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Abstract: - Field trials were carried out concurrently
during the rainy season of 2024 on the research farms of
the Institute for Agricultural Research, Zaria (11011'N;
07038'E 686m above sea level) and Kaduna State College
of Education, Gidan Waya (9034'N, 8018'E 740m above
sea level) located in the northern and southern parts of
Kaduna State, which also coincides with the northern
and southern Guinea savanna ecological zones of
Nigeria, respectively. The experiment was carried out to
assess the profitability of upland rice (Oryza sativa L.)
production under different weed management systems,
source and rate of biochar. The treatments consisted of
three different weed management systems [chemical
weed control (Saflufenacil + Dimethenamid-P at 0.5 kg
a.i/ha applied pre- emergence), integrated weed control
(Saflufenacil + Dimethenamid-P at 0.5 kg a.i/ha applied
pre- emergence + one hand weeding at 63 DAS) and
cultural weed control (Hand weeding at 21, 42 and 63
DAS)], three sources of biochar (groundnut shell, maize
cob and wood shavings) and three rates of the biochar (0,
2 and 4 t ha-1). All the treatments were laid out in a
Split-Plot Design and replicated three times. The three
rates of biochar and three different weed management
systems were factorially combined and laid out as the
main plot treatment. The sub-plot treatments consisted
of the three sources of biochar. The results showed that
application of Saflufenacil + Dimethenamid-P at 0.5 kg
a.i/ha + one hand weeding at 63 DAS in combination
with groundnut shell biochar at 2 t ha-1 gave the highest
yield of 3,546 kg/ha and 4,106 kg/ha at Zaria and Gidan
Waya, respectively. This also corresponds to the highest
return on investment of 571,900 with a profit of %1.82
per every naira invested at Zaria and 702,300 with a
profit of ¥2.17 per every naira invested at Gidan Waya.
Therefore this treatment is considered most appropriate
and profitable for upland rice production in Kaduna
State, Nigeria.
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l. INTRODUCTION

Rice (Oryza sativa L.) is a staple food crop for more
than half of the world’s population, which is grown in more
than 100 countries with 90% of total global production from
Asia (Fukagawa and Ziska, 2019). In large parts of sub-
Saharan Africa, rice production and consumption has been
increasing more rapidly than any other staple crop (Saito et
al., 2023). Nigeria has been reported as the largest paddy
rice producer in sub-Saharan Africa with approximately 8
million tonnes out of the Africa average of 14.6 million
tonnes of paddy rice annually (USDA, 2020). Rice is
considered an increasingly important crop in Nigeria as it
has become part of the everyday diet of many while for
others, it has been considered a luxury food for special
occasions only (Kamai, et al., 2020).

As a special staple food crop, rice farmers are always
willing to grow it all the times no matter the constraints they
are facing. Farmers find rice more adaptable than a high
input staple like maize when there is declining soil fertility
because of the huge array of varieties they can switch over
to every few years (Oikeh, et al., 2006). Rice has the
potential of growing in virtually all the agro-ecological
zones in Nigeria, as diverse as the Sahel Savanna of extreme
end of Borno state and the coastal swamps of the extreme
end of southwest and south-south (Selbut, 2003).

Rice production in Nigeria is limited by factors such as
lack of good seeds, attack by birds, high cost and
unavailability of fertilizer at the time of need, cost of
pesticides and weed interference (Akintayo et al., 2011). Of
all the constraints limiting the production of rice, weeds,
appear to have the most deleterious effect causing between
80 to 100% reduction in potential paddy rice vyield
(Akobundu, 2011; Imeokparia, 2011; Lavabre, 2011). Weed
control is thus important to prevent losses in yield, reduce
production cost and preserve good grain quality (Rao et al.,
2014). However, the choice and use of appropriate weed
management method constitutes yet another constraint to
farmers in rice producing regions of Nigeria.
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The use of biochar (a carbon-rich material produced
through pyrolysis of biomass in low-oxygen conditions) in
agriculture is gaining global acceptance because of its
variously reported significant benefits, which include its
ability to sequester carbon (Kuttippurath et al., 2023),
improved nutrient retention thereby reducing reliance on
chemical fertilizer, improved water and nutrient retention in
sandy soils, reduced nutrient leaching (Atkinson et al., 2010,
Downie and Van Zwieten, 2013; Plhringer, 2016; Osman et
al., 2022), reduced weed seed viability and germinability
(Major et al., 2005; Arif et al., 2012) among other benefits.
Despite these attributes, utilization of biochar in Kaduna
State located in the savanna ecological region of Nigeria is
very rare. This region is often characterized by progressively
declined soil fertility due to increased pressure on land
resources arising from rapid population expansion, which is
forcing farmers to adopt continuous cropping (Kamai, et al.,
2020). Additionally, there is dearth of information on the
profitability of upland rice production under the different
weed management systems and sources and rates of biochar
in Kaduna State of Nigeria, which this research undertook to
determine the most efficient weed management system in
combination with the right source and appropriate rate of
biochar that would give the highest yield and return on
investment to upland rice farmers.

