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ARTICLE INFO ABSTRACT
Article history: Compost tea application to the soil improves pmiperties and decreasing the need for
Received 12 February 2016 chemical fertilizer as well as promoting the growthplant. Therefore, an experiment
Accepted 18 March 2016 was conducted at the greenhouse of Faculty of Aljue, Zagazig University, Egypt
Available online 20 April 2016 during to examine the effect of tea compost combimgth chemical nitrogen on
microbial populations, plant growth and nutrientalke of radish plant in a sandy soil.
Keywords: The results indicated that population of bactemirobic N2-fixing bacteria and fungi
Tea compost, Soil microbial were significantly affected by tea composts whitéirmmycetes were not affected by
population, Radish growth, Nutrient the same treatments. Total number of leaves pet plas higher in tea composts and
uptake chemical nitrogen either individually or combin&prayed and irrigated plant with T2

gave the highest value of fresh and dry weightootts (31.80 g plant-1 and 3.47 g
plant-1, respectively) as well as, highest fresth @ty weight of shoots (54.10 g plant-1
and 6.58 g plant-1, respectively). It was obsertleat application of compost tea

increased N, P and K uptake of radish leaf wereuati®0%, 92% and 253%,

respectively compared with control. Interestinglgompost tea combined with

application of N mineral fertilizers was the besamagement system for Promoting
radish growth and increasing soil microorganismgrient uptake and decrease need
for chemical fertilizer and that will lead to sustble agriculture.

INTRODUCTION

Tea compost is the commercially and anecdotallpufarized term for an infusion where compost is
steeped in water for a period of time with the agh transferring soluble organic matter, beneficial
micro-organisms and macro- and micro-nutrients stlution. The use of tea compost in organic agitics is
gaining popularity for improving soil biology andrfility (NOSB, 2004).Tea compost was initially proted in
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the USA as a natural disease-control product, heweklie scope of its usage is broadened. The betsiooh of
tea compost production is currently under debaga dompost can be prepared aerobically (aeratgdotea
anaeraobically (non-aerated tea), but little sdientdebate exists about which method is superior f
agricultural purposes (Brintoet al., 2004). Proponents of aeration claim that non-adriéga compost supports
the growth of pathogens but some studies have sloerwise (Ingram and Millner, 2007). The effectdea
compost on soil fertility and subsequently, plardvgth have not been investigated (OFRF, 2001). Hegaal.
(2013) recommend using compost and compost exdsaaen environment friendly alternative to fungisider
reducing damping-off disease incidence. As wellussng bio-fertilizer combined with organic and liganic
nitrogen could be reducing the need for chemictiliizers and that will lead to sustainable agriaut (EL
Sabaghet al., 2015a). Tea compost is gaining much interesttdués nutritional, bio-stimulation and disease
suppression benefits to the plants (Hegaat., 2015).

Tea compost improves soil quality by altering dtleemical and physical properties. It increases racga
matter content, water holding capacity, overall eddity of microbes. It also provides macro- and
micro-nutrients, essential for plant growth and megsing diseases, which indirectly contributegnbance
plant growth (Heatheet al., 2006). Compost may be extracted with water at widahging ratios of 1:1 (dry
w/w) to 1:60 (dry w/w). Such extracts are sometirtreatted with additional ingredients and/or dilutezfore
application (Shresthat al., 2011). The tea extract is very useful for inciegidertility and disease control
(Litterick et al., 2004). Possible benefits of tea compost inclgtleincreasing the biomass and species diversity
of microbes, (2) increasing the numbers of predatganisms (Ingham, 1999), (3) enhancing the glolitsoil
to hold nutrients and retain water, (4) reducingjlfeer use and leaching into ground water (Petrdl., 2009),
(5) reducing salt accumulation in soils, (6) imgrgvthe soils pH buffering ability through microldesersity
(Radovich and Arancon, 2011).Therefore, the presamdy was conducted to assess the effects of thaur
composts made with different supplements on plaotvth and nutrient uptake of radish as well as the
population of soil microbial diversity.

