Asian Journal of Soil Science and Plant Nutrition

6(1): 39-45, 2020; Article no.AJSSPN.57617
ISSN: 2456-9682

The Effect of Si Fertilizer and Si Fertilizer with Straw
Return on Soil K Availability and Grain Yield on
Spring Maize (Zea mays L) in Northeast China

Mabagala Frank Stephano’, Yuhui Geng' and Meiling Zhang'

1College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China.
Authors’ contributions

This work was carried out in collaboration among all authors. Author MFS designed the study,
performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript.
Authors YG and MZ managed the analyses of the study. Author MFS managed the literature
searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/AJSSPN/2020/v6i130080

Editor(s):

(1) Pankaj Kumar, H. N. B. Garhwal Central University, India.

(2) Dr. Paola Angelini, University of Perugia, Italy.

Reviewers:

(1) S. Jawahar, India.

(2) M. Yuvaraj, Tamil Nadu Agricultural University, India.

Complete Peer review History: http://www.sdiarticle4.com/review-history/57617

Received 15 March 2020
Accepted 21 May 2020
Published 27 May 2020

Original Research Article

ABSTRACT

Aims: To investigate the effect of silicon (Si) fertilizer and Si fertilizer with straw return in
potassium (K) and maize grain yield.

Methods: In 2018 and 2019, two field experiments were established in Nong’an county, Jilin
province. Four treatments were arranged in a randomized block design: JS3 (straw return + Si),
WS3 (no straw return + Si), JSO (straw return + no Si) and WSO (no straw return + no Si).

Results: In comparison with WS3, the average soil available K for WSO was 22.1% lower.
Similarly, compared with JS3, the average soil available K for WS3 was even decreased by 3.1%.
The plots amended with Si fertilizer (15.9% WS3) significantly increased K uptake than that of
WSO, and the total uptake of K under JS3 increased by 7.5% compared with that under WS3. The
total dry matter and grain yield were significantly higher under WS3, which increased by 6.5% and
4.8% respectively, and JS3 significantly outperformed WS3 by 2.9% and 1.3% for total dry matter
and grain yield.

Conclusions: Our results indicate that the application of Si fertilizer improves K availability, uptake
and crop yield, and the use of Si fertilizer with straw return sustainably improves K release to meet
crop requirements while increasing crop productivity.

*Corresponding author: Email: gengyuhui@163.com;
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1. INTRODUCTION

Potassium (K) is one of the essential nutrients for
crop production, which constitutes up to ten
percent of dry plant mass. K plays critical
physiological processes such as enzyme activity,
homeostasis, osmoregulation, protein
metabolism and membrane polarization [1].
Furthermore, the essential plant processes such
as photosynthesis, growth and photorespiration
largely depend on the concentration of K.
Farmers have adopted the practice of applying
excessive fertilizer to achieve more yield.
Improper chemical fertilization can pose
severe problems, including water pollution, soil
pollution, and air pollution [2]. Intensive long
time use of chemical fertilizer may lead to
change is soil fertility and soil nutrient imbalance

(3]

Silicon (Si) is the most abundant element on the
earth’s surface, which has proved to have many
beneficial effects on crops [4]. In 2006, the
French researcher Desplanques et al. [5]
revealed that the biogenic silica is significantly
applied to the soil contributing to 1-3% of the
whole Si in the earth. Greger et al. [6] studied
the influences of Si on soil nutrient availability, in
the study, they found that Si-maintained
increased availability of nutrients in the soil
solution which payback for the depletion in tissue
concentration of those nutrient elements. They
also figured out that Si also improves the uptake
of nutrients in non-stressed crops. The possible
reasons why Si increases the amount of some
elements could be that Si helps the binding of
them in plant tissues. Previous research has
discovered that Si can stimulate various plants to
take up more macronutrients and micronutrients
(K, Ca, P, S, Mn, Zn, Cu, CI, Fe) from the soil [7].
Crop straw return to the field after harvest is
positively encouraged in China to decrease the
environmental pollution that comes out from
straw burning [8]. Straw return is a best
management practice for tackling and helping
soil nutrient conservation and improving crop

yield; it also decreases soil degradation,
improving soil physical characteristics, and
enhancing soil fertility indices [9]. However,

