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Abstract 

The research was conducted to investigate the "Effect of nano zinc oxide on growth, yield and fertility 

status of soil after harvest of linseed” during rabi season 2019-20 at AICRP linseed Farm, College of 

Agriculture, Nagpur. The experiment was laid out in Randomized Block Design with 7 treatment 

replicated thrice. The maximum viz., Germination (88%), plant stand per plot (635), number of branches 

plant-1 (3.53), number of capsule plant-1 (66.87), seed yield kg ha-1 (1169), straw yield kg ha-1 (2660) and 

test weight (8.23 g) were found with seed treatment with nano ZnO 1000 ppm. Whereas, pH of soil 

(7.40), available N in soil (248.83), available K in soil (326.33) and available S in soil (13.83) were 

recorded higher with soil application of ZnSO4 @ 15 kg/ha + Foliar spray of nano ZnO @ 0.25% at 30 

and 45 DAS, EC of soil (0.22) available Zn in soil (0.46) with respect to soil reaction and fertility of soil 

were recorded higher with seed treatment with nano ZnO 1000 ppm. Organic carbon content (5.9) and 

available P in soil were recorded higher with soil application of ZnSO4 @ 15 kg/ha + Foliar application 

of ZnSO4 @ 0.5% at 45 DAS. 

 

Keywords: Nano ZnO, growth, yield, linseed, uptake of nutrient by linseed, fertility status of soil 

 

Introduction 

Linseed (Linum usitatissimum L.) is one of the oldest crops under cultivation. It belongs to the 

family Linaceae and is native to Mediterranean region and Southwest Asia. The Genus Linum 

has over 200 species of which Linum usitatissimum L. is the only economically important 

species. It has somatic chromosome number 2n=30 and varies from 16 to 86 in other species. 

It is grown during rabi season in India. Two morphologically distinct cultivated species of 

linseed are recognized, namely flax and linseed. The flax type is commercially grown for the 

extraction of fibre, whereas the linseed is meant for the extraction of oil from seed. Zinc is one 

of the essential micro nutrient for plant, and zinc deficiency is common many crops. Zinc is 

required for the activity of different enzyme, including dehydrogenases, aldolases, isomerases, 

transphosphorylation, RNA and DNA polymerases and it’s also involved in the synthesis of 

tryptophan, cell division, maintenance of membrane structure and photosynthesis and act as a 

regulatory cofactor in protein synthesis. 

Micronutrient deficiencies in plants may lead to reduced yields and in severe cases, to plant 

death, also. Among the micronutrients, Zn deficiency is the most detrimental to crop growth 

and yield of all the cereal crops including wheat [2, 16]. The deficiency of Zn in Indian as well as 

world soils is very well documented constraint in crop production and since last couple of 

decades, it is considered to be the 4thmost yield limiting nutrient after N, P, and K, respectively 

in India [9, 20, 21, 22]. 

Nano fertilizers are synthesized or modified forms of traditional fertilizers, fertilizers bulk 

materials or extracted from different vegetative or reproductive parts of the plant by different 

physical, chemical or biological methods with the help of nanotechnology used to improve soil 

fertility, productivity and quality of agriculture produce. The main reason for high interest in 

nano fertilizers is mainly their penetration capacity, size and very high surface area which is 

usually differ from the same material found in bulk form. Nano fertilizers are eco-friendly and 

help to reduce environment pollution. 

 

Material and method 

The present investigation was carried out during rabi season of the year 2019-20 at AICRP 
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linseed Farm, College of Agriculture, Nagpur (210 10' N and 

790 4' E, 321.26 m MSL). The climate is hot and slightly 

moist. The soil of experimental plot was clayey in texture, 

low in available nitrogen (239.5 kg ha-1), medium in available 

phosphorus (12.70 kg ha-1), high in available potassium 

(314.60 kg ha-1), available sulphur in soil (8 kg ha-1), available 

zinc (0.39 mg kg-1) slightly alkaline in reaction (pH 7.25), EC 

of soil (0.16dS m-1) and organic carbon content (5.3 g kg-1). 

