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ABSTRACT

Wide gaps in maize yield responses to blanket NPK fertilizer application across the agro-ecological zones of Ghana
calls for revisions in the recommendation. New fertilizer protocols that focus more on crop nutrition and the supply
of many essential nutrients other than just NPK should be tested. This study determined the best YARA crop nutrition
fertilizers for optimum maize productivity and economic viability in the semi-deciduous forest agro-ecology of
Ghana. Nine treatments consisting of seven different YARA fertilizer protocols, the blanket NPK fertilizer
recommendation and a no-amendment control were applied to maize at Fumesua in the Ashanti region of Ghana, in
2019 and 2020. Most of the YARA crop nutrition fertilizers performed better in terms of plant height, leaf chlorophyll
concentration and days to 50% tasseling. Days to 50% silking, grain yield and biomass than the blanket NPK
recommendation and control in both years. On-field, Treatment 5 (T5) supplied 40 kg/ha N, 16.25 kg/ha P, 31.25
kg/ha K and 6.5 kg/ha S at 2 WAP; half of these rates at 4 WAP and plant growth regulators and doses of some
micronutrients at 3 and 4 WAP produced the highest average yield of 5875 kg/ha in the two years compared to 4241
kg/ha from the blanket NPK recommendation. In terms of yield, blanket NPK was only better than the control. TS5
and the other four YARA fertilizers were economically viable (Value-to-Cost Ratio>2), while the blanket NPK
fertilizer recommendation and two other YARA fertilizers were not (VCR<2). More attention should be given to the
adoption of economically viable YARA blends by farmers for improved maize productivity and livelihoods.
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Introduction

Maize is a major human staple food crop cultivated in almost all the six agro-ecological zones of Ghana hence

improving its productivity is a great feat to achieving food security in the country [1,2]. One major challenge

creating wide gaps between farm (1-2 t/ha) and potential yields (6-8 t/ha) of maize varieties released in Ghana is

poor soil fertility [3]. Decades ago, a blanket fertilizer recommendation rate (64:38:38 kg/ha N: P,05:K,0) was

developed to improve soil fertility and maize yields [4]. However, this recommendation focused more on

macronutrients (NPK) without consideration for essential micronutrients and site-specific differences in agro-

ecological zones [5]. Differences in edaphic and climatic factors of the various agro-ecological zones confer variable

results on maize yield with blanket fertilizer recommendations, and this could be a disincentive to farmers. Such

variable yield responses (2-10 t/ha) to blanket fertilizer recommendations across the agro-ecological zones of Ghana

have been reported by Bua, et al., [5]. Aside from Nitrogen (N), Phosphorus (P) and Potassium (K) which blanket

recommendations focus on, the maize plant, which is a heavy nutrient feeder requires an adequate supply of Sulphur

(S), Magnesium (Mg), Boron (B), Copper (Cu), Zinc (Zn), Manganese (Mn) and Iron (Fe) for optimum growth and

yield [6,7]. The addition of other essential nutrients to blanket recommendations has had better maize yield

responses in Ghana and other locations. For example, maize yield increases between 0.8-4.8 t/ha have been recorded

by Bua, et al., in Ghana, Khan, et al., in Pakistan and Rasheed, et al., in Pakistan, with the addition of 5-60 kg/ha

sulphur to NPK compared to NPK applications alone [5,8,9]. Following blanket fertilizer recommendations alone

religiously, leads to devastating mining of other essential nutrients without replacement, and inefficiencies in applied

nutrients especially in smallholder farms where continuous maize cropping is common [10]. This calls for revisions

in blanket maize fertilizer recommendation rates in Ghana. There is a need to identify new fertilizer crop nutrition

programmes, agro-ecological zone specific and economically optimum rates for maize productivity in the country.

The poor soil fertility and extremely low maize yield (against the world average) in Ghana suggest a large potential

for maize farmers to increase their yields and maximize profit margins with more efficient fertilizer

recommendations. Despite government interventions such as the ‘planting for food and jobs’ and fertilizer subsidy

policies, to advance the productivity of maize in Ghana, the average yield in the country still ranges between 1.2 to

1.8 tons/ha; one of the lowest in the world [11]. As an initiative to improve yields, “YARA Ghana’, a fertilizer
company, has recommended new crop nutrition programmes, O for testing on maize. The fertilizers contain doses of
N, P, K, S, a balanced combination of essential micronutrients for maize (Zn, B, Mn, Cu and Mo) and/or
Ascophyllum nodosum (a rich source of cytokinins, auxins and gibberellins, which are plant growth promoting

hormones).

