’'s
characteristics (diameter R=0.766; height R=0.727; Side shootings R=0.917) and a moderately
strong correlation for development vigor (R=0.478) (Table 11).

Table 11: Pearson correlation analysis for the characteristics of pomegranate saplings

Person Correlation Index Person Correlation Index
Diameter Height
Correlation Matrix (R) Correlation Matrix (R)
T- Diameter K- Diameter T- Height K- Height

Test- Diameter 1 0.766 Test- Height 1 0.727
Control- Diameter 0.766 1 Control- Height 0.727 1
Person Correlation Index Person Correlation Index
No. of sprout Vigor
Correlation Matrix (R) Correlation Matrix (R)

T-Sprout K-Sprout T-Vigor K-Vigor
Test-Sprout i 0.917 Test-Vigor i | 0.478
Control- Sprout 0.917 1 Control-Vigor 0.478 1

The separate statistical analysis of the sapling’s diameter in each production plots also indicated
significant differences between the test plants and the control plants. The received “F’ values varied
between 65.6 and 938.4 with the probability between P=0.000 and P=0.06 (Table 12). The same
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analysis for the plant height resulted in an “F’ value between 233 and 539 with the probability of
P=0.000 (Table 13).

Table 12: Analysis of variance for the diameter of pomegranate saplings in each experiment plot

Analysis of variance

Diameter F Df Prob. "F" table
Plot 1. 165.025 79 0.062 Foos;78.2 = 20
Plot 2. 938.470 79 0.000 Foos.754 = 56
Plot 3. 423194 79 0.000 Foos.73.6 = 37
Plot 4. 65.562 79 0.003 Foos;763 = 83

Table 13: Analysis of variance for the height of pomegranate saplings in each experiment plot

Analysis of variance

Height F Df Prob. "F" table
Plot 1. 513.883 79 0.000 Foos;en1s = 19
Plot 2. 518.544 79 0.000 Foos.e217 = 20
Plot 3. 233.837 7 0000 Fooxsrsz = 18
Plot 4. 539.169 79 0000 Foos4s31 = 18

The Pearson correlation index showed a strong positive correlation between the test plants and the
control plants supporting the suggested positive effect of the humic acid treatment for plant growth
(Table 14).

Table 14: Pearson correlation analysis for the diameter and height of pomegranate saplings in each
experiment plot

Correlation Matrix R Correlation Matrix R

Diamater  Correlation Significance Height  Correlation  Significance
Plot 1. 0.993 0.000 Plot 1. 0.984 0.000
Plot 2 0.913 0.000 Plat 2 0.351 0.000
Plot 3. 0.5970 0.000 Plot 3, 0.584 0.000
Plot 4. 0,068 0.000 Plot 4. 0.982 0.000

Results of the ryegrass laboratory experiment

The data of the nitrogen uptake by the indicator plant indicated that the percentage value of total
nitrogen content, in comparison to the control plant is lower in those plants, which grew on soil
treated with 0.5% humic acid solution and almost the same in the plants, which grew on soil treated
with 0.075% humic acid solution. This result is interesting if we consider that the soil N-NOs
content was higher in the treated soil than in the untreated when the humic acid solution had been
established at the 0.5% concentration level. Meanwhile, the soil NH4,-N content gave a similar
value. The treatment with a 0.075% humic acid solution increased almost three times the N-NOs
and NH4-N content in the soil samples comparison to the control soil. The rest of the analysis
indicated that the percentage value of total nitrogen and phosphorus uptake depends on the
concentration of the applied humic acid solution. In the case of both nutrients, the best result was
given by the treatment with 0.075% humic acid solution (Table 15).

