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Abstract: In this study, we determined the agronomic traits and yields of peanuts under different intercropping models by
carrying out tests on variety selection, row spacing, and film mulching during sowing of intercropped peanuts. We analyzed the
high-yield and comprehensive benefits in order to determine the efficient cultivation models of cassava/peanut intercropping.
The results showed that among the eight tested peanut varieties, Guihua771 was the most suitable for intercropping with cassava,
and its yield was 18.7% higher than Guihual7 — the local control variety — followed by Guihua22 and Guihua836. In the
intercropping model selection test, the yield income of one row of cassava, intercropped with two rows of peanuts, under
medium-narrow spacing (0.9-1.1m) was significantly higher than that of one row of cassava intercropped with three or four rows
of peanuts with wide spacing (1.3-1.4m). The income of intercropped peanuts with film mulching was higher than that without
the film, and the income from cassava and peanut intercropping 15d apart was higher than that of planting the cassava and
peanuts at the same time. The best overall yield income was obtained when using Guihua771 as the peanut variety, intercropped
with cassava using a row spacing arrangement of one row of cassava with two rows of peanuts, and planting the peanuts 15d
ahead of the cassava, with mulching film.
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making intensive use of time and space to maximize economic
and ecological benefits, increase yield and income, and
improve land utilization and maintenance. Therefore,
cassava/peanut intercropping is of great significance for full
utilization of limited cultivated land resources in south China.
It can also help solve the contradiction in land use between
cash and food crops. Some studies have been done on
intercropping techniques between cassava rows, and the
theoretical basis thereof. Benhui Wei et al. [1] and Zhangqi
Yuan et al. [2] showed that intercropping cassava with
watermelon, winter gourd, muskmelon, peanuts, and green
soy beans increased the yield and income per unit of cultivated
land. Xinglu Luo [3] and Qianru Huang et al. [4] studied the
yield effect and eco-economic benefit of intercropping
cassava and peanuts. International studies on cassava/peanut

1. Introduction

Cassava is mainly planted in south China, with the largest
planting area in Guangxi, occupying 60% of China’s cassava
planting area. However, cassava monoculture has a long
growth period (10-11 months), slow growth in the early phase,
a late closing period (4-5 months), sparse planting (row
spacing 1-1.5m) and low utilization of land and light energy,
resulting in low yield per unit of cultivated land area, and low
economic benefit. The peanut plant is short, with a short
growth period (about 4 months) and narrow row spacing (0.4
m), thus forming complementary "long-short," "high-low,"
and "wide-narrow" effects with cassava in the ecological
niches of time, space, and nutrition. Intercropping these two
plants can effectively integrate land, light, and heat resources,
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intercropping have been carried out for many years. As early
as 1986, Mason [5-7] studied the agronomic characteristics
and yield benefit of cassava/peanut intercropping and soil
nutrient transformation efficiency. Polthanee [8-9] and
Kotchasatit [10] also conducted similar studies on
cassava/peanut intercropping from 1998-1999. For the past
few years, some scholars reseaeched the eco-physiological
mechanisms of cassava/peanut intercropping, such as
microecology in rhizosphere soil [11-12], physical and
chemical properties [13], carbon-nitrogen metabolism[14],
absorption of cadmium and available nutrient[15]. The above
studies mainly focus on the agronomic traits, yield benefit
analysis and mechanisms under intercropping cultivation, but
there is still lack of a comprehensive and systematic
discussion on efficient cassava/peanut intercropping
cultivation models. Therefore, this paper sorts through peanut
varieties suitable for intercropping with cassava, analyzes the
arrangement of row spacing, and tests film mulching and
sowing time gaps. Doing so will preliminarily identify the best
cultivation model, and provide technical reference to further
optimize cassava/peanut intercropping yield and planting.

2. Materials and Methods
2.1. Test Materials

The tested peanut varieties were Guihuahong166, Guihual7,
Guihua22, Guihua26, Guihua30, Guihua771, Guihua836 and
Guihual026.  Guihuahongl66, Guihual7, Guihua22,
Guihua26 and Guihua 30 are all local conventional cultivar in
Guangxi, and Guihua771, Guihua836 and Guihua 1026 were
newly bred peanut varieties in recent years. All these varieties
were provided by the Cash Crops Research Institute, Guangxi
Academy of Agricultural Sciences. Huanan205, the main
cultivar in Guangxi, provided by farmers in Wuming County,
Guangxi Province, was selected as the cassava variety in these
tests.

