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ABSTRACT 

An investigation entitled “Effect of foliar application of iron and zinc on morpho- 
physiological parameters and yield in safflower (Carthamus tinctorius L.)” was carried out at 
farm of Agril. Botany, College of Agriculture, Nagpur, during rabi 2020-2021. The experiment 
was arranged in randomized block design and replicated thrice consisting nine treatments 
of ferrous sulphate and zinc sulphate @ 0.5% and 1% when applied individually and in 
their combinations. The foliar spray at 30 and 50 DAS showed significant increase in all the 
growth parameters i.e. plant height, number of primary branches, plant! number of secondary 
branches, number of leaves plant™, leaf area, leaf area index, dry matter production, days to 
50 per cent flowering, days to maturity, RGR, NAR, CGR and seed yield plot. Application of 
FeS0, 0.5% + ZnSO, 1.0% gave significantly higher results in all parameters under study 
when compared with control and rest of the treatments. 

(Key words : Safflower, ferrous sulphate, zinc sulphate, morpho-physiological parameters, 

yield) 

INTRODUCTION 

Safflower (Carthamus tinctorius L.) is a member 

of Compositae or Asteraceae family cultivated mainly for its 

seed, which is used as edible oil and as bird-seed. Safflower 

is a highly branched, herbaceous, thistle-like annual or 

winter annual, usually with many long sharp spines on the 

leaves. Plants are 30-150 cm tall with globular flower heads 

capitula and commonly brilliant yellow, orange or red 

flowers. Achenes are smooth, four-sided and generally lack 

pappus. The plant has strong taproot which enables it to 

thrive in dry climates. 

India ranks second in case of production of 

safflower after Kazakhstan. Other safflower growing 

countries are USA, Mexico, Argentina, Turkey etc. The 

largest safflower producing states in India are Maharashtra, 

Karnataka and parts of Andhra Pradesh, Madhya Pradesh, 

Orissa, Bihar, etc. In India Maharashtra ranks first in terms 

of area and production. 

Iron is an essential nutrient that plays a critical 

role in life sustaining processes. Due to its ability to gain 

and lose electrons, iron works as a cofactor for enzymes 

involved in a wide variety of oxidation-reduction reactions 

(i.e. photosynthesis, respiration, hormone synthesis, DNA 

synthesis, etc.). This function makes iron an essential 

nutrient, and its deficiency causes iron chlorosis. Iron 

toxicity in plants is indicated by bronzing characteristics, 

which have been observed in plants grown in greater than 

100 mM iron solutions. Higher iron uptake by plants reduces 

protein synthesis in leaves. (Rout and Sahoo, 2015). 

Zinc sulphate is most commonly used source of 

zinc. The Zn plays very important role in plant metabolism 
by influencing the activities of hydrogenase and carbonic 
anhydrase, stabilization of ribosomal fractions and synthesis 

of cytochrome. Plant enzymes activated by Zn are involved 

in carbohydrate metabolism, maintenance of the integrity 

of cellular membranes, protein synthesis, and regulation of 

auxin synthesis and pollen formation. Its deficiency results 

in the development of abnormalities in plants which become 

visible as deficiency symptoms such as stunted growth, 

chlorosis and smaller leaves, spikelet sterility (Hafeez et al. 
2013). Hence, present investigation was carried out to study 

the influence of Fe and Zn on morpho-physiological 

parameters and yield in safflower. 

MATERIALAS AND METHODS 

Present investigation was under taken during rabi 

2020-21 on the farm of Agriculture Botany Section, College 

of Agriculture, Nagpur. The investigation was laid out in 

randomized block design with 3 replications. There were 

1,3 and 6. P.G. Students, Agril. Botany Section, College of Agriculture, Nagpur 

2. Asso.Professor, Agril. Botany Section, College of Agriculture, Nagpur 

4. Professor, Agril. Botany Section, College of Agriculture, Nagpur 

5. Ex- Professor,Agril. Botany section, College of Agriculture, Nagpur



nine treatments viz., T, (control), T, (FeSO, 0.5%), T, (FeSO, 

1.0%), T, (ZnS0,0.5%), T, (ZnSO, 1.0%), T, (FeSO, 0.5% + 
ZnS0,0.5%), T, (FeSO, 0.5% + ZnSO, 1.0%), T, (FeSO, 1.0% 
+7ZnS0,0.5%) and T, (FeSO, 1.0% + ZnSO, 1.0%). Two 

foliar spray at 30 and 50 DAS were given. PKV Pink (AKS- 

311) cultivar of safflower was used in the investigation. 

