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IntroDuctIon

Cattle production plays an important role in the liveli-
hoods of Vietnamese. Cattle production is normally 

integrated with crop production. One of the obstacles for 
cattle production is feed resource. Using locally available 
feed resources such as cassava foliage, leguminous plant, 
agricultural by products. is considered one of the most im-
portant strategies to provide feed for cattle. In Vietnam, 

cassava is normally planted in the hilly and mountainous 
areas where rice is difficult to grow. The area of cassava cul-
tivation is about 532,600 ha per year with a total produc-
tion of around 10,3 million tones of roots per year (GSO, 
2017). In Vietnam, when cassava is grown for foliage in the 
dry season, it can give 41 tones/ha of fresh leaves, equiva-
lent to about 12 tones per ha of cassava hay (Dung et al., 
2005b). Cassava foliage has been made into cassava hay in 
Thailand and used successfully as a source of un-degraded 
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Abstract | The aim of this study was to investigate (i) the total biomass yield (foliage and root), and chemical composition 
of cassava and a legume (Phaseolus calcaratus) under different intercropping systems and harvesting times, and (ii) the 
feeding value of the mixture of cassava and legume foliage as feed for growing cattle. In experiment 1, forty plots (5.4 
x 6.0m) were allocated in a split plot design with four blocks. The main plot treatments were harvesting of legume 
and cassava foliage at 45 days cutting intervals or at the end when the cassava was harvested for roots. Each main 
plot was split into five sub-plots for the method of planting the cassava and the legume: CL0 (cassava monoculture), 
C0L (legume monoculture); C1L1 (one row of cassava intercropped with one row of legume), C2L1 (two rows of 
cassava intercropped with one row of legume), C1L2 (one row of cassava intercropped with two rows of legume).  In 
experiment 2, the in sacco dry matter (DM), crude protein (CP) degradation of the mixture of cassava and legume feed 
was determined in nylon bags using three rumen fistulated cattle. The results showed that the total dry foliage yield was 
around 8.84-9.09 tones ha-1 and CP yield of 1.82-1.98 tones ha-1 of different intercropping systems between cassava 
and Phaseolus calcaratus legume. There was slightly increased dry biomass foliage yield of the intercropping system 
compared to the monoculture of cassava but significant higher than the value of Phaseolus calcaratus legume in the 
monoculture. The in sacco DM, CP degradation of the feed mixture of cassava and legume foliage were high. After 48h 
incubation the degradation of the mixture of cassava and legumes feed was 73% of DM and 83% of CP. It is concluded 
that intercropping between cassava and Phaseolus calcaratus legume is a solution to increase both quality and quantity 
of the biomass, thus contribute to improved cattle production.
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protein, with a high content of digestible nutrients for cat-
tle production (Wanapat, 2001). Cassava foliage, especially 
bitter cassava foliage has been used widely for cattle pro-
duction in Laos. It is a source of protein and it can reduce 
methane production and emission from cattle production 
(Sangkhom, 2017). 

Growing cassava as a sole crop can lead to deterioration 
of soil fertility after several years of planting. Some previ-
ous studies have indicated that legumes can be considered 
as suitable crops for inter-cropping with cassava (Umeh 
and Mbah, 2010; Pypers et al., 2011; Hidoto and Loha, 
2013). They can possibly be used for improving soil fertility 
through their root nitrogen fixation and returning the crop 
residues to the soil. Therefore, the legume not only im-
proves soil fertility but also can be used as a protein source 
in animal feeding. 

“Nho Nhe” (Phaseolus calcaratus Roxb.) is a leguminous 
plant that can grow well in the upland in Vietnam such as 
Lang Son, Bac Giang, Thai Nguyen. Normally, the legume 
was planted with maize to both produce corn and legume 
seeds that can be sold on the market as human food. The 
harvesting time of legume seeds is usually at the end of 
the year when “Tet” holiday coming. The advantage of the 
intercropping had led to higher yields of corn in the next 
crop than sole cropping.