Table 15: Percentage values of NPK content in ryegrass leaves that grown in soil, which was
treated with humic acid solution of different concentration
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Total N (%) Total P (%) Total K (%)

Humic acid
solution Test plant Eanrtol Test plant Eanrtol Test plant Conrtol
plant plant plant
10%-o0s 3.780 5.700 0.152 0.158 0.554 0.640
0.5%-0s 3.410 4.170 0.048 0.070 0.650 0.380
0.075%-0s 4700 4880 0.310 0.280 2.730 2.850

The result of the plant potassium content analysis indicated that the percentage value of the total
potassium content, in comparison to the control plant, is higher in those plants, which grew on soil
treated with 0.5% humic acid solution. The results of the soil sample analysis showed that the
humic acid treatment in higher concentration increases the percentage value of the available
nutrients in the soil (Figure 1).

Figure 1. Comparison between the percentage values of NPK content in ryegrass leaves that grown
in soil, which was treated with humic acid solution of different concentration
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bl 035 Humie aod
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ant plai Rlant

Tk M%) Tir-ab2 1% sk 5]

The NPK and dry matter analysis indicates that the soil treatment with 0.5% humic acid solution
increased primarily the plant’s dry matter and potassium content, meanwhile the treatment with
0.075% solution mainly increased the phosphorus and nitrogen content in comparison to the control
plants (Table 16).

Table 16: Ryegrass's leaves NPK and dry matter content in mg, that grown in soil, which was
treated with humic acid solution of different concentration

- Tatal N [mg] Tatal P (mg] Total K [mg) Dry matter (mg)
By Contral Control Control Contral
solution Test plant Pl Test plant plant Test plant i Test plant plart
108 -25 SBoEE 9.234  0.23712 025596 0.85414 10368 0156 0.152
05% o8 B.FS1E 65052 0.09504 oi0ez 1287 05528 0198 0.156
0.075%-08 7943 73638 05239 Q4228 dam137 43035 0169 0151

The statistical analysis of soil sample's test results indicated a huge difference between the treated
and untreated soil samples regarding the NH4-N and NOs-N content. In the case of the NH4-N
content, the “F’ value was 89.987 with a 0.000 probability level (Foo. 34=6.6). The Pearson
correlation index value could not explain with certainty whether the difference was caused by the
concentration value of the treatment or only by the fact that we treated the soil with humic acid.
This uncertainty can be seen in the 0.319 and 0.252 correlation index values established between
treated and untreated soil samples. However, the analysis within the treated soil samples indicated

12



undoubtedly that the differences between the different trestments are certainly the results of the
different concentrations of humic acid solution. This fact is reflected in the strongly negative
correlation index (R= -0.994; P=0.006). The NOs-N content analysis of the samples indicated a
more reassuring result. Both, the treatments itself and its concentration caused significant
differences between the treated and untreated samples (F=732.6 P=0.000 and F=687.7 P=0.000)
(Table 17).

Table 17: Analysis of variance and analysis of Pearson correlation’s result for NH4-N and NOs-N
content of soil samples, which was treated with humic acid solution of different concentration

Analysis of variance: NH4-N

Origin F Df Prob.
Model 89987 7 0.000
Foos.3,4 6.6
Test effect
Test-Control 75480 1 0.001
Concentration 114.401 1 0.000
T.-C*Cont. 80.079 1 0.001
Pearson correlation: NH4-N

Origin Correlation Significance
Concentration *Control -0.681 0319
Concentration *Test -0.994 0.006
Control*Test 0.748 0.252

Analyvsis of variance: NO3-N

Origin F Df Prob.
Model 1,193.255 7 0.000
Fops:3.4 6.6
Test effect
Test-Control 732613 1 0.000
Concentration 2.159.405 1 0.000
T.-C*Cont. 687.746 1 0.000
Pearson correlation: NO3-N

Origin Correlation Signfficance
Concentration *Control -0.999 0.001
Concentration *Test -0.999 0.001
Control*Test 1.000 0.000

