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TOMATO RESPONSE TO COMPOST AMENDMENTS AND
LIQUID ORGANIC FERTILIZER APPLIED THROUGH
FOLIAR AND DRIP FERTIGATION
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S. S. Shahadha M. Ali Kathum M. F. Abdul Hameed
ABSTRACT

The main aim of the study is to investigate the response of tomato to
practice of organic farming through application of compost to improve soil
environment and liquid organic fertilizer as a source of nutrients. Multi-span
plastic house (36x27.6m) located at the Experimental Farm of the Extension
Department, Ministry of Agriculture, Kut, Wasit Governorate- Irag, was used to
grow tomato for the season 2012/2013. The main plots were the application of
compost in 20 and 40 Ton.ha™ and the subplots were the application of organic
liquid fertilizer (OLF) through either drip fertigation or foliar. The treatments
arranged in the field according to Randomized Complet Block Desigh (RCBD) in
three replicates. The Compost had been produced at the site of composting,
Ministry of Agriculture, Kut, Irag and the organic liquid fertilizer at the
Integrated Management of Plant Production and Protection, Ministry of
Agriculture, Baghdad, Irag. Results indicated that both the 20 and 40 m ton.ha™
compost were sufficient in improving soil characteristics and enhancing plant
growth. The two methods of supplying nutrients to crop (fertigation or foliar
application) were very close in effect on tomato yield. Although the foliar
application was associated with the use of low N dose OLF, it produced
comparable yield to that produced by the fertigation associated with the use of
high N dose OLF. Analysis of total available N, P, and K in soil as well as the
mineral forms of N (NH; and NO3) indicated no significant differences found
among the treatments during the growing season at mid-season and post-harvest.
It can be concluded that the 20 ton.ha™* compost/ha was sufficient to supply N, P,
and K for plant growth and development and to maintain appreciable
concentrations through the growing season. Soil organic matter had been
increased during the growing season. Therefore, it is evident that the application
of compost supplemented by organic liquid fertilizer was successful practice to
meet crop demand for nutrients and maximize crop yield.

INTRODUCTION

Organic farming in its simple term is a production system that excludes
synthetic inputs when possible and uses external inputs only when the system
cannot be sustained by internal recycling (33). This production method avoids or
largely reduces the use of synthetic chemical inputs, such as chemical fertilizers
and pesticides, and aims to minimize negative effects on the environment and
maintains the biological diversity of the soil (14,27). Organic farming systems
Rely on the management of soil organic matter to enhance the chemical,
biological, and physical properties of the soil, in order to optimize crop
production (31).

The organic fertilizers could be produced from both urban and
agricultural wastes and its production is increasing worldwide through
composting technology (29). Many investigators have indicated the beneficial
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effects of compost application on land productivity and the control of pathogens.

These include the improvement in soil properties (8), increase in yield and
improve quality (17, 24, 30), and the reduction of weed germination and number
of plant pathogens (6, 20, 25).

There is a growing interest in foliar fertilization as a method for feeding
nutrients to plant upper parts or to control diseases and pathogens. Foliar
fertilization is an agricultural practice helping to reduce the environmental
impact associated with soil fertilization (10). It has several main advantages over
other methods of soil fertilization include avoiding the occurrence of soil
interactions that may limit root uptake (11). Combined soil and foliar
applications may be recommended to increase both plant productivity and yield
quality (15). However, the foliar fertilization is becoming more prevalent as
practice in agricultural crop production, because it is more purposefully and
potentially more friendly to the environment in contrast to soil fertilization. In
terms of nutrient absorption, foliar fertilization can be from 8 to 20 times as
efficient as ground application (12). While foliar fertilization is being used on a
wide variety of crops, its economic value is generally deemed greater for
horticultural than for field crops. This is because horticultural crops are of
higher value and their nutrient status is more carefully monitored (12).

Drip irrigation systems are widely used in Irag and are continually
expanding. These irrigation systems proved to increase the water use efficiency
and therefore decrease the losses of water by evaporation and leaching as
observed with traditional irrigation systems (18). Also, these systems are ideally
suited for controlling the placement and supply rate of water-soluble fertilizers
in fertigation technology. Nutrients can be injected at various frequencies (daily
to monthly), depending on system design constraints, soil type and grower
preference (4). Drip irrigation and fertigation with N fertilizer sources offer what
is probably the ultimate in flexibility for N fertilizer management. If properly
managed, fertigation through drip irrigation lines can reduce overall fertilizer
application rates and minimize adverse environmental impact of vegetable
production (22, 28).

