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Aftab Ahmed,! Atta Mohi Ud Din,? Samina Aftab,> John Kwame Titriku,! Shoaib Ahmed,!
Muhammad Nizamani,* Zameer Hussain Jamali,> Xiao Tei,! Feng Yang,! Wenyu Yang!

ICollege of Agronomy, Sichuan Agricultural University, Chengdu, Sichuan, China; *College of Life
Sciences, Sichuan Agricultural University, Ya’an, Sichuan, China; >College of Management, Sichuan
Agricultural University, Chengdu, Sichuan, China; *Sindh Agriculture University, Tandojam Sindh,
Pakistan; °College of Environmental Science, Sichuan Agricultural University, Chengdu, Sichuan, China

Highlights

- Potassium nutrient management in maize-soybean strip intercropping can increase the resource use efficiency.

- Compared to the T, (no potassium), T (80 kg ha™! on maize) application increases the light interception and leaf area index of maize
by 17% and 38% respectively.

- Regression analysis reveals a positive relationship between physiological parameters measured at R, and at Rs growth stages in maize
under maize-soybean strip intercropping.

- High KO (80 kg ha™!) inputs enhanced the partitioning of biomass production in maize.

- Overall, the optimum K>O application increased the maize yield by 16% under maize-soybean strip intercropping system relative to

control.
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E-mail: mssiyangwy@sicau.edu.cn Fertilisers, as soil amendments, particularly K,O, could increase
maize yields. A Two-year field research was designed in 2018-
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cations on maize-soybean strip intercropping and sole-maize yield
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pesticide inputs and non-renewable materials (Moonen and
Barberi 2008; Clergue et al., 2009; Wezel et al., 2014). Such sys-
tems, for example, strip and relay strip intercropping maximise
agricultural productivity (Gliessman 1990; Wezel et al., 2014).
Inter-cropping, defined as the growing of two or more crops on the
same piece of land at the same time, is valuable for ensuring land
productivity and sustainability through facilitation and comple-
mentary use of resources (Raza et al., 2019a). Cereals are the
largest crop family used in intercropping systems and are impor-
tant for attaining agricultural productivity and land-use advantage
(Yang et al., 2017). Multi-cropping cereals with legumes reduce
the competitiveness through facilitation mechanisms like nitrogen
fixation by legumes, thereby increasing the use of resources like
land, light, and water (Duchene et al., 2017; Yang et al., 2014). A
narrow-wide-row planting pattern is mostly used in maize and soy-
bean strip intercropping (MSI) in China. This consists of two rows
of maize planted 40 cm apart in the narrow row and two rows of
soybeans planted in wide rows, keeping a distance of 40 cm, while
distance between maize and soybean rows is maintained at 60 cm.
This planting pattern has proven to increase the rate of photosyn-
thesis of maize plants (Liu ef al., 2018).

Balanced management of crop nutrients is a great way of
improving agricultural production and smallholder farmers’ incomes
(Amanullah 2016). The amount of fertiliser utilised in agricultural
production systems is necessary to ensure and sustain improved
nutritional supplies to plants. Potassium (K) is one of the major plant
macronutrients along with nitrogen (N) and phosphorus (P). K is
utilised in various enzyme activation, synthesis of protein, starch,
cellulose and vitamins, abiotic resistance, and biotic susceptibility,
enhances the efficacy of N and P usage, and productivity and quality
of agricultural crops (Epstein and Bloom, 2005). Optimum potassi-
um sulphate (K,O) helps to ensure the maximum crop yield (Dong
etal., 2010; Zhang et al., 2011). In order to meet the ever-increasing
amount of food supply (Grote ef al., 2005), proper K management is
necessary to ensure stable food yield and quality and to preserve
agricultural production within intensive agricultural systems
(Pettigrew, 2008a; Romheld and Kirkby, 2010). Fertilisation with K
remains the main source of K in most cultivation systems. Even
though the rates of application of N and P fertilisers have annually
been increased, the application rate of K remains inadequate
(Darilek et al., 2009; He et al., 2012). Worldwide, agricultural soils
are deficient in K (He ef al., 2015), notably Africa (Wortmann and
Kaizzi, 1998), Asia (Hedlund ef al., 2003), and Europe (Bengtsson
et al., 2003). Additionally, growers in China have paid more consid-
eration to N, P fertilisation, but not to K. The imbalanced application
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of fertilisers contributed to a significant decrease in K (Wang et al.,
2008; Zhen et al., 2006). Previous studies have revealed that K fer-
tiliser application has significantly increased wheat, potato, and rice
yields in China (Niu et al., 2013; Li et al., 2015; Cong et al., 2016).
Thus, giving more attention to K fertilisation is essential for sustain-
able increases in crop production.