The objectives of the study is to evaluate (i) the effect of 
frequency of harvesting on total biomass yield (the foli-
age and root), chemical composition of cassava and “Nho 
Nhe” legume under an different intercropping systems and 
harvesting times and (ii) the feeding value of mixture of 
cassava and legume foliage as feed for cattle.

MAtErIAlS AnD MEthoDS  

LoCaTion anD CLiMaTe of The exPeriMenTaL siTe
The experiments were carried out at BaVi Cattle and For-
age Research Center (CFRC) of the National Institute of 
Animal Science, Vietnam. It is located in BaVi district, 
about 60 km in the North West of Hanoi city center. The 
total area of BaVi district is 421 km2 in which 80% of slop-
ing land. The soil characteristic at the areas is acid with low 
fertility. The soil soil characteristic in this area were around 
pHKCl: 4.12; OM: 4.48%; NTotal: 0.16%; K2OTotal: 0.46% and 
P2O5: 0.039%. The climate in the area is tropical monsoon 
with a yearly rainfall of around 1500 mm, most of which 
falls from March to October, and with a dry season from 
November to February. During the field experiment, the 
total precipitation was 1456 mm and mean daily tempera-
ture ranged 17 to 290C (Figure 1). 

Figure 1: Ambient  temperature and rainfall at BaVi area 
during experimental time (2004)
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Figure 1: Ambient temperature and rainfall at BaVi area 
during experimental time (2004)

exPeriMenTaL Design anD TreaTMenTs
Experiment 1 was carried out as a split plot design with 
four blocks. Forty plots (5.4 x 6.0m) were allocated for all 
treatments. The  main plot treatments were harvesting of 
legume and cassava foliage at 45 days cutting intervals or at 
the end when the cassava was harvested for roots, and each 
main plot was split into five sub-plots for the method of 
planting the cassava and the legume: CL0 (cassava mon-
oculture), C0L (legume monoculture); C1L1 (one row of 
cassava intercropped with one row of legume), C2L1 (two 
rows of cassava intercropped with one row of legume), 
C1L2 (one row of cassava intercropped with two rows of 
legume). The layout of the plots is shown in Table 1.

In experiment 2, the in sacco DM, CP feed degradation was 
determined by incubating 05 g of dry sample of the mixture 
of cassava and legume feed in nylon bags using 03 rumen 
fistulated cattle according to the method of Orskov et al. 
(1980). The degradation was determined at 4, 8, 12, 24 and 
48 h of incubation. The mean of three results for each time 
was used when calculating the rate of degradation. The diet 
of the animals was similar to the substrates being tested. In 
the time procedure of withdrawal of bags from rumen, the 
samples bags were immediately placed in bucket of cold 
water to prevent further fermentation and to wash off the 
feed particles adhering to the outside of the bags. All the 
bags were washed under running cold water in the labora-
tory until the water became clear. Then the bags were dried 
to constant weight at 65°C before recording the weight of 
bags plus incubated samples. The course of degradation of 
the feed was described by fitting DM loss values to the ex-
ponential equation of Orskov and McDonald (1979): P = 
a+b(1-e-ct). The degradation characteristics of the samples 
are defined as: A = washing loss (representing the soluble 
fraction of the feed); B = (a+b)-A (representing the insolu-
ble but fermentable materials); c = the rate of degradation 
of B (Orskov et al., 1980).
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table 1: The experimental layout, plant arrangement, plant density  

treatment type of 
harvest-
ing

45 days interval harvesting harvesting at the end rows number/plot Plant density (plants /
ha)

row of 
cassava

row of 
legume

row of 
cassava

row of 
legume

cassava legume cassava legume

CL0 Only None Only None 12 0 63492 0
C0L None Only None Only 0 12 0 111111
C1L1 1 1 1 1 6 6 31746 55550
C2L1 2 1 2 1 8 4 42328 37037
C1L2 1 2 1 2 4 8 21164 74074