Observations on plant height, number of leaves, leaf area, 

leaf area index (LAI) and dry matter production were 

recorded at 30, 50, 70 and 90 DAS. Number of primary and 

secondary branches plant” recorded at harvest. Days to 50 

per cent flowering and days to maturity also recorded. RGR, 

NAR and CGR were calculated at 30-50, 50-70 and 70-90 
DAS. Seed yield plot” was recorded at the time of harvest. 

The observed data were analysed statistically using analysis 

of variance at 5% level of significance (Panse and Sukhatme, 

1967). 

RESULTS AND DISCUSSION 

Plant height, number of primary branches plant"', number 

of secondary branches plant* and number of leaves plant’ 

The data regarding plant height at 90 DAS, number 

of primary branches at harvest, number of secondary 

branches and number of leaves at 90 DAS were found 

significantly higher in treatment T, (FeSO, 0.5% + ZnSO, 

1.0%) followed by treatments T, (FeSO, 1.0% +ZnSO, 1.0%), 

T, (ZnSO, 1.0%), T, (FeSO, 0.5% + ZnS0, 0.5%) when 
compared T, (control). Application of zinc and iron through 

foliar sprays at 30 and 50 DAS increased plant height, 

number of branches and number of leaves plant”! It might 
be due to photosynthetic activity, chlorophyll formation, 

nitrogen metabolism and auxin contents in the plants. 

Similar results were reported by Ravi er al. (2008), 

who studied the effect of sulphur, zinc and iron nutrition on 

growth, yield, nutrient uptake and quality of safflower and 

found that application of 30 kg S ha' + Fe (0.5%) + Zn 

(0.5%) as a foliar spray registered maximum plant height, 

number of primary and secondary branches and number of 

leaves plant. 

Taha et al. (2013) performed field experiment to 

evaluate growth and biological activities of safflower 

(Carthamus tinctorius L.) treated with iron and zinc foliar 

application. Results indicated that maximum plant height 

and the greatest number of primary and secondary branches 

of safflower plant were obtained by using the foliar 

application of the combination between Fe: Zn in 0.3:0.6 % 

ratio. Whereas, Kumara er al. (2020) concluded that 

significantly highest plant height and number of leaves 

plant' was recorded with the foliar application of Grade-1 

multi micronutrient mixture(Fe-2%, Zn-3%, Mn-1% and B- 

0.5%) @ 10 ml1" at 30 and 50 DAS along with soil application 

of ZnSO, @ 6 kg ha' at 25, 50,75 DAS. 

Leaf area plant™ and leaf area index (LAI) 

Leaf area depends upon the number and size of 

leaves. Leaf size is influenced by light, moisture and 
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nutrients. Whereas, LAI is depends on leaf area and plant 

land surface area i.e. spacing. 

Under the influence of foliar spray of treatment T, 

(FeSO, 0.5% +ZnS0O, 1.0%) expressed significantly maximum 

leaf area plant’ and leaf area index (LAI) followed by 

treatments T, (FeSO, 1.0% +ZnSO, 1.0%), T, (ZnSO, 1.0%), 

T, (FeSO, 0.5% +ZnS0,0.5%) and T,(FeSO, 1.0% + ZnSO, 
0.5%) when compared with treatment T, (control). Leaf area 

was significantly increased by zinc and iron possibly 

because it helps in greater assimilation of food material by 

the plant which resulted in greater meristematic activities of 

cells and consequently the number of leaves, length and 

width of leaf of plant further it leads to increase in leaf area 

index (LAI). 

Our results are in line with that of Purushottam et 
al. (2018), who found that the leaf area index of chickpea 

was significantly influenced by spraying of zinc @ 0.5%. At 

70 DAS leaf area Index of chickpea plants with foliar spray 

of 0.5% zinc sulphate was significantly higher than that of 

other treatments. Uikey et al. (2018) found the suitable 

micronutrient and or their combinations for foliar sprays in 

brinjal. Application of RDF and foliar spray of micronutrients 

i.e. RDF+Borax 0.2% + FeS0O,0.5% +ZnS0, 0.5% recorded 
significantly more leaf area and leaf area index. 

Similar results were reported by Pise e al. (2019), 

who reported that application of RDF + foliar application of 

ZnS0, 0.5% + FeSO, 0.5% was found more effective in 
enhancing leaf area, when compared with control in lathyrus. 

Raut er al. (2019) observed that foliar application of 0.5% 

zinc + 200 ppm ascorbic acid significantly enhanced leaf 

area over control in chickpea. 