» Objectives

The objectives of the study were to determine the most
efficient weed management system, the best source of
biochar and the optimum rate of biochar for profitable
upland rice production.

1. MATERIALS AND METHODS

» Experimental Sites

Field trials were carried out concurrently during the
rainy season of 2024 on the research farms of the Institute
for Agricultural Research (IAR), Zaria (11011'N; 07038'E
686m above sea level) and Kaduna State College of
Education, Gidan Waya (9034'N, 8018'E 740m above sea
level) located in the northern and southern parts of Kaduna
State, which also coincides with the northern and southern
Guinea savanna ecological zones of Nigeria, respectively.
The experiment was carried out to assess the profitability of
upland rice (Oryza sativa L.) production under different
weed management systems, sources and rates of biochar in
Nigeria’s Kaduna State.

» Treatments and Experimental Design

The treatments consisted of three different weed
management systems [chemical weed control (Saflufenacil
+ Dimethenamid-P at 0.5 kg a.i/ha applied pre-emergence),
integrated weed control method (Saflufenacil +
Dimethenamid-P at 0.5 kg a.i/ha applied pre-emergence +
one hand weeding at 63 DAS) and cultural weed control
method (Hand weeding at 21, 42 and 63 DAS) which is the
farmers’ practice], three sources of biochar organic biomass
(groundnut shell, maize cob and wood shavings) and three
rates of the biochar (0, 2 and 4 t ha-1).The three different
weed management systems and three rates of biochar were
factorially combined and laid out as the main plot treatment.
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The sub-plot treatments consisted of the three sources of
biochar. All the treatments were laid out in a Split-Plot
Design and replicated three times. The gross plot size was
3m x 3m (9m2), while net plot size was 3 x 1.5m (4.5m2).

» Biochar Production

The biochar was produced under low-oxygen condition
using a local kiln constructed with a metal sheet rolled into a
ring-shape with a diameter of 75cm, the bottom, which was
properly covered. A metal drum with holes perforated round
it was placed at the middle of the constructed ring-shaped
metal sheet and surrounded firstly with biochar biomass
material. A metal lid was used to cover the biochar biomass.
This was to minimize the interference of atmospheric
oxygen with the pyrolysis process. Fire was set inside the
perforated metal drum using firewood. Heat from the set fire
oozing out through the perforated holes of the drum was
allowed to gradually burn the biomass material for one
hundred and twenty five minutes. Care was taken to ensure
that the biomass did not burn into ashes. The fire was put
out using water and the carbonized material thus produced
spread on the floor to cool for about before use. This
production was based on the procedure described by
Srinivasarao et al. (2013).

» Land Preparation, Incorporation of Biochar, Seed
Sowing, Herbicide and Fertilizer Application

The experimental land was harrowed twice and
demarcated into main plots and sub-plots. NERICA 8
(FARO 59) variety was used and dressed with Dress Force
(Imidacloprid 20%, Metalaxyl-M 20%, Tebuconazole 2%
WS) at the rate of 10g/2.5kg of rice seeds. The rice seeds
were sown manually by dibbling at an intra and inter-row
spacing of 20 x 20cm on flat land. The herbicide
Saflufenacil + Dimethenamid-P at 0.5kg a.i. /ha was applied
at one day after sowing according to the pre-emergence
treatments at a pressure of 2.1kg/cm2 using discharge
volume of 200L/ha. Half recommended rate of fertilizer (i.e.
half of 80kgN/ha, 30kgP205/ha and 30kgK20O/ha) as given
by Kamai, et al. (2020) was used for this research applied
under 2 split applications at planting and at 5 WAS.

» Hand Weeding

One hand weeding was carried out in the integrated
weed control treatment at 63 DAS while three hand weeding
were carried out in the hand weeded treatment at 21, 42 and
63 DAS.

