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Abstract

Cereal crops constitute a major source of feeds to the livestock system but with low protein content. Cultivation of this 
major crop along with legumes may likely increase the proteins in combined feeds of cereal-legumes through intercropping. 
An experiment was set up using a randomized complete block design (RCBD) at the research farm of the department of 
Horticultural Technology of Federal Polytechnic Mubi to study the contribution of groundnut in improving the proteins in 
combined forage of Corn-Groundnut through intercropping. Results indicate that intercropping significantly increased the 
growth and physiological performance of corn in the corn-groundnut intercrop. There was also a significant increase in 
potassium mineral due to intercropping. The Acid Detergent Lignin content of the combined forage was significant reduced. 
Dry matter yield of groundnut was significantly reduced while that of corn was increased from 2636.6-6257.5 kg ha-1. The 
crude protein in total forage increased from 8.21% in sole corn to 12.97% when intercropped with groundnut. It is therefore 
seen that a significant increase in digestibility, better protein content and higher dry matter was achieved for forage due to 
intercropping.
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Abbreviations: RCBD: Randomized Complete Block 
Design; FCN: Fertilized Corn with Nitrogen; SC: Sole Corn 
without Nitrogen; SG: Sole Groundnut; CG: Corn/Groundnut 
Intercrop; RSR: Root to Shoot Ratio; DWR: Dry Weight of 
Root; TLA: Total Leaf Area; ADF: Acid Detergent Fiber; NDF: 
Neutral Detergent Fiber; ADL: Acid Detergent Lignin. 

Introduction 

Cereal and legume constitute a major source of energy 
and protein for livestock [1]. It is a common crop production 
system in the tropics with several benefits, key among them 
being the improvement in household food security (including 

animal feeds) and soil fertility [2]. Maize is one of the most 
important cereal crops that could substantially be used 
to improve livestock feeding. Maize-legume intercropping 
is also known to be one of the practices in the agricultural 
production system that could increase forage quality and 
quantity and decrease requirements for protein supplements 
in livestock feeds.

The benefit of groundnut in intercrop with corn for 
forage production has not been reported in the tropical 
climate. In view of the fact that compatibility is crucial in any 
intercropping system, particularly as a legume component 
plays a vital role in increasing forage quality, corn/groundnut 
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intercrop was evaluated by looking at the performance of 
groundnut in intercropping as well as assessing their yield, 
towards achieving an improved yield, raised proteins and 
digestibility of their combined forage.

Materials and Methods

The field experiment was conducted at research farm 
of the Department of Horticultural Technology, Federal 
Polytechnic, Mubi located at latitude 90 261 and 100101 N 
and longitudes 130 11 and 130 441 E. Land was ploughed 
and ridges of 4 m long were constructed with each plot 
containing six ridges. The space between the ridges is 0.50 
m and the width of each ridge was 0.50 m. Total plot size 
was 6 m× 4 m. The space between plots is 0.50m and alley 
between replications was 1 meter. Planting for both corn 
and groundnut was done together. A field experiment was 
set up using the randomized complete block design (RCBD) 
involving four treatments [Fertilized corn with nitrogen 
(FCN), sole corn without nitrogen (SC), sole groundnut (SG) 
and corn/groundnut intercrop (CG)]. Weed control was 
achieved by use of plastic mulch spread over the entire field. 
A specific spot where the seeds were planted is cut open 
using a scissors. The shiny black plastic mulch was held to 
the ground using 1.5mm galvanized iron wires, 15cm long 
and clipped down the edges of the mulch sheet against the 
wind from blowing it off.

Nitrogen fertilizer in the form of urea (46% N) was 
applied only to the fertilized corn plots at the rate of 200 kg 
ha-1 [3,4] in two split doses while phosphorus (TSP-21% P) 
and potassium (MOP- 50% K) fertilizers was applied to all 
treatments during land preparation at 65 kg ha-1 and 200 kg 
ha-1 respectively.

