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Abstract: The exogenous applications of arbuscular mycorrhizal fungi (AMF), iron (Fe) and zinc (Zn) have the potential to
increase yield in peanut. The objective of this study was to evaluate the effects of AMF, Fe and Zn combinations on yield and
yield components in peanut. Seed coating with AMF and foliar sprays of Fe and Zn were arranged in split-split plot
arrangement in completely randomized block design with four replications under farmer’ condition in 2020. The highest
values for pod number per plant, pod and kernel yield (kg ha1) and 100 kernel weight were recorded in parcels where AMF,
Fe and Zn were applied together. The combination of AMF, Fe and Zn favorable affected maturity date and harvest index. It
was highlighted that AMF, Fe and Zn combinations could be used successfully to improve the yield in peanut cultivation.
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Yerfistiginda (Arachis hypogea L.) Mikoriza, Demir ve Ginko Uygulamalarinin Verim ve Tarimsal Ozellikler Uzerine Etkisi

Oz: Arbiiskiiler mikorizal fungus, demir ve ¢inko uygulamalari yerfistigi verimini artirma potansiyeline sahiptir. Bu calismada, AMF, Fe ve
Zn’nun birlikte uygulamalarinin yerfistigi verimi ve verim komponentlerine etkisinin belirlenmesi amaglanmistir. 2020 yilinda ve ¢iftgi
kosullarinda AMF’nin tohum kaplamasi ile birlikte demir ve ¢inkonun yapraktan uygulanmasi konulari 4 yinelemeli tesadiif bloklarinda
béliinen béliinmis parseller deneme deseninde degerlendirilmistir. Bitkide kapstil sayisi, kapsiil ve tane verimi ve 100 tohum adirhigi yéniinden
en yliksek degerler AMF, Fe ve Zn’nun birlikte kullanildigi parsellerden elde edilmistir. Ayrica AMF, Fe ve Zn kombinasyonunun erken
olgunlasmaya neden oldugu ve hasat indeksini artirdigi belirlenmistir. Yerfistigi tariminda verimi artirmak igin AMF, Fe ve Zn

kombinasyonunun basari ile kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Arbuskiiler Mikorizal Fungus, Fe, Verim, Yerfistigi, Zn.

INTRODUCTION

Peanut (Arachis hypogea L.), which belongs to the family
Fabaceae is a legume that originated in South America.
Although it is classified as an oil crop, the peanut is most
often consumed roasted or as peanut butter in the world and
Turkey (Anonymous, 2021). The totally growing area and
production of the world were about 21.0 million hectares
and 47 million tons, respectively. Major producers are China,
India, Nigeria, USA and Myanmar. Turkey’s
production is about 169 thousand tons at 42.0 thousand
hectares of growing area (FAO, 2019).

In @ mono-cropping system, continuously peanut growing
without any crop rotation can adversely affect soil microbial
structure (Xiong et al., 2015; She et al., 2017), and peanut
yield and marketing value decreased due to these
detrimental effects on soil fertility (Maclean et al., 2017). In
soil microorganisms, symbiotic mycorrhizal fungi such as
Arbuscular mycorrhizal fungi (AMF) enhanced soil fertility,
plant growth and uptake of nutrients (Gianinazzi et al.,
1994). The AMF application increased the shoot and root
length, number of leaves per plant and dry matter weight per
plant (Doley and Jite, 2012), number of pods per plant, seed
yield and thousand kernel weight (Uko et al., 2019).

Iron and zinc deficiency often occur in areas where peanut
production is very intense due to the lack of organic matter
(Nakum et al., 2019) in calcareous soils (Patel et al., 1999).
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Therefore, the effective Fe and Zn content of calcareous soil
is very low (Liu et a., 2017). In addition, conditions with
alkaline and calcareous negatively affected Zn adsorbtion
capacity (Srinivasara et al., 2008).
conditions, Zn and Fe deficiency causes considerable
reductions in peanut yield (Meena et al., 2007). The highest
values for the number of pods per plant, pod weight per
plant, thousand kernel weight and pod yield (kg ha'l) were
recorded in the combined foliar application of zinc and iron
(Arunachalam et al., 2013; El- Metwally et al., 2018; Nakum
etal., 2019). In other studies, foliar zinc sprays enhanced pod
yield (kg hal) in peanut (Irmak et al., 2016; Gowthami and
Ananda, 2017). Similarly, the combination of AMF and Ca?*
positively affected growth parameters and plant
development under mono-cropping conditions (Cui et al.,
2019).

