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Abstract Effective biofertilizer reduces not only the load of chemical fertilizers in crop production but also minimizes

the pollution by excessive uses of the latter. The impact of Trichoderma-enriched biofertilizer (BioF), i.e., BioF/compost

(household/kitchen wastes composted by Trichoderma harzianum T22) and BioF/liquid (T. harzianum T22 grown in liquid

media, i.e., broth culture) were evaluated to recognize their roles in growth, yield and nutritional quality of tomato

(Lycopersicon esculentum Mill.) in field studies. Encouraging responses were monitored in all respects. Above 200 and

336.5 % yield increase were recorded over control by BioF/compost alone (T3) and its combination with N:P:K (Nitro-

gen:Phosphorus:Potassium) application (T4), respectively. Application of 50 % BioF/compost and 50 % BioF/liquid with

50 % N:P:K, provided statistically similar and significant (P B 0.05) performance over control but not significant with

standard dose of N:P:K. Total soluble solids, sugar, ascorbic acid, b-carotene, lycopene, phosphorus and manganese

content in tomato were significantly higher when fertilized with BioF/compost. In addition, protein content and some

essential minerals were increased in 50 % BioF/compost ? 50 % N:P:K treatment. Trichoderma composted kitchen

wastes can serve as prospective biofertilizer for improvement in yield and quality of tomato cultivation.
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Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most

popular vegetables worldwide, and contains carbohydrates,

amino acids, minerals, and vitamins. Yield and nutrient

content of tomato are dramatically affected by the applica-

tion of inorganic fertilizer [13]. In fact, non-judicious use of

inorganic fertilizer may lead to environmental pollution

including contamination of groundwater, and soil acidifi-

cation as well as increase denitrification resulting in higher

the emission of nitrous oxide (N2O) to the atmosphere which

is responsible for global warming. Currents efforts include

exploring the possibility of substitution of inorganic fertil-

izer with organic ones which are eco-friendly and cost

effective. Taiwo et al. [33] suggested that organic fertilizer
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can be combined with inorganic fertilizer at rates below

those recommended for sustainable tomato production.

Yield of tomato are significantly lower in organically fer-

tilized plants than the plants that receiving inorganic fertil-

izer [16]. In recent years, biofertilizer, products containing

living cells of different types of microorganisms have

emerged as an important component in integrated nutrient

supply system and hold a great promise to improve yield and

quality of crop through better nutrient supplies [39].

Trichoderma, a filamentous fungus is opportunistic,

avirulent symbionts that are used as biopesticide, biofertil-

izer or fertility promoter worldwide [14, 15, 34]. Application

of Trichoderma may result in the promotion of plant growth,

yield and increase nutrient availability [4, 5, 9, 10, 15, 34,

42, 43]. In addition, several species of Trichoderma are well-

known producers of different kinds of secondary metabolites

[29] that are important for plant growth regulation [34, 36,

37]. Some Trichoderma strains may also be able to colonize

root surfaces and cause substantial changes in plant metab-

olism [15]. Furthermore, Trichoderma may produce organic

acids that decrease soil pH and permit the solubilization of

phosphates, micronutrients and mineral cations like iron,

manganese, and magnesium that are useful for plant

metabolism [8]. Molecular study revealed that Trichoderma

metabolites or roots colonization by Trichoderma, changes

the proteome and transcriptome of plants [1, 23, 31].

The effect of Trichoderma on plant growth and pro-

ductivity has been studied for a large number of plant

species mainly in greenhouse or in pot experiments.

However, very little attention has been paid to the com-

bined use of Trichoderma-enriched biofertilizer and

chemical fertilizer on growth, yield attributes, yield and

nutritional quality of crops under field conditions. Efficient

use of Trichoderma-enriched biofertilizer alone or in

combination with chemical fertilizer may increase yield

and quality of tomato, reduce the load of N:P:K use and

associated environmental pollution. Thus, this study was

undertaken to evaluate the impact of Trichoderma-enriched

biofertilizer such as BioF/compost (household/kitchen

wastes composted with Trichoderma harzianum T22) and

BioF/liquid (broth culture containing spores and mycelia of

T. harzianum T22) alone or in combination with chemical

(N:P:K) fertilizer on growth, yield attributes, yield and

nutritional quality of tomato as well as screening the best

dose and combination for sustainable tomato production.