Plant height was measured in situ using a measuring 
a tape. Five plants were sampled at intervals of two weeks 
from each plot and the mean plant height was computed and 
recorded. Also number of leaves per plant was taken in situ 
from randomly tagged plant at intervals of two weeks from 
the selected five plants per plot and the mean number of leaf 
was recorded.

Root to shoot ratio (RSR) was determined according to 
the procedure of Richard [5].

DWR
DWS

RSR = 

Where: DWR is the dry weight of root and DWS is the dry 
weight of shoot.

Destructive sampling of plants was done at 6 and 12 

weeks after sowing and all plants was dried at 65◦C in an air 
circulating oven during 72 hours to calculate the crop growth 
rate using the formula as given below:

( )
( )

1 0

1 0

W - W
CGR= 

t -t
Where, W1 and W2 are dry matter (g) produced at time t1 and 
t0 [6,7].

Total leaf area (TLA) was measured by using a leaf area 
meter-model LI-3100 (LI-COR, Inc. Lincoln, Nebraska, and 
USA).

Dry matter yield was obtained after oven drying at 70oC 
for 72 hours [8]. The dried material was weighed using 
digital weighing scale (1 kg capacity digital balance model 
APEX A5000-I).

Acid detergent fiber (ADF), neutral detergent fiber (NDF) 
and acid detergent lignin (ADL) were determined using the 
chemical analysis as described by Van Soest [9]. Both ADF 
and NDF were analyzed using the FOSS Fibercap TM 1021 
(Sweden).

ADF/NDF was calculated as received:

 ( ) ( )( )3 1 3 1

2

100X w -w - B -B
% ADF=

w
Where:
w1= Initial weight of the capsule (g)
w2 = Sample weight (g)
w3 = Capsule + residue weight (g)
B1 = Initial blank weight (g)
B3 = Blank weight (g)

Dry matter digestibility was determined in accordance 
with Tilley and Terry [10] as was modified by Jones, et al. 
[11].

 The analysis of mineral concentration of forage was 
done following the digestion of forage samples. Nitrogen and 
phosphorus were analyzed using an auto analyzer (Lachat 
Instrument 8000 series). Potassium, calcium, magnesium, 
copper and iron were analyzed by Atomic Absorption 
Spectrophotometer Model 3110, Perkin Elmer, USA.

Data Analysis 

Data that were generated from this experiment were 
subjected to analysis of variance using SAS version 9.4 
software. Mean values were compared using least significance 
difference at the p=0.05 level of probability [12].
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Results 

In Table 1 is the effect of intercropping on days to 
emergence and establishment count of corn and groundnut. 
There was no significant effect (p>0.05) of intercropping 
on the number of days taken for the seedling to emerge for 
both corn and groundnut among treatments. The number of 

days taken for the seedlings to emerge stood at 5 days for 
all corn treatment. There was a significantly better plant 
establishment in sole corn plot than in both intercropped 
and fertilized corn. Groundnut did not show any significant 
difference in both intercrop and sole crop (Table 1).

Days to Emergence Establishment Count
Treatment Corn G/nut Corn G/nut

Corn-groundnut intercrop 5.00a 5 24.33b 72.66a
Fertilized corn 5.33a - 27.33b -

Sole Corn 5.00a - 52.00a -
Sole Groundnut - 5 - 73.33a

LSD 0.75 0 12.64 21.41
CV 6.52 0 16.14 8.35

P>F 0.44 1 0.006 0.9

Table 1: Effects of intercropping on Days to emergence and establishment count of corn and Groundnuts.

Figures 1 & 2 presents the effect of intercropping on 
plant height for corn and groundnut from 2 weeks after 
sowing to 10 weeks after sowing.

The application of nitrogen fertilizer to corn significantly 

(p< 0.01) increased the height of corn by 23% from 169 to 
208cm at 10 WAS (Figure 1). Intercropping significantly (p< 
0.01) reduced the height of groundnut by 57% from 55 to 35 
cm at 10WAS (Figure 2).

Figure 1: Effect of intercropping on the Height of Corn.