The phosphorus content analysis of the soil samples gave a similar result. The observed significant
differences, measured with the “F’ value, are consequences (with a high probability value) of the
treatment and the applied concentration of the solution. In this case, the correlation index was
strongly negative between the solution’s concentration and the measured available phosphorus
content in the soil (Table 18).
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Table 18: Analysis of variance and analysis of Pearson correlation’s result for P-PO, content of soil
samples, which was treated with humic acid solution of different concentration

Analysis of variance: P-PO4

Origin F Df Prob.
Model 33.351 7 0.003
Foos;3,4 6.6
Test effect
Test-Control 26.014 1 0.007
Concentration 45243 1 0.003
T.-C.*Cont. 28796 1 0.006
Pearson correlation: P-PO4

Origin Correlation Significance
Concentration *Control -0.974 0.026
Concentration*Test -0.992 0.008
Control*Test 0.951 0.049

The statistical analysis between the samples for potassium content established some differences but
it did not give a reassuring answer in regards to the question on whether these differences are
caused by the treatment or whether they are spontaneous (Table 19).

Table 19: Analysis of variance and analysis of Pearson correlation’s result for Potassium content of
soil samples, which was treated with humic acid solution of different concentration

Analysis of variance: K

Origin F Df Prob.
Model 22014 3 0.006
Foos;3,4 6.6
Test effect
Test-Control 20.046 1 0.011
Concentration 23650 1 0.008
T.-C*Cont. 22345 1 0.009
Pearson correlation: K

Origin Correlation  Significance
Concentration *Control 0.096 0.904
Concentration*Test 0.969 0.031
Control*Test -0.153 0.847

The results of the single factor analysis of variance for the ryegrass NPK content supports the
hypothesis that the quantity of nitrogen, phosphorus and potassium uptake by the plant depend on
the concentration of the applied humic acid solution. This fact is especially true for the volume of
phosphorus and potassium because the calculations established significant differences for each
treatment according to their concentration value (Table 20).
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Table 20: Single factor analysis of variance’ s result for ryegrass's leaves NPK content that grown in
soil, which was treated with humic acid solution of different concentration

Analysis of variance for Mitrogen content | F- 86 P=05%)

Origin__ Type 155 o Aue. 5q. F Prob.
Model 15.843 3 5281 3.852 0.015
Error 63.057 46 1371
Tatal 75,900 49

Analysis of variance for Phesphorus content (F-8.6 P=85%)

Origin___ Type lll 55 ot Ave. 5q. F Prob.
Wodel 0.36 3 0115 1559 0.0
Errar 0.332 45 Quoay
Tatal 0.6/8 49

Analysis of variance for Potassium content {F- 8.6 P=05%]

Origin Ty 111 55 Df Ave, 5. F Preb.
Model 260,817 3 8539 9.656 .00
Error 42,408 45 Qa2
Total 69, 125 43

Results of the ryegrass germination test

The experiment reinforced with certainty the view that humic acid stimulates the seed germination
processes. Each experiment with treated seeds resulted in a higher germination percentage than in
the case of the untreated seeds. This positive effect was also observed in the development vigor.
However, the shocking result was that all the treatments with a solution concentration higher than
0.1%, resulted in a fewer percentage value of germination, gradually decreasing the germination
percentage, while the treatment’s concentration increased. The best result of 95.6% germinated
seed, showed the 0.1% humic acid treatment against the germination percentage of 84.8% of the
untreated seeds. The 1.0% treatment resulted in a 92.0% of germination rate (Table 21).

