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The effects of biochar application and nano Zn foliar spray on yield
and physiological characteristics of Cucurbita pepo L.
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Abstract. Cucurbita pepo L. seeds are very important in the nutrition and pharmaceutical industries due to high
amounts of oil . To investigate the effects of biochar (0, 5, and 10 tons per hectare) and foliar spraying with zinc
nanoparticles (0, 2, and 4 milligrams per litter), an experiment was conducted as factorial based on randomized
complete blocks design, in the Field. Fruit number and leaf Zn content were increased at 5 and 10 t/ha of biochar with
both nano zinc foliar spray. Ten t/ha biochar treatments with both levels of nano Zn increased seed number per fruit, ,
biological yield, harvest index, and plant oil yield. Five t/ha biochar with 4 mg/L of nano zinc and 10 t/ha biochar with
foliar spraying with both nanoparticle concentrations increased hundred seed yield, biological yield, and chlorophyll
index in the plant. The top amounts of phenolic content were observed in 5 and 10 t/ha biochar with 4 mg/L of zinc
nanoparticle spray. The relative water and anthocyanin content increased in 10 t/ha biochar. Overall, the results of this
study showed that the use of 10 t/ha biochar and foliar spraying of 2 and 4 mg/L zinc nanoparticles increased the yield
and physiological characteristics of the plant.
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Table 1. Physico-chemical characteristics of soil and biochar used in this experiment

Characteristics | Texture N content | Kcontent | P content | Organic pH EC
(%) (%) (%) matter (%) (ds/m)

Biochar - 0.79 0.17 /14 13 8.2 4.2

Soil Silty loam 0.05 0.7 0.8 0.79 7.1 1.1
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foliar spraying with zinc nanoparticles.
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Table 2. Analysis of variance for the growth and yield characteristics of C. pepo under biochar application and

Source of df Fruit Seed Seed yield | hundred Seed Harvest | Biological
variation number number seed yield index Yield
per plant | per plant weight
Replication 2 0.16™ 1464 341225" 81" 12024" 0.0036" 432651"
Biochar (A) 2 2.5 15784™ 4215587" 239" 325747" 0.013" 578945"
Foliar spray (B) 2 0.6™ 18542" 5478318 2187 54821" 0.078" 1234758"
B xA 4 2.9 24163" 15254874 | 214541" | 785401" | 0.098" | 1789578"
Error 16 1.3 1438 12451 88 4754 0.004 121521
CV. 8.4 11 11 8 12 7.7 10.5
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ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.
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Table 3. Mean compression for the interaction effects of biochar application and foliar spray with nano Zn on
physiological traits of C. pepo

Biochar (t/ Foliar Fruit Seed Seed yield | hundred | Biological Harvest Oil yield oil
ha) spray number number (Kg/ha) seed yield index (%) (Kg/ha) | content
(mg/L) per plant | per plant weight (g) (t/ha) (%)
0 0 0.884 242¢ 651¢ 19.2¢ 1.5¢ 214 187¢ 15¢
0 2 0.97° 274¢ 721° 28° 1.7¢ 23° 224¢ 21°
0 4 1.0° 264°¢ 753¢ 200 2.4° 25¢ 247¢ 20.5°
5 0 0.94¢ 253 699¢ 23° 2.1° 24° 288¢ 17¢
5 2 1.2% 354° 875°¢ 240 2.5 27° 313¢ 23°
5 4 1.3 386° 902b 328 2.9 28° 348° 26°
10 0 1.0° 296° 743¢ 23° 2.3 27° 390° 24°
10 2 1.5 410? 10612 33 2.9 38%® 4232 33?
10 4 1.6 4282 1086° 357 2.9 40° 4772 30.92
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Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<1 and

56).
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Table 4. Analysis of variance for the physiological traits, and Zn content of C. pepo. under biochar application and
foliar spraying with zinc nanoparticles.

Source of df oil Oil | Chlorophyll Total Relative | Total Flavonoid | Antho | Zn
variation content | yield index soluble solid | water phenoli content cyani | conte
content content c n nt
content conte
nt
Replication 2 99" 0.13" 17ns 14.5™ 35" 6.3™ 0.9 0.5™ | 20m™
Biochar (A) 2 189" 1.7 35 43" 1418™ 70™ 1.7 2.4™ 76"
Foliar spray (B) | 2 364" 2.3" 88" 8.8™ 491" 56" 0.33™ 0.17" | 197
BxA 4 152" 4.9 29" 49.2" 377™ 158" 0.69™ 0.24" | 38"
Error 16 12 0.11 2.3 12 154 5.1 0.12 0.13 10
CV. 10 7.9 10 8.2 9.4 12 2.8 2.1 7.0
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ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.
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Table 5. Mean compression for the interaction effects of biochar application and foliar spray with nano zn on

physiologic traits and Zn content of C. pepo.

Biochar Foliar spray Chlorophyll index Total soluble solid | Phenolic content | Zn content

(t/ha) (mg/L) (Spad) content ( °Brix) (mg/g DW) (mg/kg DW)
0 0 184 1.1¢ 25° 29.4°
0 2 24° 1.6° 36° 32.9°
0 2 22° 1.5¢ 36° 32.2°
5 0 24° 1.1¢ 33 34.2°
5 2 200 1.6° 42° 43.6°
5 4 35° 1.8° 40 44.8°
10 0 22° 1.5¢ 28.9° 31.1°
10 2 36° 2.3 44P 44,28
10 4 357 2.6 46° 4218

el sas 00ls (L P 0) S5ls (yg05] (Glies pr (pdY Sigliste g yo b b Lo o lo e glis
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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Figure 1. Mean compression for the effects of biochar application on leaf relative water content of C. pepo
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