unsuitable methods of the straw application
might depreciate soil quality and unbalance
nutrients distribution [10]. Organic manure
contains essential macronutrients nitrogen,
phosphorus, potassium, and micronutrients such
as calcium, magnesium, sulfur, manganese,
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copper, zinc, chlorine, boron, iron, and
molybdenum [11]. Several field experiments
have confirmed that combining crop straw return
and chemical fertilizer can help to attain the
optimum crop grain yield similar to inorganic
fertilizer alone [12,13]. In the experiment
conducted in Pakistan, the effects of inorganic
and organic manures of soil physical and
chemical properties. The plots received fertilizers
alongside organic manure revealed that the
growth and vyield of maize crops were
significantly improved. The K content was
enhanced. They concluded that the integration of
organic fertilizers with organic manure could be
used with a reduced rate to improve crop
productivity sustainably [14].

Many studies have focused on the effect of straw
incorporation and Si fertilizer separately on the
availability of K, uptake, dry matter, and
grain yield. There are few reported cases on the
use of combined Si fertilizer and straw return on
K availability, dry matter, and grain yield. The
use of combined Si with the straw return will,
even more, increase soil availability of K,
dry matter, and grain vyield. Hence an
experiment was conducted to investigate the
effects of Si fertilizer under the straw condition
on soil K, K uptake, total dry matter and grain
yield.

2. MATERIALS AND METHODS
2.1 Experimental Area

The field study was carried out at Dong Fang
Hong village (124°31'E, 43°55"), Nong'an
County, Changchun city, Jilin Province, in the
2018 and 2019 farming seasons. It is located in
the Platteland of Songliao Plain, with a plane
landscape having four different seasons with a
mean yearly temperature of 4.7°C, a frost-free
period of 145 days and average precipitation of
507.7 mm per annum. The experimental area is
the spring maize continuous cropping area, and
the tested soil was Chernozem soil (Soil
classification is based on the Canadian system
of soil classification). The fundamental physical
and chemical parameters were measured
before the experiment commenced at a soil
depth 0-20 cm in 2018 and 2019, respectively,
of the studied soil, were shown in Table 1. The
elemental comPosition of straws was 8.7 g kg'1
of N, 1.7 g kg of K,9.0g kg'1 of K, and 6.2 g
kg™ of Si.
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2.2 Experimental Design

The trials had a two-way factorial design in
which 12000 kg ha™ (J) of straw was returned
to the field in one part, and the other part had
no straw returned to the field (W). The Si
treatments included the SO treatment (0 kg ha™,
no Si fertilizer) and the S3 treatment (45 kg
ha' of Si fertilizer). There were four
treatments: WSO (no Si fertilizer + no straw),
WS3 (Si fertilizer + no straw), JSO (no Si
fertilizer + straw) and JS3 (Si fertilizer +
straw). The treatments were arranged in a
randomized block design (RBD) with four
replications.

Sodium silicate (Na,SiO;) was applied as Si
fertilizer. The area of each plot was 35 m® The
maize variety Fumin 985 (produced by Jilin
Fumin Seed Leaf Co., Ltd) was planted on May
7, 2018, and May 10, 2019, and then harvested
on September 28, 2018, and October 2, 2019,
respectively. The planting density was 65000
plants ha™'. Macronutrients (N, P, and K) were
used in all experimental plots. The rate of N
application was 240 kg ha™ in each treatment,
in which the base fertilizer accounted for 40% of
the total N application rate, the topdressing
fertilizer at the jointing stage accounted for 30%
of the total N application rate, and the
topdressing fertilizer accounted for 30% of the
total N application rate. All plots were
treated with P pentoxide (P,Os, 100 kg ha™)
and K oxide (K,O, 100 kg ha™'), which
were applied once as the base fertilizers. The

remainder of the management was
based on the local standard of field
production.

2.3 Soil and Plant Sample Collection and
Soil Analyses

Both soil and plant samples from each plot were
collected during the experiment at the V6 (six
leaves), V12 (twelve leaves), VT (tasselling), R2
(blister aging), R3 (milking) and R6 (maturity)
stages (40, 59, 68, 94,110 and 130 days after
emergence in 2018 and 55, 64, 73, 94,113 and
130 days after emergence in 2019, respectively).
From each plot, soil samples were collected from
a depth of 0—20 cm with a soil auger at three
randomly selected points and were mixed
entirely to prepare a uniform soil sample. After
air-dried, the soil samples were crushed with a
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mortar and pestle and passed through a 2-mm
sieve for analysis of the soil chemical properties.
The plant-available K was determined using the
flame photometry method.