The experiment was laid out to study the Effect of nano zinc 

oxide on growth, yield and fertility status of soil after harvest 

of linseed (Variety: PKVNL-260) with Randomize block 

design which was replicated thrice. The different treatments 

are as: T1: Control, T2: Soil application of ZnSO4 @ 25 kg/ha, 

T3: Foliar application of ZnSO4 @ 0.5% at 45 DAS, T4: Soil 

application of ZnSO4 @ 25 kg/ha + Foliar application of 

ZnSO4 @ 0.5% at 45 DAS, T5: Seed treatment with of nano 

ZnO 1000 ppm, T6: Soil application of ZnSO4 @ 15 kg/ha + 

Foliar spray of nano ZnO @ 0.25% at 30 and 45 DAS, T7: 

Foliar application with nano ZnO 0.25% at 30 and 45 DAS 

and RDF common to all (60: 30: 00 NPK kg ha-1). 

Recommended dose of nitrogen i.e. 60 kg N ha-1 was applied 

to all treatment in two equal splits, i.e. 30 kg basal dose and 

30 kg N after 30 DAS i.e. top dressing full dose of 

phosphorus was applied at the time of sowing. ZnSO4 was 

applied as per treatments. The quantity of the fertilizers was 

calculated on the basis of percentage of N, P and S content as 

per requirement of particular treatment.  

The fertilizers used viz. urea (46% N), Single Super phosphate

(SSP) (11% S and 14.5% P). The various biometric 

observations were recorded treatment wise on randomly 

selected five linseed plants from each net plot for recording 

yield parameter during the course of investigation i.e. plant 

stand per plot, number of branches plant-1, number of capsule 

plant-1, seed yield kg ha-1, straw yield kg ha-1, and test weight 

(g) were recorded on these randomly selected plants. A soil 

sample was collected randomly from experimental area at a 

depth of 0-15 cm with the help of screw auger. A composite 

sample was prepared and sieved through 2 mm sieve and 

analysed for the estimation of pH, EC, organic carbon 

content, available nitrogen, phosphorus, potassium, sulphur 

and zinc content of the soil. 

 

Result and Discussion 

Effect of nano ZnO on growth attributes 

Data pertaining to germination (%) and plant stand at 30 days 

as influenced by different treatments is presented in Table 1. 

It is revealed that there was slight increase in germination (%) 

in linseed seed treatment with nano ZnO. Seed treatment with 

nano ZnO 1000 ppm recorded higher germination (%) (88). 

However the result were found non-significant. Similar 

findings were reported by Prasad et al., (2012) [18]. 

Among the different treatments maximum plant stand (635) 

was recorded in treatment – Seed treatment with nano ZnO 

(T5) Boonyanitipong et al., (2011) [4] found that the ZnO-NPs 

at different concentrations did not show any adverse effects 

on the germination. 

 
Table 1: Effect of nano ZnO on germination (%) and plant stand at 30 days per plot of linseed 

 

Treatments Germination (%) Plant stand per plot 

T1 84 628 

T2 85 629 

T3 86 628 

T4 86 627 

T5 88 635 

T6 87 633 

T7 87 630 

F-Test NS NS 

SE(m) ± 1.63 12.72 

C.D. at 5% - - 

 

Effect of nano ZnO on yield parameters 

Data regarding number of branches per plant as influenced by 

different treatments are presented in table 2. At harvest 

maximum number of branches per plant (3.53) was recorded 

in treatment – seed treatment with nano ZnO (T5) and was 

found to be statistically at par with treatments T6 (3.40) and T7 

(3.37). Similar results were found by Jayarambabu et al., 

(2014) [8]. Maximum number of capsules plant-1 (66.87) was 

recorded in treatment – Seed treatment with nano ZnO (T5) 

and was found to be statistically at par with treatments T6 

(62.53). Similar results were also reported by Arya and Singh 

(2000) [3], Kumar et al., (2017) [10] and Prasad et al., (2012) 
[18]. Data pertaining to test weight of linseed as influenced by 

different treatments are presented in table 2. Highest test 

weight (8.23) was significantly recorded in treatment – Seed 

treatment with nano ZnO 1000 ppm (T5) and was found to be 

statistically at par with treatments T6 (8.12) and T7 (8.07). 

