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INTRODUCTION 

The tomato (Lycopersicum esculuntum L.) supply 

cycle varies in Pakistan. Mostly in early months of 

October and November, the price may increase and 

product needs to be imported. The productivity of 

tomatoes is low due to poor plant nutrition. In the 

current study, tomato is used as a test crop to 

evaluate the effect of phosphatic sources and 

organic amendment along with PGR on its growth 

and yield. 

Mostly phosphorus requirement by the crop is 

fulfilled by use of commercial P fertilizers 

manufactured from the non-renewable rock 

phosphate (Wang et al., 2010; Cordell and Neset, 

2014). The prices of phosphatic fertilizers have 

increased over the years. Cheap source of 
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phosphatic fertilizer is needed to increase the cost 

benefit ratio of farmers. Application of crude rock 

phosphate directly to the soil is an alternative but 

its solubility is low (Zapata and Zaharah, 2002). 

Rock phosphate contains non-exchangeable 

phosphate which are insoluble in water and 

unavailable to plants (Xuan et al., 2012). 

Use of organic amendments may reduce 

dependency on commercial fertilizers (Almagro 

and Martinez, 2014). Organic amendments 

obtained from animal and plant origin may 

improve soil physical, chemical and biological 

attributes. Organic matter added to the soil has the 

potential to hold essential plant nutrients and buffer 

the soil to change the pH (Cole et al., 1987). 

Integrated use of organic amendments with 

inorganic phosphatic fertilizer enhances P use 

efficiency of plants (Horta et al., 2018). Among 

organic amendments cow manure has the potential 

to supply phosphate and improve organic matter as 

the C:N ratio is high (Almeida et al., 2019). 

Plant growth regulators (PGRs) are used by 

vegetable growers to enhance tomato yield 

especially under high temperature. The PGRs are 

responsible for improved fruit setting, number of 

fruit, and size of fruit (Batlang, 2008; Serrani et al., 

2007; Shahab et al., 2009).  Plant root development 

is stimulated when the auxin is transported from the 

stem to root (Overvorde et al., 2010). Root 

branches may take up more nutrients from the soil 

(Wang et al., 2005). The IAA is produced in the 

apical regions of branches (Waheed et al., 2015). It 

is important for growth and yield and helps fruit 

formation (Uddain et al., 2009). 

 

MATERIALS AND METHODS  

A pot experiment to evaluate effects of crude rock 

phosphate, single super phosphate (SSP), organic 

amendments with indole acetic acid during year 

2019 – 20. Tomato cv. Rio - Grande was sown on 

28th November, 2019 and transplanted to the pots 

on 26th February 2019. It is expected to produce a 

fruit of approx. 1.5 kg plant-1. The experiment was 

arranged in a completely randomized design with 

the factors IAA and organic, inorganic fertilizers. 

Indole acetic acid was applied @ 0.02% at 1 month 

after transplanting and at full flowering stages. The 

treatments were: T1 = CPR at 120 kg ha-1; T2 =  

CPR at 120 kg ha-1+CM @ 5 t ha-1; T3 = CPR at 60 

kg ha-1+CM @ 2.5 t ha-1; T4 = SSP at 120 kg ha-

1+CM @ 5 t ha-1; T5 = SSP at 120 kg ha-1, and T6 = 

SSP at 60 kg ha-1+CM @ 2.5 t ha-1. 

Earthen pots of 2022.16 cm3 volume were 

used. The pots were filled with 20 kg air dried 

sieved loam soil obtained from the banks of the 

Indus river. The Physico – chemical properties of 

soil are presented in Table 1. The tomato variety 

Rio-Grande was transplanted into the pots with 3 

plants per pot. The base dose of nitrogen and 

potassium were added to all pots. Irrigation was 

applied 0.5 litre uniformly to all the pots twice a 

week .  