2.2. Test Design

The tests were carried out at the Wuming Lijian Research
Base of the Guangxi Academy of Agricultural Sciences.
Based on the cassava/peanut intercropping model commonly
adopted by local farmers, selection tests on the varieties of
peanuts suitable for intercropping were carried out from
2010-2012. One row of cassava was intercropped with two
rows of peanuts on flat land, with the row spacing between
cassava rows being 1.1m X 0.8m, the row spacing between
cassava and peanuts as 0.4m, and the row spacing between
peanuts as 0.3 m X 0.16 m. A total of eight peanut varieties
were tested, with Guihual?7, the widely used peanut variety in
a large area of Guangxi, as the control. The intercropping
cultivation model selection tests were carried out from
2013-2015. A total of three models were tested for row
spacing arrangement: 0.9 (2) indicates one row of cassava
intercropped with two rows of peanuts, with a row spacing of
0.9m; 1.1 (2) indicates one row of cassava intercropped with

two rows of peanuts at a spacing of 1.1m; 1.3 (3) indicates one
row of cassava intercropped with three rows of peanuts, with a
row spacing of 1.3m; and 1.5 (4) indicates one row of cassava
intercropped with four rows of peanuts, at a row spacing of
1.5m. A total of four models were tested for film mulching
during sowing: cassava and peanut were planted at the same
time (time gap of 0d), peanuts were planted 15d ahead of
cassava (time gap of 15d), cassava and peanuts were
intercropped at the same time and covered with mulching film
(m 0 d), and cassava and peanuts were planted with a time gap
of 15d and covered with mulching film (m 15 d). For all
models, three duplicates were processed with randomized
block design, and the block area was 28.8 m”.

2.3. Sampling Determination

Mature peanut plants were analyzed in each block at harvest
to investigate plant and pod traits. The harvested peanuts were
measured to determine block yield after being naturally dried
and after the sediments and plant residues were removed, and
they were converted to yield per hectare. After cassava were
harvested, the yield of their seeds was measured and converted
to yield per hectare, and the economic benefit of intercropping
was calculated at current market prices, together with the yield
of the harvested peanuts.

2.4. Data Analysis

Excel 2007 was used for data analysis and for drawing the
three-line tables. All data in the tables are the average of the
three series.

3. Results and Analysis

3.1. Investigation on Traits of Different Intercropped Peanut
Varieties

As shown in Table 1, the growth of different peanut
varieties under cassava/peanut intercropping models differed.
The order of the main stem heights was as follows: Guihua 22 >
Guihua 1026 > Guihual7 > Guihua30 > Guihua771 >
Guihua836 > Guihua26 > Guihuahong166. The main stem of
Guihua22 was the highest, Guihuahongl166 was the shortest,
and Guihua771 was the median. The lateral branch length of
Guihua22 was also the greatest, 32.2% greater than that of
Guihual7, the control variety. The lateral branch of
Guihua771 was the shortest. In addition, the total and effective
numbers of branch of Guihua771 were the largest. The
effective number of branch on Guihua771 was one greater
than that of the other six peanut varieties. In contrast, the
number of nodes on main stem of Guihua771 was the least, 1.3
less than that of the control variety, Guihual7. The stem
diameter of Guihua 771 was the largest, 6.1% greater than that
of the control variety, Guihual7, demonstrating that the
growth of peanut plants under intercropping varies by variety,
and the differences in main stem height and lateral branch
length were significant.
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Table 1. Effects of cassava/peanut intercropping on the traits of different peanut varieties.