Therefore, there is the need to understand physiological K pro-
cesses regarding yield-trait relationships for the development of
fertiliser management practices and agricultural policies to ensure
the maximum crop yields. Various experiments have been conduct-
ed to determine the K consumption in relation to maize production
(Niu et al,, 2011; Dan et al., 2012; Xu et al., 2013). The character-
istics of the K accumulation might differ in conventional cropping
systems, and therefore, more information on optimum K applica-
tion rates for maize is required to improve K management strate-
gies in MSI systems. Thus, the objectives of this study were to; 1)
assess the response of potassium application rates on photosynthet-
ic characteristics, light interception of maize in MSI and sole-
maize (SM); ii) to analyse biomass accumulation, and grain pro-
duction of maize under MSI and SM as affected by K treatments.

Materials and methods

Plant material and locality description

A two years field experiment was conducted from June to
October in 2018 and 2019 at the Modern Research Farm of
Sichuan Agricultural University, Chongzhou, Chengdu (31°46' N,
119°00" E, 535 m elevation), Sichuan Province, P.R. China. The
study, in particular, did not contain any endangered or threatened
animals, and no approvals were required for the designated locali-
ty. Both studies were conducted in agreement with Sichuan
Agricultural University, China’s organisational rules and regula-
tions. In both years of research, semi-compact variety of maize,
Zhenghong 505, and soybean, Nandou 25 cultivars were used.
These maize and soybean cultivars are the major cultivars used in
the southwest of China (Liu et al., 2016).

Climate and soil characteristics

The research area has tropical climatic conditions. Weather
data obtained from a nearby observatory is presented in (Table 1).
The physicochemical features of soil at Chongzhou are reported in
Table 2.

Table 1. Monthly rainfall (mm), average temperature (T, °C), and humidity (%) during the growing seasons 2018 and 2019, from June

to December.

June 65.53 27.10 2042 90.07 60.45 20.35 83.93
July 223.21 29.83 22.62 93.711 240.79 21.22 90.16
August 134.11 32.38 2221 84.53 460.78 21.72 83.55
September 118.62 24.69 18.52 87.35 104.90 17.75 90.70
October 20.83 19.48 13.10 86.27 17.78 16.62 92.25
November 15.89 17.79 10.59 75.04 16.23 10.34 78.74
December 5.12 10.72 6.22 75.76 5.24 .75 82.07
June-Dec (Mean) 83.33 23.14 16.23 84.67 129.45 16.54 85.91
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Experiment design and details

A field-experiment was conducted in a randomised complete
block design having three replications. In this experiment two
planting patterns, MSI, and SM systems and three potassium treat-
ments: T (K>O: zero K,O application); T, (maize K,O: 40; soybean
K,0: 30 kg ha™!); T, (maize K,O: 80; soybean K,O: 60 kg ha™!)
were used based on recommended rates for Southwest China (Wu
et al., 2013) (Figure 1). The MSI used a wide narrow-row planted
pattern of alternate maize and soybean strips. Each MSI strip had
two maize rows and two soybean rows (2:2). Two rows of maize
were planted with two rows of soybean, at a row distance of 40 cm,

Row to Row distance 40 cm |

Plant to plant distance 10 cm |
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- Maize-Soybean Intercropping

keeping intra row space of 40 cm, while a spacing of 60 cm was
maintained between maize and soybean rows. In SM cropping, 70
cm spacing was used between and within maize rows, and each
plot size was 36 m? (6 m wide and 6 m long). Both crops seeds
were over-planted with hand planter at a seed rate of 32 kg ha™! and
40 kg ha™! of maize and soybean respectively. The seedlings were
later thinned to a population of six and ten plants m 2 of maize and
soybean respectively in MSI. Similar maize plant population was
maintained in SM. Maize and soybean were planted on 10t and
15" June 2018 and 2019, respectively. In MSI and SM, basal N as
urea fertiliser 130 kg ha™!, P as calcium superphosphate 72 kg ha™!,
and potassium as K,O was applied in all plots at the sowing time.

_ Row to Row distance 70 cm

Plant to plaht distance 23 cm

Figure 1. Schematic representations of maize-soybean strip intercropping and sole-maize systems during the season of 2018 and 2019

(Ahmed et al., 2020).

Table 2. Soil characteristics (physical and chemical) before the experiment conducted.

