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ABSTRACT

Biofortification of crops with cyanobacteria to emte vitamins and minerals is a novel practice eygal widely
all over the world. Spirulina platensis is a unicellular blue green algae which is a euotri dense
(iron content 20.88mg/100g) and also used as miroipoculant to enhance the nutrient status of tiant.
In the present studygpirulina platensis has been used as biofortifying agent to enhanedrtim status irAmaranthus
gangeticus plant. Iron is an important dietary component amel hioavailable iron form should be high to overeoinon
deficiency anemia which is more prevalent in Infffaegnant women 87% and Children75%). Differenthoés like
Soaking of seeds at different time intervals (1324, 5 hours and overnight), in different concatihns ofSplatensis
(5, 10, 15, 20, 25 and 30g) in 200ml of water atidepo methods likeSplatensis in combination with Biofertilizer,
Vermicompost, Organic fertilizer and Chemical ferér, in different proportions (25:75, 50:50, 75)2and Spray method
(25, 50, 75 and 100g &pirulina in 5Liters of water) were used.

Estimation of iron is carried out in the yield afthe germination and growth of plant. The iron teon after
experimental treatments was found to be high inuP%018.35mg/g for soaking the seeds in differémetintervals,
high in 30g-20.88mg/100g for the experimental getofl using different concentrations Sfplatensis. In the set up of
Splatensis in combination with biofertilizer, vermicompost,ganic manure and chemical fertilizer, the ironteomh was
recorded highest in 75:25 ratio (44.85mg/100g),728atio (43.99mg/100g), 50:50 ratio (4.2 mg/100gy &0:50 ratio
(15.5mg/100gq) respectively. In the set upSqdlatensis spray method, the iron content was recorded leswlompared
with control for all the variations. The resultstaibed were analyzed statistically and it was fothat there is significant
increase in iron levels oAmaranthus plants by usingSplatensis as microbial inoculant when compared with control

except Spray method.
KEYWORDS: Spirulina platensis, Amaranthus gangeticus, Iron, Dietary Supplements and Microbial Inocugant
INTRODUCTION

The most important plants for nutrition of humansd anammals are the highly evolved flowering plants
(angiosperms). Iron (Fe) is found in all plant pashich include roots, leaves, flowers, fruits aeeéds, storage organs
like tubers. Under natural conditions, all Fe afilg organisms, ultimately enter the nutrition chaia plant roots.
The Fe reaches leaves mainly in complexed form wiitlate through the xylem, which is a plant cortductissue for

water and mineral long- distance transpbttd://www.intechopen.cojn
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S. platensis also called agrthrospira is a microscopic and filamentous cyanobacteriunugRyreen algae) that
has a long history of usage as food. Its name riwetk from the spiral or helical nature of its fil@nts(Becker, 1993).
S platensis has been used as food for centuries by differegulations and only rediscovered in recent years.
It grows naturally in the alkaline waters of lakaswarm regions. Measuring about 0.1mm acrosselitegally takes the
form of tiny green filaments, coiled in spirals ofarying tightness and number, depending on theinstra
(Adbulquader & Tredici, 2000)S.platensis is cultivated worldwide, used as a dietary supgletras well as whole food
and is available in the forms of cakes, tabletsygmr. It is also used as a food supplement in theaulture, aquarium
and poultry industries (Vonshok, 2001; Geitler, 298

S. plantensisis rich in protein, vitamins, minerals and caraiiéls, antioxidants that can help to protect cetsnf
damage. It contains nutrients including B-complétamins, beta carotene, vitamin-E, manganese, ziapper, iron,
selenium and gamma linolenic acid an essentiay fatid (Blinkal et al., 2000). Blue green algae can be helpful in
agriculture as they have the capability to fix asmlweric nitrogen to soil and this nitrogen is helpo the crops.
Blue green algae is used as a bio-fertilizer. Aedbitdizer is a substance that contains living raamganisms which, when
applied to seeds, plant surfaces or soil, colonthesRhizosphere as the interior of the plant araimptes growth by
increasing the supply or availability of primarytrients to the host plariiVessey, 2003). As biofertilizers contain

living-organisms their performance also dependsmrironmental surroundings (Lillian, 1992).