eomt i Height of main Length of lateral ~ Total number of Number of effective  Number of nodes on Stem diameter
stem (cm) branch (cm) branch (count) branch (count) main stem(count) (mm)
Guihual7 55.9 51.3 43 4.1 18.4 3.61
Guihua22 66.4 67.8 4.4 4.4 18.2 3.28
Guihua26 534 51.3 43 4.2 18.4 291
Guihua30 53.50 56.4 4.6 43 18.8 2.89
Guihua771 55.2 50.7 5.0 5.0 17.1 3.83
Guihua836 54.0 51.9 4.2 4.2 17.9 3.36
Guihual026 56.2 53.3 4.5 4.5 17.9 3.47
Guihuahong 166 42.98 45.93 4.5 4.4 18.9 3.66

3.2. Investigation on Pod Traits of Different Intercropped
Peanut Varieties

As shown in Table 2, when intercropped with cassava, the
order of the numbers of mature pods per peanut plant is shown
as follows: Guihua 22 > Guihua 836 > Guihua 771 > Guihua
Red 166 > Guihua 26 > Guihua 17 > Guihua 30 > Guihua 1026.
The number of mature pods on a single plant included single
and double kernel pods, and the latter was the main factor
affecting pod yield. However, Guihua 22 had the most single
kernel pods, and Guihua 17 and Guihua 771 had the least single
kernel pods; Guihua 771 and Guihua 836 had the largest

number of double kernel pods, both 14.5% higher than the
control variety Guihua 17. The two were followed by Guihua
22. Guihua 17 and Guihua 22 had the most blighted pods, in the
range of 3.1 to 4.6. The other tested peanut varieties had
numbers in the range from 0.6 to 2.5. The weight of a hundred
pods, kernel yield, and single plant yield of Guihua 771 were
the highest, at 21.9%, 4.8% and 114.9% higher than those of the
control variety Guihua 17, respectively. The weights of a
hundred kernels of Guihua 22 and Guihua 771 were 26.3% and
19.3% higher than the control variety, respectively, which may
be related to the size of the pod kernel itself, and the pod
plumpness under intercropping.

Table 2. Effects of cassava/peanut intercropping on pod traits of different peanut varieties.

. Number of mature pods on Number of single kernel Number of double kernel Number of blighted pods
Peanut variety .
single plant (count) pods (count) pods (count) (count)
Guihual7 (ck) 11.4 1.7 9.7 4.6
Guihua22 13.9 29 11.0 3.1
Guihua26 11.6 22 9.4 0.6
Guihua30 11.1 2.3 8.8 2.1
Guihua771 13.0 1.9 11.1 1.1
Guihua836 13.3 2.1 11.1 1.0
Guihual026 8.7 2.1 6.1 2.5
Guihuahong 166 11.8 3.5 8.3 1.5
Table 2. Continued.
Peanut variety ‘Weight of a hundred pods (g) ‘Weight of a hundred kernels(g) Kernel rate (%) Single plant yield(g)
Guihual7 (ck) 146 57 69.0 9.4
Guihua22 173 72 71.1 20.2
Guihua26 174 65 66.4 14.2
Guihua30 158 66 65.1 12.78
Guihua771 178 68 72.3 20.3
Guihua836 175 62 65.1 16.0
Guihual026 167 59 63.5 10.3
Guihuahong 166 149 53 69.3 10.38

3.3. Comparison and Analysis of Yield of Different
Intercropped Peanut Varieties

As shown in Table 3, the yields of intercropped peanut
varieties varied significantly. In the peanut variety intercropping
selection test in 2010, the yield of Guihua771 was the highest —
45.7% higher than that of the control variety — followed by
Guihua22 and Guihua26. In the test in 2011, the yields of Guihua
22 and Guihua 771 were also the highest, at 16.5% and 10.6%
higher than that of the control variety respectively. In the test in
2012, the yields of Guihua 836 and Guihua 771 were the highest:

18.1% and 8.1% higher than that of the control variety
respectively. The order of the average yield over the 3 years is
shown as follows: Guihua771 > Guihua22 > Guihua836 >
Guihua26 > Guihual7 > Guihua30 > Guihual026 >
Guihuahong166. The average yield of Guihua771 was the largest
over the three years, 18.7% higher than that of the control variety
Guihua 17. The results showed that the yield of Guihua771 was
the most stable among the six tested varieties, suggesting that
Guihua771 was most suitable for intercropping with cassava,
followed by Guihua 22 and Guihua 836.
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Table 3. Yield of intercropping between different peanut varieties and cassava.