Table 1  

Physico – chemical characteristics of Soil prior to 

the experiment 
Particular Value 

Soil texture Loam 

Bulk density (g cm-3) 1.31 

pH1:5 7.42 

EC1:5 (µS cm-1) 415 

Organic matter (%) 0.47 

Extractable P (mg kg-1) 5.03 

Extractable K (mg kg-1) 160.1 

Soil parameters measured after the harvest were 

soil organic matter using the potassium dichromate 

method (Nelson and Sommer, 1982), soil pH using 

1:5 extract measured on pH meter (Mclean, 1982) 

and extractable phosphorus using a 

spectrophotometer (Olsen and Watanabe, 1957).   

Growth and yield parameters determined were: 

plant height, root length, number of flowers per 

plant, number of fruit per plant, 5 fruit weight and 

fruit diameter. 

The data were subjected to analysis of variance 

according to Steel et al. (1997) using Statistix (ver. 

8.1, Tallahassee, Florida). If interactions were 

significant they were used to explain results. If 

interactions were not significant means were 

separated with least significant difference. 

 

RESULT AND DISCUSSION  

Soil Analysis Prior to Experiment 

Analysis of composite soil sample was done prior 

to the start of the experiment, which showed that 

the soil was loam and bulk density of 1.31 gcm-3. 

The pH1:5  value was recorded 7.42, EC1:5 415 

µScm-1 and soil organic matter 0.47%. Extractable 

phosphorus and potassium were 5.03 and 160.1 mg 

kg-1 respectively (Table 1). 
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Plant Height 

Plant stature measured at the harvest of the crop 

showed non – significant changed by the 

application of Indole acetic acid (P<0.05). 

However, the treatments of cattle manure (CM) 

with crude rock phosphate (CRP) and single super 

phosphate (SSP) showed significant influence on 

plant height. The tallest plants were observed in 

FYM and SSP applied as full dosage (Table 2). 

While the least was found in CPR alone. The 

interaction between the IAA and fertilizer 

treatment were non – significant in stimulating the 

plant height. As plant stature is a genetical 

attribute, therefor the application of fertilizer 

treatment did not considerably influenced the 

height. Khan et al. (2014) found non – significant 

effect of fertilizer on the plant height of tomato, 

they consider it as the genetical characteristic. 

Ogundare et al. (2015) fond non – significant 

difference in plant height amongst the different 

treatment of inorganic and organic amendments.  

Root Length 

The root length of plant measured at the harvest of 

crop showed non – significant influence of IAA 

(Table 2). While the phosphatic fertilizer along 

with cattle manure and their interaction with IAA 

was significant at 5% level of significance. The 

longest root size of 20.33 cm was recorded in the 

treatment where sole CPR @ 120 kg ha-1 was used 

along  with IAA. The smallest root length of 13.33 

cm was found in SSP @ 120 kg ha-1 + CM @ 5 tha-

1 in the pot without IAA. As IAA belongs to group 

of auxin, which has function in controlling the 

metabolic process, i.e. division of cell, their 

enlargement and growth of root (Egamberdieva, 

2009). Hye et al. (2002) have reported the increase 

in root length by the IAA. Also, Baninasab and 

Mobli (2002) have reported promotion of root 

initiation by the use of auxin. Babatunde et al. 

(2019) recorded root length increase of tomato due 

to use of inorganic fertilizer collectively with 

organic amendment.  

Number of Fruits Per Plant 

The number of fruits recorded at the end of the 

experiment showed significant influence of IAA, 

organic - chemical fertilizer amendments and their 

interaction (Table 2). The greater number of fruits 

were 42.33 recorded in the treatment where full 

dose of SSP and CM were applied along with IAA. 

While the least number of fruits were 14.66 in the 

crude phosphate rock pots without IAA. Tonfak et 

al. (2009) found greater number of fruits in the Rio 

– grande by the combine application of organic 

manures and mineral fertilizers. Saha et al. (2019) 

found greater fruit of tomato per plant by 

application of 60% organic manures and 40% 

inorganic fertilizers (NPK) as compared to the 

application of NPK and different organic manures 

separately. 

