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Abstract 
An experiment was conducted using inorganic nutrients and organic nutrients i.e. vermicompost and with 

their combinations in grafted tomato through integrated nutrient management practices. Experimental 

results revealed that the nutrient concentrations were lower at 30 DAT, increased and achieved highest at 

60 DAT and decreased thereafter. But, the K concentration was low at 30 DAT and 60 DAT, increased 

and achieved highest at 100 DAT. Similarly, the Sulphur concentration was higher at 30 DAT and 

decreased there after till 100 DAT. In the INM packages the 100 % inorganic nitrogen (T2) maintained 

high N, P and Mg concentration in leaf at 30 and 60 DAT and N at 100 DAT. But, 50 % inorganic 

nitrogen + 50 % organic nitrogen (T4) maintained high K, Ca and S concentration at 30 and 60 DAT. 

where as, 75 % inorganic nitrogen + 25 % organic nitrogen (T3) showed high P, K, Ca and S 

concentrations at 100 DAT. Among three types of grafted tomatoes, Grafted tomato maintained high N, P 

and S concentrations than others. Where as, non-grafted tomato plants maintained higher K and Ca 

concentration and self-grafted tomato maintained higher Mg concentrations. 

 

Keywords: integrated nutrient management, grafting, non-grafted tomato, organic and inorganic 

nitrogen, days after transplanting (DAT) 

 

Introduction 

Tomato (Solanum lycopersicon) is one of the widely grown vegetable and most important food 

crops in India. It is rich in minerals, essential amino acids, sugars and dietary fibres, vitamin B 

and C, iron, lycopene, organic acids and phosphorus (Bagal et al., 1989) [4]. It provides 3-4 per 

cent total sugar, 4-7 per cent total solids, 15-30 mg/100g ascorbic acid, 7.5-10 mg/100ml 

titratable acidity and 20-50 mg of lycopene per 100 g fruit. It is well responsive to fertilizer 

application and reported to be heavy feeders of nutrients. Supply of balanced nutrients can 

increase the yield, fruit quality, fruit size, keeping quality, colour and taste of tomato (Shukla 

and Naik 1993) [31]. The tomato crop is considered a crop with major fertilization requirements 

(Badr et al., 2010) [3]. Commercial growers often apply higher rates than recommended 

fertilizers levels compared to open field production. Application of excessive chemical 

fertilizers may affect soil health and sustainable productivity. It is imperative to search for 

possible alternate organic manures that can sustain soil health and crop production. Organic 

manures having humic substances not only improve soil fertility by modifying soil physical 

and chemical properties (Asik et al., 2009) [2], (Heitkamp et al., 2011) [15] but also improves 

the moisture holding capacity of soil, thus resulting in enhanced crop productivity along with 

better quality of crop produce (Premsekhar et al., 2009) [25]. Humus derived from 

vermicompost is most commonly used for sustainable production (Premsekhar et al., 2009) [25] 

due to its beneficial effects on nutrient uptake and retention, pest control and productivity 

(Barrios-Masias et al., 2011) [6]. Among such preparations, vermicompost has been recognized 

as having considerable potential for soil amendments (Wei, Y.Y et al., 2012) [35]. Humus 

originated from vermicompost is a finely divided manure peat like material with high porosity, 

aeration, drainage and water holding capacity and microbial activity and is stabilized by 

interaction between earthworms and microorganisms in a non-thermophilic process (Edwards 

et al., 1988) [13]. Vermicompost is made up primarily of carbon (C), hydrogen (H) and oxygen 

(O) and contains nutrients such as NO3, PO4, Ca, K, Mg, S and other micronutrients which 

exhibit similar effects on plant growth and yield as inorganic fertilizers when applied to soil 

(Singh, R et al., 2008) [32]. Vermicompost also contains a high proportion of humic substances 

(humic acids, fulvic acids and humin) which provide numerous sites for chemical reaction; 

microbial components known to enhance plant growth and disease suppression through the 

activities of bacteria (Bacillus), yeast (Sporobolomyces and Cryptococcus) 
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and fungi (Trichoderma), as well as chemical antagonists 

such as phenols and amino acids (Theunissen et al., 2010) [33].  

