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Introduction

Intercropping reduces the application of chemical pesticides to control pests and weeds, reducing the
environmental risks associated with chemical pesticide application (Himmelstein et al., 2017). Biochar is a soil
amendment because of its potential to retain water and nutrients, prevent nitrogen leaching, increase soil fertility,
and improve plant growth (Fang et al., 2018; Munoz et al., 2016). Other benefits of vermicompost are increased
stability of soil resources, maintenance of production, reduction of environmental pollution, and increased soil
biological activity too (Demir, 2019). Therefore, the purpose of this study was to investigate the quality of forage
turnip (Brassica rapa var. rapa) leaves in different intercropping ratios of forage turnip and basil (Ocimum
basilicum) using biochar as soil amendment and vermicompost.

Materials and Methods

A biennial study was conducted on the quality performance of forage turnip (Brassica rapa var. Rapa) in the
form of split-plot factorial in a randomized complete block design with three replications in the research farm of
Islamic Azad University of Karaj in two years (2018-2019). The treatments of this study include: intercropping
in four ratio (100% forage turnip (monoculture), 90% forage turnip + 10% basil, 80% forage turnip + 20% basil,
70% forage turnip + 30% basil), in main plots, and vermicompost in two levels (15, 18.5 ton.ha*) and biochar in
two levels (No consumption and 5 ton.ha) which was placed in subplots. The forage turnip cultivar was
PacFBO05. In this study, Photosynthetic pigments were measured by the Arnon (1967) method, membrane
permeability (Ferrat and Loval, 1999), relative moisture content (Bertin et al., 1996), soluble leaf sugars (Sheligl,
1986), catalase (Dazy et al., 2008) and soil respiration (Isermeyer, 1952). Using SAS software (Ver.9) for data
analysis of a two-year experiment and analysis of means was done with Duncan’s test in significance at 5%
probability level. Excel software was used to plot the graphs.
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Results and Discussion

The results of this study indicated that by increasing the ratio of basil in intercropping, the quality traits of
forage turnip leaves increased. Consumption of biochar and application of vermicompost at the level of 18.5
ton.ha* increased the quality of forage turnip leaves. The highest chlorophyll a ((17.52 mg.g™*Fw), chlorophyll b
(8.76 mg.g™*Fw) total chlorophyll (26.38 mg.g™Fw), carotenoids (6.91 mg.g'Fw), relative water content
(59.54%), of soluble sugars (69.43%), catalase (0.018 micromole Fresh weight/min) were due to the interaction
of (70% forage turnip + 30% basil) x vermicompost 18.5 ton ha* x application of biochar. The highest value of
membrane stability index was related to 100% forage turnip x vermicompost 15 ton ha? (4.85 (mol.ml.s2)).
The highest amount of soil respiration is associated with the interaction of vermicompost 18.5 ton.ha x 70%
forage turnip + 30% basil with value of 0.28 (micromole.gsoil-*.hour?)), interaction of biochar x70% forage
turnip + 30% basil (0.32 (micromole.gsoil*hour?)), and interaction of vermicompost of 18.5 ton.ha® x biochar
0.31 (micromole. g soil*.hour?). Due to the potential of biochar (water and food retention and prevent of
nitrogen leaching) it can increase the availability of water and nutrients for the plant, which leads to increased
photosynthesis of the plant and thus the quality of forage turnip leaves (Akhtar et al., 2015; Hammer et al.,
2015). Vermicompost increases soil organic matter and the uptake of zinc, copper, iron, phosphorus, potassium,
and nitrogen in soil. The presence of these elements in the soil and their absorption by the roots increases
vegetative growth and leaf production in the plant, which causes the level of light absorption, photosynthetic
level, the formation of hydrocarbons in the leaves, and the resulting growth also increases leaf quality
(Theunissen et al., 2010).