Fruit Diameter 

The fruit diameter recorded showed significant 

(P<0.05) effect of IAA, organic manures, crude 

rock phosphate, inorganic P fertilizer and the 

interaction between them (Table 2). The greatest 

fruit diameter was measured 20. 82 cm in the 

treatment where combine use of phosphatic 

fertilizer and cattle manure were used @ 120 kg ha-

1 and 5 tha-1 respectively. The smallest diameter 

Table 2 

Growth and Yield of tomato as affected by plant growth regulator (PGR) and organic or synthetic chemical 

fertilizers. 

Plant Growth Regulator 
Plant height 

(cm) 

Root 

Length 

(cm) 

No. fruit 

per plant 

Fruit 

diameter 

(cm) 

Five fruit 

weight (g) 

Fruit 

yield/plant 

(kg) 

With Indole Acetic Acid (IAA) 38.38 NS 16.2 NS 30.66 a 19.39 a 153.77 a 0.94 a 

Without Indole Acetic Acid 41.15 16.7 21.33 b 18.48 b 143.47 b 0.61 b 

CPR @ 120 kg ha-1  33.01 d 16.0 ab 16.00 b 18.12 b 137.82 c 0.44 d 

Full dose CM  + CPR  35.13 cd 15.1 b 19.83 b 18.69 b 144.29 bc 0.57 cd 

½ CM  + ½ CPR  37.07 bcd 14.8 b 20.66 b 18.71 b 148.69 bc 0.61 c 

Full CM + SSP  48.11 a 19.1 a 36.00 a 20.14 a 164.22 a 1.18 a 

SSP @ 120 kg ha-1 43.81 ab 17.3 ab 31.50 a 19.02 b 151.67 b 0.95 b 

½ CM + ½ SSP  41.45 abc 16.5 ab 32.00 a 18.93 b 145.01 bc 0.92 b 

IAA × CPR @ 120 kg ha-1  33.18 NS 15.6 ab 17.33 cd 18.58 cde 144.02 bcd 0.49 ef 

IAA × Full dose CM  + CPR  29.83 13.3 b 20.66 cd 18.72 cde 145.60 bcd 0.60 def 

IAA × ½ CM  + ½ CPR  31.22 13.6 b 24.66 cd 19.01 bcd 152.22 b 0.75 cd 

IAA × Full CM + SSP  52.16 20.3 a 42.33 a 20.82 a 173.45 a 1.46 a 
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IAA × SSP @ 120 kgha-1 41.05 16.6 ab 40.33 ab 19.21 bc 152.34 b 1.22 b 

IAA × ½ CM + ½ SSP  42.83 17.6 ab 38.66 ab 20.02 ab 154.99 b 1.19 b 

Without IAA × CPR @ 120 kg ha-1  32.83 16.3 ab 14.66 d 17.67 e 131.62 d 0.38 f 

Without IAA × Full dose CM  + CPR  40.43 17 ab 19.00 cd 18.67 cde 142.99 bcd 0.54 def 

Without IAA × ½ CM  + ½ CPR  42.93 16 ab 16.66 d 18.42 cde 145.16 bcd 0.48 def 

Without IAA × Full CM + SSP  44.05 18 ab 29.66 bc 19.45 bc 154.99 b 0.91 c 

Without IAA × SSP @ 120 kg ha-1 46.58 18 ab 22.66 cd 18.83 bcde 151.01 bc 0.68 de 

Without IAA × ½ CM + ½ SSP  40.08 15.3 ab 25.33 cd 17.84 de 135.03 cd 0.68 de 

Means within a column followed by the same 

letter are not significantly different at 5% level of 

significance. 

IAA = Indole Acetic acid, CPR = Crude 

Phosphate rock, SSP = Single Super phosphate, 

CM = Cattle Manure 

was measured 17.67 cm in the crude phosphate 

rock applied pots without foliar spray of IAA.  

Different researchers have reported increase in fruit 

diameter. Choudhury et al. (2013) found fruit 

diameter significantly greater, where the PGR was 

used. Also, it has been reported by Khan et al. 

