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Abstract. An experiment was conducted according to randomized complete block design (RCBD) with
three replications during the winter growing season of 2019-2020 at the Department of Horticulture and
Landscape Gardening Design, College of Agricultural Engineering Sciences, University of Baghdad, Iraq,
to investigate the response of spinach plants to different levels of exogenous application of Folic acid and
yeast and their interactions in terms of growth, yield, and quality traits. The experiment included two
factors the first was Folic acid (0,100 and150 mg.It) symbolized as FO, F1 and F2, respectively. The
second factor was foliar spraying with three levels of yeast extract (0,5 and10 g/l) symbolized as Y0, Y1
and Y2, respectively. According to the results the outcome of the F2 treatment (150 mg. I'!) was a highly
significant effect on all growth and yield traits. Also, Y1 (5 mg.I"Y) showed better results for all of the
same characteristics except dry matter %, where Y2 treatment (10 g.I'Y) showed the highest value. Based
on the results the F2Y1 treatment showed the best performance with a plant height of 46.47 cm, leaf
width of 13.45 cm, number of leaves at 11.54 leaf.plant?, leaf area of 147.35 cm2.plant?, oxalate at
61.36 mg.100! fresh weight, yield per plot at 8.29 kg and total yield of 27.63 ton.ha, while F2Y2
treatment gave the highest percentage of dry matter 8.43% and the lowest percentage of nitrate 0.17%.
Keywords: biostimulators, foliar application, vitamins, Saccharomyces cerevisiae, Chenopodiaceae

Introduction

Leafy crops are of high nutritional value and stimulate human physiological
processes (AL-Mharib et al.,, 2019). One of the most important crops of the
Chenopodiaceae family is spinach (Spinacia oleracea L.). The cultivated area in Iraq is
about 538 hectares with a total production of 3234 tons, with an average of 6.0112
ton.ha’ annually (FAO, 2020). Spinach with a high content of beta-Carotene and lutein,
has significant role in preventing heart diseases and cancer as it is considered to be an
active antioxidant and also has a role in the health of the eyes, skin and hair, it increases
immunity, and has significant roles in cell metabolism (Antunes et al., 2005). There are
risks when eating spinach in large quantities due to the high accumulation of nitrates
and oxalates, which may cause health problems when the permissible limit is exceeded.
Al-Tayeb (2012) stated that spinach has high contents of oxalic acid, which causes its
taste, its quantity was estimated at 100-400 mg.100 g wet weight, while in some
European varieties, it may reach more than 930 mg.100 gm™. There are many nutrients
such as amino acids and acids of mineral elements that play an important role in the
vegetative and yield traits of plants (Mariush and AL-Mharib, 2020). One of the most
important sources of organic nutrients is the yeast extract (Saccharomyces cerevisiae)
which had significant effects when it was applied on snap bean, summer squash and pea
(Al-Amery and Mohammed, 2017; Salman and Alewi, 2017; Mohammed and Al-
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Ubaidy, 2020). Also, it showed an important role in plant alleviation under abiotic stress
due to its contents of proteins, vitamins, and its ability to produce hormones such as
(IAA, GA3) which significantly affect plants and symbiotic organisms (Shalaby and El-
Nady, 2008; Mady, 2009). Both of Al-Khafaji (1990) and Tawfiq (2010) pointed to the
importance of some chemical characters of yeast extract analysis (Table 1). Folic acid
plays a function in delivering amino acids to their proper positions in protein chains,
where it is involved in the methylation of amino and nucleic acids (Kelly, 1998;
Lucock, 2004). There is a focus on using natural substances to improve the growth of
plants where Folic acid has a synergistic effect on vegetative development and
components of yield in many plants where it was so effective in reducing the free
radicals (AL-maliky et al., 2019; Heo et al., 2019; Paucean et al., 2018; Sakr, 2009).
The objective of this study was to investigate the effects of folic acid, yeast, and their
interactions on growth, yield, and quality characteristics in spinach plants.