 Note: Sole cassava (CL0); Sole legume (C0L); 1 row of cassava intercropped with 1 row of legume (C1L1);
2 rows of cassava intercropped with 1 row of legume (C2L1); 1 row of cassava intercropped with 2 rows of legume (C1L2)

table 2: The total DM yields cassava foliage and legume and fresh yield of roots at different intercropping systems (IS) 
and harvesting times (HT) (tonnes ha-1 )
treatment harvesting time SEM Probability

I.45 I.0 Mean ht IS ht IS ht*IS
Dry foliage yield (tonnes ha-1 )
CL0 8.86 0.32 4.59a

C0L 6.39 - 3.19b

C1L1 9.09 0.25 4.67a

C2L1 8.87 0.32 4.59a

C1L2 8.84 0.30 4.57a

Mean 8.41a 0.24b 0.15 0.23 0.000  
0.000

 
0.000

Fresh cassava roots yield (tonnes ha-1 )
CL0 12.64 27.53 20.08
C0L - -
C1L1 10.21 20.05 15.13
C2L1 9.83 20.03 14.93
C1L2 8.19 19.61 13.90
Mean 10.22b 21.80a 1.14 1.62 0.006 0.062 0.682

I.45 is 45 days interval harvesting after first harvesting at 3 months planting;
I.0 is only harvested foliage as the same time of root harvesting;
Sole cassava (CL0); Sole legume (C0L);1 row of cassava intercropped with 1 row of legume (C1L1); 2 rows of cassava intercropped 
with 1 row of legume (C2L1); 1 row of cassava intercropped with 2 rows of legume (C1L2)      
a,b Mean within columns and rows with calculated mean with different superscripts letter differ significantly (P<0.05)

esTabLishMenT anD ManageMenT
Cassava stems of  Manihot esculanta sp. variety were pre-
pared as planting material and a 45 x 35 cm spacing be-
tween rows and stems cuttings was applied for the treat-
ment of cassava with or without the legume. The length 
of the cassava stem cuttings was 20-25 cm. The Phaseolus 
calcaratus legume was planted by seed in each row with 
20 cm spacing of seeds and in plots according to the re-
spective treatments. The cassava stem cuttings and Phase-
olus calcaratus legume seeds were planted at the same time. 
Two weeks prior to planting, the experimental area was 
ploughed roughly and the soils were smashed to pieces be-
fore seeding. Cattle manure was applied only at the start 

of the experiment at the same level of  5,500 kg/ha fresh 
weight in all plots, and no other fertilizer was used during 
the experimental period. 

MeasureMenTs anD anaLysis 
The cassava foliage and Phaseolus calcaratus legume in 
twenty plots (treatments of frequent harvesting) were har-
vested first at 3 months after planting by breaking the stem 
at 30 cm above the ground, and this was followed by four 
further cuttings at 45 day intervals, giving a total of five 
cuttings. The cassava foliage and cassava root in forty plots 
were collected after nine months of planting. Fresh weight 
of legume and cassava of each harvesting were recorded 
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immediately after cutting. In the intercropping treatment, 
the harvested plants were separated into cassava and leg-
ume, weighted individually and 1 kg of sample per sub-
plot were randomly collected for chemical analysis. The 
total biomass yield of treatments of frequent harvest was 
calculated as the sum of all harvests. For understanding 
how much additional that is required in monoculture equal 
the amount of yield achieved in the intercrop, an equation 
was expressed as form of Land Equivalency Ratio (LER) 
by Mead and Wiley (1980). In which the yield from both 
cassava foliage and legume foliage in the monoculture 
and intercropping was measured: LER= (cassava in the 
intercropping system / cassava in the monoculture sys-
tem)+(legume in the intercropping system / legume in the 
monoculture).

The separate materials of cassava and legume foliage were 
sundried and then ground by a milling machine. The sam-
ple of mixture of cassava and legume foliage was made by 
mixing the ingredients in proportion based on the ratio of 
cassava and legume foliage biomass produced (1:3 of leg-
ume foliage: cassava foliage as DM basis).