Grafting is an art and technique in which two living parts of 

different plants or same plant are joined together in a manner 

that they would unite together and subsequently grow into a 

composite plant. Grafting technique has been successfully 

used for controlling several soil-borne diseases and damage 

caused by root-knot nematodes in tomato production 

especially under intensive cultivation (Lee et al., 2010; Rivard 

et al., 2010a) [19, 28]. The main purpose of employing grafting 

technology is to control soil borne diseases. However, the 

impact of grafting includes not only a stronger resistance 

against pathogens but also a higher tolerance to abiotic stress 

conditions such as salinity, heavy metal, nutrient stress, 

thermal stress, water stress, organic pollutants, and alkalinity, 

and could improve fruit quality. (Crino et al., 2007; Lee et al., 

2010; Rouphael et al., 2008b and Proietti et al., 2008) [10, 19, 29, 26].  

Plant growth and development largely depend on the 

combination and concentration of mineral nutrients available 

in the soil. Plants often face significant challenges in 

obtaining an adequate supply of plant nutrients to meet the 

demands of basic cellular processes due to their relative 

immobility. Plants, having vigorous and extensive root 

systems, can explore large soil volumes and absorb more 

water and nutrients under nutrient stress conditions and can 

increase crop yield, nutrient uptake, accumulation and 

nutrient use efficiency (Merrill et al., 2002) [22].  

 

Material Method 

The experiment was conducted in Central Horticultural 

Experiment Station (Aiginia), Bhubaneswar with Grafted 

Tomato, Non-Grafted Tomato, Self-Grafted Tomato during 

2017-18 in a Completely Randomized Design with six 

treatments and each treatment was replicated thrice. Each 

ploy bag was filled with 15 kg soil. The experimental soil was 

acidic in nature, soil texture was sandy loam with low CEC 

and organic carbon content. Available N, P and K status was 

medium, low and medium respectively. The available 

micronutrient status like Fe, Mn, Cu and Zn was adequate. 

Inorganic and organic nutrients were supplied through 

fertilizer sources like Urea, SSP, MOP and Vermicompost 

(organic source). The experiment was laid out in a 

Completely Randomised Design comprising of six treatments 

with Grafting interaction. Grafted Tomatoes (Tomato var. 

Utkal Kumari (BT-10) was grafted on brinjal var. Utkal 

Anushree), non-grafted and self-grafted tomatoes (BT-10 was 

grafted on BT-10) were evaluated with six treatments i.e. T1 

(Absolute Control), T2 (100 % inorganic nitrogen), T3 (75 % 

inorganic nitrogen + 25 % organic nitrogen), T4 (50 % 

inorganic nitrogen + 50 % organic nitrogen), T5 (25 % 

inorganic nitrogen + 75 % organic nitrogen), T6 (100 % 

organic nitrogen).  

 

Source of Nutrient: Urea, SSP, MOP & vermicompost. 

 

Method of Fertilizers and lime Application 

Full dose of P2O5, K2O and Lime was applied as basal, and 

half dose of Nitrogen was applied as basal and remaining half 

dose of Nitrogen was applied as top dressing at 30 days after 

transplanting. N, P & K applied to all the treatments except 

Control. 

 

Grafting  
Before grafting, scion and rootstock were exposed to sunshine 

for three days. In Grafted Tomato Utkal Kumari (BT-10) 

scion were grafted onto the Utkal Anushree (brinjal var.) 

rootstock using “side grafting” and in Self Grafted Tomato 

Utkal Kumari (BT-10) scion were grafted onto the Utkal 

Kumari (BT-10) rootstock using “side grafting”. Non-grafted 

seedlings were used directly. Grafting was carried out at 2-3 

leaf stage (20-25 days) of scion seedlings and 3-4 leaf stage 

(55-60 days) of root stock. Grafting was carried out in moist 

chambers. Grafting was made with similar thickness of scion 

and root stock which was cut at 450 and joined by using 

plastic clips. The grafted seedlings were transferred to 

humidified chambers with a relative humidity of 85-95 per 

cent for five days to allow the graft union to heal, then 

intensity of light was gradually increased with decrease and 

relative humidity. The grafted plants were transplanted into 

poly-pot after thirty-five days after sowing. 

 

Collection and Processing of plant samples 

For determination of nutrient content, plant samples (leaf) 

were collected at 30, 60 and 100 days after transplanting 

(DAT). Five plants from each treatment were selected 

randomly. The collected leaf samples were washed and 

allowed for sun drying in the oven at 75 0C temperature till 

constant weight was obtained. Then the leaf samples were 

powdered and used for nutrient analysis. 