Table 1. Chemical analysis of bread yeast extract

Compounds” mg. g*
Carb 82
Total nitrogen 90
Amino acids’ nitrogen 40
Chlorides 1-13
Phosphate 38
Sodium 56
Potassium 30
Calcium 0.1
Iron 0.05
Magnesium 2
Copper 0.05
Zinc 0.05
Manganese 0.005
Cobalt 0.005
Produced hormones™ mcg.ml*
IAA 29.86 in 222 nm wavelength
I1AA 198 in 280 nm wavelength
GA3 799 in 254 nm wavelength

*Source: Al-Khafaji (1990)
**Source: Tawfiq (2010)

Materials and methods

An experiment was conducted according to randomized complete blocks design
(RCBD) with three replications at the Department of Horticulture and Landscape
Gardening Design, College of Agricultural Engineering Sciences, University of
Baghdad, Irag, to investigate the response of spinach plants to different levels of
exogenous application of Folic acid and yeast and their interactions on growth, yield,
and quality traits. The experiment included two factors the first was Folic acid (0,100
and 150 mg.I"Y) symbolized as FO, F1 and F2, respectively. The second factor was foliar
spraying with three levels of yeast extract (0,5 and10 g.I"!) symbolized as YO0, Y1 and
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Y2, respectively. The field was divided into 2 m long and 1.5 m wide plots, and half a
meter was left between each plot and another for the service and one meter at each 9
plots (block), the number of experimental units (plots) reached 27 plots for three
replications. The spinach seeds were sown in the field directly in lines on the 21st
October for the winter growing season of 2019 where the distance was of 25 cm
between one line and another and each experimental unit contained 6 lines. A planted
three seeds with an of average 30 kg.ha™, plant density reached 550000 plant.ha™,
where the area of each experimental unit was 3 m2, and all other cultural practices, such
as irrigation and thinning out and fertilizer were uniform for all the experimental units
according to (AL-Ansari, 2014). The estimation of nitrate as percentage was according
to (Silveira et al., 2001) and calcium oxalate was measured according to (Mahadevan
and Sridhar, 1982) and the other characters of vegetative growth and yield were
estimated according to (Al-Mohammed, 2010). The collected data were analyzed
statistically by Genstat statistical package software with two-way ANOVA (in
Randomized Blocks) and L.S.D was used at 0.05 of probability for comparing the
differences between various treatment means.

Results and discussion

The results in Table 2 referred that spraying folic acid at F2 treatment (150 mg.I™?)
showed a highly significant increasing effect on plant height, leaf width, number of leaves,
leaf area, dry matter, yield per plot and the total yield reached (42.98 cm.plant?, 12.6
cm.leaf?, 10.62 leaves.plant?, 129.61 cm?.leaf?, 8.007%.leaf", 7.75 kg.plot™ and 25.843
ton.hal) respectively. While it gave the lowest value of leaf content of oxalate, nitrate
percentage in the leaf where reached (68.28 mg.100 gm™ fresh weight, 0.2%.leaf)
respectively. The highest values were showed clearly in F2 treatment due to the positive
effects of folic acid on the photosynthesis efficiency, activity of meristematic tissues,
cell division and cell enlargement which led to increasing vegetative growth and then
total yield and those results were agreed with Paucean et al. (2018) and AL-maliky et al.
(2019).

Table 2. Effect of folic acid on growth, yield, and oxalate in spinach

. Oxalate - .
Treamns| UL LR e umter| Leatares| By | g taogn ivaeos VGRS | ot
resh weight)
FO 39.1 11.93 9.63 117.21 7.553 73.66 0.25 6.94 23.132
F1 42.06 12.4 10.36 124.9 7.707 69.72 0.22 7.48 24.937
F2 42.98 12.6 10.62 129.61 8.007 68.28 0.2 7.75 25.843
LSD 5% 0.633 0.147 0.095 1.091 0.1142 1.215 0.021 0.153 0.5077
SD 3.825 1.083 1.148 18.67 0.54 7.623 0.0404 0.781 2.604

