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Abstract: Groundnut is an important crop grown by smallholder farmers in West Africa for both
domestic and market consumption. In groundnut cultivation, earthing up, or covering the plant's base
and lower nodes with soil, is a common practice. However, there is no consistent evidence about its
economic benefit. From 2016 to 2018, a three-year experiment was conducted to assess the benefits of
earthing up and establish the best time to do so to increase groundnut yield, thus filling a knowledge
gap in the region. The experiment was set up in a split-plot design, with the planting arrangement as
the main plot (ridge vs flatbed planting) and the timing of earthing up as the subplot. The earthing up
timing was divided into ten treatments, ranging from no earthing up (control) to earthing up at 70 days
after planting. Data was collected on the number of matured pods per plant, dry pod yield, dry haulm
yield, shelling percentage, and 100 seeds weight. The results for the time of earthing up revealed that
there was no statistically significant difference in dry pod yield and dry haulm yield except in 2017.
Similarly, for the number of matured pods per plant, 100 seeds weight, and shelling percentage, there
was no statistically significant difference between times of earthing up except for 100 seeds weight in
2018 and shelling percentage in 2017 and 2018. The individual years and combined analyses across
years revealed no statistically significant difference between the main plots for all the five traits. The
combined analysis for the times of earthing up showed a significant difference only for shelling
percentage. Therefore, in the Sudan Savanah agro-climatic conditions of the semi-arid tropics of West
Africa, earthing up may not be economically beneficial during a typical rainfall season with
appropriate planting time. Instead, it could raise production costs, reducing the profit.
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1. Introduction

Groundnut (Arachis hypogaea L.) is a very important grain legume crop cultivated for home
consumption and market in the semi-arid tropics of West and Central Africa (WCA). The region
accounts for about 65 percent of Africa's groundnut area and more than 70 percent of the continent's
groundnut production [1]. Nigeria, Senegal, Mali, Burkina Faso, Ghana, Chad, and Niger are the top
producers, with smallholder farmers producing the majority of the crop. It is considered a women's
crop in several countries, and women and youth play a key role in groundnut cultivation, processing,
and marketing. The grain is used in a variety of ways, including boiled/roasted snacks, paste, sauce,
cake and oil, and the haulm is a key source of animal feed. It is high in protein and other essential
amino acids, and it is frequently used to prepare nutrient-dense foods like plumpynut to treat
malnutrition in children and women [2]. Furthermore, it contributes to the long-term viability of
agricultural systems by being utilized in crop rotation and fixing nitrogen that can be benefit to the
following crop. Groundnut is also an important cash crop, accounting for over half of cash income in
rural households [3].

Earthing up, a practice of covering the base and lower nodes of the plant with soil, is commonly
practiced in groundnut cultivation. The practice is tedious, laborious, and time consuming for
smallholder farmers because it is normally done manually or in some cases with an oxen-drawn
cultivator. There is no consistent evidence about its benefit [4]. Some authors suggested that earthing
up should not be used for groundnut as it reduces pod yield [5-7]. According to the authors, earthing
up, especially in the early stage, influences plant development resulting in deformed plants with low
or no production at the lower nodes, where flowers are unable to develop, and hence no pegs or pods
form. Earthing up later in the season normally does not result in deformed plants, but it does result in
poorer yields [6,7]. Another issue is that the practice can increase the risk of some diseases, such as
white mould (Sclerotium rolfsii), causing a reduction in yield [7]. Earthing up during flowering may
also affect peg formation due to damage to delicate flowers (hypanthium).

On the other hand, earthing up after final weeding and gypsum application to compact soil around
the effective root zone could increase yield by allowing all pegs formed (geocarpic movement of pegs)
to develop into pods. Thilini et al. [8] found that earthing up 37 days after planting was the best time
for increasing yield in Sri Lanka. Earthing up has also been shown to boost yield for cultivars that
produce aerial pegs [9,10], where many aerial pegs would otherwise remain unproductive in unearthed
up plots because they do not enter the soil to develop into pods. The practice may also help late-formed
pegs in entering the soil and forming pods. However, while waiting for the late-forming pods to
develop, earlier-set pods of varieties with no seed dormancy may sprout or the peg attachment may
weaken, resulting in their loss to the soil during harvest [4]. The developing pegs and pods may become
exposed due to topsoil erosion in cases where the rainfall is torrential, making them vulnerable to pests
and direct solar damage. Further, ridge planting is used for soil moisture management, and soil erosion
may reveal the root system, pegs, and pods of those plants on ridges. Light earthing up may help to
cover the exposed pegs and pods in such situations. Rather than earthing up, some farmers flatten the
plants by stepping over them to bend the stems and branches and allow aerial and or late formed pegs
to enter the soil.