Materials and Methods

Experimental Site and Weather Condition

A field experiment was carried out during November

2009 to March 2010 at agricultural research farm of

Bangabandhu Sheikh Mujibur Rahman Agricultural Uni-

versity (BSMRAU), Gazipur, Bangladesh. The GPS

(Global Positioning System) of experimental site is at

24.09�N latitude and 90.26�E longitude with an elevation

of 8.4 meter above the mean seal level. Soil of the

experimental site is belonging to the Salna series repre-

senting the Shallow Red Brown Terrace Soil which falls

under the order of inceptisols and agro-ecological zone

(AEZ) of Madhupur Tract (AEZ 28). The physico-

chemical properties of the soil in the experimental site

including initial N:P:K status was shown in Table 1. In

the experimental area, the minimum and maximum air

temperature varied between 11–27 and 14–34 �C, soil

temperature in 10-, 20-, and 30-cm depth varied between

16–27.5, 16.5–28, and 17–28.5 �C, respectively; ground

water table varied between 15.60 and 18.56 m and total

amount of rainfall was 2.92 mm during the entire crop-

ping period.

Raising Seedlings, Transplantation, and Crop

Management

Seeds of tomato, variety Bangladesh Agricultural Research

Institute (BARI) 14 were collected from the Horticulture

Centre of BARI, Gazipur, Bangladesh. Seedlings were

grown in seed bed and 30 days old, uniform healthy

seedlings were transplanted on 15 November 2009 as one

seedling per pit. The unit plot size was 2.5 m 9 2.0 m and

spacing was 50 cm 9 50 cm. The intercultural operations

viz. gap filling, weeding, stalking, pruning, irrigation, etc.

were done as per standard management practice.

Requirements of N:P:K and Biofertilizers

For higher yield of tomato, the required amount of N:P:K

[as source of urea, triple super phosphate (TSP) and

Table 1 Physico-chemical characteristics of the soil in the experi-

mental site

Physical characteristics

Textural class Silty clay loam to clay loam

Bulk density (g/cc) 1.33

Particle density (g/cc) 2.61

Porosity (%) 46.9

Chemical characteristics

pH 6.1

Organic carbon ( %) 0.75

Organic matter ( %) 1.12

Total N ( %) 0.091

Available P (lg/g) 16.0

Exchangeable K (meq/100 g) 0.32
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muriate of potash (MOP), respectively] were calculated

based on following equation of Bangladesh Agricultural

Research Council (BARC) 2005 [6]:

Fr ¼ Uf � Ci=Cs� St� Lsð Þ;

where Fr is the fertilizer nutrient required for given soil test

value, Uf is the upper limit of the recommended fertilizer

nutrient for the respective soil test interpretation (STVI)

class, Ci is the units of class intervals used for fertilizer

nutrient recommendation, Cs is the units of class intervals

used for STVI class, St is the soil test value, and Ls is the

lower limit of the soil test value within STVI class

(Table 2). The required amount of N:P:K for a 5-m2 plot

(g) were 60:54:5, respectively.

Trichoderma harzianum T22-enriched biofertilizers such

as BioF/compost and BioF/liquid were collected from Natore

Development Society (NDS) and M/S RASH Agro Enter-

prise, Natore, Bangladesh. BioF/compost and BioF/liquid

were applied at the rate of 680 g/plot and 5 ml/plant,

respectively, as recommended by the producers. The N:P:K

content of BioF/compost were 1.63:0.142:1.35 %, respec-

tively. Moreover, the microbial status of T. harzianum T22 in

BioF/compost and BioF/liquid was 7.92 9 103 cfu/g and

11.90 9 106 cfu/ml, respectively. However, the broth media

of BioF/liquid contained (g/l) KNO3 1.0, KH2PO4 0.5,

MgSO4�7H2O 0.25, glucose 34, trace amount FeCl3 0.25–0.50

were dissolved in distilled water and pH 6.5 was maintained.