Amaranthus gangeticus shows a wide variety of morphological diversityarg and even within certain species.
Although the family is distinctive, the genus haswf distinguishing characters among the 70 speadietuded
(Juanet al., 1988).Amaranthus gangeticus leaves are good source of dietary minerals inalgidalcium, iron, magnesium,
phosphorous, zinc, copper and manganese (Tucke®).19egetables, especially leafy vegetables apoitant in the diet
as they are micro-nutrient dense foods, rich inotesre, and minerals such as calcium, iron and MPioosps
(Ali & Tsmscs, 1922). In 100g of eatable portionArharanthus gangeticus it contains Moisture: 85.7g, Protein: 4.0g,
Fat: 0.5g, Minerals: 2.7g, Crude fiber: 1.0g, Cémmrates: 6.1g, Calcium: 397mg, Phosphorous: 83nog; 3.49mg
(Allen & Myers, 2003).

MATERIALS AND METHODS

The methodology adopted for the present study wesepted in table 1. ThHemaranthus seeds were coated with
Soirulina hydrolysate for different soaking intervals anch@entrations. The experimentation was also camigdwith
different combinations d®irulina and fertilizers (Organic, Vermicompost, Chemieald Biofertilizer) in different ratios.
The last method followed was spray method wtggieulina along with water was sprayed on the leaves onaevény
week till the harvest. Iron content of the yieldbrfr different set-ups was estimated by Wong's met{i8P8).
The results were tabulated and presented in thiestad7. The results thus obtained were subjeoctedtatistical

analysis by using Mini tab version-16.

Table 1: Field Experimental Set ups

S. No Name of Set up Variations
Time period Soaking (5g of L Over
1 Spirulina in 100ml of sterile water) lhour | 2hours| 3hours 4hours 5hoursnight Control
Soaking in different concentrations
2 (In 100ml sterile water) 59 10g 15¢ 209 259 309 Control
3 Soirulina+Biofertilizer (S:B) 25:75| 50:50| 75:25 - - - Control
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Table 1: Contd.,

4 Soirulina+Vermicompost (S:V) 25:75| 50:50| 75:25 - - - Control
5 Soirulina+Organic manure (S:0) | 25:75| 50:50 | 75:25 - - - Control
6 Soirulina+Chemical fertilizer (S:C)| 25:75| 50:50 | 75:25 - - - Control
7 Spray method (g/L) 25/5 50/5 75/% 100y5 - - Caointr

RESULTS AND DISCUSSIONS

Plants are essential sources of iron in the humdraaimal diet and that often iron concentratioplants is not
enough to meet the daily dietary recommendatiamsnany parts of the developing world, large segmefthe human
population do not have access to animal sourcesoaof due to elevated costs and most people beingtagans.
In these cases, a commonly used strategy is irdifidation. However, iron fortification of plantobds is not always
practical or economically feasible and many timbs tfortified iron is not highly bioavailable. Thefore a more
sustainable approach, that is believed relevahioth urban and rural population, is to enhanceirire content of plant

foods through Biofortification (Beard, 2001).

When iron supply is not sufficient to plant, suppéntation through th&platensis can be done. Increasing iron
levels through supplementation of a biofertilizemntcrobial inoculants is the most widespread iamguistion mechanism
in plants strategy (Mara schuler, 2012jnaranthus plants are biofortified by the supplementationhwit platensis to
enhance the concentration of iron in the plantsnidly plants uptake iron from soil by two ways. €is by increased
root surface (Krameet al., 1980; Moog & Bruggemann, 1994ihd other method by transporting from roots to ésav
through xylem (Tiffin, 1966; Brown & Chaney, 1971).