These results were found in agreement with Prasad et al., 

(2012) [18] and Laware and Raskar (2014) [12]. The data 

pertaining to seed yield per hectare as influenced significantly 

by various treatments are presented in table 2. Maximum seed 

yield ha-1 (1169 kg ha-1) was recorded in seed treatment with 

nano ZnO 1000 ppm (T5) and was found to be statistically at 

par with treatments T6 (1115). The data presented in table 2 

revealed that straw yield (kg ha-1) of linseed was influenced 

significantly due to different nutrient management treatments. 

Maximum straw yield (2660 kg ha-1) was recorded in 

treatment with seed treatment with nano ZnO 1000 ppm (T5) 

and was found to be statistically at par with treatments T6 

(2515) [17, 8, 18, 1, 25]. 

 

Effect of nano ZnO on fertility status of soil after harvest 

of linseed 

The soil pH in different treatment found in the range from 

7.28 (T1) to 7.40 (T5). The maximum pH (7.40) was recorded 

in Soil application of ZnSO4 @ 15 kg/ha + Foliar spray of 

nano ZnO @ 0.25% at 30 and 45 DAS (T6). 
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Table 2: Effect of nano ZnO on yield parameter 
 

Treatments Number of Branches plant-1 Number of capsulePlant-1 Test weight (g) (1000 seed) Seed yield (kg ha-1) Straw yield (kg ha-1) 

T1 2.18 46.20 7.70 830 2037 

T2 2.40 54.40 7.81 978 2203 

T3 2.33 51.53 7.90 933 2129 

T4 3.17 60.40 7.99 1063 2317 

T5 3.53 66.87 8.23 1169 2660 

T6 3.40 62.53 8.12 1115 2515 

T7 3.37 61.00 8.07 1082 2419 

F-Test Sig. Sig. Sig. Sig. Sig. 

SE(m) ± 0.11 1.44 0.10 22.19 39.55 

C.D. at 5% 0.35 4.44 0.32 68.38 121.88 

 
Table 3: Effect of nano zinc oxide on available nutrient status of soil 

 

Treatments pH 
EC OC N P2O5 K2O S Zn 

(dS m-1) (g kg-1) (kg ha-1) (mg kg-1) 

T1 7.28 0.18 5.5 245.50 14.27 318.33 10.00 0.40 

T2 7.30 0.19 5.8 246.00 16.55 319.00 11.17 0.41 

T3 7.29 0.19 5.5 246.68 16.57 322.33 11.50 0.41 

T4 7.36 0.21 5.9 246.90 17.00 324.00 14.17 0.42 

T5 7.38 0.22 5.7 247.33 16.33 324.67 12.33 0.46 

T6 7.40 0.20 5.5 248.83 14.83 326.33 13.83 0.45 

T7 7.38 0.21 5.6 247.17 15.00 324.00 11.67 0.44 

F-Test NS NS NS NS NS NS Sig. Sig. 

SE(m) ± 0.04 0.013 0.16 2.44 0.72 3.56 0.43 0.006 

C.D. at 5% - - - - - - 1.34 0.018 

 