Experimental Design and Treatments

The experiment was conducted in a randomized complete

block design (RCBD) with five replications and eight

treatments. The treatments were: (i) T1—control (without

BioF and N:P:K), (ii) T2—recommended dose of N:P:K

(120:108:10 kg ha-1), (iii) T3—BioF/compost (household/

kitchen wastes composted with T. harzianum T22), (iv)

T4—50 % BioF/compost ? 50 % N:P:K, (v) T5—75 %

BioF/compost ? 25 % N:P:K, (vi) T6—BioF/liquid (broth

containing spores and mycelia of T. harzianum T22 grown

in liquid media), (vii) T7—50 % BioF/liquid ? 50 %

N:P:K, and (viii) T8—75 % BioF/liquid ? 25 % N:P:K.

Application of N:P:K and Biofertilizer

The full dose of P and K were applied using TSP and MOP,

respectively, at the time of final plot preparation. Nitrogen

as urea was applied in three equal splits: final plot prepa-

ration, 30 and 60 days after transplanting. BioF/compost at

the rate of 618 g/plot was applied to the soil immediately

before transplanting of the seedlings. In case of BioF/

liquid, roots of the tomato seedlings were immersed and

kept for 30 min in BioF/liquid. Residual BioF/liquid was

also applied at the rate of 5 ml/plant in each pit immedi-

ately after transplanting of seedlings.

Data Collection

Data were collected from five randomly selected plants

from each plot in such a way that the border effect was

avoided for high precision. The different parameters such

as plant height, number of leaves and branches per plant,

root and shoot dry matter (oven dried at 70 �C for 3 days)

weight (g) of plant were determined at 50 % flowering

stage, number of flower clusters per plant and number of

flowers per cluster counted during pick flowering stage.

Ripen tomatoes were harvested at 3–4 days interval,

counted, and weighed. Yield data were converted from

each plot in t/ha.

Biochemical Analysis

Protein content was quantified as the procedure described

by Lowry et al. [22]. Sugar content was determined by the

method described by Somogyi [32]. Ascorbic acid content

was analyzed based on procedure described by Mukherjee

and Choudhury [25]. Lycopene and b-carotene content was

quantified by spectrophotometer (Model 200-20, Hitachi,

Japan) according to Nagata et al. [26]. The extraction

procedure adopted for calcium (Ca) and magnesium (Mg)

was as described by Hunter [17]. Potassium (K) was

extracted as per Jackson [19] and estimated by atomic

absorption spectrophotometer. Phosphorus (P) was deter-

mined by the method described by Olsen et al. [27]. Aqua

Table 2 Soil test interpretation (STVI) class and the respective recommended fertilizer nutrients [6]

STVI class Limit of the soil test value within the STVI class Fertilizer recommendation of the respective STVI class (kg/ha)

N (%) P (lg/g) K (meq/100 g) N P K

Very low \0.09 \7.5 \0.09 121–160 37–48 76–100

Low 0.091 7.51–15.0 0.091 81–120 25–36 51–75

Medium 0.181–0.27 15.1–22.5 0.181–0.27 41–80 13–24 26–50

Optimum 0.271–0.36 22.51–30 0.271–0.36 0–40 0–12 0–25

High 0.361–0.45 30.1–37.5 0.361–0.45 – – –

Very high [0.45 [37.5 [0.45 – – –
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regia extraction method [11] followed by atomic absorp-

tion spectrophotometer were used for assessment of heavy

metals (trace elements).

Statistical Analysis

Analysis of variance and comparison of means were cal-

culated separately with statistical package MSTAT-C [24].

The means were compared by using the least significance

difference (LSD) test. The significance of difference

between the pairs of treatment means was evaluated by

Duncan’s multiple range test (DMRT) at 95 % confidence

levels (P B 0.05).

Results and Discussion

Vegetative Growth

Vegetative growth, such as plant height, number of leaves

and branches per plant was significantly influenced by the

application of biofertilizer alone or in combination with

N:P:K (Table 3). Treatments T2, T4, and T7 offered signifi-

cantly (P B 0.05) higher plant height and number of leaves

per plant. However, moderate plant height was recorded in

treatments T3 and T8. The maximum number of branches per

plant achieved by the standard dose of N:P:K (T2) followed

by the treatments T7 and T4. BioF/compost (T3) produced

significantly higher plant height, number of leaves and

branches per plant as compared to the BioF/liquid (T6).