Yield of peanut being intercropped (kg/ hm?)

Peanut variety 2010 2011 2012 Average yield(kg/ hm?)
Guihual7 1453.7 2109.2 21213 1894.7
Guihua22 1999.8 2457.6 2227.4 2228.3
Guihua26 1954.7 2081.9 2163.8 2066.8
Guihua30 1367.9 1896.0 2329.4 1864.4
Guihua771 2117.3 2333.4 2294.1 2248.3
Guihua836 1943.4 2045.4 2506.2 2165.0
Guihual026 1493.1 1954.5 1894.5 1780.7
Guihuahong166 1442.4 1936.7 1367.9 1582.3

3.4. Investigation on Peanut Plant Traits Under Different
Intercropping Models

As shown in Table 4, the main stem heights and lateral
branch lengths of peanuts varied by intercropping model. The
main stem height, lateral branch length, and stem diameter of
intercropped peanuts with mulching film were higher than
those without. The main stem heights of peanuts planted 15d
ahead of the cassava with mulching film were 11.9% taller
than those of peanuts planted at the same time, without
mulching film. The lateral branch length with mulching film
was also 2-3 cm larger than without. In the case of no
mulching, there was no significant difference in lateral branch
lengths between planting with a gap of 15 days and at the same
time. In addition, the total and effective number of branch, the
number of nodes on the main stem, and the stem diameter of
peanut plants with mulching film, planted with a gap of 15d,
were all slightly higher than those figures without the film,

planted at the same time.

In the tests on intercropping row spacing arrangements, the
main stem height, lateral branch length, number of nodes on
the main stem, and stem diameter of one row of cassava
intercropped with three rows of peanuts with a medium-wide
row spacing (1.3m) were all larger than those figures with one
row of cassava intercropped with two rows of peanuts with a
narrow row spacing (0.9m), and of one row of cassava
intercropped with four rows of peanuts, with a wide row
spacing (1.5m). This result indicates that the main stem height
of one row of cassava intercropped with three rows of peanuts
with a wide row spacing (1.3m) was 8.0% higher than that of
one row of cassava intercropped with two rows of peanuts
spaced at 0.9m, and 7.0% higher than that spaced at 1.1m. The
number of effective branch was the highest with one row of
cassava intercropped with two rows of peanuts, spaced at
I.1m.

Table 4. Effects of cassava/peanut intercropping model on peanut plant traits.

Intercropping model

Height of main stem (cm)

Length of lateral branch (cm) Total number of branch (count)

0d 56.8
Sowing gap period (d) and 15d 55.0
application of mulching film mO0d 58.1
ml15d 63.6
0.9(2) 58.1
Row spacing of cassava (rows of 1.1Q2) 58.6
peanut) 1.3(3) 62.8
1.5(4) 60.1

55.0 4.4
54.6 4.1
57.0 5.0
56.7 4.9
51.3 39
49.7 4.2
52.7 43
51.3 4.2

Table 4. Continued.

Effective number of branch

Intercropping model

Number of nod in st
umber of nodes on main stem o L. )

(count) (count)
0d 44 16.3 3.68
Sowing gap period (d) and 15d 4.1 17.1 3.72
application of mulching film mO0d 4.9 18.0 3.81
ml15d 4.6 17.9 3.82
0.9(2) 39 17.1 3.69
Row spacing of cassava (rows of 1.1Q2) 42 16.3 3.73
peanut) 1.33) 4.0 18.7 3.86
1.5(4) 4.0 17.8 3.65

3.5. Investigation on Pod Traits of Peanuts Under Different
Intercropping Models

As shown in Table 5, the number of mature pods on single
plant, the number of single and double kernel pods, the weight
of a hundred pods, the weight of a hundred kernels, the kernel
rate, and the single plant yield of intercropped peanuts with
mulching film were all higher than those figures under the

same conditions without the film. The number of blighted
pods of intercropped peanuts with mulching film was also
slightly lower than without. In the cases both with and without
mulching film, all pod trait indicators except for the number of
blighted pods were higher for peanuts planted 15d ahead of the
cassava than for simultaneous planting. In particular, the
number of mature pods on single plant, the weight of a
hundred pods, the weight of a hundred kernels, the kernel rate,
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and the single plant yield of peanuts planted 15d ahead with
mulching film were 127.3%, 31.4%, 29.6%, 12.1% and 49.6%
higher than those of conventional planting (planting at the
same time, without mulching film) respectively; the number
of blighted pods was 50.0% lower than that with conventional
planting. The results show that intercropping peanuts with
mulching film increased the number of pods and pod
plumpness, reducing the number of blighted pods, thereby
increasing yields.