In the experimental set up 1 the seeds were sdakatifferent time periods in the water along witte Spirulina
before sowing. From the table 2 it is evident tiat iron content estimated was higher than therobrithe sample with
two hours of soaking has recorded a high of (180353 mg/d') of iron content. All the variations showed therircontent
higher than the standard value of NIN (Nationatitate of Nutrition, Hyderabad) i.e., 3.49mg/100gept the variation of
four hours of soaking where there is no differendéhe increased iron content in th@&maranthus with
supplementation ofpirulina may be attributed due to the seepingSaifulina in to the seed through the seed coat and
finally into the cotyledons where the action of\gtb hormones gets triggered. Since the surface afrfze seeds is less
the seeds were unable to taBpirulina platensis from the medium due to saturation point by 2hrssofking.

Hence there was decrease in iron content afterdftasaking.

In the experimental set up 2 the seeds were soakdifferent concentrations @pirulina and from the table 3
results it is evident that the iron content estadatvas higher than the control. The sample with &@gcentration of
Spirulina showed an increase in the iron content (20.88+04j") followed by the 20g concentration &pirulina
(17.70+0.58 mg/d). All the variations showed an enhancement of ontent except the sample with 25g concentration
of Spirulina showed a less iron content. There are fluctuatioribe iron content of Amaranthus for second setlug to
multiple actions from sowing till the harvest oéthreen leafy vegetabl€ypical sink organs like immature organs receive
Fe via the phloem pathway, which represents the dettive tissue for assimilation and signaling
(Jeong & Guerinot, 2009). Iron is distributed ih@drts of the plant, including cellular compartriggrihis distribution is

carried out by a membrane bound metal transpotem® (Curie et al., 2002).

The iron in the soil mainly exists as*eoften bound as iron hydroxides in mineral soittigtes. To meet their
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demand for iron, plants need to mobilize Fe ingb# by rendering it more soluble before the plaas able to take up
into their roots (Jeong & Guerinot, 2009). The pisyderophores complexes of the mugenic acid famihych are
Fe3+ chelating methionine derivatives that arer®gs and secreted by the plants. These plantsyanecotyledonous
grasses which come under strategies-Il plants. fhgtosiderophores complexs substance will take® Fe3the
experimental set up Spirulina & biofertilizer were mixed in different ratios itAmaranthus seeds and the iron content
was estimated. From the table 4 results it is entidleat the ratio ofpirulina: biofertilizer i.e., (75:25) showed a highest
increase in the iron content (44.85+0.78 riy/eyhen compared with other variations and conffbis may be attributed
to the biofertilizer andSpirulina combined effect which symbiotically associate wilant roots. This colonizes the
rhizosphere or the interior of the plant and prasarowth by increasing the supply or availabitifyprimary nutrients to
the plant (Vessey, 2003). Since in the biofertilitee microbial density is more and apart from @pia platensis

supplementation will evidently increase the irams$ by strategy | transportation of the mineral.

The Amaranthus seeds of set up-4 were mixed with different ratbbSpirulina & vermicompost and the iron
content was estimated in the yield. From the t&btesults it is evident that the first ratio §firulina & vermicompost
i.e., (25:75) recorded a high in the iron contek® 99 +0.77 mg/d) when compared to the control and reference standa
However the remaining 2 ratios §birulina & vermicompost show a decrease in their iron contecreasing the amount
of soil organic matter may significantly increage tcation exchange capacity. With increasing theusrnof compost
amount in the soil, the amount of nutrients willibereased (Edward, 2000). Combined applicationesfmicompost and
Spirulina can improve the micronutrient availalilior plants which is evident from our study. HEIR007) reported that

compost increases the amount of soluble, exchateyesdid-soluble iron in the soil and iron is linkeith organic matter.