Many smallholder farmers are unable to apply any or all the quantities of required fertilizer due to financial
constraints [12]. However, reliable higher economic returns on maize yield may sensitize them to invest in fertilizer.
Therefore, the objective of this study was to identify which combinations and rates of the YARA fertilizer (compared
to blanket NPK rate) would produce the most economically optimum maize yields for the semi-deciduous forest
agro-ecological zone of Ghana. It was hypothesized that at least one of the blends of the YARA fertilizer would
produce significantly higher and economically viable maize yield than the decades-long blanket NPK
recommendation for improved farmer livelihoods.

Materials and Methods

Description of the study site

The experiments were conducted during the major rainy seasons of 2019 and 2020 at the CSIR-Crops Research
Institute (CSIR-CRI) in Fumesua, Ashanti region of Ghana. CSIR-CRI is situated on Latitude 6.7 109°N, Longitude
1.5172°W and 800 m above sea level. It is in the semi-deciduous forest agro-ecological zone (CSIR-CRI weather
station). The mean annual rainfall of the area is about 1550 mm. The major rainy season starts from April to the end
of July. There is a dry spell in August, while the minor rainy season continues from September to November every
year. Annual temperatures range from a minimum of 21.1°C to a maximum of 32.7°C at a mean of 31.6°C.

Land preparation, Experimental design and treatments

The field was ploughed and harrowed to a depth of 15 cm and laid out in randomized complete block design with
three replications. There were nine treatments in each replication which made a total of 27 plots. Each plot measured
7.5 m x 4.0 m. The replications were separated by 2 m wide alleys. The treatments included in Table 1.
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Table 1: Fertilizer types, rates and time of application.

T1-Control

T2-Actyva 125 kg/ha/Sulfan 250 kg/ha

T3-Actyva 125 kg/ha/Actyva 250 kg/ha

T4-T15 @250 kg/ha/SOA @125 kg/ha

T5-Actyva 250 kg/ha/Croplift Bio 2 L/ha/Actyva 125 kg/ha+Croplift Bio 2 L/ha

T6-Actyva 125 kg/ha/Croplift Bio 2 L/ha/Actyva 250 kg/ha+Croplift Bio 2 L/ha

T7-Actyva 250 kg/ha/Actyva 125 kg/ha

T8-Actyva 125 kg/ha/Croplift Bio 2 L/ha/Sulfan 250 kg/ha+Croplift Bio 2 L/ha

T9-NPK 15-20-20 @200 kg/ha/Urea @ 150 kg/ha

Note: Aside, T1 and T8, all treatments were YARA fertilizer formulations.

Initial soil sampling and analysis

Before treatment allocation, the soil was sampled from the prepared field using an auger at two depths, 0-15 cm and
15-30 cm. The samples were air-dried, ground and passed through a 2 mm sieve to remove stones and debris. The
soil samples were analyzed at the CSIR-Soil Research Institute, Kwadaso-Kumasi to determine its chemical and
physical characteristics. Chemical parameters measured were soil pH, percent organic matter, total nitrogen,
exchangeable bases (K, Ca, Mg and Na), Effective Cation Exchange Capacity (ECEC), percentage base saturation
and available phosphorus. Soil physical properties measured were the texture (sand, clay and silt percentages) which
are stated in Table 1.

Precipitation trend

The total rainfall recorded during the growth period of the crop increased from 453 mm in 2019 to 558 mm in 2020
(Figure 1). The 2019 crop experienced intermittent dry spell especially during the reproductive growth stages. The
area experienced a mean minimum temperatures of 21°C and 31°C respectively.

m 2019 B 2020

Water Quantity (mm/day)

Figure 1: Rainfall distribution at Fumesua between March and June 2019 and 2020, when the study was conducted.