Dry matter plant” 

At 30, 50, 70 and 90 DAS significantly higher dry 
matter production was observed in treatment T, (FeSO, 0.5% 
+ZnS0, 1.0%) followed by treatments T, (FeSO, 1.0% + 
ZnS0, 1.0%), T (ZnSO, 1.0%) and T, (FeSO, 0.5% + ZnSO, 
0.5%) when compared with treatment T, (control) and rest 

of the treatments. Application of ferrous sulphate and zinc 

sulphate significantly increased the total dry matter from 

50-90 DAS. This might be due to increase in cell division 

and other physiological activities like carbohydrate 

metabolism and photosynthetic activity which leads to more 
production of photosynthates which resulted in increase in 

the total dry matter of the plant. 

Our results are in line with that of Meena ez al. 
(2013), who revealed that the foliar spray of 0.5% FeSO, + 
0.1% citric acid treatment registered the highest dry matter 

accumulation at maturity of the crop. Taha et al. (2013) 

observed that dry matter production significantly increased 

due to foliar spray of Fe:Zn at 0.3:0.6% followed by Zn at 

0.6% application in safflower. 

The same results were reported by Kumara er al. 

(2020), who conducted field experiment to investigate the 

effect of foliar application of micronutrient mixture on 

growth, yield and economics of safflower (Carthamust



inctorius L.). The results showed that foliar application 

Grade-I multi micronutrient mixture (Fe-2%, Zn-3%, Mn-1% 
and B-0.5%) @ 10 ml11" at 30 and 50 DAS along with soil 

application of RDF and ZnSO, @ 6 kg ha' gave highest 

total dry matter production. 

Days to 50 per cent flowering 

The data recorded about days to 50 per cent 

flowering was found statistically significant. The range of 

days to 50 per cent flowering recorded was 86.30-96.60 days. 

The number of days for flower initiation was recorded 

highest in treatment T, (FeSO, 0.5% +ZnSO, 1.0%) followed 

by treatments T, (FeSO, 1.0% + ZnSO, 1.0%), T, (ZnSO, 

1.0%), T, (FeSO, 0.5% +ZnSO, 0.5%) when compared with 

T, (control) and rest of the treatments. 

Days to maturity 

The results obtained during investigation of days 
to maturity significantly increased in the treatment T, (FeSO, 

0.5% +ZnS0, 1.0%) followed by treatments T, (FeSO, 1.0% 
+7ZnS0, 1.0%), T, (ZnSO, 1.0%), T, (FeSO, 0.5% + ZnSO, 
0.5%) and T, (FeSO, 1.0% +ZnS0,0.5%) over T, (control) 
and other treatments. 

A field experiment was conducted by Janmoha- 
mmad (2015) in order to investigate the influence of 

biological and chemical fertilizers on morphological traits, 

yield and yield components of safflower (Carthamust 

inctorius L.). The results showed that foliar application 

manganese chelate recorded highest days to maturity 

followed by zinc sulphate and iron chelate. 

RGR (Relative Growth Rate) 

The data regarding relative growth rate during 30- 

50, 50-70 and 70-90 DAS was found significant and the 

higher RGR was recorded in treatment T, (FeSO, 0.5% + 

ZnS0, 1.0%) followed by treatments T, (FeSO, 1.0% +ZnSO, 

1.0%), T, (ZnSO, 1.0%) and T, (FeSO, 0.5% + ZnS0,0.5%) 
when compared with T, (control) and rest of the 

treatments.The application of ferrous sulphate and zinc 

sulphate enhanced the dry matter production which results 

inincrease in RGR 

Pise er al. (2019) conducted triplicate field 

experiment laid out in randomized block design comprising 

of different doses of zinc (0.1%, 0.2%, 0.3%., 0.4% and 0.5%) 

and iron (0.1%, 0.2%, 0.3%, 0.4% and 0.5%) sprayed 

individually and in their combinations. Application of ZnSO, 

0.5% +FeSO, 0.5% foliar recorded highest RGR followed by 

ZnS0, 0.5% foliar. Raut et al. (2019) examined the effect of 

ascorbic acid and zinc as a foliar application on chickpea 

and recorded significant increase in relative growth rate by 

the application of 200 ppm ascorbic acid +0.5% ZnSO,. 

NAR (Net Assimilation Rate) 

The net assimilation rate during 30-50, 50- 

70 and 70-90 DAS was found significant. The results 

obtained during investigation NAR was significantly 

enhanced by treatment T, (FeSO, 0.5% + ZnSO, 1.0%) 

followed by treatments T, (FeSO, 1.0% +ZnSO, 1.0%), T, 

(ZnS0, 1.0%) and T, (FeSO, 0.5% + ZnS0, 0.5%) when 

129 
compared with T, (control) and other treatments. Zinc and 

iron possibly helps in greater assimilation of food material 

by the plant which resulted in greater dry matter production 

and leaf area which increased NAR. This might be the reason 

for increase in NAR in the present study. 