Considering the above facts, the present research work was undertaken to
(i) examine the importance of organic fertilization (application of compost and
organic liquid fertilization) in Iraq vegetable production, (ii) study the role of
organic fertilization in tomato production, and (iii) compare the effect of foliar
application and drip fertigation on tomato yield and nutrients balance in soil.
Materials and Methods

The investigation was carried out at the Experimental Farm of the
Extension Department, Ministry of Agriculture at Kut, Wasit Governorate, 200
km south of Baghdad, Iraq for the season 2012/2013. The soil texture of the
upper 0-50 cm is Sandy Loam. Some soil characteristics (ECe, pH, NH,4, NOsg,
available P, and K, and Organic Matter %) are given in Table (1).

Preperation of Compost and Liquid Organic Fertilizer

The compost used in the study was produced at the “Composting Site,
Wasit, National Center for Organic Framing, Ministry of Agriculture”.
Production of compost was based on biological decomposition of wheat straw.
The main steps in production of the compost can be found elsewhere (1). Detailed
characteristics of the compost are given in Table (2).
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Table 1: Some soil characteristics of the site

Soil Characteristics mean max min st dev
EC. (dSm?) 43 10.7 1.6 2.6
pH 8.3 8.6 8.1 0.1
NH,-N (mg kg5 62.3 9L.1 42 16.7
NO3-N (mg kg™) 715 91.1 49 14.3
ExtP (mgkg™) 305.8 400 7.7 98.6
Ext K ( mg kg™) 91.8 148 54 30.3
OM% 0.81 2.35 0.07 0.7

Table 2: Some chemical and physical characteristics of the compost and the

composition of the organic liquid fertilizer (Types A and B)

Liquid Organic Fertilizer
No. Character Compost Type A Type B

1 EC (dSm™) 3.5 34.2 34.2
2 | pH 7.2 7.73 7.72
3 | C (%) 50 n.m. n.m.
4 | Total-N (%) 2.1 0.28 3.2
5 C/N 23.8
6 [P (%) 0.65 0.28 0.28
7 K (%) 1.8 0.088 0.088
8 | Ca (%) 2.3 10.02 10.02
9 | Mg (%) 0.75 7.29 7.29
10 | Fe(mg L™) n.m. 81.30 81.34
11 ] Cu(mg L™) n.m. n.m. n.m.
12 | Zn(mg L™) n.m. 40.80 40.82
13 | Mn(mg L™) n.m. 34.16 34.16
14 | Water content (%) 35
15 | Bulk Density (g cm™) 0.650
16 | Porosity (%) 40

n.m. = not measured

The organic liquid fertilizer used for either foliar application or drip
fertigation has been produced from mature compost. The method is based on
extraction of nutrients, humic acids, and other biological compounds from
compost under aerobic conditions. Ten kg compost is enclosed by piece of fabric
and placed in the middle part of 40-Litter container filled with water. To
maintain aerobic conditions, air is pumped continuously into the system during
the process of extraction. A mixer is used periodically to minimize the settlement
of large organic pieces. At the end of 10 days, the liquid is ready to use as organic
liquid fertilizer, Type A. To increase the content of N in the basic liquid fertilizer,
the fertilizer was enriched by urea to form “Type B” organic liquid fertilizer.
Chemical composition of both Type A and Type B fertilizers is given in Table (2).
Experiment Layout, Application of Organic Fertilizers, and Treatments

The experiment was carried out in multi-span plastic house (36m x
27.7m). The main plot was the application of compost in two rates, 20 Mg
(ton.ha™® and 40 Mg (ton.ha™®) mixed with the upper 20 cm of the soil. The sub
treatment was the application of organic liquid fertilizer through drip irrigation
system (0.5 L of Type B, two times a week) or foliar application (2 L of Type A in
100 L water, two times a week). Each treatment (experimental unit) (24 m?) was
conducted in four plots of 6.0 m? (10m x 0.6 m) and assigned randomly. Each sub
plots was assigned randomly to half of the plastic house. The experiment design
was a Randomized Complet Block Desigh (RCBD) in three replicates. Sufficient
space was separated the plots, the blocks, and the sub plots.
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The plastic house was equipped with drip irrigation system to supply
irrigation water. A by-pass fertigation system was connected to the drip system
to supply liquid organic fertilizer (Type B) to half of the plastic house. The
source of irrigation water is the Tigris river with EC = 1.2 dS.m™.

