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ABSTRACT 

Field trial was conducted at farm of Agril. Botany, College of Agriculture, Nagpur 
during rabi season of 2020-2021 to study the influence of foliar application of iron and zinc 
on chemical, biochemical parameters and yield attributes in safflower (Carthamus tinctorius 
L.). The experiment was carried in randomized block design and replicated thrice consisting 
nine treatments of ferrous sulphate and zine sulphate when applied at 0.5% and 1% 
individually and in their combinations. Two foliar sprays at 30 and 50 DAS significantly 
enhanced the biochemical parameters viz., total chlorophyll content, nitrogen content, 
phosphorus content, potassium content, oil content and yield attributes viz., number of 
capitula plant” , number of grains capitula plant™, test weight, seed yield plant™, seed yield 
ha''. Application of FeSO, 0.5% + ZnSO, 1.0% gave significantly higher results in all 
parameters under study. 
(Key words : Safflower, ferrous sulphate, zinc sulphate, biochemical parameters, oil 

content, yield, test weight) 

INTRODUCTION 

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. Achene’s are smooth, four-sided and 
generally lack pappus. The plant has strong taproot which 

enables it to thrive in dry climates. In India the crop has 

traditionally been grown in the ‘rabi’ or winter dry season 

in mixtures with other ‘rabi’ crops, such as wheat and 

sorghum. 

Safflower is a very ancient crop. Seed contain 35- 

50% oil, 15-20% protein and 35-45% hull fraction. The seed 

oil has gained importance primarily for human nutrition, 

because it has nutritional value that is similar to that of 
olive oil. The standard safflower oil contains about 6 to 8% 
palmitic acid, 2 to 3% stearic acid, 16 to 20% oleic acid and 

71 to 75% linoleic acid, which has therapeutic values. The 

content of linoleic acid makes safflower oil to rank first in all 
kinds of vegetable oils (Dobrinoiu ez al., 2011). 

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 synth 

synthesis, etc.). This function makes iron an 

nutrient, and its deficiency causes iron chloro 

toxicity in plants is indicated by bronzing characte 

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). 

tics, 

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). Considering the above fact present study was 

undertaken to study the effect of Fe and Zn on chemical, 

biochemical parameters and yield attributes in safflower. 

MATERIALS AND METHODS 

The experiment was conducted during rabi 2020- 
21 on the farm of Agriculture Botany Section, College of 

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

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

4. Mustard Breeder, AICRP on linseed and mustard, College of Agriculture, Nagpur 

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



Agriculture, Nagpur. The investigation was laid out in 

randomized block design with 3 replications. There were 

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 leaf chlorophyll, nitrogen, phosphorus and 

potassium content recorded at 50, 70 and 90 DAS. Oil content 

in seed, number of capitula plant™, grains capitula™’ test weight 

seed yield plant” and ha"', and B:C ratio were recorded and 

calculated. The observed data were analysed statistically 

using analysis of variance at 5% level of significance (Panse 

and Sukhatme, 1967). 

RESULTS AND DISCUSSION 

Leaf chlorophyll content 

At 50, 70 and 90 DAS significantly higher leaf 

chlorophyll content was observed in treatment T, (FeSO, 

0.5% +ZnSO0, 1.0%) followed by treatments T, (FeSO, 1.0% 

+20S0, 1.0%), T, (ZnSO, 1.0%) and T, (FeSO, 0.5% +ZnSO, 
0.5%) when compared with T, (control) and rest of the 

treatments. 

Furthermore, our results are in conformity with 

Galavi et al. (2012), who investigate that foliar sprays of 

treatment Zn (3 ml1") + B (2 ml1") increased leaf chlorophyll 

content when compared with other treatments followed by 

combination of Fe (4 ml I'') and B (2 ml I'") treatment in 

safflower.Sale and Nazirkar (2013) observed that application 

of micronutrients significantly increased chlorophyll content 

of soybean over the control. The average chlorophyll 

content of soybean were maximized by the application of 

Znand Fe @ 0.5% at 30, 50 and 70 DAS and seed fortification 

of molybdenum @ 0.66 gkg'. 