Gowthami and Rao (2014) conducted field 

experiment to study the effect of foliar application of 

potassium, boron and zinc on growth analysis and seed 

yield in soybean. Results showed that foliar application of 

potassium nitrate @ 2 % + boric acid @ 50 ppm + zinc 

sulphate @ 1% at 30 and 60 DAS was found to be superior 

in increasing the NAR. Pise et al. (2019) found that foliar 

application of ZnSO, 0.5% + FeSO, 0.5% showed highest 

NAR followed by the foliar application of ZnSO, 0.5 % in 

lathyrus. 

CGR (Crop Growth Rate) 

The crop growth rate during 30-50, 50-70 and 70-90 
DAS was found significant. CGR was significantly highest 
in treatment T, (FeSO, 0.5% + ZnSO, 1.0%) followed by 
treatments T, (FeSO, 1.0% +ZnSO, 1.0%), T, (ZnSO, 1.0%) 

and T, (FeSO, 0.5% +ZnS0,0.5%) over T, (control). The 
application of ferrous sulphate and zinc sulphate enhances 

the dry matter production. CGR is the rate of dry matter 

production, hence increase in dry matter production 

enhanced CGR in the present investigation. 

The result obtained was in accordance with the 
findings of Gowthami and Rao (2014). They found that 
treatment of potassium nitrate @ 2% + boric acid @ 50 ppm 

+ zinc sulphate @ 1% when sprayed at 30 and 60 DAS 
increased the CGR in soybean. 

In order to investigate Zn (116 ppm), Fe (116 ppm) 
and Zn+Fe foliar application effects on soybean Heidarian 

et al. (2011) conducted field experiment. They observed 

that application of zinc and iron combination treatment 

showed maximum CGR. 

Yield plot™ 

Considering all treatments under study 

significantly highest seed yield plot” was exhibited in 

treatment T, (FeSO, 0.5% + ZnSO, 1.0%) followed by 

treatments T, (FeSO, 1.0% +ZnSO, 1.0%), T, (ZnSO, 1.0%), 

T, (FeSO, 0.5% +ZnS0,0.5%), T, (FeSO, 1.0% + ZnSO, 

0.5%) and T, (ZnS0O,0.5%) when compared with T, (control) 

and rest of the treatments. 

Seed yield is influenced by morpho-physiological 

parameters such as plant height, number of branches, number 

of leaves, leaf area and total dry matter production.All these 

parameters significantly enhanced by the application of iron 

and zinc alone or in combination. This might be the reason 

in increase in yield of safflower in the present investigation. 

Previous investigation of Ravi ez al. (2008) about 

seed yield of safflower were also coincided with our present 

findings, who declared that the treatment receiving 30 kg S 

ha! + Fe (0.5%) + Zn (0.5%) foliar spray recorded the highest 

yield in safflower. Galavier al. (2012) concluded that the 

foliar application of Fe (4 ml I') gave highest amount of
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seed yield followed by foliar application of Fe (4 ml1"") + B (2 

ml1") in safflower. Fattahi ef al. (2018) conducted experiment 

and results suggested that application of nitrogen fertilizers 

along with nano-chelated zinc and iron improved safflower 

production under rainfed condition. 

According to results of Pise er al. (2019), who 

studied the influence of zinc and iron on morpho- 

physiological parameters and yield of lathyrus (Lathyrus 

sativus L.) and stated that application of ZnSO, 0.5% + 

FeS0, 0.5% foliar spray at 25 and 40 DAS recorded highest 

grain yield with highest per cent increase in yield (58.82%) 

over control. Kumara e al. (2020) claimed that treatment 

receiving the foliar application of Grade-I multi micronutrient 

mixture (Fe-2%, Zn-3%, Mn-1% and B-0.5%) @ 10 ml 1" at 

30and 50 DAS along with soil application of RDF and ZnSO, 

@ 6 kg ha' significantly enhanced seed yield in safflower. 

Harvest Index 

Among all treatments under study significantly 

more harvest index was exhibited in treatment T, (FeSO, 
0.5% +ZnS0, 1.0%) followed by treatments T, (FeSO, 1.0% 
+7ZnS0, 1.0%), T, (ZnSO, 1.0%) and T, (FeSO, 0.5% +ZnSO, 
0.5%) when compared with control and rest of the treatments. 