Figure 2: Effect of intercropping on the Height of Groundnuts.
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Table 2 presents the effect of intercropping corn and 
groundnut on number of leaves for corn from 2 to 10WAS.

The number of leaves produced by corn at 2 WAS did not 
show any significant (p>0.05) difference between Fertilized 

corn and intercrop corn, but intercropped corn was 
significantly higher in leaf number compared to monocrop 
corn. At 4 to 10 WAS the application of nitrogen fertilizer to 
corn significantly (p< 0.01) increased the number of leaves 
of corn from 9 to 10 and 12 respectively.

Treatment
Number of Leaves

2WAS 4WAS 6WAS 8WAS 10WAS
Corn-groundnut intercrop 6.09a 8.80ab 10.30b 11.60a 12.00b

Fertilized corn 6.06ab 9.26a 10.86a 12.06a 12.66a
Sole Corn 5.63b 8.13b 8.60c 9.70b 10.00c

Sole Groundnut - - - - -
LSD 0.44 0.74 0.05 1.07 0.52
CV 3.34 3.73 2.24 4.27 2.01

P>F 0.05 0.03 0.0005 0.008 0.0003

Table 2: Effects of intercropping on the number of leaves of corn.

The effect of intercropping corn and groundnuts on the 
plant canopy width of Groundnuts is presented in Table 3.

Intercropping significantly (p< 0.01) lowered the canopy 
width of groundnut across the sampling occasions except at 
4 WAS as compared to monocrop.

Treatment 2WAS 4WAS 6WAS 8WAS 10WAS
Corn-groundnut intercrop 4.51b 8.68a 32.93b 52.13b 89.00b

Fertilized corn - - - - -
Sole Corn - - - - --

Sole Groundnut 6.42a 10.64a 57.73a 68.20a 109.33a
LSD 0.77 2.61 1.31 14.41 7.58
CV 4.01 7.69 0.82 6.81 2.17

P>F 0 0.08 0.0002 0.04 0.007
Table 3: Effects of intercropping on the canopy width of Groundnuts.

Leaf chlorophyll (SPAD) was significantly affected 
by intercropping as the monocrop of groundnut had a 
significantly (p< 0.01) higher SPAD value as compared to its 
intercrop. The application of N-fertilizer to corn significantly 
increased the leaf chlorophyll CGR. Intercropping 
significantly (p< 0.01) reduced the CGR of groundnut by 38% 
from 72.75 to 52.83 g m-2 d-1. The application of N-fertilizer 
to corn significantly increased the CGR of corn by 45% 
from 123.43 to 178.91 g m-2 d-1. The increase in CGR due to 
fertilizer application to corn was more than the increase due 
to intercropping with groundnut by 7.3%.

The mean values for the root to shoot ratio did not show 
any significant difference (p>0.05) among treatment for both 
the groundnut and corn components of the intercrop.

There was no significant (p>0.05) influence of 
intercropping on the leaf area index among treatment for 
groundnut. The LAI for the corn showed that the application 
of N-fertilizer significantly (p< 0.01) increased the LAI in corn 
(3.24) by 5.5% more than the effect of intercropping with 
groundnut (3.07). Corn had a higher LAI when intercropped 
with groundnut as compared to monocrop.

The effect of intercropping corn and groundnut on 
total leaf area (TLA) is presented in Table 4. Intercropping 
significantly (p< 0.01) reduced the TLA of groundnut from 
2095.9 to 1651.9 cm2. The application of fertilizer to corn 
significantly increased the TLA of corn by 205% from 1374.6 
to 4196.5 cm2 which was 18% greater than the increase in 
TLA due to intercrop with groundnut.
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Treatment
Leaf 

Chlorophyll
Crop Growth 

Rate
Root to Shoot 

Ratio
Leaf Area 

Index Total Leaf Area

Corn G/nut Corn G/nut Corn G/nut Corn G/nut Corn G/nut
Corn-groundnut 

intercrop 45.43a 34.30b 66.10b 12.16a 0.28a 0.06a 3.07a 1.15a 3560.3a 1651.92b

Fertilized corn 46.63a - 72.00a - 0.47a - 3.24a - 4196.5a -
Sole Corn 30.03b - 48.66c - 0.23a - 1.39b - 1374.6b -