MATERIALS AND METHODS

Location and soil type:

The pot experiment was conducted at the Dept afcAd/icrobiology, Faculty of Agriculture, Zagazig
University, Egypt. This was to examine the effefctliéferent types of tea composts on soil micromigens and
growth and nutrient uptake of radish plants cutédain sandy soil.

Preparation of tea compost:

Solid compost made up of town-refuse compost, whias obtained from the Cairo Organic Fertilizers
Company, Cairo, Egypt. It has an organic carboB8@%, total nitrogen of 1.0%, moisture of 35%, ahdl gf
7.5£0.2. Tea compost (water extract of compost) prapared in the Zagazig University, Egypt, follagithe
method of Ingham (2005) with some modifications dbieyet al., 2015). One kilogram fresh weight of garbage
compost was sealed in a cotton bag and submerge@0nL of tap water in 40 L plastic bucket, andlesvas
amended with 0.5% (v/v) molasses. The used watsrpuanp aerated for 30 min to remove chlorine before
addition to the compost. Compost soaking was doriké lab at room temperature (average 25°C) fdid@6s
and it was continuously aerated (10 L/min air detwper bucket through air stones). Four typesoofipost
teas were prepared. The first (T1) without suppletrtiie second (T2) was supplemented withyNG; (1g LY,
the third (T3) was supplemented with 0, (1g L") and the forth (T4) was supplements with /NiD; (0.5g
LY plus KHPO, (0.5g LY. The parameters of pH, EC and percentages of nittwgen, phosphorus and
potassium were determined in compost teas at ttie@timcubation according to the method of AOAC{2p
These parameters are represented in Table 1.

Table 1: Properties of the compost tea used in this study.

E.C. Total N (mg L 4
Treatments pH B 4 Total P (mg L) Total K (mg L)
(dsm”) L)
(T1) compost tea without supplemented 7.4 1.67 1.73 16.80 453.0
(T2) compost tea + NINO; 7.3 2.65 35.22 16.73 451.0
(T3) compost tea + KHPO, 7.5 2.68 1.76 156.94 875.5
(T4) compost tea + NINOs+ KH,PO, 7.4 3.36 19.56 79.73 641.0

Microbial populations in the tea composts i.e.téx@&, aerobic N2-fixing bacteria, actinomyceted &mgal
populations were determined. Bacteria were enueg@h nutrient agar (Difco, 1985), Aerobic N2-figibacteria
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(ANFB) was done using the most probable number (Meishnique of Abd-El-Malek (1971) on Ashby modifie
medium. Actinomycetes were enumerated on starchircagjar (Conn and Leci, 1998), whereas fungi were
enumerated on Martin's rose bengal agar (MartisQ)1%he microbial population in microbe-enrichednpost teas
are represented in Table 2.

Table 2: Microbial populations in microbe-enriched compiests.

Microorganisms Compost Compost Compost Compost
teaTl tea T2 tea T3 tea T4
Bacteria (log10 CFUT) 7.71 7.48 7.65 8.90
ANFB (log10 CFUmf") 3.44 1.34 3.15 2.15
Actinomycetes (log10 CFUM) 2.35 2.72 2.59 2.64
Fungi (log10 CFUmM}) 2.72 2.50 2.78 2.71

Experimental design and studied treatments:

The greenhouse experiment was carried out to ewartie effect of using the above mentioned tea
composts combined with two levels of chemical mjgo fertilizers on soil microbial populations amdwth of
radish. Radish seeds were obtained from the HdtdiuResearch Institute (HRI), Agricultural ResgaCenter
(ARC), Giza, Egypt. The soil was distributed in gile pots (@=20 cm, height=25 cm) made of polyvinyl
chloride (PVC) at the rate of 6 kg/pot. The seeg@sewsown on the"Bof October 2014. The experiment was
designed a randomized complete block with threbcaons. Plants were thinned to one plant pergftar 15
days of sowing. There were ten treatments as fatlamentrol, full dose of N-fertilizers (FDN), whiatontain
(240 kg N h&) as ammonium sulphate, FDN + T1, FDN + T2, FDN3t FDN + T4, 0.5FDN + T1, 0.5FDN +
T2, 0.5FDN + T3 and 0.5FDN + T4. These treatmergsewandomly arranged in the experimental pots. All
pots received equal amounts of mineral P and Klifents according to the fertilizer recommendatidémsradish
plants in sandy soils (100 kg P"hand 50 kg K hd). Phosphorus was added during soil preparatiomogén
and potassium were added into four portions evBrgldys intervals beginning after 15 days from t{pdan#ting.
The other normal agricultural treatments for graywadish plants were practiced. Plants were sprayéudtea
composts in four portions every 15 days intervagibning after 15 days from transplanting. Alsoddlithe
studied treatments irrigated with one liter of éeenpost per pot just before cultivation except cardnd FDN
treatments which were received one liter of tapewper pot.