Leaf nitrogen content 

The data obtained about the nitrogen content in 

leaves at 50, 70 and 90 DAS were found significant. At these 

stages N content was significantly more by the 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%) when compared with T, (control) and 

all other treatments. The inferences drawn from the data 

thatleaf N content was gradually decreased from 70-90 DAS. 

The decrease in N content might be due to fact that younger 

leaves and developing organs, such as grains act as strong 

sink demand and may draw heavily nitrogen from older 

(Gardner et al., 1988). 

The above findings are consonance with the 

findings of Basole ez al. (2003), who observed that N content 

in leaves of soybean significantly increased when foliar 

sprays of hormone i.e. 50 ppm NAA and nutrients (FeSO,, 

KNO,, ZnSO, and MgSO, 0.5%) applied externally.Pise et 

al. (2020) stated that foliar application of ZnSO, 0.5 % + 
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FeSO, 0.5% at 25 and 40 DAS showed significant increase 

in nitrogen content in leaves of lathyrus. 

Leaf phosphorus content 

Significant results were recorded pertaining to 

phosphorus content in leaves at 50, 70 and 90 DAS. 

Significantly more P content was found in combination 

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%) and T, (FeSO, 1.0% + ZnSO, 
0.5%) when compared with T, (control) and other treatments. 

It is evidence from data that phosphorus content gradually 

decreased from 70-90 DAS. It might be because of 

translocation of leaf phosphorus and its utilization for 

development of food storage organs (Sagar and Naphade, 

1987). 

Our present investigations are in line with Basole 

et al. (2003), who conducted an experiment to study the 

effect of foliar sprays of hormone i.e. 50 ppm NAA and 

nutrients (FeSO,, KNO,, ZnSO, and MgSO, 0.55%) on 

soybean and found significant increase in P content in 

leaves. Amin et al. (2013) reported that Zn and Fe enhances 

enzymatic activity and translocation processes from leaves 

to grain lirking or converting to other plant metabolites. This 

might be the reason for increase in phosphorus content in 

the present study. 

Leaf potassium content 

The data obtained about the potassium content in 

leaves at 50, 70 and 90 DAS were found significant. At these 

stages K content was significantly more by the 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%) when compared with T, (control). From 
the data it is observed that K content decreased from 70-90 
DAS. It might be due to translocation of leaf K and its 

utilization for grain development in safflower. 

Our present findings correlates the findings of 

previous worker Raut ez al. (2020), who stated that foliar 
application of ascorbic acid (200 ppm) and ZnSO,(0.5%) 

significantly enhanced potassium content in leaves of 

chickpea when compared with control and rest of the 

treatments. 

Oil content in seeds 

Oil content in seeds differed significantly among 

different treatments. However, treatment T, (FeSO, 0.5% + 
ZnS0, 1.0%) recorded the highest oil content i.e. 29.49 %, 
while control (T ) treatment recorded minimum i.e. 25.34 % 
oil content. Treatment T, (FeSO, 0.5% + ZnSO, 1.0%) 
recorded significantly highest oil content followed by 

treatmentsT, (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%) over T, (control).The increase in oil content of seed 

by application of iron and zinc might be due to increase in 

synthesis or activation of both the lypolitic enzymes. 

Increased oil content is consequence of more synthesis of 

amino acid and increased conversion of carbohydrates to



oil. These might be the reasons for increased oil content in 

seed in the present investigation. 

These results are comparable with Ravi et al. (2008), 

who indicated that treatment receiving 30 kg S ha'! + Fe 

(0.5%) + Zn (0.5%) foliar spray recorded the maximum oil 

content. Galavi et al. (2012) showed that among foliar 

application treatments, the highest oil percentage obtained 

from Fe (4 ml 1) + B (2 ml I"") followed by Fe (4 ml1") 

compared to control. Bindu and Gundlar (2019) recorded 

significantly highest oil content in seeds of safflower treated 

with soil application of ferrous sulfate @ 30 kg ha' +0.5% 

FeSO,.7H,0 + 1% lime spray. 