2.4 Plant Tissue Nutrient Analysis

Three samples of fresh plants of uniform growth
size were collected from each plot. Plant
samples were divided into two components (stem
and leaf) for V6 and V12 stages and four parts:
stem (including the stem, leaf sheath, and bract
leaf), leaf (excluding the leaf sheath, bounded by
the leaf ring), cob, and grain for VT, R2, and R3
stages. Plant samples were heated at a constant
temperature in a blast oven at 105 °C for 30 min
and dried to a uniform weight at 80 °C. Each
plant piece was weighed to obtain its dry weight
(DW). The total K content of the different plant
organs was extracted by the flame photometry
method. The K uptake (kg') in the plant
segments was computed by multiplying the
segment K concentration (%) by the dry matter
fraction (DM) (t ha™).

2.5 Grain Yield
Components

and Straw Yield

At maize maturity, the yield was measured in
each experimental plot with a representative
area of 10 m?, and ten ears were selected
according to the weight mean method to
measure the grain number per ear and the
1000-grain weight. The economic yield was
calculated by the air-dry weight (14% water
content) of 10 grains in each plot. The total dry
matter was computed based on the fresh straw
yield in the two sampled rows and the
proportional oven-dried vyield in the 3-plant
subsample. The total dry matter was computed
by multiplying the DM (t ha'1) by the plant
population.

2.6 Statistical Data Analysis

Soil available K (mg kg”), total K uptake (kg
hm™), REK (%), AEK (Kg kg™), PFPK (Kg ha™),
total straw yield (kg ha™) and the grain yield (kg
ha'1) were analyzed using SPSS Statistics 25.0
(SPSS, Inc., Chicago, IL, USA). The means
differences were compared by Duncan’s test at
the 0.05 significance level. Figures and the
means and standard errors (S.E) were created in
Origin.
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Table 1. Fundamental characteristics of studied soils before planting of maize

Site Years Organic Alkaline  Available Available Available  Soil
matter nitrogen phosphorus potassium silicon pH
mg.kg- mg.kg-"  mg.kg-' mg.kg-' mg.kg-'

Nong’an 2018 27.9 107.3 50.7 163.5 350.1 8.0

2019 25.0 109.2 33.9 114.1 357 7.7
3. RESULTS AND DISCUSSION the 30cm soil layer. These findings are valuable
at adding knowledge on the integration of crop
3.1 Dynamic Change of Available straw and chemical-based fertilizer ~for

Potassium (K) During Maize Growth

As shown in Fig. 1, the Si fertilizer application
significantly increased soil available K. Averaged
over two years, the WS3 treatment accounted for
22.1% less than did the WSO treatment at the
maturity period. The addition of Si fertilizer
attributed to an increased concentration of K+ in
the soil solution, which led one to high plant
uptake of K [15]. Our results were in line with that
of [16], who demonstrated that in two
experimental years, Si application significantly
increased available K, which is consequently
enhanced yield. These findings are essential at
adding insights into the integration of
micronutrients-based fertilizer, especially Si, for
increased crop productivity.

Our current study specified that the use of straw
in our experiment improved the soil availability of
K. The JS3 treatment at maturity R6 stage
contained 3.1% available K lower than did the
WSO treatment averaged over two years (Fig. 1).
This is because the more K comes from the
mineralization of organic matter delivered from
the crop residues [17]. Our results are in good
agreement with Zhao et al. [18], who showed that
straw return increased available K in the top of

280

sustainable agriculture.

3.2 Effect of Straw Returning with Si
Fertilizer on K Accumulation in
Spring Maize

In the present study, averaged over two growing
seasons, the total K uptake in the whole plant
was higher (15.9%) in Si treated (WS3)
treatments than in non-Si treated (WSO0)
individuals at the R2 stage (Fig. 2). Accumulation
of more K in the crop was associated with the
influences of Si in the physiological process of
the plant [19]. This finding is consistent with Pati
et al. [16], who reported that Si fertilizer at 600kg
ha improved K uptake in the rice crop. Hence,
Si fertilizer application should have contributed to
the plant to accumulate more K during the whole
maize growth.