In the tests on row spacing arrangement, the number of
mature pods on single plant, the number of single kernel pods,
and that of blighted pods, and the kernel rate of one row of
cassava intercropped with four rows of peanuts with a wide

spacing (1.5m) were all higher than those indicators for one
row of cassava intercropped with two rows of peanuts with
row spaced 0.9-1.3m. The number of double kernel pods, the
weight of a hundred pods, and the weight of a hundred kernels
of one row of cassava intercropped with two rows of peanuts
were higher than for one row of cassava intercropped with
three or four rows of peanuts. In particular, the single plant
yield was the largest when intercropping two rows of peanuts
with medium cassava row spacing (1.1 m), 24.3% higher than
that from one row of cassava intercropped with two rows of
peanuts with narrow spacing (0.9 m), and 26.7% higher than
that from one row of cassava intercropped with four rows of
peanuts with wide spacing (1.5 m).

Table 5. Effects of Cassava/Peanut Intercropping Model on Peanut Pod Traits.

Number of mature pods

Intercropping model on single plant (count)

Number of double
kernel pods (count)

Number of single
kernel pods (count)

Number of blighted
pods (count)

. . 0d 7.7 0.7 7.0 3.0
Sowing gap period(d) and
applicftiinpopf mulc(hi)ng 15d 105 1.2 93 19
film mO0d 12.3 2.1 10.1 14
ml15d 17.5 3.1 14.4 1.5
0.9(2) 9.8 2.0 7.8 1.4
Row spacing of cassava 1.1(2) 10.1 1.4 8.7 1.4
(rows of peanut) 1.3(3) 10.4 3.1 7.3 2.8
1.5(4) 10.6 2.9 7.7 2.5
Table 5. Continued.
Intercropping model :)’\::]lsg(l;t) of a hundred re]ilngel:: (();)a hundred Kernel rate (%) Single plant yield (g)
. . 0d 140 54 65.5 15.0
onlcaton of muehing 134 e 2 5 25
film mO0d 145 58 72.1 16.5
ml15d 184 70 73.4 224
0.9(2) 131 47 64.9 10.7
Row spacing of cassava 1.1(2) 130 48 64.6 133
(rows of peanut) 1.3(3) 117 43 65.0 10.9
1.5(4) 113 41 63.2 10.5

3.6. Analysis of the Yields of Cassava and Peanuts Under
Different Intercropping Models

As shown in Table 6, in the tests on film mulching and
sowing time gap, the peanut and cassava yields, and the
intercropping income using mulching film were all higher
than those without the film; the peanut yields of the models
planting peanuts 15d ahead of the cassava were all higher than
those of the models using simultaneous planting. The cassava
yields of models with a time gap of 15d were slightly lower
than those of the models planted at the same time. The total
income from both cassava and peanuts with a sowing gap of
15d was higher than that of the models planted at the same
time, among which the income of the model with mulching
film was the highest, 18.7% higher than without.

In the tests on intercropping row spacing, the peanut yield
was the highest from one row of cassava intercropped with
four rows of peanuts with a wide spacing (1.5m), while the
cassava yield under this model was the lowest. The income
from this model was the lowest among the four. The cassava
yield was relatively high with one row of cassava
intercropped with two rows of peanuts, with a
medium-narrow row spacing (0.9m-1.1m). The incomes
from one row of cassava intercropped with two rows of
peanuts, with row spaced at 0.9m and 1.Im, were
respectively 8.0% and 5.3% higher than that of one row of
cassava intercropped with three rows of peanuts, with row
spacing of 1.3m. This result indicates that spacing cassava
rows too far apart reduced the planting density of the cassava,
thereby affecting its yield.