Parameters Method Reference

Soil texture Hydrometer

(Sand 54%, silt 28%, and clay 18%)

Nrotar 0.90 g/kg Kjeldahl acid digestion (Page et al., 1982)

Protar 0.62 g/kg P-Olsen method (Olsen and Sommers, 1982)

Krora 6.28 g/kg Flame photometer (Jenway, UK) (Huoyan et al., 2016)

Naaiavle 63.5 mg/kg Automatic discontinuous analyser (Jenkinson, 1968)
(Clever chem200, Germany)

PAvajlable 40.57 mg/kg (OlSEIl, 1954)

Kaaitavte 96.36 mg/kg (Jackson, 1973)

Organic matter 30.34 g/kg (Homer and Pratt, 1961)

Soil u 6.6 topsoil 0-20 cm

(Pietsch and Mabit, 2012)
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The second application of N as urea 80 kg ha~! was applied at the
sixth-leaf growth stage of maize. All other agronomic practices fol-
lowed were based on crop demand and agricultural practices com-
mon in the region. Weeds were controlled manually, and pests and
diseases were monitored throughout the experimental period. The
crop was rain-fed; no irrigation was applied during both years of
study. The maize crop was harvested in the last week of August
2018 and 2019, while soybean was harvested at the end of October
2018 and 2019.

Observations

Light interception

The photosynthetic active radiation (PAR) assessment in dif-
ferent K treatments was done to determine light changes in the
maize plant environment. To measure the PAR, light sensors (LI-
191SA) quantum sensors, (LI-COR Inc., Lincoln, NE) were posi-
tioned on the horizontal arm of the observation scaffold over the
maize canopy and at ground level at four growth stages viz; Vi, R,
R4, and Rg (sixth leaf, blister, dough, and physiological maturity
stages) across all plants grown in MSI and SM. The PAR was
observed for each treatment on a clear sunny day three times at
various points over the maize canopy from 10 a.m. to 12 a.m.
Three technical repeats were taken on average every time.

Chlorophyll content and gas exchange parameters

Maize chlorophyll content was measured at four growth stages
(Vs, Ry, Ry, and Re) using the SPAD-502 Minolta chlorophyll
meter from all experimental plots. In each plot, healthy, and repre-
sentative plants were marked with plastic rope. A portable photo-
synthesis device LI-6400 (LI-COR Inc.) embedded with an LED
leaf chamber was used to assess the gas exchange parameters,
including photosynthesis-rate (Pn), stomatal conductance (Gs),
transpiration rate (Tr) and intercellular CO, concentration (Ci), of
maize leaves. To observe the photosynthetic characteristics, com-
pletely expanded maize ear leaves were selected and measured at
Vs, Ry, Ry, and Ry in all plots. Altogether, the observations were
recorded on a clear sunny-day from 9 a.m. to 11 a.m. with a carbon
dioxide concentration of 400-pmol mol-!.
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Leaf area index and biomass accumulation

Maize plants leaf area index (LAI) was calculated for each
treatment in the central rows at four growth stages Vs, R, R4, and
Re. The overall maximum width and length of the leaf were calcu-
lated by the help of a ruler, leaf area estimated by multiplying the
crop co-efficient factor of maize 0.70 with the leaf length, and
width (Rahman et al., 2017). Six consecutive maize plants, exclud-
ing border plants, were randomly sampled from each experimental
plot at Ve, R,, R4, and R, for determining biomass accumulation
and its distribution in various plant parts. All samples collected in
the same plot were at a minimum of one meter apart from the pre-
vious samples. The harvested plants were separated into different
parts, such as belowground (roots) and aboveground (leaves, stem,
cob, and seed). For analysing the total dry matter accumulation and
partitioning, plants were placed at 65°C for one hour in an oven to
destroy the fresh tissues and later dried at 80°C until a constant
weight has achieved.

Grain yield and yield attributes

In this research, to analyse the yield response, at the maturity
stage, 24 ears from the central strips of individual treatments were
sampled. The harvested ears were dried for six days in the sun-
shine, threshed and weighed with a scale to determine the grain
yield in all plots, and then converted to ton per hectare (t ha™);
seed number per plant (SP~!) was also recorded for all collected
ears. Three heaps comprising of 1000 seed were selected from bulk
seed stock of each treatment and dried at 65°C in an oven until a
constant weight was attained. The seeds were weighed with an
electronic balance and the average weight determined. At physio-
logical maturity, the harvest index (HI) was calculated as a ratio of
seed yield (t ha™!) to the total above ground biomass (t ha™') and
denoted in percentage.