In the semi-arid tropics of West Africa, there is no compelling evidence that earthing up or
flattening helps to increase yield, while indications from elsewhere suggest that it might be beneficial
if the timing is right. Furthermore, climate change and unpredictability affect crop selections and

AIMS Agriculture and Food Volume 7, Issue 3, 614-622.



616

management methods in the region, necessitating a regular assessment of existing crop management
practices such as earthing up. Therefore, this study was designed to evaluate the effects of earthing up
and determine the best time to do so to increase groundnut yield, thus filling a knowledge gap in the
Sudan agro-climatic conditions for groundnut cropping systems in the region.

2. Materials and methods
2.1. Experimental site

The experiment was conducted at Samanko station, International Crops Research Institute for the
Semi-Arid Tropics in Mali (ICRISAT-Mali) for three years, from 2016 to 2018. Samanko is 26
kilometers southwest of Bamako, 12%5'N, 854'W. The rainy season runs from June through October,
and the station is located in the Sudan Savanah agroclimatic zone. The annual rainfall ranges from 800
to 1200 mm. The soil type is sandy-clay with a pH of 4.5, low fertility, and low organic matter content.
The meteorological data collected during the experiment are shown in Table 1. The rainy seasons in
2016 and 2018 started in late June and lasted until the second week of October, as is typical. In 2017,
rain began in late June and ended in early September. September and October are crucial in the
groundnut grain filling process. The experiment site was plowed and disc harrowed by a tractor before
planting, and Diammonium Phosphate fertilizer was applied at a rate of 100 kg/ha.

Table 1. Meteorological data during the experiment period.

Month Total rainfall (mm) Relative humidity Temperature (°C)

Rainy 2016 2017 2018 2016 2017 2018 2016 2017 2018
season min  max min  max min max
July 457.7 3983 2523 767 777 717 219 319 217 327 227 348
August 471.0 4021 3596 769 766 748 216 317 219 321 226 346
September  170.0 2174 2553 70.1 742 755 218 334 215 338 229 349
October 259 0 398 714 631 747 215 366 208 36.0 230 36.1

2.2. Treatments

The experiment was set up in split plot design with planting arrangement as main plot and time
of earthing as subplot replicated three times. Two planting arrangements, row planting on ridges and
row planting on flatbeds, were considered. The earthing up time was divided into ten treatments:
control (no earthing up), earthing up at 14 days after planting, 21 days after planting, 28 days after
planting, 35 days after planting, 42 days after planting, 49 days after planting, 56 days after planting,
63 days after planting, and 70 days after planting. The experiment utilized, ICGV 86124, which is a
Spanish type improved groundnut variety with a bunch (erect) growth habit, early maturity (85-95 days)
and drought tolerance. Apron Star 42WS (2.5g per kg) was used for seed treatment to protect seeds
and seedlings from early season insect pests and soilborne diseases. The plot size was 4 meters long
and 2.4 meters wide with 4 rows per plot in a spacing of 60 cm between rows and 10 cm between
plants within a row.
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2.3. Data collection and Analysis

Data were collected on the number of matured pods per plant (NMP) from an average of five
random plants, Dry weight of pods per plot (dry pod yield—DPY, kg/plot), Dry weight of haulms per
plot (dry haulm yield—DHY, kg/plot), Shelling percentage (%) from 200 random pods, and Dry
weight of 100 seeds (100 seeds weight—2100 SW, grams-g). For statistical analysis, the DPY and DHY
were transformed to per hectare values by multiplying plot level value (in kg) by 10,000 (m?) and
dividing by plot size (m?). The difference between treatments for DPY, DHY, NMP, 100 SW, and
Shelling percentage was tested using an analysis of variance (ANOVA) using Genstat v.21. The F-test
was employed to compare treatments to the ANOVA null hypothesis of equal means using Fisher's
protected least significant difference (LSD) test.