Amaranthus seeds were treated with different ratios 8pirulina & organic manure in set up-6.
The results (table 6) indicate that the ratioSpirulina & organic manure (50:50) recorded a high in thmn icontent
(4.2+0.21 mg/g) when compared to the control value (2.43+ 0.16gt)g However all the variations showed an
enhancement in the iron content, when comparedcédocbntrol sample. The majority of nitrogen suppdyiorganic
fertilizers contains insoluble nitrogen and actskswv releasing fertilizersSpirulina when mixed with the organic matter
re-emphasize the role of humus and other compor@ns®il. It mobilizes the existing soil nutrienty less nutrient
densities with less wastage. It helps to preveptswil erosion (responsible for desertification§l aetains soil moisture

leading to the availability of minerals in a mostarate manner to the plants (Hewett, 2012; Ligirad., 2012).

The experiment was carried out with combinatiorSaifulina and chemical fertilizer in the ratios followed for
the other combination. The ratio (50:58)irulina: chemical fertilizer showed highest iron contet$.6+7.28 mg/d).
These chemical fertilizers when mixed with tBgrulina in appropriate ratios increases soil fertility &jering nutrient,
water, heat and aerated conditions. The combiratdichemical fertilizer & Spirulina also encouramgenore economical

consumption of KD and nutrients by plants.

In the experimental set up 7 the water is mixedlifferent concentrations ofpirulina and sprayed to the
Amaranthus leaves. From the table 8 it is evident that $heulina & water spray method has not shown any increase in
the iron content of the leaves when compared tactimrol value. However the ratio pirulina & water i.e., (25: 5L)
showed a slight increase in the iron content (4#436 mg/g) when compared to the standard values of

NIN i.e.,3.79mg/100g. Normally deficiency of irom isoil occurs due to high soil pH, in calcareousissand in
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medium soil. The iron deficiency in crops appeapale yellow interveinal chlorosis on younger kesat the base of the
plant. Phosphorus levels in soils lead to decreasedlevels in soil. The iron solubilizes and itanslocation in crop
improves by decreased Phosphorus values (upehdra 2003). Since Spirulina platensis contains highgphorous and

iron dynamics is through root system there is mogase in the iron content by spray method.

Micronutrient deficiency affects more than one-haflfthe world’s population, especially women anégmhool
children (SCN 2004). Reaching the Millennium Deyelent Goals to reduce the under-5 child mortaldgior by
two-thirds and the maternal mortality ratio by #wguarters between 1990 and 2015 will require addit technologies
and approaches to improving nutritional status,cwhs an important determinant of these mortalit@isfortification of
food crops is a new public health approach to @brmtitamin A, iron, and zinc deficiencies in poorucdries.
The biofortified crop system is highly sustainalid@fortification provides a feasible means of reaghundernourished
populations in relatively remote rural areas, dafivg naturally fortified foods to people with liméi access to
commercially marketed fortified foods that are mogadily available in urban arealdgines,2004). The study clearly
indicates that the biofortification of Amaranthdamt with Spirulina platensis increased the iron content in the plant in all

the treated plants, however the bioavailable studiquire to ascertain the results.
CONCLUSIONS

Soirulina platensis treated plants have shown increase in iron contbeh compared to the control and reference
value. The present study reveals that the combimadf Spirulina and biofertilizer has maximum effat increasing the
iron nutrient status in the Amaranthus plant. Thisconcluded tha®pirulina platensis which is a blue green algae can be
helpful in agriculture as an enhancer of plant dgloas it has the capability to promote mineral eahin terms of iron

dynamics to the plants. However further bioavadadrhid molecular studies are needed to substatit@tesults.
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APPENDICES

Table 2: Iron Mean + S.D of the Samples of Treatednd Untreated Plants of Different Soaking Periods