Statistical analysis

Data of each treatment was arranged and organised in
Microsoft-Excel; analysis of variance (ANOVA) was done using
Statistix software (Statistix version 8.1). Analysis of variance and
least significance difference (LSD) test at the 5% (P=0.05) level of
significance was used to calculate the physiological and nutritional

Maize-2019
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Figure 2. Effect of K,O treatments in light transmittance between maize rows for 2018 and 2019, three growth stages of maize Ve, Ry,
R, and Rg (six-leaf, blistering stage, dough stage, and physiological maturity) of maize plants, respectively. Ty (no potassium), T; (maize
40 and soybean 30 K,O kg ha™!), and T, (maize 80 and soybean 60 K,O kg ha™!) represent the treatment, respectively, in maize-soybean
intercropping. The SM refers to the sole maize cropping. Means averaged over three replicates. Bars show + standard errors (n=3).
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significance of potassium application in the sole and intercropped
maize. Plots of residuals from ANOVA revealed that the data con-
firmed the assumptions of the analysis without the requirement of
transformation. For the graphical presentation of results, Microsoft
Excel-2013 software was used using the standard error (+SE). A
regression analysis to examine the relationship between potassium
treatments and some measured parameters was conducted with
Statistix 8.1.

Results

Effects of potassium concentration on light interception
of maize crop

The results of light interception of intercropped and sole
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cropped maize collected at Vg, R, R4, and Ry in response to differ-
ent K treatments are shown in (Figure 2). The mean maximum
light interception (LI) was observed in T, while the minimum LI
was recorded in Tpat Vi, Rs, R4, and Re, growth stages in both crop-
ping systems. Different K,O treatments had significant effects on
LI (P<0.05). Averaged over two years, the maximum LI values of
18, 27, 31, and 36% were observed under treatment T,, and the
minimum LI values 13, 16, 23, and 25% were observed under
treatment T at four growth stages (Vs, Rz, R4, and Ry) respectively.
In addition, on average, relative to control (T)), treatment T, (80:60
kg ha!) enhanced the light interception by 14, 26, 15 and 17% at
Vs, Ry, Ry, and R, respectively, indicating that K,O (T,) signifi-
cantly increased the LI within the canopy of maize under MSI and
SM.

Effects of potassium concentration on leaf area index

The effects of various K treatments on the LAI of maize crops
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Figure 3. Effects of potassium on leaf area index of maize plant at Vg, Ry, Ry, and R¢ (sixth-leaf, blistering, dough, and physiological
maturity) for 2018 and 2019. T, (no potassium), T; (maize 40 and soybean 30 K,O kg ha!) and T, (maize 80 and soybean 60 K,O kg
ha™!) represent the treatment, respectively, in maize-soybean intercropping. The SM refers to the sole maize cropping. Error bars indi-

cate + standard errors.
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Figure 4. Effects of potassium on chlorophyll contents (%) of maize plant at four stages Vs, Rz, Ry, and R (six-leaf, blistering, dough,
and physiological maturity), for 2018 and 2019. T, (no potassium), T; (maize 40 and soybean 30 KO kg ha!,) and T, (maize 80 and
soybean 60 K;O kg ha!) represent the treatment, respectively, in maize-soybean intercropping. The SM refers to the sole maize crop-
ping. Error bars indicate + standard errors.
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varied significantly (P<0.05) from Ve, R,, R4, and Rgstages (Figure
3). In SM, the mean maximum LAI value of 5.77 was calculated at
R, both years of research, whereas in MSI, the mean highest LAI
values 0.98, 6.2, 5.51, and 3.59 were observed in T, treatments Vs,
R,, R4, and Re growth stages respectively in both years. All the K,O
treatments significantly (P<0.05) affected the LAI of maize plants.
However, the mean average of both years LAI of maize at T, treat-
ment was significantly increased in R, by 38%. Finally, the above
findings demonstrate the significant association between LAI and
K applications in maize plants. While, the mean maximum LAI of
SM at T, treatment significantly increased in R, by 23%.

Effects of potassium concentration on chlorophyll con-
tent of maize

Figure 4 shows the chlorophyll contents of plants in MSI and
SM maize as affected by various K,O treatments. At all stages,
chlorophyll content of maize plants was significantly (P<0.05)
affected by different K,O treatments. Under various K,O applica-
tions, the mean maximum chlorophyll contents were observed in
T, 30.9, 43.9, and 42.6 at four growth stages (sixth-leaf, blistering,
dough, and physiological maturity), respectively. Moreover, in
both years of experiment, the interactions of K,O treatments and
the years at all growing stages on chlorophyll contents were found
to be non-significant (P>0.05) (Figure 4). Overall, as compared to
To K,O treatments, the chlorophyll contents of maize leave
increased by 5 and 29% at R, in T, and T, treatments, respectively,
in both years.