Agricultural Practices and Soil Sampling During Season

Tomato (Lycopersicon esculentum) seedlings, variety “Nora” were

transplanted to the plastic house on 15-10-2012 in two rows in each plot. The
distance between plants was 60 cm and between rows was 40 cm.
Control of pest was carried out before planting and during plant development
using biological methods. The “bio-insecticide Trichoderma” was applied to the
plastic house with the application of compost in 350 g in 100 L to control fungus
diseases. The same insecticide was used two more times during the growing
season in concentration of 35 g/20 L to control aerial fungi and another two
applications of 125 ¢g/50 L water to control aerial fungi and early blight.
Oxymetrin (4 mL/10 L) was used for two times to control the leaves borers. The
biological agent (BT) (300 g/100 L water) was used for two times to control
insects, white fly, and Tota absoluta.

Soil samples were taken from 0-20 cm and 20-50 cm soil depths over each
plot at planting, mid-season, and post-harvest. The samples were air-dried for
analysis using the general procedures described by Black etal. (5). Available P
was determined by ammonium molybdate/ammonium vanadate method and
color was developed in soil extracts using the ascorbic acid blue color method.
Exchangeable K was extracted using ammonium acetate and determined on
flame photometer. Mineral N was determined using KCI as the extracting
solution and determined by steam distillation. Organic matter was determined
by Walkley-Black dichromate digestion method. Micro nutrients in organic
liquid fertilizer (Mn, Cu, Zn, and Fe) were determined using Atomic Absorption.
Harvest of tomatoes fruits was started on 15-3-2012 and continued to 20-5-2013.
Yield was recorded for the experimental unit of four plots (24 m?) covered 124
plants.

RESULTS AND DISCUSSION

Yield of Tomatoes

The analysis of variance for yield of tomato revealed no significant
differences among the four treatments (Fig. 1). Also, pooling of data over either
the main treatments (20 and 40 ton compost/ha) or the sub treatments (applying
organic liquid fertilizer through fertigation or foliar application) resulted in non-
significant differences in yield of tomatoes. Therefore, it is evident that both 20
and 40 Ton.ha ' compost was sufficient in improving soil characteristics and
enhancing plant growth. In the same line, many researchers have assessed the
positive effects of compost on soil environment (eg., 3, 25) and successfully
increase yield of tomato (29).

It seems that both methods of supplying nutrients to crop (fertigation or
foliar application) were very close in their effect on tomatoes yield (Fig. 1). Even
though the foliar application was associated with the use of low N dose organic
liquid fertilizer, Type A (Table 2), it produced comparable yield to that produced
by the fertigation associated with the use of high N dose, Type B organic liquid
fertilizer. In this respect, Kuepper (12) indicated that foliar fertilization can be
more efficient than ground application. Also, there are numerous processes
taking place within soils and nutrients applied to the soil are complexes by a

202



Al-Taii, A. A. F. et.al.

number of reactions such as mineralization, leaching and organic complex
formation, which result in a decrease in their plant-available fractions (19).
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Fig. 1: Yield of tomato in response to application of liquid Organic
fertilizer either through the drip system or foliar and the
application of compost in 20 or 40 ton.ha™.
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Macro Nutrients and Organic Matter Status in Soil

Table (3) illustrates the effect of compost and organic liquid fertilizer
application on mineral N forms (NH; and NO3) at planting, midseason, and post-
harvest. Based on LSD test, significant differences were found only at planting
for the form NH,"-N. On the other hand, no significant differences were found
for both NH,; and NO3; among treatments at midseason or post-harvest. The
reason behind the differences found at planting is the past history of agricultural
practices including fertilization (The plastic house received varied rate of
compost application in the last year). However, these differences were minimized
and disappeared with the application of compost and continuous application of
organic liquid fertilization through fertigation and leaf feeding. It is evident that
neither the different rate of compost application nor the different method and
concentration of organic liquid fertilizer imposed differences in mineral N-forms
during plant development. However, the low rate of compost application 20 m
ton. ha® was adequate for the formation of NH,-N and NOs; -N during the
season. This result is confirmed by the finding of Lazcano (13) who indicated
that the NH,"-N and NO;-N of mature compost can be considered as almost
completely plant available in the year of application. In the same line, Eghball (9)
found that 12% of compost N can be mineralized in the first year of compost
application.