Seed sowing

In both years, the early maturing maize variety, “Abontem” developed and released by CSIR-CRI was used as a test
crop for the study. The seeds had a 98% germination percentage. They were surface treated against soil-borne
pathogens and arthropods before planting. They were planted by dibbling three seeds per hill (5 cm) at a
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recommended spacing of 75 cm x 30 cm and a plant population of 66,666 plants/ha. Thinning was done 10 Days
After Sowing (DAS) to two plants per hill.

Weed control

Two hand weeding exercises were carried out at 14 and 35 DAS, and one weedicide (glyphosate-480 g/L) spray was
applied 1 DAS, for weed control in both years. Fall armyworm infestation was managed following protocols
prescribed by the CSIR-CRI and the Ministry of Food and Agriculture (MoFA).

Fertilizer application

YARA fertilizers (as described in the treatment section) were used in this study. Granular-based fertilizers (Actyva,
Sulfan, T15 and NPK) of each were split and applied at the specified rates (treatment section) at 2, 3 and 4 Weeks
After Planting (WAP), when the soil was adequately moist. Quantities to be applied were weighed using electronic
scales and applied by the band placement method at 5 cm depth and 5 cm away from maize root. Timelines for
fertilizer application are as follows:

* T2 was applied as 125 kg/ha Actyva at 2 WAP and 250 kg/ha Sulfan at 3 WAP.

* T3 was applied as 125 kg/ha Actyva at 2 WAP and 250 kg/ha Actyva at 3 WAP.

* T4 was applied as 250 kg/ha T15 at 2 WAP and 125 kg/ha Sulphate of Ammonuim at 3 WAP.

* T5 was applied as 250 kg/ha Actyva at 2 WAP and 2 L/ha of Croplift Bio, 3 WAP and 125 kg/ha Actyva with 2
L/ha Croplift Bio at 4 WAP.

* T6 was applied as 125 kg/ha Actyva at 2 WAP, 2 L/ha Croplift Bio at 3 WAP and 250 kg/ha Actyva with 2 L/ha
Croplift Bio at 4 WAP.

* T7 was applied as 250 kg/ha Actyva at 2 WAP and 125 kg/ha Actyva at 3 WAP.

* T8 was applied as 125 kg/ha Actyva at 2 WAP, 2 L/ha Croplift Bio at 3 WAP and 250 kg/ha Sulfan with 2 L/ha
Croplift Bio at 4 WAP.

* T9 was applied as 200 kg/ha NPK 15-15-15 at 2 WAP and 150 kg/ha Urea at 3 WAP.

Plant sampling and growth data

Six representative plants were randomly sampled from each net plot and tagged for periodic data measurement. (The
net plots excluded the borders). Parameters measured were: Plant height at silking, days to 50% tasseling, days to
50% silking, days to maturity, leaf chlorophyll content at silking, and above-ground biomass after harvest. All
measurements started at 30 DAS at an interval of 15 days. Plant heights were measured from the plant base to the
shoot apex tip. The chlorophyll meter, SPAD-502 (Minolta Camera Co., Ramsey, NJ) was used for the measurement
of leaf greenness (chlorophyll concentration) at 10 days intervals.

Yield and grain nutrient data

Harvesting was done at physiological maturity (90 DAS) from the net plot on a treatment basis. The total number of
cobs plant™!, cob yield plant!, and grain yield cob™! were recorded from the sample plants. The harvested cobs from
the entire net plot were sun-dried and threshed with a mechanical thresher. The seeds were dried to 12% moisture
content (measurement was done by the moisture meter). A hundred seeds were randomly counted from each
replication for test weight measurement. Grain yield plant™! was calculated with the formula below and converted
into kg/ha.

Grain Yield=dehusked ear wt. (kg) = (100-MC) = 0.8 = 10000 ............ equation 1
(Harvest area (m?)) = 85)

Note: Where 0.8 is the shelling % and the denominator ‘85’ converts the equation to 15% MC.
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Statistical data analysis

The data is visualized with boxplots representing the minimum, first quartile, median, third quartile and maximum
values of each parameter affected by treatment. Parameters measured from plants in each year were subjected to
fisher’s method of one-way Analysis of Variance (ANOVA) using the IBM SPSS Statistics 20. Wherever the F-value
was significant, the Least Significant Difference (LSD) was used to separate the treatment means at 5% probability
[13].