Effects of potassium concentration on photosynthetic
characteristics of maize

The photosynthesis characteristics of the maize leaves under
MSI and SM were measured to examine improvements in maize
photosynthesis in response to different K,O treatments (Table 3).
In both years of research, significant differences (P<0.05) in Pn,
Gs, Tr, and Ci, were noted among the various K,O treatments at all
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measured growth stages of the maize plants. The mean maximum
values of Pn 23.8, 22.3 and 18.7 pmol CO, m2 s7!, Tr 2.80, 2.45
and 1.68 mmol H,O m2s!, Gs 0.21, 0.20 and 0.18 mmol H,O m~
2 sl and Ci 99.71, 113.38 and 111.89 umol CO, m2 s! were
recorded at Ry, R4, and R, respectively in T, treatments in MSI.
The mean maximum Pn of 22.76, 20.52, and 17.03 umol CO, m—2
s7! was recorded for SM at three growth stages (R,, R4, and Rg),
respectively, in both years. Compared to T,, K,O treatments of T,
80:60 kg ha™! significantly increased (P<0.05) the Pn of maize
leaves by 10, 8, and 6% at R,, R4, and Re, respectively in inter-
cropped maize indicating a linkage between Pn and variations in
amounts of potassium applied.

Effects of potassium concentration on an accumulation
of total biomass and partitioning

Figure 5 shows the different K treatment effects on total
biomass accumulation (TBA) at Ve, R at Ry, and Rg, respectively.
The mean maximum dry matter accumulation and its distribution
were observed at the Ry growth stage of maize in both years of
experiment. In this experiment, the mean maximum TBA in MSI
was 26, 139.9, 235.7 and 258.4 g plant™! in T, while SM achieved
25.40, 157.6, 222.0, and 234.10 g plant! at Vg, R, Ry, and R,
respectively. Furthermore, compared to treatment T, treatment, T,
(80:60 kg ha™!) remarkably enhanced the TBA of maize plants at
Re by 34% and 33% in 2018 and 2019, respectively. During all the
development stages (R,, R4, and R¢) of maize, we also calculated
biomass distribution to different plant parts; the maximum biomass
partitioning was noted in the stem at R, and R4. However, the high-
est accumulation of biomass was observed in grains, followed by
leaves, stem, and cob (Figure 5). The average highest partitioning
of biomass in reproductive parts, cob and grain increased from R,
to Re, in both years of study. At Rs in SM TBA in the cob, 38.69 g
plant™!, and seed, 105 g plant™! was recorded. Interestingly in MSI,
the K,O processes modified the distribution of biomass in maize,
and the maximum biomass accumulated in cob 39.76 and seed
106.15 g plant! was observed at Re in both years in T, treatment.

Table 3. Effects of potassium, on photosynthetic parameters of maize plants at the R;, Ry, and R¢ (blistering stage, dough stage, and

physiological maturity) for 2018 and 2019.

018 T 18280 16270 16.020 0214 0200
T 1925 1858 1571 021 0200
T, 2312 21100 1802 0200 019
sM 264 1841 16410 023> 0220
LSD (5%) 041 011 011 024 013
ANOVA : : : : :
T TI68*  4727F 1508 12.96%  25.13*
Y 044 2884 039 637 2%
TXY 074 224 074 006 076

009 T 19740 1867¢ 1566 0224 0220
T, 2058 1924 1612 021 02Ic
T, 451 2345 1945 0220 0222
sM 280 2264 17640 024> 023
LSD (5%) 036 019 019 036 022
ANOVA : : : : :
T 1031%  2165* 1388* 3649  35.45*
Y 350 194 21210 182 047
TxY 082 081 054 042 036

0.194 2424 2080 L77d 103.214 118264 115904
0.18¢ 2500 2.16¢  1.6%¢ 106.48¢ 122.35¢  119.34¢
0.172 2660 2322 156 95.392 106.60*  104.60°
0.16° 2500 2020 139 105.20° 122.34>  118.34b
0.13 036 021 021 0.08 0.45 045
2524 5413%  30.23*  2L.71* 19.18* 106.20%  42.24*
4.34 1841 410 441 10.54 132.42 7.52
031 090 330 0.29 0.23 0.27 0.38
0.204 2704 2360 1.959 117.644 132.78¢  127.73¢
0.19¢ 2.80c 246 188 112.94¢ 12741 124.82¢
0.202 LSRR DapR LR 104.042 120158 119.18¢
0.21° 275 234 159 114.05 128.06>  122.06°
0.22 0.16  0.14 0.14 0.05 0.52 0.52
3.65% 72.82%  22.26%  2421* 32.34* 181.23%  2541*
0.48 8.62 1.28 3.46 6.37 121.72 8.15
043 0.92 0.47 1.94 0.28 0.74 0.37