Table 21: Germination rate and growing vigor of ryegrass seeds, which were treated with humic
acid solution of different concentration

Plant: Meadow grass
Average
Ereatmiont Germination (%) Growing vigor
Humic acid 1.0% 92.0% 3
Humic acid 0.5% 94 4% 3
Humic acid 0.1% 95.6% 4
Not treated 84.8% 2

The received “F’ values of the analysis of variance (F=13.865, 13.550, 13.483; P=0.000) were
higher than the “F’ table's value at the significance level of 95%, which indicates a significant
difference between the different test populations (Table 22).
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Table 22: Analysis of variance’s result and Pearson correlation analysis for the germination test’s
result of ryegrass seeds, which were treated with humic acid solution of different concentration

MANOVA -Fo.os; 69,282= 1.3

Germination test Df F Prob.
Test-Control 69:282 5.696 0.000
ANOVA - Foos;23,96= 1.57

Concentration Df F Prob.
Hu-1.0% 23;96 13.865 0.000
Hu-0.5% 23;96 13550 0.000
Hu-0.1% 23;96 13.483 0.000

Pearson correlation: Test-Control plant

Concentration R Prob.
Hu-1.0% 0.745 0.000
Hu-0.5% 0.790 0.000
Hu-0.1% 0.764 0.000

Discussion of theresults

The results of the experiment with the pomegranate saplings showed, that all of the vegetative
organs developed a higher weight, diameter, height and volume of the root system than that of the
control plants. The observations of the sapling developments and changes in the soil during the
experiments also indicated some positive tendencies. The improvement of the yield characteristics
when a limited quantity of fertilizer is applied indicates that the humic acid treastment increases the
nutrient uptake from the soil. This observation is in line with the statement expressed separately by
Chen and Pena-Mendez about the cause-effect relationship between the increasing nutrient uptake
by the plant and the humic acid application.

The results from Katkat’s work and his research group indicated that 0.1% of the application of the
humic acid solution mainly increases the nutrient uptake meanwhile the humic acid application in
0.2% doses primarily increases the dry matter weight and nitrogen uptake in the plant. They drew
the line between the two effects in the same level of doses where the results of the ryegrass
experiment also indicated, which would be the doses around 0.075%.

It was observed that parallel to the increasing level of the concentration dose in the solution, that the
nitrogen uptake by the plant decreased. The weight of the dry matter and the weight of each
absorbed nutrient expressed in milligrams indicated, that the applications in low concentrations
affects the nutrient uptake, in the first place nitrogen and phosphorus uptake, while applications in
higher doses affects the dry matter content in the plant.

Y usuf, Ahmad and Majib (2009) observed that the humic acid application decreases the loss of soil
ammonium content. This could also be observed during the testing procedure of the soil samples
from the pomegranate nursery experiment. Whereas the untreated samples from the top 0-20cm soil
surface layers contained 3.7 mg/kg ammonium content, in the case of the treated soil samples this
value was 4.6 mg/kg. In the lower layers of 20-40cm, the ammonium content in both types of soil
samples remained at asimilar level (4.5 mg/kg).

Similarly, the observations confirmed that the available soil nitrogen content increased during the
midterm period of the production cycle, but this value decreased gradually by the end of cycle at a
lower level than the measured value of the control soil samples. From this, two conclusions can be
drawn. First, MIKKELSEN view (2005) that the humic acid application increases nutrient uptake
by the plant and KUSSOW statement (2005) that the same application increases the exchangeable
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cation content in the soil, are both correct. Second, the risk that the humic acid freed nutrients leach
off from the surface soil layer will increase. The exchangeable cation content decreased in the top
0-20cm soil layer, whereas it increased in the lower 20-40cm layer in comparison to the measured
valued in the untreated soil samples.

The results of the experiment do not support CIMRIN and YILMAZ (2005) point of view, which
states that humic acid does not affect the nutrient uptake from the soil. The attained results from the
experiment indicate that the macronutrient uptake depends on the application dose of the humic
acid treatment even in the case of the phosphorus uptake.

The germination tests with ryegrass seeds unambiguously supported PENA-MENDEZ (2004) and
KOTOB statements (2009) that humic acid stimulates seed germination, but there is no referencein
the available literature, that paralel to the increasing value of the treatment doses, the percentage
value of the germinated seeds are gradually decreasing. The highest percentage value of the
germinated seeds had been the result of the humic acid treatment in the 0.1% concentration dose.
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NEW SCIENTIFIC RESULTS

1. The production figures of pomegranate saplings (diameter, height, root weight and number)
show a higher value for the saplings, which grow on humic acid treated soil than for the
ones that grow on the untreated soil.