Value-to-Cost Ratio (VCR)

Value-Cost Ratios (VCR) were used to determine the economic viability of the applied treatments. They were
calculated by determining the net benefits of treatment:

, , . Ghe
Monetary value of adjusted yield of treatment ==
e ha ; -
VCR = - i wen ee e eee o EQUALTON 2
cost of teatment o

The adjusted maize yield was calculated as follows:
Adjusted maize yield=Average maize yield from treatment in two years-average maize yield from the control.

The wholesale price of maize in the experiment location (Kumasi) in 2020 was obtained from www.esoko.com/food-
proces-in-ghana-march-2020/. A 50 kg bag of maize cost about 105 Gh¢ at wholesale outlets in 2020. Prices of the
YARA fertilizer blends, NPK and Urea in 2020 were used in the calculations. Actyva was 180 Gh¢, sulfan was 115
Gh¢, T15 was 140 Ghg¢, urea was 136 Gh¢, Croplift Bio was 35 Gh¢ per litre, sulphate of ammonium was 200 Gh¢
and NPK was 280 Gh¢ per 50 kg bag.

Results

Initial soil analysis

Soil pH ranged between 6.69-6.88 at 0-30 cm soil depth. Nitrogen (N) concentration ranged from 0.08% to 0.11%;
Phosphorus (P) ranged from 8.3-9.6 cmol/kg; Potassium (K) ranged from 0.22-0.25 cmol/kg; Magnesium (Mg)
ranged from 1.7-2.13 cmol/kg; Calcium (Ca) ranged from 3.05-3.26 cmol/kg at 0-30 cm soil depth. Soil Organic
Matter (OM) content ranged from 1.75% to 2.08% (Table 2).

Table 2: The soil had 86% sand, 6% silt and 8% clay at the topsoil (0-15 cm depth).

Chemical properties Physical properties

Depth | pH \ P \ K \ Mg \ Ca N 0-C \ oM \ Sand \ Clay \ Silt
cmol (+)/kg %

0-15 6.69 9.6 0.25 2.13 3.26 0.11 0.82 2.08 86 6 8

15-30 6.88 83 0.22 1.7 3.05 0.08 0.62 1.75 84 3 13

Maize growth response to fertilizer treatments

In 2019, TS influenced the tallest plants (194 cm) which were comparable (p>0.05) to T6 and T8 but were on
average 6% higher (p<0.01) than the blanket NPK rate and 19% higher than the control (Figure 2A), whereas in
2020, plants applied with T5 were the tallest (p<0.01) but comparable to all other treatments except the control and
T7 (Figure 2B). Plants applied with T5 were 9% taller than plants applied with T7 and 20% taller than the control.
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Figure 2: Plant height (at silking) as affected by fertilizer protocols in 2019 (A) and 2020 (B). Box plots represent a
range of values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots

represent differences in treatment means.

In 2019, plants applied with T5, T6 and T8 had the highest leaf chlorophyll concentrations (28-29 SPAD units)
which were between 10% to 25% more (p<0.01) than the other YARA protocols, the blanket NPK rate and the
control in 2019 (Figure 3A). However, in 2020, leaf chlorophyll concentrations at the time of measurement was
comparable (p=0.89) for all nine treatments (Figure 3B).

2019

leaf chisrophyll (SPAD units)
&

2020

leat cNoropA Yl [SPADwRS)

Figure 3: Leaf chlorophyll content as affected by fertilizer protocol in 2019 (A) and 2020 (B). Box plots represent a
range of values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots

represent differences in treatment means.