To (no potassium), Ty (maize 40 and soybean 30 K,O kg ha™') and T, (maize 80 and soybean 60 K;O kg ha™!) represent the treatment, respectively, in maize-soybean intercropping. The SM refers to the sole-maize crop-
ping. Means averaged over three replicates + standard error. #dMeans that do not share the same letters in the columns differ significantly at P<0.05.
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However, different K application to maize plants significantly
improved the partitioning of biomass into reproductive organs rel-
ative to K,O treatments (Figure 5). On average, cob and grain
weight was increased by 8% and 10% in T relative to Ty treatment,
respectively.

Effects of potassium concentration on seed yield and
yield attributes

Maize yield components, kernel number plant! (KNP) and
kernel weight plant™! (KWP) (g) in response to different K treat-
ments were significant (P<0.05) in SM and MSI (Table 4). In MSI,
the different K treatments had a significant (P>0.05) effect on KNP
of maize, and the maximum KNP, mean (439.5 plant™), was
recorded in T, while minimum KNP (400.5 plant!) was observed
in T, treatment. Meanwhile, KWP was significantly (P<0.05, LSD)
decreased by K in Ty and T, treatments, whereas adequate K,O
application (T,) produced significantly weightier seeds (106.2 g)
as compared to other treatments for both years. Seed yield was
found non-significant (P>0.05) and significant in 2018 and 2019,
respectively. Comparing with Ty, the T, increased the maize KNP,
KWP, seed index by 10%, 23%, and 17%, respectively, in MSIL.
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In SM, the mean highest numbers of KNP 432.7, KWP 105.3,
seed index 286.7 was recorded in T, followed by T, 425.4 KNP,
107.2 KWP, 79.81 seed index 282.5, while Ty produced minimum
KNP 419, KWP 102.1, seed index 274.9, respectively, under SM
(Table 4). These results revealed that the T, treatment in MSI and
SM mainly affected KNP, KWP, and seed index during the year of
growing seasons.

Regression analysis

A regression analysis was performed to evaluate the correla-
tion between various measured parameters of maize plants grown
in MSI and K,O treatments. Regression coefficients reveal a posi-
tive relationship between physiological parameters measured at R,
growth stage (the LAI R2: 0.88, chlorophyll contents R2: 0.91, pho-
tosynthesis R2: 0.81, TBA R?: 0.94) and at Re (light transmittance
R2: 0.84 and seed yield R%: 0.96) and K,O treatment (Figure 6).
Almost all the morphological parameters of maize increased with
the increased K,O application. The regression coefficient between
all the measured parameters and increasing K>O applications for
the mean datasets of 2018 and 2019 were all higher than 0.81
(P<0.05).
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Figure 5. A-D) Effects of potassium on dry matter partitioning of maize at four stages maize six leaves (Vg), blister (R;), dough (Ry),
and physiological maturity (Re) of phenological development in the strip intercropping system with soybean. Error bars indicate + stan-

dard errors.
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Discussion

Potassium and light interception

Natural light is a significant environmental element in agricul-
tural development (Feng et al., 2019). In farmlands, maize crops
mostly experience shade conditions on their middle and lower stra-
ta (Liu et al., 2017). The light interception of SM and MSI maize
leaves in was enhanced significantly however, light interception
was significantly (P<0.5) higher in MSI than SM in both years
(Figure 2). Spatial light distribution advantage and the edge row
advantage are benefits of the narrow-wide-row planting arrange-
ment used in MSI and the complementary role of soybean in MSI
improved nutrient availability for maize, which resulted in higher
LAI (Figure 3) leading to a higher light interception in inter-
cropped maize (Raza et al, 2019b). Furthermore, we observed
treatment T, significantly improved light interception in our exper-
iment from 18% in Vs, 27% in R, to 31% in R4 and 35% at Rs. Our
results are consistent with (Pettigrew and Meredith Jr, 1997) for
cotton and (Jordan-Meille and Pellerin 2004) for maize. The
increase in a light interception for K treated plants might be a result
of an increase in LAI (Jordan-Meille and Pellerin, 2004; Pettigrew
and Meredith Jr, 1997). K treatments increased LAI in MSI and
SM (Figure 3) as compared to To. A consequence of physiological
processes influenced by inadequate K is a reduction in plant size
(Ebelhar and Varsa, 2000), and this is often characterised by a
decrease in leaf area (Jordan-Meille and Pellerin, 2004; Pettigrew
and Meredith Jr, 1997).