(2014) that significant increase was observed in 

fruit diameter by the combine application of FYM 

and inorganic fertilizer. 

Five Fruit weight 

The fruit weight of five tomatoes recoded from the 

different treatments of organic amendments, 

inorganic fertilizer alone and in combination with 

the IAA were significant different (Table 2). The 

greater fruit weight 173.45 g was found from the 

pots receiving the integrated use of SSP (120 kg ha-

1) and cattle manure (5 tha-1). The least weight of 

five fruits was recorded 132.62 g in the pots 

receiving 120 kg ha-1 of CPR. The less fruit weight 

may be attributed to the least solubility of CPR.  

Naz et al. (2018) found the greater fruit weight by 

the application of inorganic fertilizers alone over 

the use of manures. Alam et al. (2020) reveled that 

application of IAA as foliar spray increases the 

yield of crop as it reduces the fruit drop and 

regulates the fruit setting of plant. Similarly, the 

use of PGR (Naphthalene Acetic Acid) showed 

higher fruit weight of tomato as reported by 

Subhash et al. (2014). 

Fruit Yield Per Plant 

Fruit yield per plant of tomato was significantly 

influenced by the application of Indole Acetic acid 

and organic and chemical phosphatic fertilizers. 

The highest yield per plant was recorded 0.91 kg in 

the pots receiving IAA when compared with those 

without IAA (Table 2). The amendments of Cattle 

manure along with CPR and SSP showed 

significant effect on the yield of tomato per plant. 

The highest yield of 1.18 kg was recorded where 

Full dose of Cattle manure with SSP was applied. 

The interaction between IAA and Organo – 

chemical amendment showed significant effect on 

the yield tomato. The highest tomatoes were 

produced in the pots where IAA was applied in 

combination with cattle manure and SSP fertilizer. 

The least was recorded in pot where CPR was 

added without IAA. Alam et al. (2020) reported 

increase in the yield tomato by the application of 

IAA under salinity stress. Similarly, Alhrout et al. 

(2018) found greater yield of tomato by the 

application of FYM with NPK as compared to 

sheep and chicken manure. 

Soil Parameters as influenced by different 

treatments and IAA 

Soil pH 

Soil pH was significantly influenced by the use of 

commercial phosphatic fertilizer, crude rock 

phosphate applied sole and in-combination with the 

cattle manure and PGRs had significant influence 

on soil pH (Table 3). The phosphatic fertilizer was 

more effective in reducing the pH. The value of pH 

was recorded 7.33, the highest in the full dose of 

crude rock phosphate along with IAA. The least 

value for pH was recorded 7.10. The reduction of 

soil pH may be due to presence of sulphur in SSP. 

Han et al. (2016) reported that soil pH was 

significantly decrease by the application of NPK 

and the organic manure resulted in higher pH. 

Contrary to our finding organic manure reduce soil 

pH (Singh et al., 2015). 

Bulk Density of Soil 

The bulk density of soil was non significantly 

changed by the use of IAA application on the plants 

(Table 3). The treatment of cattle manure, SSP and 

CPR had shown significant change in the bulk 

density of soil under experiment. It is evident from 

the result that bulk density was significantly 
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reduced in the treatment where cattle manure was 

applied. In the interaction between the IAA and 

organo – chemical amendments the bulk density 

was significantly improved. The pots where half 

and full dose of cattle manure was applied showed 

decrease in bulk density. Ibrahim et al. (2020) 

revealed that bulk density of soil was significantly 

improved in cattle manure integrated with 

inorganic potassium fertilizer treatments. 