3. Results

The ANOVA results for DPY and DHY are presented in Table 2. The results revealed no
statistically significant difference (P < 0.05) for DPY and DHY between flatbed and ridge planting in
2016, 2017 and 2018. Similarly, there was no statistically significant difference (P < 0.05) in DPY and
DHY for the different times of earthing up except in 2017. In 2017, highly significant differences (P < 0.001)
were observed between earthing times for both DPY and DHY. The DPY ranged from 1192 kg per
hectare for earthing up at 63 days after planting to 1687 kg per hectare for earthing up at 28 days after
planting. For DHY, the mean values ranged from 1256 kg per hectare for earthing up 70 days after planting
to 1674 kg per hectare for earthing up 28 days after planting. The maximum DHY, 1674 kg per hectare
was not statistically significantly different (P < 0.05) from 1619 kg per hectare for the control treatment.
For both DPY and DHY, late earthing up at 63 days and 70 days after planting appeared to be detrimental.

Table 2. Mean of DPY and DHY during 2016, 2017 and 2018.

Factors DPY (kg/ha) DHY (kg/ha)

2016 2017 2018 2016 2017 2018
Earthing up
Control 1430 1355° 2079 1384 1619%® 1338
14 DAP 1406 1386 2296 1323 1416%° 1379
21 DAP 1375 1432 2086 1330 1350 1450
28 DAP 1245 1687% 2209 1466 16742 1422
35 DAP 1373 1632% 2309 1274 1524%¢ 1245
42 DAP 1546 1472 2261 1315 1422%¢ 1237
49 DAP 1360 1398 2311 1609 1343 1349
56 DAP 1610 1370 2255 1432 1552%¢ 1358
63 DAP 1136 1192¢ 2335 1425 1328 1427
70 DAP 1489 1334° 2328 1228 1256° 1277
Mean 1397 1426 2247 1379 1448 1348
Probability™  0.165 <0.001 0.374 0.713 <0.001 0.853
LSD 316.9 106 258 381 174.2 301.8
CcVv 19.3 6.3 9.7 23.5 10.1 19

Continued on the next page
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Factors DPY (kg/ha) DHY (kg/ha)

2016 2017 2018 2016 2017 2018
Main Plot
Flatbed 1382 1428 2381 1370 1498 1248
Ridge 1412 1424 2112 1387 1399 1449
Probability*  0.708 0.638 0.056 0.319 0.739 0.113
LSD 2388.5 424.2 307.1 1158 3031.9 488.4

Note: DAP = days after planting; DPY = dry pod yield; DHY = dry haulm yield; LSD = least significant difference;
CV = coefficient of variation; *probability values greater than 0.05 indicate that the difference is not statistically significant
at 5% probability level; ¥alues with the same letter are not statistically different.

Table 3. Mean of NMP, 100 SW and Shelling percent during 2016, 2017 and 2018.

Factors NMP (count) 100 SW (g) Shelling percent

2016 2017 2018 2016 2017 2018 2016 2017 2018
Earthing up
Control 24.0 24.0 32.5 31.2 27.0 23.0° 67.3 61.7°  58.0°
14 DAP 225 22.8 35.1 29.0 27.2 241  65.1 62.7°¢  61.0%
21 DAP 22.3 24.2 30.0 33.6 26.5 24.4> 677 62.2°  63.3¢
28 DAP 22.5 23.3 34.8 29.9 26.3 25.7%¢ 647 64.5%  67.0°
35 DAP 23.0 22.7 35.2 29.0 26.2 27.6® 643 64.1®  68.1°
42 DAP 23.7 22.8 34.1 28.8 26.2 28.8% 67.4 62.0°  71.7°
49 DAP 22.8 24.3 32.9 31.2 26.5 28.6° 64.1 61.8°  71.0%
56 DAP 23.3 24.3 34.7 33.6 28.7 246  66.7 62.3°  61.0%
63 DAP 22.7 24.0 34.0 27.3 25.8 24.0°  66.8 61.3°  60.2%
70 DAP 23.2 24.7 35.5 30.8 27.0 26.0%  68.6 61.5°  60.7%
Mean 23.0 23.72 339 30.5 26.7 25.7 66.3 62.4 64.2
Probability™ 0.949  0.226  0.781  0.75 0.906 <0.001 0.288 <0.001 <0.001
LSD 2567 1779  6.229 7.321  3.453 2.26 4.011 1.019  2.025
CcVv 9.6 6.4 15.6 20.5 11.1 7.4 5.2 1.4 2.7
Main Plot
Flatbed 2271 2367 3643 3122 2783 26.19  66.85 62.51  64.07
Ridge 23.3 23.77 3134 29.68 2563 25.17  65.7 62.35  64.32
Probability* 0543  0.885  0.058 0.193  0.076 0.368  0.38 0.766  0.49
LSD 3493 2629  6.289 8.843 2769 5753  4.432 2.04 5.718

Note: DAP = days after planting; NMP = number of matured pods per plant; 100 SW = hundred seed weight; LSD = least
significant difference; CV = coefficient of variation; *probability values greater than 0.05 indicate that the difference is not
statistically significant at 5% probability level; ®values with the same letter are not statistically different.