The results in Table 3 showed the superiority and significant effects of yeast foliar
spraying at Y1 treatment (5 gm.I"%) for plant height, leaf width, number of leaves, leaf
area, yield per plot and total yield which reached (45.02 cm.plant?, 13.15 cm.leaf?,
11.13 leaf.plant?, 141.51 cm?2.leaf?!, 7.96 kg.plot? and 26.533 ton.ha) respectively.
While Y2 treatment showed the highest value in leaf content of dry matter and the
lowest value in nitrate percentage of leaves which reached (8.24%. leaf?, 0.19%. leaf?)
respectively. The mentioned characters were increased as compared with control
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treatment due to increasing the dry matter content of leaves and decreasing the nitrate
content of leaves by protein synthesis where nitrate was reduced to ammonia which
reacted with the keto acids which were the products of carbohydrate metabolism during
photosynthesis and that was agreed with Al-Dhalimi (2017).

Table 3. Effect of yeast on growth, yield, and oxalate in spinach

Plant |Leaf width | Leaves number | Leaf area Dr Oxalate . Yield per |Total yield

Treatments height (cm)|  (cm) (leaf.plant®) |(cm?.leaf?) matte)r/% §2§h1\?v%|ggn€t; Nitrate % plot (IEg) (ton.ﬁ/a'l)
YO 37.16 10.9 8.77 100.06 7.093 80.36 0.27 6.49 21.622
Y1 45.02 13.15 11.13 141,51 7.933 65.13 0.22 7.96 26.533
Y2 41.96 12.88 10.72 130.14 8.24 66.17 0.19 7.73 25.757
LSD 5% 0.633 0.147 0.095 1.091 0.1142 1.215 0.021 0.153 0.5077
SD 3.825 1.083 1.148 18.67 0.54 7.623 0.0404 0.781 2.604

The results in Table 4 showed the superior effects of F2Y1 treatment (spraying 150
mg. I of folic acid and 5g.I" of yeast) on the plant height, leaf width, the number of
leaves, leaf area, yield per plot and the total yield reached (46.47 cm.plant?, 13.45
cm.leaf?, 11.54 leaf.plant?, 147.35 cm?leaf?!, 8.29 kg.plot! and 27.63 ton.ha?)
respectively. While it showed the lowest value of leaf content of oxalate reached 61.36
mg.100 gm* fresh weight. Also, F2Y2 treatment (spraying 150 mg. I of folic acid and
10 g.I'"* of yeast) showed the highest percentage of dry matter 8.43% and the lowest
percentage of nitrate 0.17% in leaves. While control treatment of interaction gave the
least values for all the growth and yield indicators. The increasing values of studied
characters by interaction treatments refer to the positive and significant effect of both
folic acid and yeast in promoting and increasing enzyme activities and having an
essential role in amino and nucleic acid synthesis, and similar results were obtained by
Shalaby and El-Nady (2008), AL-Ansari (2014), Salman and Alewi (2017), Paucean et
al. (2018) and Mohammed and Al-Ubaidy (2020).

Table 4. Effect of folic acid and yeast interaction on growth, yield, and oxalate in spinach

Plant Leaf width |Leaves number| Leaf area Dr Oxalate PENT Yield per |Total yield
Treatments height (cm)|  (cm) (leaf.plant®) |(cm?.leaf?) matte)tf% ]‘(:gghlv32|g[1r1t)l Nitrate % plot (Ifg) (ton.ﬁ/a'l)
FOYO 34.45 10.6 8.11 93.54 6.91 83.67 0.29 5.82 19.387
FOY1 42.76 12.7 10.61 134.36 7.72 69.8 0.24 7.55 25.16
FOY2 40.09 12.5 10.18 123.72 8.03 67.52 0.22 7.46 24.85
F1YO0 38.1 10.95 8.96 101.7 6.99 79.12 0.26 6.66 22.18
F1Y1l 45.83 13.3 11.23 142.81 7.87 64.22 0.22 8.04 26.81
F1Y2 42.25 12.95 10.9 130.18 8.26 65.81 0.19 7.75 25.82
F2YO0 38.92 11.15 9.25 104.95 7.38 78.28 0.25 6.99 23.3
F2Y1 46.47 13.45 11.54 147.35 8.21 61.36 0.19 8.29 27.63
F2Y2 43.54 13.2 11.07 136.53 8.43 65.19 0.17 7.98 26.6
LSD 5% 1.096 0.255 0.164 1.889 0.1978 2.104 0.036 0.264 0.8793
SD 3.825 1.083 1.148 18.67 0.54 7.623 0.0404 0.781 2.604