In the present research, the addition of straw in
Si fertilizer improved the total K uptake in the
plants, as we hypothesized. The plants
registered under JS3 plots showed to take up
7.5% over the average higher compared to those
under WS3 treatment (Fig. 2). This is due to that
straw materials contribute to the release of K and
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Fig. 1. Changes in soil available K across different plant growth stages. Vertical bars show the
standard error based on three replicates
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other plant nutrients [20]. Similar increases of K
absorption in the crop as the result of straw
incorporation were also observed by Bai et al.
[21]. Therefore, straw return with Si fertilizer can
be used as an alternative practice to improve K
uptake in crops.

3.3 The Effect of Si Fertilizer and Straw
on Dry Matter Accumulation in
Spring Maize

The results present in Table 1 illustrate that the
maize grain significantly influenced by Si
application. The substantially higher grain (11685
kg ha™) and 11657 kg ha-1) in 2018 and 2019,
respectively yields per plot were recorded due to
basal application of 45kg ha™' of Na,SiO;, while
the lower grain (11196 kg ha'1) and 11052 kg
ha') per plot were registered under the
conventional practice  plot (Table 2).
Furthermore, Si fertilizer significantly affected the
total dry matter accumulation. The treatment
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WS3 gave a 6.5% higher dry matter over the
control (WSO0) (Fig.3). The increase in maize
yield and straw might be due to improvements in
fertilizer efficiency [22]. The lower return in the
control treatment (WSO0) relative to Si treated
plots, was probably due to less Si and N
interactions, which resulted in inadequate N for
the crop to produce a higher yield. A similar
observation was reported by Xu et al. [23], who
found that the application of Si improved maize
grain yield and dry matter accumulation. These
findings could contribute to the further
understanding Si fertilizer enhances dry matter
production and grain yield.

The findings from this experiment demonstrate
that the addition of Si fertilizer and straw
increases grain yield and dry matter of maize in
two years of study. The significantly higher grain
(11881 kg ha) and 11777 kg ha™") in 2018 and
2019, respectively yields per plot were recorded
due to addition of organic matter by straw
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Fig. 2. The response of maize total plant K uptake for two years, 2018 and 2019. Each data
point is the mean * S.E. of three replications
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Fig. 3. The seasonal total dry matter accumulation of plant evaluated for two years, 2018 and
2019. Bars with different lowercase letters indicate significant differences at P < 0.05
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ear

Table 2. Showing variance analysis of grain number (per-’), 1000-grain weight (g) and yield
(kg ha™), of maize in two consecutive years of 2018-2019

Year Treatment Grain Number (per Ear) 1000-Grain Weight (g) Yield (kg ha”)
2018 WSO 597+4b 300t11c 11196+359¢c

WS3 597+14b 330t7a 11685+221a

JSO 635+5¢ 31412b 11345+11b

JS3 693+33a 330t4a 11881+107a
2019 WSO 32916b 527+3c 11052+155¢

WS3 336+4ab 550+8a 11657+30a

JSO 333+21ab 542+62b 11067+24b

JS3 346+4a 556+2a 11777+134a

application [24] under the JS3 treatment, while 2. Savci S. An agricultural  pollutant:

the lower grain (11685 kg ha'1) and 11657 kg
ha'1) per plot were recorded under without straw
treatment (Table 2). The treatment JS3 gave a
2.9% higher dry matter over the WS3 treatment
(Fig. 3). The increases in grain yield and dry
matter was probably due to improved organic
matter and nutrients such as N.P.K and others
[25]. Our findings agree with Zhang et al. [26],
who have found that straw incorporation
increased grain yield and biomass yield.
Therefore, the straw application should be
considered an essential practice in maize
farming for improving yield and promoting
sustainable soil systems.

4. CONCLUSION

The central objectives of this research were to
explore the effect of Si fertilizer and Si fertilizer
with straw return on K soil availability, total plant
uptake, total dry matter uptake, and grain yield in
spring maize. The benefit of Si fertilization and Si
fertilizer with straw return on soil available K,
uptake, dry matter, and grain vyield were
systematically analyzed. The results showed that
Si fertilizer positively influences K availability, dry
matter, and grain vyield. Si fertilizer with straw
practice was the most important since it involved
straw fraction to maintaining relatively high crop
yield and attaining remarkably high K utilization.
Therefore, combined Si fertilizer with straw return
can be regarded as an optimal K management
practice to achieve reasonable maize yield in
northeast China sustainably.
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