 

Analysis of plant samples 

 Nitrogen: Kjeldahl digestion followed by distillation 

method as described in AOAC (1960) [1] 

 Phosphorus (P), Potash (K), Calcium (Ca), 

Magnesium (Mg), and Sulphur (S): The sample are to 

be digested in di-acid mixture (HNO3: HClO4=3:2). The 

P and S are estimated by spectrophotometrically, the K 

by flame photo meter, and Ca and Mg by EDTA titration 

method. 

 Statistical analysis: The experimental data pertaining to 

biometric observations, nutrient concentrations were 

recorded, compiled in appropriate tables and analyzed 

statistically as per the procedure appropriate to the design 

and Gomez and Gomez (1976). All the data were 

statistically analyzed by two-factorial CRD ANOVA. 

 

Results and Discussion 

Influence of INM practices of grafted tomato on nutrient 

concentration in leaf at different days after transplanting 

(30, 60 and 100 DAT) 

The data related to nutrient concentrations in grafted tomato 

at different growth stages were presented in Fig-1(a & b), 2 (a 

& b), 3 (a & b), 4 (a & b), 5 (a & b) and 6 (a & b). 

 

Nitrogen concentration 

It was observed that at 30 DAT the treatments T5 is showing 

highest nitrogen content (2.83) which was at par with 

treatment combinations T3, T4 with nitrogen content of (2.74) 

and (2.78) respectively. Where as treatments with completely 

inorganic and organic were showed significant difference in 

nitrogen content at 30 days after transplanting. At 60 DAT 

and 100 DAT the treatment with completely inorganic T2 

showed highest nitrogen content (4.30) and (3.91) 

respectively. where as treatment T3 and T5 were at par with 

each other, but where as treatments completely inorganic (T2) 

and completely organic (T6) were showed significant 

difference with each other at 60 DAT and 100 DAT. While 

looking to grafting effect grafted tomato was showed highest 
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nitrogen content which showed significant difference with 

non-grafted tomato and self-grafted tomato at 60 DAT and 

100 DAT and non-significant effect at 30 DAT (Fig-1(a & 

b)). 

 

 
 

Fig 1(a): Influence of INM Practices on N concentration of tomato 

leaves 

 

 
 

Fig 1(b): Influence of INM on leaf N concentration in different types 

of grafting 

 

Phosphorus concentration 

At 30 DAT the treatments imposed with T2 and T4 were 

showed highest phosphorus content (0.197) and at 60 DAT 

the treatment T2 alone showed highest phosphorus content 

(0.28). where as treatment combinations T3, T5 and T6 were at 

par at 30 DAT and T4 and T6 were at par at 60 DAT. But at 

100 DAT treatment T3 and T6 were showed highest content of 

phosphorus (0.27) which was at par with T2 and T4. At the 

three growth stages, grafted tomato showed highest content of 

phosphorus than non-grafted and self-grafted tomato with 

significant difference (Fig-2 (a & b)). 

 

 
 

Fig 2(a): Influence of INM practices on P concentration of tomato 

leaves 

 

 
 

Fig 2(b): Influence of INM on leaf P concentration in different types 

of grafting 

 

Potassium concentration 

It was observed that at 30 DAT and 60 DAT the treatment 

combination with T4 was showed highest content of 

potassium (3.50) and (5.56) respectively. Where as at 100 

DAT the treatment T3 showed highest content of potassium 

(5.73) which showed significant difference with other 

treatments at respective growth stages. Unlike Nitrogen and 

Phosphorus the Potassium concentration at different growth 

stages in grafted tomato was lower than non-grafted tomato 

but comparatively higher than self-grafted tomato only at 100 

DAT (Fig-3 (a & b)). 
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Fig 3(a): Influence of INM practices on K concentration of tomato 

leaves 

 

 
 

Fig 3(b): Influence of INM on leaf K concentration in different types 

of grafting 

 

Calcium concentration 

At 30 DAT it was observed that treatment combinations with 

T4 showed highest content of calcium (1.93) which was at par 

with T6. where as at 60 DAT the treatments T2 and T4 were 

showed highest calcium content (4.80) which were at par with 

T6. The treatment combinations T3 and T5 were at par in both 

growth stages. But, at 100 DAT the treatment T3 showed 

highest content of calcium (4.24) which was at par with 

treatments T4 and T6. Grafting effect showed highest content 

of Calcium in non-grafted tomato at 30 DAT and 60 DAT. 