Number of capitula and grain capitula plant™ 

Atharvest significantly highest number of capitula 

and grain capitula plant' was obtained in treatment T, 

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

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

of the treatments. 

Similar findings were enlightened by Ravi er al. 
(2008), who stated that the treatment receiving 30 kg S ha'! 

+ Fe (0.5%) + Zn (0.5%) foliar spray recorded the highest 
number of capsules plant'. Janmohammad (2015) stated 

that fertilizers considerably affected the unfilled seeds 

number plant” and the lowest number of unfilled seeds was 

recorded in plants grown with foliar application of 

manganese chelate, followed by zinc sulphate and iron 
chelate which resulted in higher number of grain capitula 

plant’. Ali et al. (2019) showed that application of N @ 150 

kg ha'' (soil) + Gillette (Micronutrients mixture) @ 2000 ml 

ha' (Foliar) recorded highest number of capitula plant ™. 

Test weight 

The range of test weight recorded after harvest 

was 3.50-4.21 g. Test weight was significantly maximum in 

treatment T, (FeSO, 0.5% + ZnSO, 1.0%) followed by 
treatments T, (FeSO, 1.0% + ZnSO, 1.0%) and T, (ZnSO, 
1.0%) when compared with T, (control). Application of 

ferrous sulphate and zinc sulphate as foliar spray increased 

the seed weight due to better mobilization of nutrients to 

seed. 

Results regarding test weight are in agreement with 

Kumara et al. (2020), who stated that the treatment receiving 

the foliar application of Grade-I multi micronutrient mixture 
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(Fe-2%, Zn-3%, Mn-1% and B-0.5%) @ 10 ml1" at 30 and 50 

DAS recorded highest test weight. Bindu and Gundlur (2019) 

claimed that soil application of ferrous sulfate @ 30 kg ha™! 

+0.5% FeSO,.7H,0 + 1% lime spray recorded significantly 

highest test weight in safflower. 

Seed yield plant ' and ha"! 

Considering all treatments under study signifi- 

cantly highest seed yield plant” and hectare™' 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, (ZnSO,0.5%) when compared with T, (control) 

and rest of the treatments. 

Seed yield is influenced by number of capitula 

plant”, number of grain capitula plant”, test weight which 

are considered as yield contributing parameters. Seed yield 

plant’ and ha' are combined effect of yield attributing 

characters and physiological efficiency of plant during the 

present investigation. Similarly application of iron and zinc 

also significantly increased chlorophyll, nitrogen, 

phosphorus and potassium content in leaves which might 

have helped in increase in yield 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. Galavi et al. (2012) concluded that the 

foliar application of Fe (4 ml I'') gave highest amount of 

seed yield followed by foliar application of Fe (4 ml ') + B (2 

ml 1) in safflower. Fattahi er al. (2018) suggested that 

application of nitrogen fertilizers along with nano-chelated 

zinc and iron can improve safflower production under rainfed 

condition.Kumara er 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 

30 and 50 DAS significantly enhanced seed yield in 

safflower. 

B:Cratio 

The highest B:C ratio was found in treatment T, 
(FeSO, 0.5% +ZnSO, 1.0%) i.e. 2.32. Next to this treatment 
T, (FeSO, 1.0% +ZnSO, 1.0%) also found more B:C ratio 

over control i.e. 2.24. The lowest B:C ratio was observed in 

treatment T, (control)i.e. 1.77.
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Table 2. Effect of ferrous sulphate and zinc sulpha te on yield and yield attributing parameters 

in safflower 

Treatments Number of Number of Test Seed yield plant’  Seed yield  B:C Ratio 

capitula grain capitula  weight (2) ha (q) 