The highest EC (0.22) was recorded in seed treatment with 

nano ZnO 1000 ppm (T5). it was observed that highest 

organic carbon content (5.9) was recorded in Soil application 

of ZnSO4 @ 15 kg ha-1 + Foliar application of ZnSO4 @ 0.5% 

at 45 DAS (T4) because of increase in biomass of plant as 

increased in ancillary characters of plant. Similar findings 

were reported by Du et al., (2011) [6]. The available N in soil 

varied from 245.50 to 248.33 kg ha-1. The highest N content 

in soil (248.33) was found in Soil application of ZnSO4 @ 15 

kg ha-1 + Foliar spray of nano ZnO @ 0.25% at 30 and 45 

DAS (T6) [5]. The available P in soil varied from 14.27 to 

17.00. The highest P content in soil (17.00) was found in Soil 

application of ZnSO4 @ 25 kg ha-1 + Foliar application of 

ZnSO4 @ 0.5% at 45 DAS (T4). Similarly result found by 

Reetu et al. (2019) [19]. The available K in soil varied from 

318.33 to 326.33. The highest K content in soil (326.33) was 

found in Soil application of ZnSO4 @ 15 kgha-1 + Foliar spray 

of nano ZnO @ 0.25% at 30 and 45 DAS (T6). Similarly 

result found by Lonergan et al., (2009) [14]. The highest S 

content in soil (14.17) was found in soil application of ZnSO4 

@ 25 kg/ha + Foliar application of ZnSO4 @ 0.5% at 45 DAS 

(T4) and was found to be statistically at par with treatments T6 

(13.83). Similarly result found by Liu et al. (2015) [15]. The 

highest Zn content in soil (0.46) was found in seed treatment 

with nano ZnO 1000 ppm (T5) and was found statistically at 

par with T6. Similar findings were reported by Subbaiah 

(2016) [23]. 
The results revealed that N uptake by seed (33.32 kg ha-1) and 
straw (16.32 kg ha-1) of linseed was found significantly higher 
under the seed treatment with nano ZnO 1000 ppm (T5). 
Similarly result found by Fan et al., (2012) [7], Van et al., 
(2013) [24]. The data on P uptake revealed that the seed 
treatment with nano ZnO 1000 ppm (T5) recorded 
significantly higher P uptake by seed (9.35 kg/ha) and was 
found to be statistically at par with treatment T6 (8.76), in case 
of seed uptake by linseed. The seed treatment with nano ZnO 
1000 ppm (T5) recorded significantly higher P uptake by 
straw (5.32 kg ha-1) of linseed and was found to be 
statistically at par with treatment T6 (4.77), in case of straw 
uptake by linseed. Similarly result found by Liang et al., 
(2013) [13]. The seed treatment with nano ZnO 1000 ppm (T5) 
had recorded significantly higher K uptake by seed (15.39 kg 
ha-1) and was found statistically at par with T6 (14.41) while 
the seed treatment with nano ZnO 1000 ppm (T5) gave 
significantly higher K uptake by straw (9.14 kg/ha) and was 
found statistically at par with T6 (8.38). Similarly result found 
by Ladan et al., (2012) [11]. The Significantly higher uptake of 
Zn by seed (30.40 g/ha) and straw (90.46 g/ha) of linseed was 
recorded with seed treatment with nano ZnO 1000 ppm (T5). 
Similarly result found by Prasad et al. (2012) [18], Subbaiah et 
al., (2016) [23]; Adhikari et al., (2016) [1]. 

 
Table 4: Effect of nano zinc oxide on uptake of nutrient by seed and straw of linseed 

 

Treatments 
N uptake (kg ha-1) P uptake (kg ha-1) K uptake (kg ha-1) Zn uptake (g ha-1) 

Seed straw Seed Straw Seed Straw Seed Straw 

T1 21.86 11.13 6.06 3.32 9.97 5.36 18.27 51.59 

T2 26.26 12.26 7.09 3.81 11.90 6.23 22.47 58.01 

T3 24.51 12.06 7.03 3.47 11.67 6.24 22.09 58.20 

T4 29.09 13.35 8.09 4.01 13.32 7.10 25.48 67.95 

T5 33.32 16.32 9.35 5.32 15.39 9.14 30.40 90.46 

T6 31.31 14.92 8.76 4.77 14.41 8.38 27.86 82.16 

T7 29.94 14.27 8.54 4.43 13.85 7.73 26.15 78.23 

F-Test Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. 

SE(m) ± 0.58 0.23 0.19 0.09 0.44 0.30 0.63 1.19 

C.D. at 5% 1.81 0.72 0.60 0.30 1.35 0.93 1.95 3.67 
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Conclusion 

It is concluded that, the application of nano ZnO improve the 

yield and uptake of nutrients by linseed. Also application of 

nano ZnO slightly improve the fertility status of soil after 

harvest of crop but combine application of ZnSO4 and nano 

ZnO improve the S and Zn status of soil. 
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