Table 5 referred to the positive correlation of plant height, leaf width, number of
leaves, leaf area, dry matter content of leaves with yield per plot where the highest value
was showed between the number of leaves and yield per plot which reached (0.9697).
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Also, all the characters were correlated negatively with both oxalate concentration and
nitrate percentage in leaves. While the correlation among oxalate and nitrate was
positive. The results showed the ability to decrease the leaf content of oxalate and
nitrate by improving the vegetative growth characters.

Table 5. Correlation analysis of growth and yield among studied indicators of spinach

Plant height
(cm)
Leaf width (cm)| 0.9231
Leaves number
(leaf plant?) 0.957 0.9802
Leaf area
(cm2leaf) 0.9569 0.9786 0.9812
Dry matter % 0.7561 0.888 0.8673 0.8365
Nitrate % -0.7202 -0.8008 -0.805 -0.7607 -0.839
Oxalate
(mg.100 gm'* -0.92 -0.976 -0.9674 -0.9609 -0.9089 0.8002
fresh weight)
Y'e'd(lfge)r Plot | 99543 | 0.9314 0.9697 0.9429 0.8368 -0.7905 | -0.9414
. Oxalate .
Plant |Leaf width | Leaves number | Leaf area . 4| Yield per
. ot > 1. .1\ |Dry matter %| Nitrate % |(mg.100 gm™
height (cm) (cm) (leaf.plant™) | (cm*.leaf?) fresh weight) plot (kg)
Conclusion

According to the obtained results in the current study, we could conclude that
exogenous spraying with yeast at (5 g.I'!), Folic acid at (150 mg. IY) and their
interaction affected positively and significantly growth, yield, and quantitative
characters. Treatments effectively decreased the nitrate and oxalate content of leaves,
and in addition increased the growth and yield indicators. Therefore, we recommend
future studies to investigate the different levels of yeast and folic interactions to
improve the qualitative and quantitative characters of spinach.

REFERENCES

[1]  Al-Amery, N. J., Mohammed, M. M. (2017): Influence of adding ascorbic acid and yeast
on growth and yield and Rhizobium of snap bean (Phaseolus vulgaris L.) under irrigation
with saline water. — J Agric Vet Sci 10: 23-28.

[2] Al-Ansari, H. R. M. (2014): Effect of spraying with some mineral nutrients and organic
acids on growth, yield, and concentrations of some active compounds medicinally in
spinach (Spinacea oleracea L.). — Ph.D. Dissertation, University of Baghdad, Irag.

[3] Al-Dhalimi, A. M., Hussein, S. H., Gibbren, Q. K., Abdul-Hussein, A. K., Abas, Z. S.
(2017): The effect of dry bread yeast Saccharomyces cerevisiae, in some qualities of
vegetative growth and nutritional status of the faba bean Vicia fabd. — Al-Qadisiyah
Journal of Pure Science 22(3): 121-128.

[4] Al-Khafaji, Z. M. (1990): Biotechnology. — University of Baghdad, Ministry of Higher
Education and Scientific Research, Republic of Irag.

[51 Al-maliky, A. W., Jerry, A. N., Obead, F. T. (2019): The Effect of Foliar Spraying with
Folic Acid and Cysteine on Growth and Yield of Green Bean Plants (Vicia faba L.). —
Journal of Al-Muthanna for Agricultural Sciences 7(4).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(3):2763-2768.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2003_27632768
© 2022, ALOKI Kft., Budapest, Hungary



Al-Mharib et al.: Effect of spraying with folic acid and yeast extract on the growth, yield and calcium oxalate concentration of

(6]

[7]

(8]

9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

spinach (Spinacia oleracea L.)
- 2768 -

Al-Mharib, M. Z., Attalah, A. M., Ali, A. B. (2019): Effect of adding humic acid and
phosphate fertilizer levels on growth and yield of lettuce. — J. Agric. and Veterinary Sci
12(4): 12-15.