Table 3 

Soil Properties as affected by plant growth regulator and organic or synthetic chemical fertilizers  
 Soil pH Bulk Density 

(gcm-3) 

Organic Matter 

(%) 

Extractable Phosphorus 

(mg kg-1) 

PGR 

Indole Acetic Acid  7.22NS NS 1.27 0.7167 NS 6.16 NS 

Without Indole Acetic Acid 7.24 1.28 0.7078 6.84 

Fertilizer 

CPR @ 120 kg ha-1  7.29 a 1.33 a 0.53 d 5.63 b 

Full dose CM  + CPR  7.24 ab 1.20 c 0.76 ab 6.43 ab 

½ CM  + ½ CPR  7.233 ab 1.26 bc 0.80 a 6.25 ab 

Full CM + SSP  7.24 ab 1.20 c 0.81 a 7.06 a 

SSP @ 120 kg ha-1 7.14 b 1.37 a 0.64 c 6.90 a 

½ CM + ½ SSP  7.24 ab 1.25 bc 0.70bc 6.75 a 

PGR × Fertilizer 

IAA × CPR @ 120 kg ha-1  7.33 a 1.30 abc 0.55 de 5.57 NS 

IAA × Full dose CM  + CPR  7.2 ab 1.21 c 0.73 bc 6.28 

IAA × ½ CM  + ½ CPR  7.27 ab 1.30 abc 0.82 ab 5.66 

IAA × Full CM + SSP  7.27 ab 1.20 c  0.79 ab 6.70 

IAA × SSP @ 120 kgha-1 7.10 b 1.39 a 0.64 cd 6.62 

IAA × ½ CM + ½ SSP  7.23 ab 1.22 bc 0.75 ab 6.15 

Without IAA × CPR @ 120 kg ha-1  7.27 ab 1.36 ab 0.51 e 5.68 

Without IAA × Full dose CM  + CPR  7.29 ab 1.20cb 0.80 ab 6.58 

Without IAA × ½ CM  + ½ CPR  7.20 ab 1.23 bc 0.78 ab 6.84 

Without IAA × Full CM + SSP  7.23 ab 1.21 c 0.84 a 7.42 

Without IAA × SSP @ 120 kg ha-1 7.18 ab 1.36 ab 0.65 c 7.19 

Without IAA × ½ CM + ½ SSP  7.27 ab 1.29 abc 0.64 cd 7.35 

Means within a column followed b different letter 

are significantly different at 5% level of 

significance 

IAA: Indole Acetic acid CPR: Crude Phosphate 

rock SSP: Single Super phosphate CM: Cattle 

Manure 

Soil Organic matter 

Application of IAA showed not – significant effect 

on soil organic matter content. However, the effect 

of organic manure, inorganic phosphatic fertilizer 

and their interaction with IAA showed significant 

difference in the values of organic matter (Table 3). 

In the pots where cattle manure was supplemented 

by inorganic SSP fertilizer but without IAA 

showed the highest organic matter percent of 

0.84%. Whereas, the sole use CPR @ 120 kg ha-1 

the percent organic matter was recorded the least. 

Ali et al. (2014) also reported increase in soil 

organic matter with the use of compost made of 

organic waste. Bakayoko et al. (2009) found 

greater soil organic matter over control by the 

addition of cattle manure and poultry manure to the 

soil. 

Extractable Phosphorus 

The extractable phosphorus was recorded non – 

significant by the application of IAA (Table 3). 

Nevertheless, treatments of cattle manure, 

inorganic P fertilizer showed significant effect on 

the soil phosphorus content. The highest 

extractable P was recorded in full dose cattle 

manure along with SSP, which was statistically at 

par with the rest of the treatment, except crude 
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phosphatic rock which yield the least value for soil 

extractable P.  Khan et al. (2014) reported non – 

significant effect of FYM integrated with inorganic 

fertilizer on the extractable soil phosphorus.  

 

Table 4 

Mean squares and ANOVA parameters for various plant and soil parameters 

Zapata and Zahara (2002) reported that crude rock 

phosphate is the cheap source of phosphate but the 

problem is related to its solubility. Farooq et al. 

(2018) found that combine use of rock phosphate 

with FYM, effective microbes and humic did not 

show increase in extractable AB – DTPA 

phosphorus and considered it as the influence of 

sorption, immobilization, dissolution of 

phosphorus.  

The mean square and Analysis of variance 

(ANOVA) for various growth, yield and soil 

parameters are presented in Table 4. 
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