Sole Groundnut - 44.03a 22.33a 0.17a - 1.03a - 2095.89a
LSD 5.51 8.96 4.05 10.56 0.24 0.23 0.34 0.78 1444.3 345.99
CV 5.97 6.51 2.87 17.43 32.73 58.65 6 20.41 20.93 5.25

P>F 0.001 0.04 0.0002 0.05 0.1 0.18 0.0002 0.55 0.01 0.03

Table 4: Effects of intercropping on some physiological and growth performance of corn and groundnuts.

The effect of intercropping corn and groundnut on 
the mineral content of forage is presented in Table 5. The 
minerals analyzed were: phosphorus, potassium, calcium, 
magnesium, copper and iron. The mean phosphorus content 
in forage was not significantly (p>0.05) different among 
treatments. The mean phosphorus concentration ranged 
from 0.40 to 0.59%. Corn with or without N-fertilizer has 
the highest potassium concentration in forage as compared 
to groundnut. Intercropping corn with groundnut increased 
the potassium concentration. The mean calcium content 
in forage was not significantly (P>0.05) different among 

treatments. The mean calcium concentration ranged from 
0.22% to 0.30%.

The mean magnesium content in forage was not 
significantly (P>0.05) different among treatments. The mean 
calcium concentration ranged from 0.17% to 0.22%. The 
mean copper content in forage was not significantly (P>0.05) 
different among treatments. The mean copper concentration 
ranged from 0.05% to 0.08%. Intercropping significantly 
(P<0.01) increased the iron concentration in corn-groundnut 
compared to both Fertilized corn and sole corn.

Treatment Nitrogen Phosphorus Potassium Calcium Magnesium Copper Iron
Corn-groundnut intercrop 2.07a 0.57a 1.51 0.29 0.22 0.05 0.60a

Fertilized corn 1.60b 0.58a 1.68 0.3 0.18 0.08 0.15b
Sole Corn 1.31c 0.58a 1.5 0.22 0.17 0.08 0.22b

Sole Groundnut 2.19a 0.47b 1.33 0.26 0.22 0.06 0.68a
LSD 0.22 0.07 0.46 0.24 0.05 0.18 0.12
CV 6.23 6.75 15.29 45.18 14.17 125.31 15.13

P>F 0.0002 0.03 0.4 0.84 0.1 0.97 0.0001

Table 5: Effect of intercropping on the mineral content of Forage.

Table 6 presents the effects of intercropping on the 
nutritive quality of forage.

The mean neutral detergent fiber was not significantly 
(p>0.05) different among treatments. The mean neutral 
detergent fiber ranged from 62.89 to 69.35%. The mean 
acid detergent fiber was not significantly (p>0.05) different 
among treatments. The mean acid detergent fiber ranged 
from 38.93 to 48.72%. Intercropping significantly reduced 
the acid detergent lignin of in corn-groundnut compared to 
sole groundnut. The mean acid detergent lignin ranged from 
4.45 to 6.99%.

Treatment NDF ADF ADL
Corn-groundnut intercrop 66.98 45.8 4.45b

Fertilized corn 65.18 38.9 5.03ab
Sole Corn 68.96 48.7 4.97ab

Sole Groundnut 62.89 42.8 6.99a
LSD 6.7 15.6 2.07
CV 5.08 17.7 19.34

P>F 0.25 0.5 0.05

Table 6: Effects of intercropping on the quality of Forage.
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Figure 3 showed that there was no effect (p>0.05) of 
N-fertilizer application on the digestibility of corn. However, 

addition of groundnuts increased the digestibility compared 
to sole corn without N application (51.80%). 

Figure 3: Effect of intercropping on the digestibility of Forage.