But, grafted tomato at 100 DAT (Fig-4 (a & b)). 

 

 
 

Fig 4(a): Influence of INM practices on Ca concentration of tomato 

leaves 

 

 
 

Fig 4(b): Influence of INM on leaf Ca concentration in different 

types of grafting 

 

Magnesium concentration 

It was observed that treatment combinations with T5 showed 

highest content of magnesium (1.42) which was at par with 

T6. where as treatments with T2 and T4 were at par at 30 DAT. 

But, at 60 DAT and 100 DAT the treatment T2 showed 

highest magnesium content (3.91), but treatment 

combinations T4 and T6 were at par to each other as well as 

treatment combinations T3 and T5 were at par with each other 

at 60 DAT and significantly differing at 100 DAT. While 

looking to grafting effect self-grafted tomato showed highest 

content of magnesium at three growth stages followed by 

non-grafted and grafted tomato respectively (Fig-5 (a & b)). 
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Fig 5(a): Influence of INM practices on Mg concentration of tomato 

leaves 

 

 
 

Fig 5(b): Influence of INM on leaf Mg concentration of different 

types of grafting 

 

Sulphur concentration 

At 30 and 60 DAT the treatment combinations with T4 

showed highest content of Sulphur (0.85) and (0.71) 

respectively. where as all other treatment combinations were 

showed significance difference with each other at both growth 

stages. But, the treatment T3 showed highest content of 

Sulphur (0.49) which was at par with T5 at 100 DAT. The 

Sulphur concentration was higher at 30 DAT and decreased 

there after till 100 DAT. Grafted tomato showed highest 

content of Sulphur at all three growth stages and significance 

difference with non-grafted tomato and self-grafted tomato 

(Fig-6 (a & b)). 

 

 
 

Fig 6(a): Influence of INM practices on S concentration of tomato leaves 

 
 

Fig 6(b): Influence of INM on leaf S concentration of different types 

of grafting 

 

Among three types of grafted tomatoes, Grafted tomato 

maintained high N, P, Ca and S concentrations than others. 

Similarly, 100 % inorganic nitrogen (T2) maintained high N 

and P concentration in leaf but, T4 maintained high Ca and K 

concentration. Where as, non-grafted tomato plants 

maintained higher K concentration and self-grafted tomato 

plants maintained highest Mg concentration. At 100 DAT the 

concentration of K was high which was due to antagonistic 

effect between potassium and calcium cations. Similar results 

were stated by Pujos and Morard, 1997 [27]; Kanai et al., 

(2011) [16]. Plants, having vigorous and extensive root 

systems, can explore large soil volumes and absorb more 

water and nutrients under nutrient stress conditions and can 

increase crop yield and nutrient use efficiency and nutrient 

accumulation (Merrill et al., 2002) [22]. The quantity of 

nutrient taken up by plants is largely influenced by root 

radius, mean root hair density and length of root (Barber, 

1995) [15]. The shape and extent of root systems influences the 

rate and pattern of nutrient uptake from soil. Vose (1990) [34] 

states that rooting depth; lateral spreading, branching and 

number of root hairs has major impact on plant nutrition. The 

configuration of root system is influenced markedly by 

nutrient supply. Type of nutrient source and root morphology 

shows a mark on the nutrient concentration of plant at 

different growth stages. 

Irrespective of grafting nutrient concentrations were lower at 

30 DAT, increased and achieved highest at 60 DAT and 

decreased thereafter. Among three types of grafting, Grafted 

tomato had shown high nutrient concentration compared to 

non-grafted and self-grafted tomatoes. It was due to root traits 

of brinjal root-stock which has more root density and number 

of root hairs and lateral and vertical development of roots 

which increased the absorption and translocation of nutrients. 

The results corroborated by earlier findings of Davis et al., 

2008b [11]; Lee, 1994 [18]; Ruiz, Romero 1999 [30], Leonardi, 

Giuffrida 2006 [20]; Martinez-Ballesta et al., 2010 [21]; Colla et 

al., 2011 [9]; Lee and Oda, 2003 [17]; Desire Djionou (2012) 
[12]. 

 

Conclusion 

The nutrient concentrations were lower at 30 DAT, increased 

and achieved highest at 60 DAT and decreased thereafter. 