Analysis of soil and plant materials:
The physio-chemical properties of the studied ws@ite carried out on a surface (0-30cm) sample faom
arable field near Salhia city (Table 3).

Table 3: Some physico-chemical and properties of the salbuinvestigation

Physical analyses Chemical analyses
Sand % Sit % Clay Texture pH ECdsm OM% ca" Mg* Na K* COsHCO; cr ey
64.0 293 6.7 Sandy 7.4 178 0.16 4, 3B 6|1 19 42 81 42

The properties of the soil were determined acogrdd the methods described by Pagal. (1982) and
Klute (1986). The collected plant samples were ispd into leaves and roots, dried at 70° C tentperaand
digested using a mixture of concentrated sulfuHgSQ,) and perchloric (HCIO) acids (1:1). Nitrogen was
determined by the micro- Jheldahl method, P wasrdebed in the acid mixture by the molybdate starsno
chloride method and K was measured by the flameaopheter. Fe, Mn and Zn were measured by the atomic
absorption apparatus. These determinations wergdavut according to methods described by Cottenis.
(1982).

Soil microbiological analysis:

Microbial population was determined directly irilgamples. Soil samples were collected after Gnd 8
weeks from seeding. This was to determine totatdoic ANFB, and fungi using plate count of mostlgable
number (MPN) technique, bacteria on nutrient agieraincubation at 30°C for 2 days (Difco, 1985
Enumeration of potential strict aerobe-fiking bacteria was done using the most probahimiver (MPN)
technique of Abd-El Malek (1971) on Ashby modifigdedium incubated at 30°C for 7 days, whereas
enumeration of aerobe,Nixers was done as surface pellicle formation.idaiycetes were enumerated on
starch casein agar incubated at@8&or 7 to 14 days (Conn and Leci, 1998). Fungienenumerated on Martin's
rose bengal agar, incubated af@Sor 3-5 daygMartin, 195Q. All enumerations were carried out in three
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replications.
Satigtical Analysis:

Data recorded in the different treatments wergesiied to the analysis of variance (ANOVA) accogdin
Snedecor and Cochran (1980). This was done usisp Siatistical software package version 16.0 (SR&S
Chicago, IL, USA) to quantify and evaluate the segrof variation. Duncan’s multiple range test (DMRvas
applied to compare the mean performances of differeatments for the specific parameters undetystlihe
rankings were denoted by superscripts in the raelelables. Differences in means were compardt<dt05.

RESULTS AND DISCUSSION

Microbial Population in Soil:

The effect of tested treatments at different timaspopulation of bacteria, aerobic,-fiking bacteria,
actinomycetes and fungi in the soil are presemd@ble 4. Population of bacteria, aerobigefiXing bacteria and
fungi were significantly affected by the treatmenidiereas actinomycetes were not significantly caéfe by
these treatments. The population of bacteria dtljafore spwing under control and FDN treatments i
minimum values and there was no significant diffiees between them.the other treatments came settand
group without significant differences between theéfter 8 weeks of cultivation, bacterial counts edrigher
when compared with those at the other time intervAhcterial counts were higher in the soil treatéth tea
composts. Carbon energy sources leaked from raootulsttes the number of heterotrophic bacteria and
free-living N-fixers the root zone of soil (Herma&hal., 1993), particularly where, organic matter is introdd
to soil This can be explained by the increased nutritiopptement due to the compost and tea compost
(Heatheret al., 2006) In general, the populations of bacteria increagmgroportion with increasing the soil
content of compost and tea compost. The aerobifixvg bacteria, as affected by the tested treat:éTable
4). at just before cultivation, it can be classlifiato two category, the first category comprisell ffeatments
received compost teas) without significant differes between them, the control and FDN treatmemtee da
the second category without significant differenbesveen them. These results may be due to theasirtgns
contained high amounts aerobig-fiking bacteria. The results showed counts of bierdN,-fixing bacteria in
the soil as affected by different treatments of post teas combined with two N doses. Treatmenttsagung
high dose of N, exhibited a significant decreasadrobic N-fixing bacterial count after 4 weeks of cultivatio
compared with counts after 8 weeks. Also, soilhwvhitgh contents of N had the lowest counts gffiXing
bacteria (Hermaret al., 1993) Increasing the nitrogen in the soil, reducing thembers of nitrogen-fixing
bacteria and reducing the nitrogen fixation procass consistence very well with the finding of Hart
al.(1997). Adding ammonium nitrate alone resulted @créasing microbial populations in all cases, more
prominently in aerobic N fixing bacteria, which is reasonable since thisugr of bacteria is known to be
negatively affected by the presence of a nitrogemce in the media (Hegazyal., 2015). Hegazwgt al..(2013)
reported that the total fungal counts in soil weeereased by treated with compost tea. This coaldue to the
antibiotic agents that might be produced by actiyeates, inhibiting other microorganisms, and alloyvfor
competition balance in favor of the actinomycelé®e suppressiveness phenomenon of the investigatedost
and compost extract might be attributed to othechaaisms, including: competition for nutrients (titdd and
Boehm, 1999).

Effect tea composts with No- fertilizers on growth parameters:

The total number of leaves per plant was highethentreatments of compost teas and mineral nitroge
singly or in any combination. The increases rarfgeh 42.9% to 100% (Table 5). Compost tea was rtepldio
enhance the growth of melons (Bernal-Vicedtal., 2008) and of okra (Siddigut al., 2008), maize Abd
el-wahed et al., 2013nd canola (EL Sabagh et al., 2016gble 5 and Figure 2 show the growth parameters
of radish under different treatment as number a¥és per plant, root fresh and dry weight, shaatshfand dry
weight. Plant sprayed with compost tea T2 gavehifhest fresh and dry weight of roots (31.80 g plaand
3.47 g plant, respectively) as well as the highest fresh arydwight of shoots (54.10 g plant-1 and 6.58 g
plant-1, respectively). While the lowest valuesfigsh and dry weight of root were noticed in thentcol
treatment (8.67 g plantand 0.49 g plafi respectively) as well as the lowest fresh andwdejght of shoots
(9.17 g planit and 0.86 g plaftt respectively). Plants which received mineral Negthe highest number of leaf
amounting to 100%. ). Sifola and Barbier (2006)orépd that organic N, as well as organic-inorgaNic
combinations increased plant growth

The influence of tea composts and N-fertilizer on N, P and K uptake of radish plants:
Data in Table 6 show the N, P and K uptake (mg'pot root and shoot of radish under the different
treatments. Soil amended with FDN+T2 gave the reffiglient treatment that the NPK-uptake of root ahdot
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was the highest value compared to the other tregin&@hat FDN+T2 gave the highest NPK-uptake ofbsho
(83.40 mg pot, 29.50 mg pot, and 180.10mg pdt respectively) as well as the highest NPK-uptakeoots
(45.20 mg pot, 11.60 mg pot, and 107.31 mg pdt respectively). Elsherberggal., (2012) reported a decrease
in P content in plant treated by inorganic ferélizompared with plant P content in plant treatgddomic and
tea compost. Moreover, leaf P and K uptake affebtethcreasing compost tea ratios. Application @ipost
tea with or without N dosage increased leaf N andptake. The wide ratio of compost: water increased
uptake in turnip plant. Also, the lowest uptakd’cdnd K were given by the non-treated plants.