Figures 4 & 5 present the effects of intercropping corn 
and groundnuts on the dry matter yield and the total dry 
matter yield. 

Intercropping significantly (p< 0.01) lowered the dry 
matter yield of groundnut in intercropped groundnut from 
3,086.9 to 2,389 kg ha-1 (29.2%). Similarly, intercropping 
significantly (p< 0.01) increased the dry matter yield of corn 
in from 2,636.6 to 6,257.5 kg ha-1 (137%). Also, the application 

of nitrogen to corn significantly (p< 0.01) increased the 
dry matter yield of corn by 21.3% when compared to the 
intercrop of groundnut.
 

Intercropping significantly (p< 0.01) increased the total 
dry matter yield (groundnut +corn) in the corn/groundnut 
intercrop (8,647 kg ha-1) by 180 and 228% as compared 
to sole groundnut (3,086.9 kg ha-1) and sole corn without 
fertilizer (2,636.6 kg ha-1) respectively. 

 

Figure 4: Effect of intercropping on the Dry Matter yield per Hectare.

https://medwinpublishers.com/OAJAR/


Open Access Journal of Agricultural Research 7

Belel MD and Amina OI. Improving Protein Contents in Mixed Forage of Corn and Groundnut 
by Intercropping. J Agri Res 2022, 7(3): 000296.

Copyright© Belel MD and Amina OI.

Figure 5: Effects of Intercropping on the Total Dry matter yield of forage.

The application of N-fertilizer significantly (p< 0.01) 
increased the crude protein content of sole corn from 8.21 
to 10.06 %. Intercropping of corn with groundnut increased 
crude protein in total forage from 8.21% in sole corn without 

N to 12.97% when intercropped with groundnut. However 
there was no difference (p>0.05) in crude protein of N 
fertilized sole corn compared with crude protein in combined 
forage of corn intercropped with groundnut (Figure 6).

Figure 6: Effect of intercropping on the crude protein content of forage.

Discussion

Dry matter production is a function of the nature of 
competition among the component crops in mixture as well 
as the morpho-physiological performance of individual 
crops in mixture. Intercropping lowered the dry matter yield 
in groundnut by 29.2% than its monoculture. This could be 
attributed to competition between species for growth factors 
(nutrients, moisture, light etc). Carr, et al. [13] reported that 
yields of legume-cereal in mixtures were intermediate or 
even lower than yields of monoculture due to competition 
between species. Similarly, the higher dry matter yield of 
corn compared to groundnut in monocrop and intercrop 
could be due to the vigorous nature of corn growth and its 
ability to rapidly utilize the nitrogen fertilizer applied to the 
soil. In addition, corn has a C4 photosynthetic pathway. The 

addition of inorganic N could also have led fertilized corn 
to give 21.3% more dry matter yield than the yield of corn 
in intercrop of groundnut. Abdallah and Sebahattin [14] 
reported a high dry matter yield in monocrops of oat (13,520 
kg ha-1) and barley (12,810 kg ha-1) as compared to the pea-
oat (11,270 kg ha-1) and pea-barley (10,540 kg ha-1) mixtures. 
Plant height and leaf area index are indicators of biomass 
and yield production. Increased LAI and plant height in both 
fertilized corn and groundnut intercropped corn was an 
early indication of higher dry matter yield in fertilized corn 
and corn intercropped with groundnut. Liu and Waitrak [15] 
reported a significant correlation between both plant height 
and LAI. Sangakkara, et al. [16] found a significant increase 
in corn biomass yield when grown in intercrop with legumes 
under the humid tropical condition. The significant increase 
in the DM yield of corn also suggest that corn benefited from 
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the relationship between corn with groundnut and less 
competition for growth factors [17].

Corn-groundnut intercrop was 14% higher in total 
dry matter yield than fertilized corn which showed that 
the contribution of groundnut was higher than that of the 
inorganic fertilizer. Hamdollah [18] found that intercropping 
corn with cowpea and mung bean significantly increased the 
total dry matter yield compared with monoculture.