> Harvesting

Matured panicles were harvested manually according
to the treatments using sickle at physiological maturity prior
to grain shattering, threshed and winnowed in the air to
remove chaff. The paddy grains thus obtained were weighed
using SB 16001 Mettler Toledo sensitive balance
(Switzerland) and the paddy yield expressed in kilogramme
per hectare (kg/ha).

> Partial Economic Analysis

Data collected on paddy yield per hectare were
subjected to Partial Economic Analysis. This was done to
determine the profitability of upland rice production using
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different weed management systems in combination with
various sources and rates of biochar that would give highest
yield and return on investment to farmers. The economic
analysis was done based on the prevailing market prices of
inputs, labour and output of 2024. This was computed based
on the procedure described by Olukosi and Erhabor (1988):

GM=TR-TVC
Where:
GM = Gross Margin (3/ha) TR = Total Revenue (N/ha)

TVC = Total Variable Cost (sum of labour and material
input cost) per hectare

The total revenue was obtained by multiplying paddy
yield per hectare (from the different weed management
treatments in combination with various sources and rates of
biochar) by the price of paddy rice per kilogramme (i.e
N250/kg).

1. RESULTS

The average cost and return analysis per hectare of
growing upland rice using different weed management
systems in combination with various sources and rates of
biochar at Zaria in 2024 rainy season is presented in Tables
1 and 2. It could be observed that at Zaria, the integrated
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weed management treatment (W2) and the application of
groundnut shell biochar (S1) at 2 t ha-1 (R2) was the most
profitable with a gross margin of ¥571,900 and a profit of
¥1.82 per every naira invested. This was closely followed
by the integrated weed management treatment (W2) and the
application of maize cob biochar (S2) at 2 t ha-1 (R2) which
gave a gross margin of }¥505,200 and a profit of ¥1.57 per
naira invested (Table 2). However, the chemical weed
control treatment (W1) with the application of wood
shavings biochar (S3) at 4 t ha-1 brought about a loss of
N218,600 and ]0.54 was lost per naira invested (Table 2).

The cost and return analysis per hectare on investment
of growing upland rice using different weed management
systems in combination with various sources and rates of
biochar at Gidan Waya in 2024 rainy season is presented in
Tables 3 and 4. Similarly, at Gidan Waya, the integrated
weed management treatment (W2) and the application of
groundnut shell biochar (S1) at 2 t ha-1 (R2) was the most
profitable with 702,300 and a profit of }2.17 per every
naira invested (Table 4). This was closely followed by the
integrated weed management treatment (W2) and the
application of maize cob biochar (S2) at 2 t ha-1 (R2),
which gave a gross margin of ¥519,100 and a profit of
N1.56 per naira invested. However, the chemical weed
control treatment (W1) with the application of wood
shavings biochar (S3) at 4 t ha-1 brought about a loss of
N324,450 and ¥0.79 was lost per naira invested (Table 4).

Table 1 Variable Cost of Weed Management Systems in Combination with Sources and Rates of
Biochar Treatments at Zaria in 2024

Treatment Variable Cost (N) Total

Seeds & Land |Groundnut| Maize | Wood |Herbicide| Hand | Pest & | Harvesting, | Variable

Fertilizer |preparation|  shell cob | shavings weeding | disease | Threshing & | Cost (%)