Potassium and photosynthesis characteristics

Sun-light affects crop growth and production, during the pho-
tosynthesis process, plants use light to transform water and CO, to
sugar, and chlorophyll plays a vital role in converting light energy
to chemical energy (Yuncong et al., 2007; Fan et al., 2018). Earlier
experiments suggest chlorophyll content is significantly influenced
by light conditions and reduces during shading conditions (Su et
al., 2014). Furthermore, throughout our research, optimal K,O (T>)
improved the chlorophyll content of maize leaves in SM and MSI
(Table 3). Such improvement may enhance photosynthesis, water
accumulation, and regulation, stomatal opening in leaves
(Dobermann, 2001; Oosterhuis, 2001). Many studies have also
proposed that increasing potassium rates promotes the chlorophyll
concentration of crops (Hu et al.,, 2016; Oosterhuis et al., 2014).
Photosynthetic characteristics respond to changes in LAI induced
by different K treatments (Wang et al, 2015). Generally, an
increase in LAI leads to an improvement of the photosynthetic rate
(Khalid et al., 2019).

Moreover, under MSI, with optimum K application, the LAI is
essential for developing a plant structure that maintains a higher
photosynthesis rate (Shuting et al., 2000; Zhao et al., 2001). In our
study, T> maize plants in SM and MSI maintained a higher photo-
synthetic rate (Table 3). The increase in chlorophyll content and
the effective distribution of photo-assimilates could be associated
with these photosynthesis expressions after optimal K application
when the maize plant was at the reproductive stage. Besides, the
lower LAI in T, and T, could contribute to the reduced photosyn-
thetic rate. Our findings suggest that photosynthetic characteris-
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Figure 6. Relationship between leaf area index (A), chlorophyll contents (B), photosynthesis (C), total biomass (D) at Ry, light trans-
mittance (E), and seed yield (F) at R¢ respectively, for 2018 and 2019. Error bars indicate + standard errors.
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tics, as affected by K treatments, are directly linked to changes in
LALI, light interception, and chlorophyll content.

Potassium and total biomass accumulation and distri-
bution

Figure 5 presents the data on total biomass accumulation in
maize plants under various K treatments. The photosynthetic rate
of maize plants changed with various K treatments in this study as
a result of a combination of factors such as an increase in leaf area
and an improved light interception, which could lead to an increase
in the total photosynthates produced by maize leaves (Pettigrew,
2008b). Potassium enhances dry matter production in maize
(Wiebold and Scharf, 2006) and the improvement in maize
biomass yield with the application of K may also be due to an
increase in the rate of assimilation of CO,, improved stomata con-
trol and enhanced enzyme activity resulting in the production of
more carbohydrates thus increase in biomass yield (Tabatabaii et
al., 2011). Earlier studies suggested that the optimal application of
K for wheat and cotton improves TBA, which in effect increases
the availability of grain filling for seed production (Gerardeaux et
al., 2009; Ma et al., 2013). The growth in leaf area and leaf num-
bers of maize showed a positive relationship with an increase in
dry matter portioning and total dry matter accumulation.
Regression analysis also revealed a positive relationship between
K>O treatments and biomass accumulation (Figure 6). According
to (Baque et al., 2006), K applications also increases the portioning
of dry matter.

Furthermore, enhanced biomass production of maize plants
could be related to the significant nutrients utilisation and remobil-
isation (Raza et al., 2019¢) as the availability of major nutrients
improve with K,O application in maize crop (Eskandari et al.,
2009). Further, we analysed the biomass distribution in seeds of
leaves, stems, and cob in maize in response to K,O treatments
(Figure 5). In all treatments, the biomass distribution pattern was
different at R4 and Rs, and most of the biomass was translocated to
the reproductive part (grains) (Yuhui ez al., 2019). Comparable to

our findings, researchers have already reported that the optimum
application of K,O (T-) enhanced the translocation of photo-assim-
ilates to economic sections and minimised the distribution of
biomass to vegetative parts (Patrick ef al., 2001; Pan et al., 2017).
Furthermore, the K treatment increased the partitioning of biomass
in stem and ear bracts (DU et al., 2007), which enhanced the crop
yields (Table 4), probably due to a reduction in stalk lodging
(Pettigrew, 2008b).