Conclusion

The results of this study indicated that the application of vermicompost 18.5 ton ha* and biochar increased
forage turnip quality, which is due to the availability of water and nutrients for forage turnip. The best
intercropping ratio was related to 70% forage turnip + 30% basil, which can be said to be due to the increase in
the percentage of basil and the competition of plants for better use of intercropping components of growth
sources such as light, water, and food.
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Table 2- Analysis of variance (mean of squares) of intercropping of forage turnip and basil, vermicompost, and biochar for
photosynthetic pigment traits of forage turnip

O S gibio s3l3l 4y NIy badg 5 JS Judg s Mgy,
S.0.vV d.f Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
Yeilr“’( ) 1 35.98™ 79.74™ 57.11" 84.62™
y
éjll‘“)k"f; 4 19.6 18.13 16.17 19.03
ock (y
byl ““‘5 3 132.41™ 148.78™ 127.39™ 176.58™
Intercropping (a)
yxa 3 95.73" 108.67™ 115.20™ 106.14™
“L”'E:‘fr ‘;"‘5 12 14.85 15.37 13.19 1463
]
BO:;;‘; o 1 83.81" 98.20" 104.32" 115.20™
1
yxb 1 2.09" 1.54m 3.72m 2.85™
Ver;”i“;fn 5:;; O 1 126.15™ 153.80™ 112.67* 148.91*
yxc 1 3.10m 1.84" 2.91m 2.73"
axb 3 321.54™ 243.12™ 94.85™ 136.76™
yxaxh 3 453" 5.21m 3.72m 3.98m
axc 3 174.38™ 456.74™ 111.95™ 165.73"
yxaxc 3 10.52m 9.71m 8.64" 11.58m
bxc 1 98.65™ 101.53* 108.44™ 89.73"
yxbxc 1 11.22m 15.94m 17.01m 10.53"
axbxc 3 486.25™ 597.18™ 326.70™ 259.48"™
yxaxbxc 3 18.22" 16.73™ 9.48"™ 12.84"
o ’5E ;jr L“b 48 12.09 14.21 10.83 13.34
“’(':’“\7 (‘;/")‘” 8.24 6.53 6.09 7.82
. 0
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Fig. 2- Interaction effects of intercropping and vermicompost on soil respiration
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Fig. 3- Interaction effects of intercropping and biochar on soil respiration
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Table 4- Analysis of variance (means of squares) of intercropping of forage turnip and basil, vermicompost and biochar for membrane
stability index, relative water content (RWC), soluble sugars, catalase activity of forage turnip and soil respiration

. WP gl ek, oo sos YUY il ol SB i
A <51 Membrane stability Sy Catalase S e
S.0.V. - . Soluble sugars . Soil respiration

d.f index RWC activity
Yei:“( ) 1 10,09 15.64™ 158 0.24" 5/09 "™
Y
g“)k)'ﬁ 4 16.84 23.47 9.75 0.97 6.18
ock (Y]
bgloe ““5 3 164.72™ 102.24™ 248.72™ 3.07" 3.49"
Intercropping (a)
yxa 3 4.85™ 12.32™ 3.64™ 1.02™ 1.37™
““’I'E:fr :b 12 12.17 16.55 7.34 1.84 419
. ”;9" o 1 463.73" 325.97" 112.74" 118" 6.32"
1ochar
yxb 1 3.19" 10.95™ 2.78" 0.82" 372"
““”’“5 9 1 187.19” 126.85™ 135.62" 197.32" 10.35"
Vermicompost (c)
yxc 1 2.48™ 10.21™ 1.42" 3.95™ 1.72m
axb 3 176.02™ 421.10" 87.95™ 177.42" 194.75™
yxaxh 3 4.68™ 6.75™ 5.92" 1.03™ 1.92"
axc 3 198.03™ 365.79" 131.95™ 125.73™ 9.64™
yxaxc 3 5.02" 11.97™ 3.07™ 1.23™ 1.18™
bxc 1 85.17" 164.42™ 197.40™ 36.18™ 68.21
yxbxc 1 7.15™ 11.83™ 5.32" 0.01™ 1.14m
axbxc 3 98.66" 145.74 116.35™ 99.68"™ 19.35™
yxaxbxc 3 5.93" 11.87™ 6.21™ 0.97™ 2.04™
o )BE ;c); ‘;U“ 48 8.67 13.94 7.29 1.65 3.84
‘“'C’“\‘/’ (’0;;” 5.30 8.43 5.87 3.72 6.49
. 0

G sze S1aBL NS g do)d iy 9 S sllas Jlanl b s sre oy *,FF
** *: Significant at p < 0.01 and p=0.05 respectively and ns: no significance (P<0.05)
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