Furthermore, application of 50 % BioF/compost or 50 %

BioF/liquid combined with 50 % N:P:K (i.e., treatments T4

and T7) enhanced significantly higher plant height, number

of leaves and branches per plant over the treatments T3 and

T6. The lowest plant height, number of leaves and branches

per plant were recorded in treatments T1 and T6.

Enhanced growth response of several plants, such as

bean [18], cucumber [20], maize [9], and tomato [28] were

also noticed by the application of Trichoderma spp. and

other biofertilizers [12, 21]. The increased plant growth by

Trichoderma (T. harzianum strain T22, T39, and A6) may

be due to production of secondary metabolites which may

act as an auxin-like compound [34, 35]. Secondary

metabolites such as harzianolide, anthraquinoues, T39

butenolide isolated from Trichoderma spp. was shown to

increase growth of wheat [35] while harzianic acid

increased the growth of canola [36]. Conversely, at higher

concentrations, several secondary metabolites inhibited the

plant growth [35, 36]. It has been shown that Trichoderma

spp. increased nutrient uptake through enhanced root

growth or promoted availability of necessary nutrients

leading to growth of the plants [15]. Moreover, Tricho-

derma reduced the concentrations of substances in soil that

are inhibitory to plant growth [20, 38, 40]. It has also been

reported that T. harzianum 1295-22 could improve nitrogen

use efficiency and could solubilize a number of poorly

soluble nutrients, such as Mn4?, Fe3?, and Cu2?, etc.,

leading to better plant growth and development [2]. Thus,

one or several mechanisms may be involved in regulation

of growth of tomato by Trichoderma-enriched biofertilizer

alone or in combination with N:P:K.

Dry Matter Production

Shoot and root dry matter weight (per plant) was signifi-

cantly (P B 0.05) influenced by combined application of

biofertilizer and N:P:K (Table 3). Treatments T7 and T4

produced maximum root and shoot dry matter weight. The

Table 3 Impact of Trichoderma-enriched biofertilizer (BioF) on vegetative growth and dry matter production of tomato as sole and combination

with N:P:K application at field condition

Treatments Plant

height (cm)

Number of

leaves/plant

Number of

branches/plant

Dry matter weight/plant (g)

Root Shoot

T1 (control, without BioF and NPK) 66.33 c 34.60 f 6.33 e 2.87 e 30.55 e

T2 (standard dose of N:P:K)a 95.06 a 105.96 a 13.10 a 3.77 d 83.31 b

T3 (BioF/compost)b 80.53 b 53.40 e 8.20 de 3.90 d 45.35 d

T4 (50 % BioF/compost, i.e., T3 ? 50 % N:P:K, i.e., T2) 93.80 a 104.50 a 11.20 abc 6.38 a 93.20 a

T5 (75 % BioF/compost, i.e., T3 ? 25 % N:P:K, i.e., T2) 84.06 ab 76.66 cd 9.26 cd 4.67 c 83.54 b

T6 (BioF/liquid)c 69.33 c 34.46 f 6.53 e 3.95 d 42.05 d

T7 (50 % BioF/liquid, i.e., T6 ? 50 % N:P:K, i.e., T2) 95.06 a 106.10 a 12.26 ab 6.66 a 95.28 a

T8 (75 % BioF/liquid, i.e., T6 ? 25 % N:P:K, i.e., T2) 82.60 b 72.36 d 10.30 bcd 5.08 bc 62.88 c

CV (%) 7.04 8.73 15.05 5.56 6.38

LSD (P B 0.05) 10.27 10.61 2.54 0.44 7.33

NB: [Different letters in column imply significant difference at (P B 0.05), a 120:108:10 kg ha-1 for N:P:K, b BioF/compost (composted kitchen

wastes by T. harzianum T22), c BioF/liquid (Broth of spores suspension of T. harzianum T22)]
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second highest root and shoot dry weight was found in

treatments T8 and T2 and T5, respectively. However, the

treatments T2, T3, and T6 presented similar root dry matter

weight. Like vegetative growth, the lowest root (2.87 g)

and shoot (30.55 g) dry matter weight was recorded in

control treatment (T1). These results clearly illustrated that

the dry matter of tomato plant was boosted by the com-

bined use of biofertilizer and N:P:K. The increased root dry

matter weight of plant could increase the chance for

nutrients uptake through maximum exploitation of soils.