In both 2019 and 2020, plants applied with T5 were the earliest (p<0.01) to tassel and silk. About half the number of
plants applied with T5 took approximately 40 days to tassel in 2019 compared with 44 days for the control and 43
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days for the blanket NPK rate (Figure 4A). This year, 50% of plants applied with TS and T6 silked for around 45
days, similar to the other YARA blends, but took 47 and 49 days to silk with the control and the NPK blanket rate
(Figure 5A). In 2020, 50% of plants applied with all the YARA crop nutrition programme and NPK blanket rate
took between 42-43 days to tassel while the control took 47 days (Figure 4B). While all other treatments took
approximately 46 days to silk, the control took almost 52 days in 2020 (Figure 5B).
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Figure 4: Days to 50% tasselling affected by fertilizer blends in 2019 (A) and 2020 (B). Box plots represent a range
of values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots represent

differences in treatment means.
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Figure S: Days to 50% silking affected by fertilizer protocols in 2019 (A) and 2020 (B). Box plots represent a range
of values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots represent

differences in treatment means.
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Maize yield response to fertilizer treatments

Treatment 5 recorded the highest (p<0.01) maize grain yield in 2019 and 2020 (Figures 6A and 6B). In 2019, it
resulted in an average yield of 6261 kg/ha maize while yields from the other YARA blends ranged from 4853-5416
kg/ha of maize grains. The blanket NPK fertilizer recorded 4613 kg/ha maize yield which was 5%-26% lower than
yields recorded by any of the YARA fertilizer protocols. The control recorded the least maize yield of 3026 kg/ha. In
2020, TS had an average yield of 5488 kg/ha of maize grains compared with the 3922-5005 kg/ha from the other
YARA fertilizer blends. The blanket NPK fertilizer recorded 3870 kg/ha which was 1%-29% below yields from any
of the YARA protocols. The control affected the least yield of 2935 kg/ha maize.
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Figure 6: Maize grain yield as affected by fertilizer protocols in 2019 (A) and 2020 (B). Box plots represent a range

of values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots represent
differences in treatment means.

Maize biomass was comparable for all the YARA fertilizer blends and the NPK blanket fertilizer in 2019 (Figure
7A) and ranged from 5687 to 6795 kg/ha with these treatments. However, they were significantly higher (p=0.04)
than the biomass recorded by the control (5116 kg/ha). A similar trend occurred in 2020 (Figure 7B).
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Figure 7: Maize biomass as affected by fertilizer protocols in 2019 (A) and 2020 (B). Box plots represent a range of

values affected by the treatments from the lowest to the highest. Different lowercase letters on box plots represent
differences in treatment means.
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The economic viability of treatments

Economic viability analysis for the applied treatments is presented in Table 2. VCR values ranged from 3.9 to 1.6 in
the order (T2>T3>T8>T7>T5> (T4=T9)>36. Treatments 3, 4, 5 and 8 had VCR above 2 (Table 3).

Table 3: Net benefits and value cost ratio of the applied treatments.

Treatment | T2 T3 T4 T5 Té6 T7 T8 T9

Mean maize | 4882 5037 4394 5875 5081 4495 4928 4241
yield
(kg/ha)

Adjusted 1901 2057 1413 2895 2100 1515 1948 1261
yield
(kg/ha)

Wholesale | 3993 4320 2968 6079 4411 3181 4091 2648
price
(Gh¢/ha)

Cost of 450 1350 X 1350 1350 1350 450 X
Actyva

Cost of X X X 140 140 X 140 X
Croplift Bio
(Ghg¢/ha)

Cost of T15]| x X X X X X X X
(Gh¢/ha)

Cost of 575 X 700 X X X 575 X
sulfan
(Gh¢/ha)

Cost of X X 500 X X X X X
sulphate of
ammonia

(Ghg¢/ha)

Cost of X X X X X X X 1120
NPK

15:15:15
(Gh¢/ha)
Cost of urea| x X X X X X X 408
(Gh¢/ha)

Total 1025 1350 1200 2790 2790 1350 1165 1528
fertilizer
cost

(Gh¢/ha)

Net benefits| 2968 2970 1768 3289 1621 1831 2926 1120
(Ghg/ha)