Crude Protein

The value of forage is not only judged by its dry matter 
but also by parameters such as protein content of such forage 
[19]. Intercropping increased the crude proteins in corn-
groundnut as much as or even higher than that contribution 
of N-fertilizer application to corn. Monocrop of groundnut 
tend to give more crude proteins in absolute terms than its 
intercrop. Sanderson, et al. [20] found that legumes often 
have greater crude protein concentration than grass. The CP 
values for monoculture and mixtures were greater than the 
benchmark recommended for mature beef cattle for optimum 
rumen function (7%) but fell short of the requirement for 
high producing dairy cows (19%) as reported by NRC (1984 
and 1989) respectively.

Acid detergent fiber and neutral detergent fiber 
concentrations are important forage quality characteristics 
[21] as the nutrients that are available to the animal is a 
function of ADF and NDF content of the forage. Neutral 
detergent fiber refers to the total cell wall in forage and it 
influences the amount of forage that an animal can consume 
[14]. Mertens [22] reported that the maximum cell wall 
concentration of the diet that will not hinder intake and 
animal production can be as high as 70 to 75% NDF and as 
low as 15 to 20% NDF for beef and dairy cows respectively. 
This suggest that the NDF of corn-groundnut can satisfy the 
dietary requirement of both dairy and beef cattle. ADF is a 
measure of digestibility, higher ADF means lower digestibility. 
Abdullah and Sehabbattin [14] reported a lower ADF in 
legume monoculture than in mixture and this was true of 
groundnut monoculture and in mixture. Also lower ADF was 
observed in legumes than in grasses [23]. Thus, the addition 
of groundnut to forage corn reduced the ADF concentration, 
indicating an improvement in quality and thus increased 
the potential forage intake by livestock. Similar results from 
cereal-legume intercropping were reported by Bingol, et 
al. [24]. Lignin refers to the indigestible portion of feeds. 
This was found to be higher in legumes than in grasses or 
mixtures. Singh, et al. [25] reported forages to have a higher 
lignin concentration in legumes than in grasses.

Addition of groundnuts to corn in the mixture increased 
the digestibility of dry matter.. Generally, digestibility of 

both monoculture and mixture appeared good (above 50%), 
the sole groundnut was a better monoculture in terms of 
digestibility. The increase in digestibility in corn-groundnut 
could be as a result of a relatively reduced lignin content. 
This was so because lignin was known for its adverse effect 
on digestibility, due to the presence of crosslink between 
lignin and the cell wall polysaccharides [26].

Intercropping influenced the mineral content of forage 
by raising of and maintaining the required minimum 
balance of each mineral element in mixtures. Mahdieh and 
Dahmardeh [27] reported that though groundnut contained 
the minimum required quantity of calcium and magnesium 
when grown as monocrop, more of these elements are 
found in corn/groundnut grown in intercrop than in their 
monocrops. The phosphorus found in the combination 
and monoculture of groundnut were adequate for animal 
nutrition. High phosphorus level in feed has no adverse 
consequences, other than its relationship to calcium and the 
fact that it is wasteful. The magnesium content of groundnut 
both in mixture and monoculture stood within the range of 
0.122 to 0.228%. Khan, et al. [28] found magnesium content 
among mixture and monoculture to be in a range 0.235% to 
0.268%. Potassium in forages of groundnut nut was found to 
be higher than the optimum quantity required for animals. 
ARC [29] recommended the optimum potassium needed by 
animals at 0.8%. This is similar to the result reported for 
groundnut both in monoculture and mixture. Groundnut/
corn intercropping as to be known to progress Fe nutrition in 
all groundnut tissues [30]. Enhancement in the Fe nutrition 
of groundnut intercropped with corn was mainly caused by 
rhizosphere collaboration between groundnut and corn [31].

Conclusion and Recommendation

In conclusion, forage mixtures for corn/groundnut have 
resulted in increased crude protein content, total dry matter 
yield and digestibility. Therefore, corn-groundnut forage 
should be used for improved digestibility and better protein 
content in livestock feed.
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