The obtained results corroborate earlier findings [9] that the

application of Trichoderma spp. increased both root and

shoot growth of corn. Shoot and root dry matter weight of

tomato was also increased by 120.6 and 78.6 % when

treated with other microbe, Rhodopseudomonas sp. [12].

Yield Attributes

Yield contributing characters of tomato was also signifi-

cantly enhanced by Trichoderma-enriched biofertilizer and

N:P:K application (Table 4). Number of clusters per plant

(7.33) was significantly (P B 0.05) higher in treatment T7

which was followed by the treatments T4 (6.93), T2 (6.26),

and T3 (6.20). Similarly, the treatment T7 produced higher

number of flowers per cluster (9.86), followed by the

treatments T3 (8.83) and T2 (8.82). Both number of fruits

per cluster and number of fruits per plant were maximum in

treatments T7 and T4, there by indicating positive corre-

lation between the two parameters. However, the lower

number of clusters per plant, number of flowers and fruits

per cluster, and number of fruits per plant was recorded in

control (T1) treatment that was statistically similar with

treatment T6. Individual fruit weight was higher

(64.35–67.43 g) in treatments T2, T3, T4, T5, and T7 and

lower (53.17 g) in control treatment. Thus, Trichoderma-

enriched biofertilizer alone or in combination with chem-

ical fertilizer may play an important role in the expression

of yield-related traits of tomato. Vinale et al. [34] have also

been reported that dramatic increase in the number of fruits

per plant by application of Trichoderma spp. than the

control in pepper, lettuce, and tomato grown in greenhouse.

Yield of Tomato

Yield per plant was found to be higher in treatment T4

(1.79 kg), followed by the treatments T7 (1.65 kg) and T2

(1.60 kg) cited in Table 5. The lowest yield per plant

(0.41 kg) was obtained in control treatment (T1) which was

not significantly differed with treatment T6. Perhaps, sup-

plemental nutrients are necessary for optimum proliferation

and growth of microbes. In T6, it was absent; therefore, the

yield of tomato was quite low. Conversely, in T3, nutrients

were supplemented to the microbes by decomposed com-

post. In contrast to the control treatment, yield per plant was

radically increased in all the treatments such as T2, T3, T4, T5,

T6, T7, and T8 by 290.2, 200.0, 336.5, 270.7, 34.1, 302.4, and

182.0 %, respectively (Table 5). However, only the treat-

ments T4 (11.87 %) and T7 (3.13 %) gave the superior yield

over standard dose of N:P:K. The present result suggest that

when nutrients were supplied from both the sources, i.e.,

biofertilizer and N:P:K, then the yield of tomato increased

remarkably and significantly (even than the recommended

dose of N:P:K) compared to sole application of biofertilizer.

On the other hand, yield per plant over the standard dose of

N:P:K was decreased by 5 and 27.5 % at combined treat-

ments of T5 and T8, respectively. Generally, 20 % decrease

in yield is expected in plants cultivated in organic systems

than conventionally produced crops [30]. Thus, the treat-

ments T4, T5, and T7 may be recommended for organic or

semi-organic tomato production.

Table 4 Efficacy of Trichoderma-enriched biofertilizer (BioF) on yield attributes of tomato grown in field condition

Treatments Cluster

no/plant

Flower

no/cluster

Fruit

no/cluster

Fruit

no/plant

Individual

fruit wt. (g)

T1 (control, without BioF and N:P:K) 2.60 d 7.00 d 2.06 d 7.66 e 53.17 b

T2 (standard dose of N:P:K)a 6.26 abc 8.82 ab 3.86 c 23.73 ab 67.43 a

T3 (BioF/compost)b 6.20 abc 8.83 ab 3.80 c 19.20 cd 64.52 a

T4 (50 % BioF/compost, i.e., T3 ? 50 % N:P:K, i.e., T2) 6.93 ab 9.60 a 5.33 b 24.86 a 72.00 a