Table 6. Effects of cassava/peanut intercropping model on the yields of cassava and peanuts.

. Average yield (kg/hm?) Total intercropping income
teopp o] Peanuts Cassava (yuan/hmz)
0d 1979.2 40879.5 38641.5
Sowing gap period (d) and 15d 2229.2 37968.0 37669.5
application of mulching film mO0d 2032.4 43131.0 42072.0
ml15d 2680.6 42384.0 45852.0
Cassava row spacing (rows of 0.9(2) 2510.8 44037.0 45117.9
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. Average yield (kg/hm?) Total intercropping income
Intercropping model Peanuts Cassava (yuan/hmz)
peanuts) 1.1(2) 24255 43375.5 44002.2
1.3(3) 2591.9 35823.0 41757.0
1.5(4) 2642.0 33925.1 38098.6

4. Discussion

4.1. Selection of Peanut Varieties Suitable for Intercropping
with Cassava

The selection of peanut varieties with shade tolerance to
intercrop with cassava was one of the important factors for
increasing yield. The 3-year selection tests on peanut varieties,
carried out under the field condition of natural shade, showed
that the average yield of Guihua 771 was the highest among all
tested peanut varieties, and its yield performance in different
years was also the most stable, showing that it is the most
suitable for intercropping. This result is consistent with the
preliminary selection results in earlier studies [16], and it
supplements and verifies the earlier results. Guihua 771 had a
medium plant height, relatively short length of lateral branch,
more effective branch, and fewer main stem nodes, indicating
that the plant type was concentrated, the lodging was good,
there were more main stems, and the shorter lateral branch
could reduce shading by the cassava. These plant traits may be
important indicators of the good shade tolerance of Guihua
771 and its suitability for intercropping. In addition, Guihua
771 had the largest number of double kernel pods on a single
plant, and the weight of a hundred of its pods, kernel rate, and
single plant yield were also the largest among all of the tested
varieties. These pod traits were the key factors intercropping
yield. Thus, the peanut varieties with medium plant height,
short lateral branch, more effective branch, concentrated plant
type, more pods on a single plant, and higher kernel rate are
suitable for intercropping with cassava.

4.2. Investigation on Efficient Cassava/Peanut
Intercropping Cultivation Models

Finding a reasonable and efficient cultivation model for
cassava/peanut intercropping is very important for balancing
the growth of the two plants, improving the utilization of land
resources, and increasing income for farmers. In this study, the
comprehensive economic benefits of different intercropping
modes were analyzed through tests on film mulching, sowing
time gap, and different row spacing arrangements. The results
showed that the income was the highest from one row of
cassava intercropped with two rows of peanuts, with a
medium-narrow row spacing. In this way, the cassava
intercropped with the peanuts at its original planting density,
not only ensuring that its yield was not greatly affected, but
also adding the peanut yield. However, if the row spacing of
cassava was too wide, its planting density decreased, affecting
its yield, and reducing the total economic benefit. In the tests
on film mulching and sowing time gap, the economic benefit
was the highest from planting the peanuts 15d ahead of the
cassava, with mulching film, perhaps because the mulching

film could effectively preserve heat and moisture, increasing
the accumulated temperature of the peanuts, and making
intercropped peanuts with mulching film mature earlier than
those exposed to the air. Doing so reduced the symbiotic
period of the intercropping, and the shading time by the
cassava. Moreover, planting the peanuts 15d ahead of the
cassava increased its growth speed. The closing period of
cassava was 15d later than that from planting at the same time,
avoiding the key period of peanut plumpness, and the vigorous
growth period of the cassava reduced shading during the
peanuts’ key growth period (pod maturity period), thus
increasing pod plumpness, and improving its yield and
economic benefit.

5. Conclusion

The high efficiency cultivation of cassava/peanut
intercropping were selecting Guihua771 as peanut variety
intercroping with cassava, and using the row spacing of one
row cassava intercropping with two row peanut (the row
spacing of cassava was 0.9m-1.1m), and sowing peanut early
15d than cassava, and mulching film.
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