The literature review was shown that many previous studies
about the effect of AMF were conducted under controlled
conditions. Therefore, this study attempt to determine the
effects of AMF, Fe and Zn in farmer’s field. Also, we
hypothesized that the combination of AMF, Fe and Zn could
increase the yield in peanut.

*Corresponding Author: aunay@adu.edu.tr
This study is produced from the M.Sc. thesis.
The submitted date: November 4, 2021

The accepted date: April 15, 2022

Due to adversely

e e-ISSN 2717-7084 e 2004-2022 49


https://orcid.org/0000-0002-7766-0096
https://orcid.org/0000-0002-7278-4428

A Potential Role of Mycorrhizae, Iron and Zinc Combinations on
Increasing Peanut Yield (Arachis hypogea L.)

MATERIALS AND METHODS

The experiment was conducted in a farmer’s field where
peanut was grown as mono-cropping in Cona/Osmaniye
(37°10’ N; 36° 25’ E and 94 m altitudes) during the 2020
summer season. The soil characters of the experimental area
were clay loamy, slightly alkali (pH: 7.44), non-saline (0.07%),
calcareous (1.82%), low in organic matter (1.69%), sufficient
in Zn and Fe (0.56 and 7.23 mg kg1, respectively).

In accordance with the hypothesis of the study, the field with
especially and low organic
characteristics was selected. According to the climatic

calcareous matter soil
characters of Osmaniye, the summers are hot and dry; the
winters are cold and wed. Table 1 showed monthly mean
temperatures, relative moisture and precipitation for the
experimental year and long-term vyears in the April-
September period. The experimental year data compared to
long-term indicated a slightly cool, dry but rainy climate
during the growing season.

Peanut (Arachis hypogea L. cv. NC-7) seeds treated with
arbuscular mycorrhizal fungi (17 g L') from Shubhodaya™
including Glomus mossae, Glomus etunicatum and Glomus
intraradices (number of live organisms = 1 x 10° g1) 3 hours
before sowing. The experiment was arranged in split-split
plot arrangement in completely randomized block design
with four replications with AMF as main plots, foliar spray of

Fe as subplots and foliar spray of Zn as sub-sub plots.

The foliar fertilizers with Fe (2.7 g w/w) Zn (5.4% w/w) were
applied by a portable hand-held field plot sprayer using a
water carrier volume of 400 L ha? at the stage of first
flowering (02.06.2020).

The experimental unit was 21 m? (6 rows x 0.7 m apart x 5.0
m long and 0.2 m of plant to plant). N and P,0s fertilizer as
di-ammonium phosphate was added at the rate of 300 kg ha-
1 during soil preparation and remained N as ammonium
nitrate was applied at the rate of 230 kg ha! before first
irrigation at stage. All plots
mechanically hoed to weed control and irrigated six times by
sprinkler irrigation.

All plots were harvested by hand at 60% pod maturing stage
capsule on 25 September 2020. The number of days to
maturity was screened by seed-hull maturity index methods
(Rowland et al., 2006). Pod plant?, pod yield (kg ha'l) and
kernel yield (kg hal) were determined in randomly selected
20 plants from each plot. Hundred seed weight (g) and
harvest index (%) were measured after harvest.
TOTEMSTAT statistical packet program (Acikgoz et al., 2004)
was used to the analysis of variance for observed data in
accordance with the split-split plot design. LSD test was used
to compare the differences between mean values (Steel and
Torrie, 1980).