T5 (75 % BioF/compost, i.e., T3 ? 25 % N:P:K, i.e., T2) 5.80 bc 7.93 bcd 4.73 b 21.76 bc 69.74 a

T6 (BioF/liquid)c 3.40 d 7.26 d 2.13 d 9.20 e 61.39 ab

T7 (50 % BioF/liquid, i.e., T6 ? 50 % N:P:K, i.e., T2) 7.33 a 9.86 a 5.46 a 25.66 a 64.35 a

T8 (75 % BioF/liquid, i.e., T6 ? 25 % N:P:K, i.e., T2) 5.23 c 7.50 cd 4.53 b 18.26 d 62.01 ab

CV (%) 13.37 7.35 5.98 8.90 8.78

LSD (P B 0.05) 1.28 1.07 0.41 2.93 9.89

NB: [Different letters in column imply significant difference at (P B 0.05), a 120:108:10 kg ha-1 for N:P:K, b BioF/compost (composted kitchen

wastes by T. harzianum T22), c BioF/liquid (Broth of spores suspension of T. harzianum T22)]
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Nutritional Quality of Fruits

Tables 6 and 7 show the nutritional quality of tomato as

affected by Trichoderma-enriched biofertilizer alone or in

combination with N:P:K. Significantly the highest value of

total soluble solids (TSS) was found in treatment T3 (BioF/

compost) but statistically similar reflections were also

noted in treatments T2, T4, T7, and T8 (Table 6). It has been

reported that application of increased doses of nitrogen

enhances protein and reduces carbohydrate production

[30]. Accordingly, similar profile of results of protein

content was noticed in treatments T2 (100 % N:P:K), T4,

and T7 of present studies. The higher sugar content

(5.11 mg/100 g) was found in tomato fertilized with BioF/

compost (T3) followed by the treatments T4, T6, T7, and T8.

Unlike TSS, protein and sugar content, the ascorbic acid

content (22.18 mg/100 g) was higher in treatment T6

(BioF/liquid). However, the lower sugar and ascorbic acid

content was obtained in treatment T2. Lycopene content

was significantly higher in treatments T3, T4, T5, and T7,

followed by the treatments of T6, T8, T2, and T1. Lycopene

content of tomato fruits was reported to be higher when

treated with biofertilizer, Rhodopseudomonas sp. than

untreated control [21]. b-carotene content was also found

higher in T3 treatment and the lowest b-carotene content

detected in control treatment (T1). The higher mineral

content, such as Ca, Mg, K, Fe, Zn and Cu was found in

tomato fertilized with 50 % BioF/compost ? 50 % N:P:K

(T4 treatment) and the lowest value was recorded in control

treatment. Manganese and phosphorus contents were

obtained higher in treatment T3. These results suggested

that biofertilizer alone or in combination with N:P:K may

influence the nutritional quality of tomato.

Nutrient content of tomatoes are reported to be influ-

enced by environmental factors and cultural practices. It is

reported that organically grown crops contain more dry

Table 5 Tomato yield status at field condition as influenced by Trichoderma-enriched biofertilizer (BioF) application

Treatment Yield/plant (kg) Percent yield increased (?)/decreased (-)

Over control Over standard dose of N:P:K

T1 (control, without BioF and N:P:K) 0.41 d – 290.24 (-)

T2 (standard dose of N:P:K)a 1.60 ab 290.2 (?) –

T3 (BioF/compost)b 1.23 c 200.0 (?) 30.08 (-)

T4 (50 % BioF/compost, i.e., T3 ? 50 % N:P:K, i.e., T2) 1.79 a 336.5 (?) 11.87 (?)

T5 (75 % BioF/compost, i.e., T3 ? 25 % N:P:K, i.e., T2) 1.52 b 270.7 (?) 5.00 (-)

T6 (BioF/liquid)c 0.55 d 34.1 (?) 65.63 (-)

T7 (50 % BioF/liquid, i.e., T6 ? 50 % N:P:K, i.e., T2) 1.65 ab 302.4 (?) 3.13 (?)