VCR 3.9 32 1.7 2.2 1.6 24 35 1.7

Discussion

The initial soil chemical and physical analyses indicated that the soil pH was almost neutral (6.69 to 6.88) and ideal
for maize growth [14]. Soil organic matter content was below the productive value of 4% [15]. Soil nitrogen
(0.08%-0.11%) and other nutrients were inherently low, hence application of fertilizer should have a strong positive
influence on maize, provided the soil was responsive and this was confirmed by the positive responses in maize
parameters recorded. Particle size distribution indicates that the soil texture was Loamy sand [16].
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The YARA fertilizer protocols used in this study have extra constituents than the normal blanket NPK fertilizer
recommendation. Actyva contains 23% N, 10% P, 5% K and 3% S. Sulfan contains 24% N and 6% SOs. Croplift
Bio contains balanced combinations of 8.5% N, 3.4% P, 6% K, 0.11% Mn, 0.1% Cu and 0.003% Mo with
Ascophyllum nodosum (a rich source of cytokinins, auxins and gibberellins). T15 contains NPK 15-15-15 with
balanced quantities of ammonium and nitrate—N forms compared to normal NPK 15-15-15 (www.yara.co.uk/crop-
nutrition/fertiliser/). Aside from N, P and K which are common to the blanket NPK fertilizer rate, all the other
nutrients and plant growth regulators the YARA protocols contain are extra benefits to maize growth and yield. They
are therefore responsible for the improvements in maize productivity observed from the YARA fertilizer protocols in
this study.

Treatment Five (T5) which affected almost all the highest growth (plant height, chlorophyll content, days to 50%

tasseling, days to 50% flowering) and yield (grain yield, biomass) parameters was an application of 250 kg/ha
Actyva at 2 WAP, Croplift Bio at 3 WAP and a mixture of 125 kg/ha Actyva and 2 L Croplift Bio at 4 WAP. Thus the

plants received 40 kg/ha N, 16.25 kg/ha P, 31.25 kg/ha K and 6.5 kg/ha S at 2 WAP; and received half of these rates

at 4 WAP. They also received plant growth regulators and some doses of micronutrients at 3 and 4 WAP. The early
application (2 WAP) of relatively large rates of N, P, K and S (250 kg/ha Actyva at 2 WAP compared to 125 kg/ha
Actyva at 4 WAP) promoted early active nutrient flow to plant roots, early vegetative growth and enough time to

accumulate large assimilate which later translocated into yield. Our result is in line with the findings of Namo, et al.,

and Agyeman, et al., [17,18], which reported of fast growth rate, early tasseling and silking and higher grain yield
from the application of NPK, 2 WAP compared to applications at 4 and 6 WAP. The inability of T6 (same treatment
sequence but quantities of Actyva interchanged at 2 and 4 WAP) to affect the highest yield, though it was

comparable to T5 in terms of growth parameters could be due to the differences in Actyva quantities at 2 WAP. A

relatively higher Actyva fertilizer rate applied at 2 WAP with T5 made more nutrients available to improve growth
and yield. Similar to our finding, relatively higher N supplied through the highest Actyva rate at 2 WAP through T5

(compared to lower Actyva rates at 2 WAP from T6) resulted in the highest growth and yield in a study reported by
Agyeman, et al., [19]. It also suggests that the maize growth stage at 2 WAP is a critical nutrient-dependent stage as
reported by Amali and Namo and Timon, et al., and the amount applied at this stage is of great importance [20].

Though T9 (the recommended blanket NPK rate) supplied a total of 99 kg/ha N, while T5 supplied about 60 kg/ha
N, the supply of S, plant growth regulators and essential micronutrients in TS5 accounted for increased growth and
higher yield with the T5. It is observed from the study that all YARA protocols almost always performed better than
the blanket NPK recommendation because of their extra constituents. Maize yield increases between 0.8-4.8 t/ha
have been recorded by Bua, et al., [5] and Agyeman, et al., [21] in Ghana, Khan, et al., [8] in Pakistan and Rasheed,

et al., [9] in Pakistan, with the addition of 5-60 kg/ha sulphur to NPK compared to NPK applications alone. In this
study, TS supplied about 9.5 kg/ha S, which falls within the optimum range. Kumar, et al., [22] found in a review,

that the application of blanket NPK with 50 kg/ha S and 10 kg/ha Zn maximized maize yield, nutrient concentrations
and monetary returns to growers. Sulfur is increasingly being recognized as the 4" most important macronutrient
after NPK and it is responsible for chlorophyll formation and protein synthesis [23] which plays major roles in maize
grain filling. However, the excessive supply of S with the addition of 250 kg/ha sulfan to 125 kg/ha Actyva (T2)