T1: compost tea without supplemented, T2: compeatsupplemented with NNO;, T3: compost tea
supplemented with KHPO, and T4: compost tea supplemented withyNB; + KH,PO,. Sampling date (SD):
fertilization (F) In the all tables: Numbers in tb@me column with different letters are signifidpuifferent (P <
0.05).

Use of compost, tea compost or bio-fertilizer @ased plant macronutrient content, and this ise@lto a
positive effect on increasing the root surface aneih of soil volume, water use efficiency and pisynthetic
activity, which directly affect physiological progses(Siddiquiet al., 2017). Hirzel et al., (2012) reported that
adding tea compost to the soil without fertilizatidid not affect ryegrass dry matter but it hasitive effect
on the treatments with solid composiga compost sources and N dosages individuallyeassd N, P and K
uptake. Siddiquiet al., (2011) also found that application of tea comgosteased N, P and K soil content
compared with inorganic fertilizer alone, and therease depended on compost tea ratios. Favortibtt ef
tea compost on plant growth could be attributethto enhancement of soil physical, chemical andoliohl
properties. It has been reported that adding ocgardterials, together with microbial activity, inopes soil
health and fertility. These changes often resuiiriproving plant growth (Antolast al., 2005, EL Sabagh et al.,
2015b; EL Sabagh et al., 2016a). Soil N-content imaseased with the individual treatments than with
combined treatments with compost tea and with iaoig fertilizer. Positive effects are indication$ o
equilibrium in nutrients and water at plant rooneoas well as vital hormones and enzymes. Tea csimpo
provided significantly greater amounts of P to Hudl than same source of compost, these resuleeagith
those Hargreavest al., (2008) Continued use of tea compost supplement incressietertility as well as N, P
and K content of the soil Siddigetial., (2011).

Table 4: Changes in microbial populations of bacteria, aierbl-fixing bacteria actinomycetes and fungi in thed sbiultivation, during the time course of the exment.

Microbial populations (log10 CFUY[d.w. soil])
Bacteria Aerobic Bfixing bacteria Actinomycetes Fungi
At At At At
Treatment After 4 | After 8 After 4 | After 8 After 4 | After 8 After 4 | After 8
cultivatiol Av. [cultivatiol Av. |cultivatio| Av. |cultivatio Av.
weeks | weeks weeks | weeks weeks | weeks weeks | weeks
n time n time n time n time
Control (without any additives)6.30b | 7.15b| 7.35al 6.93b3.31b | 5.80a| 6.11a] 5.40a 3.44 3.78 4.47 | 3.9Q 2.57 3.11 321 2.496b
Full dose of chemical N
6.30b | 7.40a| 7.929 7.4Pb3.28b | 3.13c| 3.20c| 3.54b 3.44 3.81 450 | 3.97 2.57 3.25 3.35 3.06b
(FDN)
FDN +T1 7.90a| 7.79a] 7.87a 7.95a3.82a | 3.89a 3.15¢ 5.6%a4.65 4.99 568 | 5.11 3.72] 2.98 29p 295a
FDN + T2 7.93a| 7.69a 7.85a 7.99a.8la | 3.25c| 3.30c| 3.78b 4.61 4.95 5.60| 5.0 3.70] 2.45 26p 299
FDN + T3 7.95a| 7.69a 7.80a 7.71a.20a | 3.10c| 3.30c| 3.53b 4.19 4.53 522 | 4.64 3.70] 2.46 25p 2.58b
FDN + T4 7.94a 7.654 7.79 7.55m1.13a 3.12c 3.25c| 3.50b 4.21 4.55 5.24 4.67 3.85 2.41 2.54 2.40b
0.5FDN + T1 7.71a 7.644 7.79p 7.388.11a 3.15¢ 3.34c| 3.53b 4.13 4.47 5.16 4.59 3.81 2.40 2.58 2.98b
0.5FDN + T2 7.59a 7.594 7.73p 7.644.20a | 4.24b 4.68b| 4.37a 4.14 4.48 5.17 4.6( 3.91 2.44 2.5 2.64b
0.5FDN + T3 7.83a 7.594 7.74p 7.524.31a | 4.26b 4.60b| 4.3%9a 4.19 4.53 5.22 4.65 3.83 2.40 2.58 2.59b
0.5FDN + T4 7.68a 7.554 7.73p 7.324.30a | 4.26b 4.65b| 4.40a 4.15 4.49 5.18 4.61 3.85 2.38 2.5 2.98b
Sampling date av. 7.19] 7.79 7.96 4.3Pa  4.02b 4.23a 4.16b 4.51a 5.194 3.44 2.65 2.79
SD F SD x F SD F SD x F SD F SD X F SO F SDF
LSD (0.05) 0.63 0.85 1.62 0.31 1.3Q 1.42 0.8p N NB NS 0.718 NS