T8 (75 % BioF/liquid, i.e., T6 ? 25 % N:P:K, i.e., T2) 1.16 c 182.0 (?) 27.50 (-)

CV ( %) 11.42 – –

LSD (P B 0.05) 0.24 – –

NB: [Different letters in column imply significant difference at (P B 0.05), a 120:108:10 kg ha-1 for N:P:K, b BioF/compost (composted kitchen

wastes by T. harzianum T22), c BioF/liquid (Broth of spores suspension of T. harzianum T22)]

Table 6 Outcome of Trichoderma-enriched biofertilizer (BioF) on biochemical properties of tomato fruits (per 100 g of tomato)

Treatment Total

soluble solid

Protein

content (g)

Total

sugar (g)

Ascorbic

acid (mg)

b-carotene

(mg)

Lycopene

(mg)

T1 (control, without BioF and N:P:K) 6.43 b 0.62 cd 3.21 d 12.32 de 0.074 d 0.032 d

T2 (standard dose of N:P:K)a 6.97 a 0.81 a 2.73 e 7.87 f 0.087 c 0.054 c

T3 (BioF/compost)b 7.13 a 0.71 b 5.11 a 18.03 b 0.106 a 0.096 a

T4 (50 % BioF/compost, i.e., T3 ? 50 % N:P:K, i.e., T2) 6.93 a 0.84 a 3.77 b 11.47 e 0.099 b 0.105 a

T5 (75 % BioF/compost, i.e., T3 ? 25 % N:P:K, i.e., T2) 6.50 b 0.65 c 3.49 c 15.43 c 0.095 b 0.095 a

T6 (BioF/liquid)c 6.17 c 0.58 d 3.69 b 22.18 a 0.085 c 0.076 b

T7 (50 % BioF/liquid, i.e.,T6 ? 50 % N:P:K, i.e., T2) 7.06 a 0.81 a 3.85 b 13.59 d 0.095 b 0.105 a

T8 (75 % BioF/liquid, i.e., T6 ? 25 % N:P:K, i.e., T2) 7.03 a 0.59 cd 3.76 b s 0.094 b 0.059 bc

CV ( %) 2.02 4.59 2.66 6.99 2.52 4.73

LSD (P B 0.05) 0.24 0.054 0.17 1.79 0.005 0.017

NB: [Different letters in column imply significant difference at (P B 0.05), a 120:108:10 kg ha-1 for N:P:K, b BioF/compost (composted kitchen

wastes by T. harzianum T22), c BioF/liquid (Broth of spores suspension of T. harzianum T22)]
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matter, total sugar, vitamin C, essential amino acids, phe-

nolic compounds, and minerals such as iron, magnesium,

calcium, manganese, copper, potassium, sodium, and zinc

than the non-organic crops [7, 13, 41]. It has also been

reported that organic fertilizer is superior to conventional

synthetic fertilizer in achieving more nutritious fruits or

vegetables [3]. In this study, nutrient content was found to

be higher in plants fertilized with biofertilizer alone or in

combination with inorganic fertilizer compared to the

recommended dose of N:P:K only (Tables 6, 7). Thus,

biofertilizer alone or combined with chemical fertilizer

may be recommended for higher yield and higher nutri-

tional quality of tomato. Biofertilizer along with chemical

fertilizer may save at least 50 % N:P:K fertilizer and may

reduce the environmental pollution too. Nevertheless,

biofertilizer may be used for organic tomato production,

which is becoming increasingly popular worldwide.

Conclusions

In this study, Trichoderma-enriched biofertilizer played

significant role in both yield and quality improvement of

tomato. Combined application of biofertilizer and chemical

fertilizer (especially 50 % BioF ? 50 % N:P:K) enhanced

vegetative and reproductive growth, yield and nutritional

quality of tomato by slow and steady release of nutrients

to the plants than the sole application of N:P:K fertilizer.

The present findings, i.e., Trichoderma-enriched biofertil-

izer application could save at least 50 % N:P:K, i.e.,

urea:TSP:MOP can reduce cultivation cost of tomato while

minimizing pollution by excessive use of N fertilizer.
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