Potassium, seed yield and yield components

Further, we investigated in this study, the influences of K,O
treatments on seed yield and yield attributes. Studies demonstrated
that the maximum crop yield was achieved in the optimal K,O maize
application (T>), with a 17 percent increase in 2018, and 15 percent
in 2019, in comparison to Ty (control treatment) as in Table 4.
Additionally, significant differences (P<0.05) were also noticed for
seed number plant ! and seed weight (g) in response to K>O applica-
tion treatments, while the higher seed weight and seed number were
recorded under T, treatment. This increase in the number of seeds for
the maize crop could be attributed to the high translocation of
biomass to seed (Table 4). Likewise, improved seed weight (Table 4)
under T, in SM and MSI might be due to higher LAI (Figure 3)
(Chen et al., 2016) and photosynthetic rate (Table 3) at physiological
maturity. However, reduced LAI, photosynthetic capacity, and
biomass accumulation of maize plants in T, and T, decreased the
seed number and seed weight (Zhan et al., 2016). Under optimum K
application increased the HI of maize, and this might be attributed to
the decreased dry matter of vegetative parts as compared to the dry
matter of reproductive parts (Amanullah et al., 2015).

Conclusions

In conclusion, this field study planned to examine the influ-
ences of different K,O treatments on light interception, and photo-

Table 4. Effect of K,O application on seed yield and yield-related traits of maize-soybean intercropping and sole maize cropping during

cropping seasons of 2018 and 2019.

008 T 304+0.02¢ 82.88+0.17¢  246.05:026° 4.973+0.09° 409.00£008  101.77£005  26129£0.05¢ 6.106£0.04°
T 402£0.01° 85.820.070  25357+0.17°  5.149+0.03 415324035 102204061 274.80+045> 6.1890.470
T, 43240060 10487+020° 28848022 6.2920.022 42408+058° 104624085  28136+0.96" 6.2050.21°
LSD (5%) 0.15 0,52 0.18 0.15 0.78 0.34 168 465
ANOVA : : : : : : - :
T 3.20* 421 6.24* 10.02% 0.91* 3.05* 513+ 9.20*
Y 278 0.92 204 473 218 1172 3.67 38.65
XY 473 242 0.49 115 0.29 0.06 0.79 0.5

009 T 407+0.10° 80754020  252.32+046° 5385+0.05¢ 429+008°  102.33+048°  28848+0.34  6.200+0.04¢
i 4190.06° 91624001  269.07+0.11>  5.49-0.300 435474023 104.14+065  290.13+0.78> 6.285:00,520
T M7059  10742+027 2955640200 6.4450.06° 44141058 105.98£0.170  292.03+08  6.340+0.98"
LSD (5%) 0.98 055 0.66 0.19 0.68 0.14 215 2.89
ANOVA : - : : : : : :
T 479* 0.67* 10.13* 762+ 1.16* 2021* 18.34* 247+
Y 11.26 21.94 769 1.93* 6.92 0.87 9.04* 1923
TXY 0.64 0.14 0.38 050 031 0.29 323 0.09

Ty (no potassium), Ty (maize 40 and soybean 30 K,O kg ha ') and T, (maize 80 and soybean 60 K;O kg ha™!) represent the treatment, respectively, in maize-soybean intercropping. Means averaged over three replicates

+ standard error. Means that do not share the same letters in the columns differ significantly at P<0.05.
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synthetic characteristics, biomass accumulation, and its distribu-
tion in various plant parts and grain yield under MSI and SM. In
this experiment, we applied different K,O treatments and observed
that the under optimum K,O application to maize under MSI and
SM led to an increase in leaf area index and photosynthetic rates,
which increased grain yields as a result of enhanced the transloca-
tion of photo-assimilates to economic parts of maize plants.
Besides, this increase in grain yield of the maize crop is attributed
to an enhanced biomass accumulation during the seed filling stage,
which increased the seed number and seed weight. The achieve-
ment and maintenance of maximum maize yields will depend on
an appropriately managed K fertilisation program. Based on our
findings, we recommend optimum KO application (80:60 kg ha™')
for areas with similar soil and climatic conditions for a higher light
interception, photosynthetic activity, and grain yield under MSI
and SM. Furthermore, our results provide a new insight to small
growers to grow maize-soybean under optimum K,O application.
Finally, we suggest small growers apply optimum K,O (80:60 kg
ha™') under the MSI planting system for better plant growth, pho-
tosynthetic performance, and profitable maize yields.
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