& Seeds biochar | biochar | biochar control {Transportation
sowing

W1S1 R1 | 76,800 80,000 0.00 - - 12,500 - 10,200 53,400 232,900
W1S2 R1 | 76,800 80,000 - 0.00 - 12,500 - 10,200 53,400 232,900
W1S3 R1 | 76,800 80,000 - - 0.00 12,500 - 10,200 53,400 232,900
W2S1 R1 | 76,800 80,000 0.00 - - 12,500 | 21,500 | 10,200 53,400 254,400
W2S2 R1 | 76,800 80,000 - 0.00 - 12,500 | 21,500 | 10,200 53,400 254,400
W2S3 R1 | 76,800 80,000 - - 0.00 12,500 | 21,500 | 10,200 53,400 254,400
W3S1 R1 | 76,800 80,000 0.00 - - - 64,500 | 10,200 53,400 284,900
W3S2 R1 | 76,800 80,000 - 0.00 - - 64,500 | 10,200 53,400 284,900
W3S3 R1 | 76,800 80,000 - - 0.00 - 64,500 | 10,200 53,400 284,900
W1S1 R2 | 76,800 80,000 60,200 - - 12,500 - 10,200 53,400 293,100
W1S2 R2 | 76,800 80,000 - 67,900 - 12,500 - 10,200 53,400 300,800
W1S3 R2 | 76,800 80,000 - - 84,600 | 12,500 - 10,200 53,400 317,500
W2S1 R2 | 76,800 80,000 60,200 - - 12,500 | 21,500 | 10,200 53,400 314,600
W2S2 R2 | 76,800 80,000 - 67,900 - 12,500 | 21,500 | 10,200 53,400 322,300
W2S3 R2 | 76,800 80,000 - - 84,600 | 12,500 | 21,500 | 10,200 53,400 339,000
W3S1 R2 | 76,800 80,000 60,200 - - - 64,500 | 10,200 53,400 357,600
W3S2 R2 | 76,800 80,000 - 67,900 - - 64,500 | 10,200 53,400 365,300
W3S3 R2 | 76,800 80,000 - - 84,600 - 64,500 | 10,200 53,400 382,000
W1S1 R3 | 76,800 80,000 120,400 - - 12,500 - 10,200 53,400 353,300
W1S2 R3 | 76,800 80,000 - 135,800 - 12,500 - 10,200 53,400 368,700
W1S3 R3 | 76,800 80,000 - - 169,200 | 12,500 - 10,200 53,400 402,100
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W2S1 R3 | 76,800 80,000 120,400 - - 12,500 | 21,500 | 10,200 53,400 388,900
W2S2 R3 | 76,800 80,000 - 135,800 - 12,500 | 21,500 | 10,200 53,400 404,300
W2S3 R3 | 76,800 80,000 - - 169,200 | 12,500 | 21,500 | 10,200 53,400 437,700
W3S1 R3 | 76,800 80,000 120,400 - - - 64,500 | 10,200 53,400 405,230
W3S2 R3 | 76,800 80,000 - 135,800 - - 64,500 | 10,200 53,400 420,630
W3S3 R3 | 76,800 80,000 - - 169,200 - 64,500 | 10,200 53,400 454,030
W1 = Chemical weed control S1 = Groundnut shell biochar R1=0tha-1
W2 = Integrated weed management S2 = Maize cob biochar R2=2tha-1
W3 = Hand weeding S3 = Wood shavings biochar R3=4tha
Table 2 Cost Benefit Analysis of weed Management Systems in Combination with Sources and Rates of
Biochar Treatments at Zaria in 2024
Treatment Paddy yield (kg/ha) Revenue (N) Total Variable Cost (N) Net income (N)
W1S1 R1 518 129,500 232,900 -103,400
W1S2 R1 377 94,250 232,900 -138,650
W1S3 R1 361 90,250 232,900 -142,650
W2S1 R1 1388 347,000 254,400 92,600
W2S2 R1 1292 323,000 254,400 68,600
W2S3 R1 2346 586,500 254,400 332,100
W3S1 R1 2298 574,500 284,900 289,600
W3S2 R1 943 235,750 284,900 -49,150
W3S3 R1 643 160,750 284,900 -124,150
W1S1 R2 1790 447,500 293,100 154,400
W1S2 R2 2456 614,000 300,800 313,200
W1S3 R2 1693 423,250 317,500 105,750
W?2S1 R2 3546 886,500 314,600 571,900
W2S2 R2 3310 827,500 322,300 505,200