peak flowering were

Table 1. Meteorological data of experimental year (2020), long-term (LT; 1975-2019) and their differences

Mean Temperature (°C)

Relative moisture (%)

Precipitation (mm)

2020 LT Diffrence 2020 LT Diffrence 2020 LT Difference

April 17.1 17.5 -0.4 62.8 60.4 2.4 82.8 51.1 31.7

May 23.3 21.7 1.6 64.1 63.8 0.3 74.1 47.1 27.0

June 25.0 25.6 -0.6 66.5 71.4 -4.9 39.9 20.5 14.4

July 27.9 28.2 -0.3 66.9 70.1 -3.2 19.2 6.2 13.0
August 28.5 28.7 -0.2 61.5 68.7 -7.2 10.7 5.5 5.2
September 25.8 26.1 -0.3 61.2 65.1 -3.9 34.4 17.6 19.8
Totally 261.1 148.0

Meteorological data were obtained from the Turkish State Meteorological Service (Anonymous, 2020).

RESULTS AND DISCUSSION

The number of pods per plant is an important character in
terms of yield components in peanut. When AMF, Fe and Zn
applications were compared with their controls, the
differences were found to be significant for pod number per
plant (Table 2). Higher mean values were recorded in the
plots where AMF (32.1), Fe (31.1) and Zn (29.3) were applied.
It was remarkable that the lowest values (20.0) were
determined in the plots where all three applications were
not made, whereas the combinations of AMF, Fe and Zn
exhibited the highest pod number per plant. This finding
indicated that the effects of all applications on pod number
per plant were significantly positive.

One of the most important characters for marketing and
yield component is pod yield in peanut. Pod yield varied
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between 2569.5 kg ha! (non-treatment) and 4260.4 kg ha!
(AMF + Fe +Zn combination) (Table 2). The significant
interaction of AMF x Fe indicated that foliar Fe application
without AMF gave statistically higher than non-application
Fe. Although the differences were non-significant, it was
clearly seen that the highest pod yields were recorded in the
combinations of AMF, Fe and Zn or AMF +Fe.

The higher kernel yield of peanut increased the marketable
value of the product. The result of significant difference
between AMF and non-AMF indicated that AMF application
gave 145.7 kg hat more kernel yield (Table 2). In addition,
the higher yields from AMF + Fe + Zn, AMF + Fe and Fe + Zn
explained that the contribution of Fe and Zn should be
considered to improve the kernel yield in peanut.
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Table 2. Pod number per plant (PN/P), pod yield (PY), kernel yield (KY), 100 kernel weight (HKW), number of days to maturity

(NDM) and harvest index (HI) of AMF, Fe and Zn interaction

Treatments PN/P PY KY HKW NDM Hi
(number) (kg ha't) (kg ha) (s) (days) (%)
Fe+
Zn+ 37.0 4260.4 2273.6 150.5 126.0 35.5
Zn- 32.0 3926.3 2193.7 142.3 130.8 32.3
Fe-
AMF+ Zn+ 30.3 3892.5 2143.1 148.5 131.5 32.3
Zn- 29.0 3875.4 2121.7 141.8 133.5 31.5
Mean Fe+ 34.5 4093.3 2233.7 146.5 128.4 33.9
Mean Fe- 29.6 3870.0 2132.4 145.1 132.5 31.9
Mean Zn+ 149.5a 128.8 339
Mean Zn- 1421 b 132.2 31.9
MeanAMF+ 32.1A 3981.6 2183.0A 145.8 1304 A 329A
Fe+
Zn+ 28.5 3683.2 2171.2 145.3 132.3 31.3
Zn- 27.0 3164.6 2011.5 142.0 134.3 31.0
Fe-
AMF- Zn+ 21.5 2594.2 2031.7 136.3 138.0 30.3
n- 20.0 2569.9 1935.0 134.0 140.0 30.3
Mean Fe+ 27.8 34239 a 2091.4 143.6 a 133.3 31.2
Mean Fe- 20.8 2581.8 b 1983.4 1351 b 139.0 30.3
Mean Zn+ 140.8 135.2 30.8
Mean Zn- 138.0 137.2 30.7
MeanAMF+ 2438B 3000.2 2037.3 B 139.4 136.1B 30.7B
Grand Mean Fe+ 31.1a 3758.6 2162.5 145.0 130.8 a 32.6
Grand Mean Fe- 252 b 3225.9 2057.9 140.2 1358 b 31.1
Grand Mean Zn+ 29.3a 3607.6 2154.9 145.2 132.0a 32.4
Grand Mean Zn- 270 b 3376.9 2065.5 140.1 1346 b 31.3
Fe * 3k %k ns * %k * % ns
Zn * ns ns ** ** ns
AMF x Fe ns * ns ** ns ns
AMF x Zn ns ns ns * ns ns
AMF x Fe x Zn ns ns ns ns ns ns