Percent of organic matter (OM) in soil at planting, midseason, and post-
harvest is presented in Table 3. Similar trend of NH,"-N was observed for the
OM behavior where the significant differences were found only at planting. At
the same time it is noted that the magnitudes of OM content were increased with
the proceeding of the growing season. This was evident for all treatments where
the increase was in the range 14 to 160% at the end of season. In the same line,
McConnell et al. (16) reported that compost applied at rates varying from 18 to
146 ton/ha produced a 6 to 163% increase in soil organic matter. Increases of soil
organic matter as a result of compost application has been reported by many
authors (e.g., 23, 35). A study by Zebarth et al. (34) over a three-year period
showed increases in soil organic matter from five different organic sources
including biosolids, food waste and composted pig manure

Macro nutrients status in soil (N, P, and K) at planting, midseason, and
post-harvest is presented in Figures 2, 3, and 4, respectively. It is clear that no
significant differences were found among the four treatments. However, the
magnitudes of elements were varied depending on specific element and the time
in the season. In general, levels of elements for all treatments remained in
amounts during the season.
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Table 3: The effect of liquid organic fertilizer applied either (fertigation) or as
foliar application in plastic house. (DR: drip irrigation, FA: foliar application,
and 20 and 40 are m tons compost.ha™).

Concentration of NH, or NO; and Soil Organic Matter
At Planting | Mid-Season | Post-Harvest
NH.-N (mg/kg)
FA40 78.3a" DR20 724 a DR40 73.6a
FA20 67.7 ab FA20 67.7a DR?20 68.9 a
DR40 65.4 ab DR40 65.4 a FA40 65.4 a
DR20 53.7b FA40 65.4 a FA20 63.0 a
LSD 15.58 LSD 18.5 LSD 14.98
NOs-N (ma/kg)
FA20 82.9a DR20 74.8 a DR?20 79.4 a
DR40 73.6a DR40 73.6a FA20 74.8 a
FA40 65.4 a FA20 73.6 a DR40 71.2a
DR20 63.0a FA40 61.9a FA40 66.6 a
LSD 20.87 LSD 17.96 LSD 16.64
OM%

DR20 1.063 a FA40 112 a DR20 1.21a
FA40 0.547 ab FA20 0.92 a FA20 1.11a
FA20 0.543 ab DR20 0.61a FA40 1.08 a
DR40 0.357 b DR40 0.54 a DR40 0.95a
LSD 0.676 LSD 0.85 LSD 0.29

+ Means within columns followed by the same letter are not significantly different at the 5% level
of significance based on LSD test.
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Fig. 2: Nutrients concentration in soil for the four treatments at
planting. (DR: Drip irrigation, FA: Foliar application, and 20 and 40
are m tons compost.ha™).
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Fig. 4: Nutrients concentration in soil for the four treatments at post-
harvest. (DR: Drip irrigation, FA: Foliar application, and 20 and 40 are
m tons compost.ha™).

The season again the 20 m ton compost.ha™ for the treatments FA20
(Foliar Application, 20 ton compost/ha) was sufficient to supply N, P, and K for
plant growth and development. These results are in line of finding of Eghball (9)
who indicated that compost provides soils nutrients that are beneficial to crops
for many years. Furthermore, Nortcliff and Amlinger (21) stated that organic
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additions to soil have long been considered important in maintaining the quality
of both natural and managed soils, principally because of their role in providing
nutrients and in influencing soil physical properties.
The range of macro nutrients was 117-151 for N, 340-497 for P, and 124-
243 mg/kg for K at planting. These values changed with season to 127-147 for N,
225-366 for P, and 89 to 120 for K at mid-season and to 132-148 for N, 201-476
for P, and 86-235 mg/kg for K at post-harvest (Figs. 2-4). No trend can be drawn
for the three nutrients with time, but in general there are adequate
concentrations in soil to meet plant needs for growth and development. For N,
the nutrient effect of organic fertilizers depends largely on the transformation
processes that take place in the soil after their application. The products of soil
mineralization and nitrification are NH,* and NO3z~ which comprise the majority
of N available for crops (26). In the present study, it is evident that the compost
used is important nutrients carriers for N, P, K, and many other nutrients (Table
2). These results agree with many studies (e.g., 32) which showed that application
of compost add substantial amounts of nutrients to soils which vary in a wide
range depending on type of compost, raw material, and soil conditions. In this
respect, Amlinger et al. (2) showed that after continued compost application,
total and available phosphorus and potassium concentration respectively in the
soil are increased. In contrast to nitrogen P, K and Mg show in principle higher
plant availability.
Conclusions
1. The application of compost and liquid organic fertilizer are important for
vegetable crop management strategy toward organic farming. This practice
proved successful to meet crop demands for nutrients and maximize crop
yield.
2. Foliar feeding of nutrients was an effective tool and can replace soil
fertilization through fertigation in producing of tomato.
3. Observed positive effects of compost have included maintain nutrients
balance in soil during the growing season.
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