Table 3 shows ANOVA results for NMP, 100 SW and shelling percent for each year. There was
no statistically significant difference (P < 0.05) between the ridge and flatbed planting as main plots
for both NMP, 100 SW and shelling percentage. In the case of the subplots (earthing up times), no
statistically significant difference (P < 0.05) was observed for NMP in 2016, 2017 and 2018. For 100
SW, a highly significant difference (P < 0.001) was observed in 2018 but not in 2016 and 2017. In
2018, the 100 SW ranged from 23 g for the control treatment to 28.8 g for earthing up at 42 days after
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planting. The 28.8 g was not statistically significantly different from values obtained for earthing up
at 28, 35, and 49 days after planting. In the case of shelling percentage, the treatments showed a highly
significant difference (P < 0.001) in 2017 and 2018 but not in 2016. In 2017, the shelling percentage
ranged from 61.3% for earthing up at 63 days after planting to 64.5% for earthing up at 28 days after
planting. The maximum value, 64.5% was not statistically significantly different from 64.1% obtained
for earthing up at 35 days after planting. In 2018, the shelling percentage ranged from 58% for the
control treatment to 71.7% for earthing up at 42 days after planting. The control and late earthing up
showed a lower values of shelling percentage both in 2017 and 2018.

Table 4. Mean of DPY, DHY, NMP, 100 SW and shelling percent across years.

Factors DPY (kg/ha) DHY (kg/ha) NMP (count) 100 SW (g)  Shelling percent
Earthing up

Control 1620 1460 26.1 27.1 63.4"¢
14 DAP 1692 1367 26.8 26.7 62.9%
21 DAP 1619 1331 25.5 28.1 6443
28 DAP 1713 1480 26.9 28.1 65.4°c
35 DAP 1762 1344 26.9 27.6 65.5%°
42 DAP 1741 1395 26.9 28.0 67.0°
49 DAP 1689 1388 26.7 28.8 65.7%
56 DAP 1764 1436 27.4 29.4 63.4"¢
63 DAP 1624 1436 26.9 25.8 62.8¢
70 DAP 1704 1282 27.8 28.0 63.6"¢
Mean 1693 1392 26.8 27.8 64.4
Probability™ 0.543 0.774 0.846 0.388 <0.001
LSD 168.6 225.2 2.468 2.826 1.557
CcVv 13.4 21.3 11.9 15.0 3.1
Main Plot

Flatbed 1694 1371 26.95 28.3 64.39
Ridge 1692 1413 26.64 27.25 64.42
Probability* 0.983 0.567 0.780 0.056 0.953
LSD 295.3 265.7 4.146 1.119 2.026
Year

2016 1412° 1356° 23.01° 30.45% 66.60°
2017 1421° 14722 23.72° 26.97° 62.41°
2018 2246% 1348%® 33.67° 25.90° 64.19°
Probability* <0.001 0.043 <0.001 <0.001 <0.001
LSD 82.1 107.5 1.152 1.513 0.719
Earthing up x year

Probability* 0.067 0.780 0.403 0.451 <0.001
LSD 268.2 353.9 3.827 4.779 2.399

Note: DAP = days after planting; DPY = dry pod yield; DHY = dry haulm yield; NMP = number of matured pods per plant;
100 SW = hundred seed weight; LSD = least significant difference; CV = coefficient of variation; *probability values
greater than 0.05 indicate that the difference is not statistically significant at 5% probability level; *values with the same
letter are not statistically different.
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Table 4 shows the results of ANOVA across years for DPY, DHY, NMP, 100 SW and shelling
percent. A highly significant difference (P < 0.001) was observed between years for all the five traits
considered. But there was no statistically significant difference (P < 0.05) between the main plots for
all the five traits, and the subplots showed statistically significant differences (P < 0.001) only for the
shelling percentage. The earthing up done at 21, 28, 35, 42 and 49 days appeared to have increased
shelling percentage. The control treatment and the earthing up at 63 days and 70 days after planting
showed lower values of shelling percentage. Highly significant earthing up X year interaction (P < 0.001)
was observed for shelling percentage, but not for the other parameters considered.