*, %, significant level 0.05 and 0.01, respectively.

The 100 kernel weight is important for the use of seeds and
the classification of the product in peanuts. The interaction
of AMF x Fe and AMF x Zn were significant (Table 2).

Foliar Zn spray had a positive and significant effect on 100
kernel weight in AMF applied parcels whereas Fe application
without AMF gave a significantly higher 100 kernel weight.
The higher yield in AMF + Zn parcels indicated the
significance of the AMF +Zn combination on 100 kernel
weight.

The early maturity allows a suitable cropping system. In our
study, AMF, Fe and Zn applied plants compared with their
control reached statistically physiological maturity at early
times (Table 2). Earliness were 5.7 days in AMF, 5 days in Fe
and 2.6 days in Zn. In addition, the early maturity obtained
from AMF, Fe and Zn combination explained the successful
usability of these applications, especially in short-season
peanut cultivation.

The proportion of pods/total crop biomass without root is
defined as harvest index (%) in peanut (Puttha and Jogloy,

2019). The harvest index values changed from 30.3% to
35.5%, and mean value was 31.8%. The results of harvest
index values in our study indicated that the significantly
higher harvest index (32.9%) was recorded in AMF
application compered with non-AMF treatment (30.7%). Our
results are in agreement with Uko et al. (2019) who found a
higher harvest index in G. clarum inoculation. Although AMF,
Fe and Zn interaction was non-significant, the highest
harvest index (35.5%) in AMF, Fe and Zn combination clearly
revealed that these applications could change the dry matter
distribution in the plant.

The presence of only AMF favorable affected the number of
pods per plant, pod yield kernel yield, 100 kernel weight,
days to maturity and harvest index while AMF with Fe
increased the pod yield. He and Nara (2007) emphasized the
importance of mycorrhizas in promoting crop productivity.
Similarly, many researchers were emphasized that AMF
treatment in maize (Sabia et al., 2015), wheat (Pellegrino et
al., 2015), potato (Hijri, 2016) and cotton (Gao et al., 2020)
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have considerable potential for increasing yield in field
conditions.
The foliar application of Fe + Zn treatment with AMF has
synergistic effects on yield and yield components in our
study. Smith and Read (1997) revealed that AMF enhances
the nutrient absorbing surface area and uptake of immobile
Zn. In addition it was reported that AMF-colonized peanut
can mobilize Fe from calcareous soil (Caris et al., 1998). Also,
the Fe + Zn combination increased all yield and vyield
components and declined the days to maturity. It was clearly
demonstrated the positive effect of Fe + Zn on plant height,
pods per plant, pods weight, seed weight, shelling, 100 seed
weight, seed yield (Arunachalam et al.,, 2013; Abdel-
Motagally et al., 2016; Irmak et al., 2016; El- Metwally et al.,
2018; Nakum et al., 2019).
CONCLUSION
This study concluded that seed coating with AMF and foliar
application of Fe and Zn, and their combination, improved
yield and yield components in peanut. However, more
detailed researches should be carried out to support the
findings of this preliminary study. Studies in which elements
such as manganese and calcium are added to AMF + Fe + Zn
should focus on stress conditions.
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