But, the K concentration was low at 30 DAT and 60 DAT, 

increased and achieved highest at 100 DAT. Similarly, the 

Sulphur concentration was higher at 30 DAT and decreased 

there after till 100 DAT. During the initial growth stages the 
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nutrient concentrations were low because of low root growth 

and volume and achieved highest in middle of growth stages 

and decreased there after due to the nutrients are utilized for 

plant growth and yield of the crop. Among three types of 

grafted tomatoes, Grafted tomato maintained high N, P and S 

concentrations than others. Where as, non-grafted tomato 

plants maintained higher K and Ca concentration and self-

grafted tomato maintained higher Mg concentrations. 

 

Acknowledgement 

Authors of this paper sincerely acknowledge the support 

provided by Orissa University of Agriculture and Technology 

and Central Horticultural Experiment Station, Aiginia, 

Bhubaneswar. 

 

References 

1. AOAC. Official methods of Analysis. Association of 

Official Agricultural Chemists (10th edition) Washington 

D.C, 1960. 

2. Asik BB, Turan MA, Celik H, Katkat AV. Effect of 

Humic Substances to Dry Weight and Mineral Nutrients 

Uptake of Wheat on Saline Soil Conditions. Asian 

Journal of Crop Science. 2009; 1:87-95. 

3. Badr MA, Abou Hussein SD, El-Tohamy WA, Gruda N. 

Nutrient uptake and yield of tomato under various 

methods of fertilizer application and levels of fertigation 

in arid lands. Gesunde Pflanzen. 2010; 62(1):11-19. 

4. Bagal SD, Sheikh GA, Adsule RN. Influence of different 

levels of P and K fertilizers on the yield and quality of 

tomato, Journal of Maharashtra Agriculture University. 

1989; 14:158-160. 

5. Barber SA. Soil nutrient bioavailability: A Mechanistic 

approach. New York: John Wiley & Sons Inc, 1995. 

6. Barrios-Masias FH, Cantwell MI, Jackson LE. Cultivar 

Mixtures of Processing Tomato in an Organic 

Agroecosystem. Organic Agriculture. 2011; 1:17-30.  

7. Chapman HD. Methods of Soil Analysis, Part-II, 

American Society of Agronomy, Inc. Wisconsin, USA. 

1965, 891-900. 

8. Chesnin L, Yien CH. Turbidimetric determination of 

available sulphur, Soil Science Society of America 

Proceedings. 1951; 15:149-151. 

9. Colla G, Rouphael Y, Mirabelli C, Cardarelli M. 

Nitrogen-use efficiency traits of mini-watermelon in 

response to grafting and nitrogen-fertilization doses. 

Journal of Plant Nutrition and Soil Science. 2011; 

174:933-941. 

10. Crinò P, Lo Bianco C, Rouphael Y, Colla G, Saccardo F, 

Paratore A. Evaluation of rootstocks resistance to 

fusarium wilt and gummy stem blight and effect on yield 

and quality of a grafted inodorusmelon. Horticultural 

Science. 2007; 42:521-525. 

11. Davis A, Perkins PV, Sakata Y, Galarza SL, Maroto JV, 

Lee SG, et al. Cucurbit grafting, Critical Reviews in 

Plant Science. 2008; 27(1):50-74. 

12. Djidonou D. Improving fruit yield and nutrient 

management in tomato production by using grafting. A 

dissertation presented to the graduate school of the 

University of Florida in partial fulfilment of the 

requirements for the degree of Doctor of Philosophy, 

University of Florida, 2012. 

13. Edwards CA, Burrows I. The Potential of Earthworm 

Composts as Plant Growth Media. In: Edwards, C.A. and 

Neuhauser, E.P., Eds., Earthworms in Environmental and 

Waste Management, SPB Academic Publishers, 

Netherlands, 1988, 211-220. 

14. Gomez KA, Gomez AA. Statistical procedures for 

agricultural research (2 ed.). John Wiley and Sons, New 

York, 1984 

15. Heitkamp F, Raupp J, Ludwig B. Soil Organic Matter 

Pools and Crop Yields as Affected by the Rate of 

Farmyard Manure and Use of Biodynamic Preparations 

in a Sandy Soil. Organic Agriculture. 2011; 1:111-124. 

16. Kanai S, Moghaieb RE, El-Shemy HA, Panigrahi R, 

Mohapatra PK, Ito J et al. Potassium deficiency affects 

water status and photosynthetic rate of the vegetative sink 

in green house tomato prior to its effects on source 

activity. Plant Science. 2011; 180:368-374. 