plant’! plant”! (2 

T, (Control) 2050 19.61 3.10 654 1454 177 

T, (FeSO, 0.5%) 2400 2324 357 764 1697 206 

T, (FeSO, 1.0%) 25.10 2457 358 774 17.19 208 

T, (ZnSO,0.5%) 2670 2637 372 800 17.78 211 

T, (ZnSO, 1.0%) 3210 3193 394 845 1878 218 

T, (FeSO, 0.5% +ZnSO,0.5%) 29.80 2940 382 834 1853 220 

T, (FeSO, 0.5% +ZnSO, 1.0%) 3530 3500 421 898 1996 232 

T, (FeSO, 1.0% +ZnSO0,0.5%) 2820 2800 376 819 18.19 215 

T, (FeSO, 1.0% +ZnSO, 1.0%) 3320 33.10 411 870 1932 224 

SE(m)+ 1.96 1.92 0.20 0.43 0.94 

CDat5 % 5.87 5.75 0.59 1.27 2.82 

REFERENCES 

Ali, Z., W. D. Sipio, E. Somroo, I. A. Khyber, M. Siyal, W. Sahar, J. 
K. Soothar, S. R. Memon and M. K. Soothar, 2019 
Integrated impact of soil applied nitrogen and foliar applied 
micronutrients mixture (Gillette) on growth and yield of 
safflower (Carthamus tinctorius L.) under field conditions. 
Pure Appl. Biol. 8(4): 2204-2212. 

Amin, A. A., E. A. Garibb, H. F. Abouziena and Mona G, Dawood, 
2013. Role of indole-3- butric acid or/ and putrescine in 
improving productivity of chickpea (Cicer arientinum 
L.) plants. Pakistan J. Biol. Sci. 16:1894-1903 

V. D., R. D. Deotale, S. R. lmulwar, B. S. Kadwe and Sneha 
S. Raut, 2003. Effect of hormone and nutrients on 
biochemical characters and yield of soybean. J. Soils and 
Crops. 13(2): 322-326 

Bindu, N. and S. S. Gundlur, 2019.Effect of soil and foliar application 
of ferrous sulfate o crop growth, seed yield, quality and 
nutrient uptake by safflower in Vertisol.Environ. and 
Ecol.37(3): 678-681. 

Dobrinoiu, R., S. Jurcoane, S. Danaila-Guidea, M. Moraru, M. 
Dumbrava and A. Rosu, 2011.The impact of new 
technological approaches upon establishing production 
components and yield randament in Carthamust inctorium 
(L.) culture.Romanian Biotechnol. Letters, 16(2): 6126- 
6134. 

Fattahi, M., M. Janmohammadi, S. Dashti, M. Nouraein 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 I 
Agril. Res.7(3): 482-486 

Gardner, F. P, R. B. Pearce and R. L. Mitchell, 1988.Transport and 
partitioning.In Physiology of Crop plants.2" Ed 
Scientific publishers, Jodhpur. pp. 58-95. 

Basole, 

Hafeez, B.. Y. M. Khanif and M. Saleem 2013. Role of Zinc in Plant 
Nutrition- A Review American J. Exp. Agric.3(2): 374- 
391. 

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

S. Madke, D. A. Raut and A. Blesseena, 2020. Respose of 
zinc and iron on chemical, biochemical, yield contributing 
parameters and yield of lathyrus. J. Soils and Crops.30(1) 
165-171. 

Raut, D. A., R. D. Deotale, A. Blesseena, V. S. Hivare, S. E. Pise and 

V. . Hivare, 2020. Changes in chemical, biochemical 
parameters, yield and yield attributing characters in 
chickpea through exogenous application of ascorbic acid 
and zinc sulphate. J. Soils and Crops.30(1): 84-89. 

Ravi, S.. H. T. Channal, N. . Hebsur, B. N. Patil and P. R. Dharmatti, 
2008.Effect of Sulphur, Zine and Iron Nutrition on Growth, 
Yield, Nutrient Uptake and Quality of Safflower 
(Carthamus tinctorius L.). Karnataka 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. 

Sagare, B. N. and K. T. Naphade, 1987.Effect of hormone on yield. 
cconomics and nutrients uptake by groundnut. P.V. Res. 
1111 1921 

Sale, R. B. and R. B. Nazirkar, 2013.Effect of micronutrients 
application on the growth traits and yield of soybean 
(Glycine max L. Merrill) under rainfed condition in 
Vertisol. An Asian J. Soil Sci. 8(2) 422-425 

Rec. on 02.07.2021 & Acc. on 13.07.2021 

Kumara, 

Panse, V. 