S. | Sample Control Time Period | Iron mg/100g P Cor
No | Code | (MeanzS.D) Soaking (Mean £ S.D) | Value | Relation
1 Al 1h 4.76+0.01 0.00 1.00
2 A2 2h 18.35+0.03 0.00| -1.00
3 A3 A7 3h 6.46+0.02 0.00 -1.00
4 Ad 0.67+5.66 4h 3.44+0.02 0.01 -1.00
5 A5 5h 6.02+0.04 0.01 -1.00
6 A6 OVERNIGHT 7.39+0.23 0.02 -1.00

Table 3: Iron Content of Treated and Untreated Plams of Soaking in Different Concentrations ofSpirulina

S. | Sample Control Soaking in Different | Iron mg/100g P Cor

No | Code | (MeanzS.D) Concentration (Mean = S.D) | Value | Relation
1 A8 5g 17.03+0.98 0.03* 1.00
2 A9 10g 6.0£0.71 0.06% 1.00
3 A10 Al4 15¢g 3.77+0.16 0.04 1.00
4 All 2.35+0.03 20g 17.7040.59 0.027 -1.00
5 Al2 25¢g 2.49+0.13 0.30 1.00
6 Al13 30g 20.88+0.48 0.017 -1.00

Table 4: Iron Content of Different Ratios of Spirulina vs Bio-Fertilizer Treated Plants

S. | Sample Control Bio Iron mg/100g P Cor
No | Code | (MeantS.D)| Fertilizer | (Mean x S.D) | Value | Relation
1 Al5 ALS S:B(25:75) 31.80+2.17 0.07 -1.00
2 Al6 17.99+0.06 S:B(50:50) 21.65+0.66 0.09 -1.00
3 Al7 T S:B(75:25)] 44.85+0.78 0.01F 1.00

*G:B) Spirulina: Biofertilizer

Table 5: Iron Content of Different Ratios of Spirulina vs Vermicompost Treated Plants

S. | Sample Control Vermi- Iron mg/100g P Cor

No| Code | (MeantS.D)| compost | (Mean £ S.D) | Value | Relation
1 A19 A2 S:V(25:75) 43.99+0.77 0.017 -1.00
2 A20 2 35+0.32 S:V(50:50) 2.76+.0.01 0.31 1.00
3 A21 T S:V(75:25) 2.35+0.03 0.2§ 1.00

]:V) Spirulina: Vermin compost

Table 6: Iron Content of Different Ratios of Spirulina vs Organic Matter Treated Plants

S. | Sample Control Organic Iron mg/100g P Cor
No | Code | (MeantS.D)| Manure (Mean = S.D) | Value | Relation
1 A23 A6 S:0(25:75) 4.1+0.70 0.22 -1.00
2 A24 5 43+0.16 S:0(50:50) 4.2+0.21 0.09 -1.00
3 A25 T S:0(75:25) 3.39+0.22 0.17 -1.00

]:B)Spirulina: Organic matter

Table 7: Iron Content of Different Ratios of Spirulina vs Chemical Fertilizer Treated Plants

S. | Sample Control Chemical | Iron mg/100g P Cor
No | Code | (MeanzS.D) | Fertilizer | (Mean = S.D)| Value | Relation
1 A27 A30 S:C(25:75) 4.59+0.53 0.03 1.00
2 A28 4.36+0.54 S:C(50:50) 15.5+7.28 0.02f 1.00
3 A29 T S:C(75:25)| 4.36+3.85 | 0.01* 1.00

§]: B) Spirulina: Chemical fertilizer
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Table 8: Iron Content of Treated and Untreated Plais of Spray Method with Spirulina

1 A3l S:W(25:5L) 4.14.+0.36 0.014 1.00
2 A32 A35 S:W(50:5L) 3.23+0.01 0.0071 -1.00
3 A33 17.16+0.03 | S:W(75:5L) 2.78+0.04 0.00f -1.00
4 A34 S:W(100:5L) 3.01+0.60 0.02f 1.00
]:B)Spirulina: Water in different ratios with ditid water