W2S3 R2 2467 616,750 339,000 277,750
W3S1 R2 2396 599,000 357,600 241,400
W3S2 R2 2034 508,500 365,300 143,200
W3S3 R2 2048 512,000 382,000 130,000
W1S1 R3 899 224,750 353,300 -128,550
W1S2 R3 1084 271,000 368,700 -97,700
W1S3 R3 734 183,500 402,100 -218,600
W2S1 R3 2378 594,500 388,900 205,600
W2S2 R3 2738 684,500 404,300 280,200
W2S3 R3 1923 480,750 437,700 43,050
W3S1 R3 2300 575,000 405,230 169,770
W3S2 R3 1806 451,500 420,630 30,870
W3S3 R3 2326 581,500 454,030 127,470
W1 = Chemical weed control S1 = Groundnut shell biochar R1=0tha-1
W?2 = Integrated weed management S2 = Maize cob biochar R2=2tha-1
W3 = Hand weeding S3 = Wood shavings biochar R3=4tha
Table 3 Variable Cost of weed Management Systems in Combination with Sources and Rates of
Biochar Treatments at Gidan Waya in 2024
Treatment [Variable Cost (N) Total
Seeds & Land |Groundnut| Maize | Wood |Herbicide| Hand | Pest & | Harvesting, [Variable
Fertilizer |Preparation|  Shell Cob | Shavings Weeding | Disease | Threshing & |Cost (%)
& Seeds Biochar | Biochar | Biochar Control [Transportation
Sowing
W1S1 R1 80,000 (85,500 0.00 - - 10,500 - 9,400 56,600 242,000
W1S2 R1 80,000 (85,500 - 0.00 - 10,500 - 9,400 56,600 242,000
W1S3 R1 80,000 (85,500 - - 0.00 10,500 - 9,400 56,600 242,000
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W2S1 R1 (80,000 85,500 0.00 - - 10,500 22,000 (9,400 56,600 264,000
W2S2 R1 80,000 (85,500 - 0.00 - 10,500 22,000 (9,400 56,600 264,000
W2S3 R1 (80,000 85,500 - - 0.00 10,500 22,000 (9,400 (56,600 264,000
W3S1 R1 (80,000 85,500 0.00 - - - 66,000 (9,400 56,600 308,000
W3S2 R1 80,000 (85,500 - 0.00 - - 66,000 (9,400 56,600 308,000
W3S3 R1 (80,000 (85,500 - - 0.00 - 66,000 (9,400 (56,600 308,000
W1S1 R2 80,000 (85,500 60,200 - - 10,500 - 9,400 56,600 302,200
W1S2 R2 (80,000 85,500 - 67,400 |- 10,500 - 9,400 56,600 309,900
W1S3 R2 80,000 (85,500 - - 84,600 (10,500 - 9,400 56,600 326,600
W2S1 R2 80,000 (85,500 60,200 - - 10,500 22,000 (9,400 (56,600 324,200
W2S2 R2 80,000 (85,500 - 67,400 |- 10,500 22,000 (9,400 56,600 331,900
W2S3 R2 (80,000 (85,500 - - 84,600 (10,500 22,000 (9,400 56,600 348,600
W3S1 R2 (80,000 (85,500 60,200 - - - 66,000 (9,400 56,600 368,200
W3S2 R2 80,000 (85,500 - 67,400 | - 66,000 (9,400 56,600 375,900
W3S3 R2 (80,000 (85,500 - - 84,600 | 66,000 (9,400 [56,600 392,600
W1S1 R3 80,000 (85,500 120,400 - - 10,500 - 9,400 56,600 362,400
W1S2 R3 80,000 (85,500 - 135,800 |- 10,500 - 9,400 56,600 377,800
W1S3 R3 (80,000 (85,500 - - 169,200 10,500 - 9,400 [56,600 411,200
W2S1 R3 (80,000 (85,500 120,400 - - 10,500 22,000 (9,400 [56,600 384,400
W2S2 R3 80,000 (85,500 - 135,800 |- 10,500 22,000 (9,400 56,600 399,800
W2S3 R3 80,000 (85,500 - - 169,200 10,500 22,000 (9,400 [56,600 433,200
W3S1 R3 (80,000 (85,500 120,400 - - - 66,000 (9,400 [56,600 428,400
W3S2 R3 80,000 (85,500 - 135,800 |- - 66,000 (9,400 [56,600 443,800
W3S3 R3 (80,000 (85,500 - - 169,200 |- 66,000 (9,400 [56,600 477,200