2. The humic acid application increased the sapling’s secondary root system development in
mass and volume, which also increased the sapling’s survival rate. With that, the strong
cutting practice is avoidable in the nurseries, which unfavorably affects the plant’s survival
later on.

3. Pardllel to the increasing value of the treatment doses, the percentage value of the
germinated seeds is gradually decreasing. The highest percentage value of the germinated
seeds can be achieved with atreatment of 0.1% concentration dose.

4. The humic acid treatment decreased the coarse size humus content rate (>0.25mm) in the
soil, whereas the small size humus content increased.

5. The quantity of potassium uptake by the plant is in direct proportion, whereas the nitrogen
and phosphorus uptake is in inverse proportion to the concentration value of the humic acid
solution.

CONCLUSIONS AND RECOMMENDATIONS

The results of the experiments indicate that the trestment with humic acid improves the soil’s
structure. Two aspects can support this fact. Firstly, that the value of the Arany’s Fixation index
increases in the soils that are treated with humic acid and secondly, that the coarse size humus
content in the top 0-20 cm soil layer decreased, whereas the small size humus content nearly
doubled in the treated soils. This fact indicates that the decomposition of organic matter in the soil
increases when humic acid is applied.

Although all the treated soil samples in comparison to the control samples contained a higher
volume of available NOs-N, the treatment with the lower concentration of humic acid solution
resulted in the highest value of available NOs-N content. In the case of the available potassium
content, the higher doses produced the same effect. It follows from the foregoing that when
changing the concentration of the humic acid solution, we are able to change the volume of
available nutrients for the plant in the soil.

Despite all the different doses of the humic acid application, the NOs-N content was higher than the
experiments with indicator plants (ryegrass) showed the opposite effect. The nutrient uptake by the
plant is in inverse proportion with the concentration value of the humic acid solution. Concurrently,
the plants that were growing in soils treated with low doses of humic acid solution increased their
NOs-N uptake. The plant analysis indicated that the range for the best result is around 0.075-0.1%
of the treatment concentration.

From a practical point of view, the most important results have been delivered with the observed
changes in the yield characteristics. In this case, because we are dealing with the sapling
production, the sapling’s height, diameter and the development stage of the root system should be
considered under the concept of yield characteristics.

In case of the fruit trees developed from cuttings, the inclination to develop secondary root system,
which subsequently determines its survival and development, is always a challenge. The humic acid
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treatment stimulates the secondary root system development and help to grow high quality saplings.
Recommendations

The obtained results from the field and the laboratory experiments provided valuable information
for the use of humic acid in agriculture. Based on these experiences, the recommendations are as
follows:

From the humic acid products, the humate powder can be handled easily and it is the most
cost effective.

It is recommendable to enrich humate with macro and micro nutrients in order to use it for
the plant nutrition. In this way, we can increase the degree of effectiveness of nutrient
availability in the soil and the plant’s nutrient uptake. The use of enriched humate will
improve the nutrient transport in the soil without risking a possible loss of a considerable
quantity of nutrients from the root zone through leaching. This will allow a considerable
reduction of the chemical fertilizer’s dose per hectare and it will also allow the targeting of
specific plant nutrition management.

During the compost production, the raw materials can be treated with humic acid in order to
reduce the composting time period, to increase compost quality and to reduce nutrient loss.

In the case of soils, which tend to be sodic, the humic acid fixes the sodium ions and leach
out together with them from the soil surface layer and consequently, it loosens up the soil
structure.

The dilution and preparation of humic acid solution requires attention. The best humic acid-
water ration is 1:10.
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