Al-Mohammed, M. H. S. (2010): Response of three cultivars of rocket (Eruca sativa
Mill.) for nitrogen Fertilizer and Kinetin spray on growth, content of some active
compounds and their biochemical effects. — Ph.D. Thesis, College of Agriculture,
University of Basra, Republic of Irag.

Al-Tayeb, F. A. S. (2012): Effect of using some factors on growth, yield and formation of
calcium oxalate crystals in local variety of spinach (Spinacea oleracea L.). — Ph.D.
dissertation, University of Kufa, College of Agriculture.

Antunes, L. M., Pascoal, L. M., Bianchi, M. D. L., Dias, F. L. (2005) Evaluation of the
clastogenicity and anticlastogenicity of the carotenoid bixin in human lymphocyte
cultures. — Mutat Res 585(1-2): 113-119.

Faostat, F. A. O. (2020): Crops. Food and Agriculture Organization of the United
Nations. — https://www.fao.org/faostat/en/#tcompare.

Heo, K., Gibson, G., Evans, R. (2019): Effects of bisphenol-A and folic acid on growth,
reproductive development, and DNA methylation in snapdragons (Antirrhinum majus). —
Botany 97(2): 149-160.

Kelly, G. S. (1998): Folates: supplemental forms and therapeutic applications. —
Alternative Medicine Review: A Journal of Clinical Therapeutic 3(3): 208-220.

Lucock, M. (2004): Is folic acid the ultimate functional food component for disease
prevention? — BMJ 328(7433): 211-214.

Mady, M. A. (2009): Effect of foliar application with yeast extract and zinc on fruit
setting and yield of faba bean (Vicia faba L.). — J. Biol. Chem. Environ. Sci. 4(2): 109-
127.

Mahadevan, A., Sridhar, R. (1982): Methods in Physiological Plant Pathology. 3rd Ed. —
Center of Advanced Study in Botany, University of Madras.

Mariush, A. H. K., AL-Mharib, Mohammed, Z. K. (2020): Effect of Nano-fertilizers and
amino acids on the growth and vyield of broccoli. — Int. J. Agricult. Stat. Sci.
16(Supplement 1): 1661-1665.

Mohammed, M. M., Al-Ubaidy, R. M. (2020): Influence of yeast and intercropping
system on growth and yield traits of pea. — Int. J. Agricult. Stat. Sci. 16(1): 1577-1580.
Paucean, A., Moldovan, O. P., Muresan, V., Socaci, S. A., Dulf, F. V., Alexa, E., Muste,
S. (2018): Folic acid, minerals, amino-acids, fatty acids, and volatile compounds of green
and red lentils. Folic acid content optimization in wheat-lentils composite flours. —
Chemistry Central Journal 12(1): 1-9.

Sakr, M. T., Arafa, A. A. (2009): Effect of some antioxidants on canola plants grown
under soil salt stress condition. — Pakistan Journal of Biological Sciences PJBS 12(7):
582-588.

Salman, F. A., Alewi, Z. H. (2017): Effect of spraying bread yeast extract and urea
fertilizer on some vegetative and productivity indicators of summer squash plants
(Cucurbita pepo L.). — Journal of University of Babylon 25(4): 1452-1462.

Shalaby, M. E., EI-Nady, M. F. (2008): Application of Saccharomyces cerevisiae as a
biocontrol agent against Fusarium infection of sugar beet plants. — Acta Biologica
Szegediensis 52: 275-271.

Silveira, J. A. G., Matos, J. C. S., Cecatto, V. M., Viegas, R. A., Oliveira, J. T. A. (2001):
Nitrate reductase activity, distribution, and response to nitrate in two contrasting
Phaseolus species inoculated with Rhizobium spp. — Environmental and Experimental
Botany 46(1): 37-46.

Tawfig, A. A. (2010): Estimation levels of Indol acetic acid (IAA) and Gibberellic acid
(GA3) from dry bakery yeast Saccharomyces cereviciae. — Journal of Biotechnology
Research Center 4(2): 94-100.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(3):2763-2768.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2003_27632768
© 2022, ALOKI Kft., Budapest, Hungary