which supplied a total of 90.7 kg/ha S may have caused the yield declining S toxicities, leading to the observed
inability of T2 to compare with T5. An amount of 60 kg/ha, S has been reported as the cut-off beyond which elevated
tissue sulfate concentrations induce yield declines [5,8,23]. Moreover, the application of Croplift Bio in T5 added
micronutrients and Ascophyllum nodosum which added plant growth regulators. Micronutrients promote plant
physiological processes such as protein synthesis, chlorophyll formation, photosynthesis, seed formation and starch
translocation [24] among others which determine maize growth and yield. Our results confirm the findings of who
determined that in the presence of Zn and Mn (micronutrients) Ascophyllum nodosum extracts (a rich source of plant
growth regulators) promote maize growth and yield. Auxins promote plant cell growth and elongation; cytokinins
increase chlorophyll synthesis, reduce sugar accumulation and prolong photosynthesis in senescing plant leaves;
while gibberellins promote seed germination, root and shoot elongation, flowering and fruit patterning [25]. These
chemicals regulated plant growth and yield formation, resulting in the observed findings in this study. Our results

confirm the reports of Llanes, et al., [26] who found that formulations of plant growth hormones together with
fertilizer improved maize shoot growth and dry matter accumulation and delayed leaf senescence compared to
fertilizer alone. Many research findings have suggested a revision of blanket NPK recommendations because, in
recent years, site-specific recommendations and consideration for other nutrients together with NPK are more
effective [5,8,23,27]. Since maize grain yield is the most economic part of the plant, fertilizer protocols and
combinations should be focused on improving yield. Most of the YARA fertilizer protocols influenced better yields
than the blanket NPK recommendation; hence the findings of this study support the need for revisions in blanket
NPK fertilizer rates.
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Value-to-cost ratio analyses of the treatments suggest that treatments 2,3,5,7 and 8 were the most economically
viable options. They all had a VCR>2, which implies they gave better monetary value for the cost incurred than T4,
6 and 9 (the blanket NPK recommendation) which recorded VCRs below 2. A VCR of 2 or more implies economic
viability; and the higher the value the more economical than treatment was [28,29]. The lower VCR from T6 (1.6)
compared to TS5 (2.2) strongly suggests that the amounts of fertilizer applied at every stage in a sequence of split
fertilizer application are critical to yield. Though they both contained the same fertilizer blends at the same cost,
interchanging quantities of Actyva at 2 and 4 WAP resulted in wide yield and economic viability gaps. On face
value, T5 had the highest yield and net profit, but T2, with a VCR of 3.9, gave the best value for money invested in
fertilizer, all other things being equal. Financially challenged farmers may adopt T2 for appreciable returns on
investment. However, depending on the financial capabilities of a farmer to invest in fertilizer, any of the
economically viable treatments 2, 3, 5, 7 and 8 could be adopted.

Conclusion

The 250 kg/ha Actyva at 2 WAP, 2 L Croplift Bio at 3 WAP and a mixture of 125 kg/ha Actyva and 2 L Croplift Bio
at 4 WAP was the best YARA fertilizer blend for optimum maize growth and yield in the Semi-deciduous agro-
ecological zone of Ghana. It influenced 6261 kg/ha maize yield which was 26% above the maize yield affected by
the blanket NPK fertilizer rate in 2019. In 2020, it influenced maize yield of 5488 kg/ha, 29% above the maize yield
of the blanket NPK rate. Most of the remaining YARA protocols still performed better than the blanket NPK
recommendation. Treatments 2, 3, 4, 5, 7 and 8 were the most economically viable options while T4, T6 and T9
(blanket NPK recommendation) were not economically viable. Among the economically viable treatments, T2 (125
kg/ha Actyva at 2 WAP and 250 kg/ha Sulfan at 3 WAP) gave the best value for every cedi of fertilizer cost applied.
Hence financially constrained farmers may adopt it for appreciable returns. Also, depending on the financial
capabilities of farmers, any of the economically viable YARA protocols could be adopted. Our findings support the
call for more site-specific fertilizer recommendations and the inclusion of other essential nutrients necessary for crop
growth and yield.
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