W1 = Chemical weed control S1 = Groundnut shell biochar R1=0tha-1

W?2 = Integrated weed management S2 = Maize cob biochar R2=2tha-1

W3 = Hand weeding S3 = Wood shavings biochar R3=4tha

Table 4 Cost Benefit Analysis of weed Management Systems in Combination with Sources and Rates of
Biochar Treatments at Gidan Waya in 2024

Treatment Paddy yield (kg/ha) Revenue (N) Total cost () Net income (N)
W1S1 R1 939 234,750 242,000 -7,250
W1S2 R1 668 167,000 242,000 -75,000
W1S3 R1 549 137,250 242,000 -104,750
W2S1 R1 2961 740,250 264,000 476,250
W2S2 R1 1952 488,000 264,000 224,000
W2S3 R1 2349 587,250 264,000 323,250
W3S1 R1 1318 329,500 308,000 21,500
W3S2 R1 1045 261,250 308,000 -46,750
W3S3 R1 1009 252,250 308,000 -55,750
W1S1 R2 2294 573,500 302,200 271,300
W1S2 R2 2258 564,500 309,900 254,600
W1S3 R2 2348 587,000 326,600 260,400
W2S1 R2 4106 1,026,500 324,200 702,300
W2S2 R2 3404 851,000 331,900 519,100
W2S3 R2 3166 791,500 348,600 442,900
W3S1 R2 2670 667,500 368,200 299,300
W3S2 R2 2123 530,750 375,900 154,850
W3S3 R2 2377 594,250 392,600 201,650
W1S1 R3 711 177,750 362,400 -184,650
W1S2 R3 990 247,500 377,800 -130,300
W1S3 R3 347 86,750 411,200 -324,450
W2S1 R3 3255 813,750 384,400 429,350
W2S2 R3 3077 769,250 399,800 369,450
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W2S3 R3 3063 765,750 433,200 332,550
W3S1 R3 2721 680,250 428,400 251,850
W3S2 R3 1320 330,000 443,800 -113,800
W3S3 R3 1109 277,250 477,200 -199,950
W1 = Chemical weed control S1 = Groundnut shell biochar R1=0tha-1
W2 = Integrated weed management S2 = Maize cob bhiochar R2=2tha-1
W3 = Hand weeding S3 = Wood shavings biochar R3=4tha

Iv. DISCUSSION

Cost benefit analysis was used to determine the best
weed management system that would combine with the
appropriate source and rate of biochar to achieve maximum
benefit or return to farmers at the lowest or minimum cost.
The application of Saflufenacil + Dimethenamid-P at 0.5 kg
a.i/ha + one hand weeding at 63 DAS in combination with
the incorporation of groundnut shell biochar at 2 t ha-1
(W2S1R2) effectively controlled weeds and significantly
increased paddy vyield per hectare than other weed
management methods and sources and rates of biochar at
both locations. This, also corresponds to the highest gross
margin obtained at both locations. The resultant highest
paddy vyield per hectare obtained could be due to the
adequate early weed suppression achieved with the
application of pre- emergence herbicide and the sufficiency
of groundnut shell biochar at 2 t ha-1 to improve the soil
nutrient status. This is in agreement with Chauhan et al.
(2014) who reported the ability of herbicides to arrest weed
growth from the beginning of crop growth thereby
enhancing the general performance of the crop. Besides, the
supplementary hand weeding at 63 DAS greatly reduced
population of weeds that later sprouted at the time when
efficacy of the pre-emergence herbicide elapsed. Ishaya
(2004) reported that for effective suppression of weeds in
rice fields, there is the need to follow-up herbicide
application with hand weeding especially if there is
infestation by rhizomatous, bulbiferous, corms and Striga
weeds on the field. The ability of biochar to reduce weed
seed viability and germinability thereby enhancing growth
and yield performances of crop was also reported by Major
et al. (2005) and Arif et al. (2012). Reichenauer et al. (2009)
reported increase in rice paddy yield with the application of
2 t ha-1 biochar more than at 4 t ha-1. Also, Ogawa and
Okimori (2010) observed that the addition of low amounts
of biochar had notable effects on various plant species
whereas higher doses appeared to limit plant growth.

On the other hand, the lowest profit margin came from
the treatment to which Saflufenacil + Dimethenamid-P at
0.5 kg a.i/ha was applied together with the incorporation of
wood shavings biochar at 4 t ha-1 at both locations. The low
paddy yield obtained could be attributed to the high weed
interference that occurred at later stage of the crop’s growth
since there was no supplementary weed control. This had
resulted in competition for resources such as soil moisture,
sunlight, nutrients and space between the rice plants and
weeds, which reduced the expected paddy yield. Walia
(2006) reported that the greatest crop loss was caused by
weeds as a result of their competition with crop plants for
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growth factors such as nutrients, soil moisture, light and
space. This suggests that the paddy yield produced might
not be able to upset the cost of production. Therefore, for
profitable upland rice production in Kaduna State, it will be
beneficial and cost effective if rice farmers adopt the
application of Saflufenacil + Dimethanamid-P at 0.5 kg
a.i/na + hand weeding at 63 DAS and the incorporation of
groundnut shell biochar at 2 t ha-1.

V. CONCLUSION

From the result obtained, it can be concluded that
application of Saflufenacil + Dimethenamid-P at 0.5 kg
a.i/ha + one hand weeding at 63 DAS in combination with
groundnut shell biochar at 2 t ha-1 which gave the highest
paddy yield and return on investment of 3,546 kg/ ha and
N571,900, respectively at Zaria and the highest paddy yield
and return on investment of 4,106 kg/ha and ¥702,300,
respectively at Gidan Waya is considered most appropriate
and profitable for upland rice production in Kaduna State,
Nigeria.
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