4. Discussion

The study revealed that planting on ridges was not better than planting on flatbeds for DPY, DHY,
NMP, 100 SW and shelling percentage. The findings are consistent with those of Mvumi et al. [11],
who found no significant differences between planting on flat ground (FG), earthing up after planting
on flat ground (EFG), and planting on ridges (R) in pod yield, plant height and stem width but the
number of pods and leaves. The present study revealed that earthing up during a typical rainfall season
with appropriate planting time doesn’t increase DPY and DHY, which are the priority traits for
groundnut producers. The individual years for 2016 and 2018 with typical rainfall seasons and the
combined across years analyses showed no statistically significant differences (P < 0.05) between
times of earthing up for DPY and DHY . In both 2016 and 2018, rain continued into the second week
of October. The result corroborates with the recommendation that earthing up has no benefit and even
may reduce yield [5,6], although no significant pod yield reduction was observed in the present study.

A highly significant difference was observed for the two traits in 2017. The earthing up at 28 and
35 days after planting gave statistically significantly higher DPY than the control treatment. The result
for 2017 was in agreement with Thilini et al. [8] who found earthing up at 37 days after planting as the
best time for increasing yield in Sri Lanka. However, the 2017 crop season was unusual in that crops,
including groundnut, experienced terminal drought as a result of early rainfall cessation. After mid-
September, there was no rain in the study area as a whole, with the experimental plots receiving the
last rain on September 5. The statistically significant difference between treatments in 2017 suggests
that earthing up at the right time can help maintain and increase DPY and DHY in a moisture stress
scenario. This could be attributed to two advantages. One, the covering of the base and lower nodes
may have reduced the amount of direct sunlight that the pods and roots were exposed to, as well as
moisture loss due to evaporation. Second, earthing up as an inter-cultivation method helps in the
removal of weeds and inhibits the late emergence of weeds [12], which might have reduced
competition of groundnut and weeds for moisture and nutrients. Although the Sudan Savanah
agroecology receives adequate rainfall in terms of quantity for groundnut cultivation, terminal drought
remains a problem [13]. Rainfall distribution can be erratic, and given the region's current climate
change and variability, this is expected to worsen resulting in some atypical rainfall seasons like the
one in 2017. Furthermore, while early groundnut planting is encouraged, many farmers, particularly
women, lack the requisite planting equipment, such as a plow, to do so. Planting priority is given to
sorghum and pearl millet, which are the main staples. As a result, groundnut planting is often delayed,
leaving the crop vulnerable to terminal drought. Drought tolerance and early maturity, in addition to
pod yield, are among the most desired traits in groundnut varieties by farmers in the Sudan Savanah
agroecology [13]. Accurate rainfall forecasts and making them available to groundnut farmers through

AIMS Agriculture and Food Volume 7, Issue 3, 614-622.



621

climate services and national meteorological services would assist decision-making and management
of cultural operations, such as whether or not to earth up. On the other hand, groundnut production in
the Sahelian agroecology is seriously affected by terminal drought like many other crops [14,15].

For other traits, the NMP indicated no statistically significant differences (P < 0.05) for analyses
at both the individual year and combined across years levels, unlike Ahmad et al. [9], who observed
an increase in the number of pods per plant in Pakistan when earthing up was used. In the present study,
although significant differences were observed between treatments for 100 SW and shelling percentage
in 2018, these variations did not transfer into an impact on DPY. Ahmad et al. [9] reported an increased
100 SW when earthing up was used.

5. Conclusions

In the Sudan Savanah agro-climatic conditions of the semi-arid tropics of West Africa, earthing
up is not economically beneficial during a typical rainfall season with appropriate planting time.
Instead, it will increase the cost of production, lowering income. Hence, it shouldn’t be done. On the
other hand, the findings from the present study, albeit only for one year, revealed that earthing up may
be beneficial under a moisture stress scenario to increase yield by retaining soil moisture for extended
periods. More research in representative sites for the Sahel agro-climatic zone, where moisture stress
is one of the main groundnut production constraints, would be helpful to validate the benefits.
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