Table 5:Effect of four types of compost tea and/or cheniizafertilizers on radish growth parameters.

Root FW Root D.W Shoot FW (g Shoot D.W
No. Leaves/ plant N L N
Treatment (g plant?) (g plant’) plant®) (g plant’)
Control(without any additives) 9.00c 8.67 c 0.49 ¢ 9.17d 0.86 e
Full dose of Nl (FDN) 14.00 a 31.77 a 2.47 ab 46.17 a 3.57b
FDN + T1 11.33b 24.67 ab 1.63b 27.73 c 2.40 cd
FDN + T2 12.67 b 31.80 a 347 a 54.10 a 6.58 a
FDN + T3 13.67 c 28.80 a 34la 34.73 b 361b
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FDN + T4 12.00 b 21.20b 334 a 38.70 b 3.98b
0.5FDN + T1 12.67b 25.77ab 4.27 a 35.93b 4.45ab
0.5FDN + T2 11.67 b 24.23ab 3.69a 32.13bc 2.92d
0.5FDN + T3 11.33 b 22.47ab 3.93a 33.93b 2.36d
0.5FDN + T4 10.33bc 19.96bc 346 a 27.80c 2.73d

Table 6: Influence of compost tea types and inorganidlifizet on N, P and K radish plants uptake (mg ppt-1
Shoot nutrient uptake Root nutrient uptake
(mg pot’) (mg pot’)
Treatment N uptake P uptake K uptake (mg N uptake P uptake K uptake
(mg pot’) (mg pot’) pot’) (mg pot) |  (mg pot’) (mg pot’)
Control(without additives) 33.41d 15.35¢c 50.95d 18.76 d 531c 40.10c
Full dose of N (FDN) 68.10 b 22.65b 98.67 c 38.52 b 8.30b 78.62
FDN +T1 41.25c 16.22 c 128.60 b 30.60 8.90 b .58b
FDN + T2 83.40 a 29.50 a 180.10 a 45.20|a 11.60 g 07.31a
FDN + T3 74.37a 18.76bc 67.74 cd 39.15p 540c 3R
FDN + T4 68.57 b 21.50b 101.01bc 38.35p 9.02b 0%
0.5FDN + T1 66.14 b 23.58 b 88.76 c 37.78p 8.08bc 57.16bc
0.5FDN + T2 50.17 b 16.41c 59.11d 27.01c 7.88¢ 55.52bc
0.5FDN + T3 49.87 b 20.90 b 55.01d 39.57p 6.37 ¢ 54.79b c
0.5FDN + T4 43.93c 20.02 b 61.94d 28.80|c 6.65 50.60bc
Conclusion:

In the light of above discussion, it could be anptished that that , using of compost teas combinitil
chemical nitrogen fertilizers significantly incregisthe population of bacteria, aerobig-fiXing bacteria and
fungi in sandy soil as well as promotion growthradlish plant . Plants sprayed and irrigated witmpost tea
T2 gave the highest fresh and dry weight of roaswell as the highest fresh and dry weight of shoot
furthermore, increased N, P and K uptakes. The latipas of the different microorganisms were greatehe
treatments of compost teas, and increased with tsewell. Accordingly, Compost tea combined with
application of N mineral fertilizers compost at thppropriate rate and time is crucial to maximibeirt
beneficial effects consequently , could be imprea! microorganisms, nutrient uptake and as well as
Promoting radish growth that will lead to decreased for chemical fertilizer and sustainable adica.
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