17. Lee J, Oda M. Grafting of herbaceous vegetable and 

ornamental crops, Horticultural Reviews. 2003; 28:61-

124.  

18. Lee J. Cultivation of grafted vegetables. I. Current status, 

grafting methods, and benefits, Horticultural Science. 

1994; 29(4):235-239. 

19. Lee JM, Kubota C, Tsao S, Bie Z, Echevarria PH, Morra 

L, et al. Current status of vegetable grafting, Diffusion, 

grafting techniques, automation, Scientia Horticulturae. 

2010; 127(2):93-105. 

20. Leonardi C, Giuffrida F. Variation of plant growth and 

macronutrient uptake in grafted tomatoes and eggplants 

on three different rootstocks, European Journal of 

Horticultural Science. 2006; 71(3):97-101. 

21. Martínez-Ballesta CM, Alcaraz-López C, Muries B, 

Mota-Cadenas C, Carvajal M. Physiological aspects of 

rootstock–scion interactions. Scientia Horticulturae. 

2010; 127:112-118.  

22. Merrill SD, Tanaka DL, Hanson. Root length growth of 

eight crop species in Haplustoll soils. Soil Science 

Society of America Journal. 2002; 66:913-923. 

23. Page AL, Miller RH, Keeney DR. Methods of soil 

analysis-part 2. Chemical and microbiological properties, 

2nd (Ed) No. 9, Agronomy series ASA-SSSA publishers, 

Madison Wisconsin, USA, 1982. 

24. Piper CS. Soil and plant analysis. Academi Press, New 

York, 1950.  

25. Premsekhar M, Rajashree V. Influence of Organic 

Manures on Growth, Yield and Quality of Okra. 

American- Eurasian Journal of Sustainable Agriculture. 

2009; 3:6-8. 

26. Proietti S, Rouphael Y, Colla G, Cardarelli M, Agazio M, 

Zacchini M, et al. Fruit quality of mini watermelon as 

affected by grafting and irrigation regimes. J Sci. Food 

Agri. 2008; 88:1107-1114. 

27. Pujos A, Morard P. Effects of potassium deficiency on 

tomato growth and mineral nutrition at the early 

production stage. Plant Soil. 1997; 189:189-196. 

28. Rivard CL, O'Connell S, Peet M, Louws F. Grafting 

tomato with inter specific rootstock to manage diseases 

caused by Sclerotium rolfsii and southern root-knot 

nematode, Plant Disease. 2010a; 94(8):1015-1021. 

29. Rouphael Y, Cardarelli M, Colla G, Rea E. Yield, 

mineral composition, water relations, and water use 

efficiency of grafted mini-watermelon plants under 

deficit irrigation, Horticultural Science. 2008b; 

43(3):730-736. 

30. Ruiz J, Romero L. Nitrogen efficiency and metabolism in 

grafted melon plants, Scientia Horticulturae. 1999; 

81(2):113-123.  



 

~ 33 ~ 

The Pharma Innovation Journal 

31. Shukla V, Naik LB. Agro-techniques for solanaceous 

vegetables. In: KL Chadha and G Kalloo (Eds) Vegetable 

crops: Part-I Advances in Horticulture Malhotra 

Publishing House, New Delhi, 1993; 5:371. 

32. Singh R, Sharma RR, Kumar S, Gupta RK, Patil RT. 

Vermicompost Substitution Influences Growth, 

Physiological Disorders, Fruit Yield and Quality of 

Strawberry (Fragaria xananassa Duch). Bioresource 

Technology. 2008; 99:8507-8511. 

33. Theunissen J, Ndakidemi PA, Laubscher CP. Potential of 

Vermicompost Produced from Plant Waste on the 

Growth and Nutrient Status in Vegetable Production. 

International Journal of Physical Science. 2010; 5:1964-

1973. 

34. Vose PB. Plant nutrition relationships at the whole-plant 

level. In: Crops as enhancers of nutrient use, eds. V. C. 

Baligar and R. R. Duncan, San Diego, California: 

Academic Press, 1990, 65-80. 

35. Wei YY, Aziz NAA, Shamsuddin ZH, Mustafa M, Aziz 

SA, Kuan TS. Enhancement of Plant Nutrient Contents in 

Rice Straw Vermicompost through the Addition of Rock 

Phosphate. Acta Biologica Malaysiana. 2012; 1:41-45. 