The significant effect of zinc and iron on harvest 

index was confirmed by Pise er al. (2019), who indicated 

that application of ZnSO, 0.5% + FeSO, 0.5% foliar spray 

significantly increased harvest index in lathyrus when 

compared with control. Kumara er al. (2020) recorded highest 

harvest index by the foliar application of Grade-I multi 

micronutrient mixture (Fe-2%, Zn-3%, Mn-1% and B-0.5%) 

@ 10 ml "' at 30 and 50 DAS. 

REFERENCES 

Fattahi, M., M. Janmohammadi, S. Dashti, M. Nouracin and N. 
Sabaghnia, 2018.Effects of nitrogen and micronutrients 
on the growth of safflower under limited water conditions 
in a high-elevation region. BIOLOGIJA 64(3): 235-248. 

Galavi, M., M. Ramroudi and A. Tavassoli, 2012.Effect of 
micronutrients foliar application on yield and seed oil 
content of safflower (Carthamus tinctorius).African J. 
Agril. Res.7(3): 482-486. 

Gowthami P. and G. Rama Rao, 2014.Effect of foliar application of 
potassium, boron and zin on growth analysis and seed 
yield in soybean.Int. J. Food, Agri. and Vet. Sci. 4(3): 73 
80. 

132 
Hafeez, B.. Y. M. Khanif and M. Saleem, 2013. Role of Zinc in 

Plant Nutrition- A Review American J. Experimental 
Agric.3(2): 374-391. 

Heidarian, A. R.. H. Kord, K. Mostafavi, A. P. Lak and F. A. Mashhadi, 
201 1.Investigating Fe and Zn foliar application on yield 
and its components of soybean (Glycine max L. Merril) 
at different growth stages.JABSD.3(9): 189-197. 

Janmohammad, M. 2015. Evaluation of the impact of chemical and 
biological fertiliser application on agronomical traits of 
safflower (Carthamus tinctorius L.). Proc. Latvian Acad. 
Sci., Section B, 69(6): 331-335. 

Kumara, K., K. N. Rao, H. Veeresh, A. K. Gaddi and A. S. 
Channabasavanna, 2020. Responce of Safflower to Foliar 
Application of Micronutrient Mixture. IRIPAC, 21(2): 
26-33, Article no.IRIPAC.55228. 

Meena, K. K., R. S. Meena and S. M. Kumavat, 2013.Effect of 
sulphur and iron fertilization on yield attributes, yield and 
nutrient uptake of mung bean (Vigna radiata) Indian J. 
Agril. Sci. 83 (4): 472-476. 

Panse, V. G. and P. V. Sukatme, 1954.In statistical method for 
agricultural worker, ICAR. 2 publication New Delhi. pp. 
63-66. 

Pise, S. E.. P. V. Shende, R. D. Deotale, D. A. Raut, A. Blesseena and 
V. S. Hivare, 2019. Influence of zinc and iron on 
morphophysiological parameters and yield of lathyrus. J. 
Soils and Crops,29(2):360-365. 

Purushottam, S. K. Gupta, B. K. Saren, B. Sodi and O.P. Rajwade, 
2018. Growth and yield of chickpea (Cicer arietinum L.) 
as influenced by imigation scheduling and zinc application. 
11CS.6(1): 1130-1133. 

Raut, D. A., R. D. Deotale, A. Blesseena, V. S. Hivare, S. E. Pise and 
S. A. Yelore, 2019. Morpho-physiological traits and yield 
in chickpea as influenced by foliar application of ascorbic 
acid and zine sulphate. J. Soils and Crops.29(2): 312-318. 

Ravi, S.. H. T. Channal, N. S. Hebsur, B. N. Patil and P. R. Dharmatti, 
2008.Effect of Sulphur, Zine and Tron Nutrition on Growth, 
Yield, Nutrient Uptake and Quality of Safflower 
(Carthamus tinctorius L.). Kamataka J. Agric. Sci.21(3): 
(382-385). 

Rout, G. R. and S. Sahoo, 2015. Role of iron in plant growth and 
metabolism.Rev. in Agril. Sci.3:1-24. 
H., E. A. Shalaby and N. T. Shanan, 2013.Improving 
safflower (Carthamus tinctorius 1) growth and biological 
activities under saline water irrigation by using iron and 
zine foliar applications. J. Plant Production, Mansoura 
Univ. 4(8): 1219-1234. 

Uikey, S. M. P. Das, P. Ramgiry, D.Vijayvergiya, P. Ghaday, S. A. Ali 
and 1. Pradhan, 2018. Effect of zinc, boron and iron on 
growth and phonological characters of Brinjal (Solanum 
melongena L.) Int. J. Curr. Microbiol. App. Sci. 7(9): 
1643-1649 

Taha, M. 

Rec. on 03.07.2021 & Acc. on 13.07.2021