Both cassava and legume samples were analyzed for dry 
matter (DM), crude protein (CP), neutral detergent fiber 
(NDF) and acid detergent fiber (ADF). The DM, CP were 
determined according to (AOAC, 1990). CP content was 
analyzed by Kjeldahl method as N * 6.25. The contents of 
NDF and ADF were determined according to Van Soest 
and Robertson (1985).

sTaTisTiCaL anaLysis
Analysis of variance was used to analyze the data with Mi-
nitab software version 13.31, following the statistical mod-
el below. When the F-test was significant (P<0.05), the 
Tukey’s Test for pairwise comparisons was used to com-
pare means.

Yijkl   = µ + αi + βj + (β) ij + δk + (δβ) kj + εijk
 Where:  µ =  The general mean
 αi = The ith block
 βj =  The jth treatment of harvesting interval 
times or the end
 δk = The kth treatment of five methods of 
planting
                   (αβ)ij =  The ith block * the jth  treatment
                         (δβ) kj = The  jth treatment of  harvest-
ing interval times or the end * the   kth  treatment of  five 
methods of planting
    ε =  The εth error term.

rESultS

effeCT of DifferenT inTerCroPPing sysTeMs anD 
harvesTing TiMe on yieLD of DM foLiage, fresh 
rooT anD Ler 
The results of total DM foliage yield and fresh cassava root 
yield was presented in Table 2. Effects of intercropping 
cassava and legume on foliage yield according to harvest 
frequency were shown in Figure 2. Total dry foliage yield 
was around 8.84-9.09 tonnes ha-1 of different intercrop-
ping systems between cassava and Phaseolus calcaratus leg-
ume. There was a significant higher of dry foliage yield 
between interval harvesting (I.45) compared to the value 
at the end (I.0). There was slightly increased dry biomass 
foliage yield of the intercropping system compared to cas-
sava in the monoculture system (P>0.05). 

Figure 2: Effect of intercropping cassava and legume on hay yield (DM tonnes/ha) 
according to harvest frequency 
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Figure 2: Effect of intercropping cassava and legume on 
hay yield (DM tonnes/ha) according to harvest frequency.

The fresh cassava root yield when foliage was harvested at 
the same time as harvesting roots (I.0) was greatly high-
er than the values of frequently foliage harvesting (I.45) 
(P<0.05). The mean of fresh cassava root yield of interval 
foliage harvesting and foliage harvesting at the end were 
10.2 tonnes ha-1 and 21.8 tonnes ha-1, respectively. These 
values of  intercropping cassava and Phaseolus calcara-
tus legume was slightly lower than cassava monoculture 
(P>0.05).

Table 3 showed that the value of Land Equivalency Ra-
tio (LER) were varied from 1.4 to 1.8 (on DM basis) and 
1.2 to 1.3 (on CP basis) of the intercropping system and 
were significantly higher than the monoculture (cassava or 
Phaseolus calcaratus legume). The highest value of LER (on 
DM or on CP basis) was C1L2 which one row of cassava 
was intercropped with two rows of legume.
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table 3: The effect of different intercropping systems on the amount of cassava and legume production (tonnes ha-1) 
and Land Equivalency Ratio (LER)

treatment legume production cassava production lEr
DM
CL0 - 8.86a 1.00c

C0L 5.89a - 1.00c

C1L1 3.22c 5.87b 1.60ab

C2L1 2.31c 6.56ab 1.40b

C1L2 4.48b 4.36b 1.78a

SEM 0.30 0.56 0.08
P 0.000 0.001 0.000
CP
CL0 - 1.56a 1.00b

C0L 1.42a - 1.00b

C1L1 0.81b 1.12ab 1.32a

C2L1 0.58b 1.24ab 1.21ab

C1L2 1.15a 0.83b 1.36a

SEM 0.08 0.12 0.07
P 0.000 0.006 0.004

Note: Sole cassava (CL0); Sole legume (C0L); 1 row of cassava intercropped with 1 row of legume (C1L1); 2 rows of cassava 
intercropped with 1 row of legume (C2L1); 1 row of cassava intercropped with 2 rows of legume (C1L2)    
a, b  Mean within columns with different superscripts letter differ significantly (P<0.05)

table 4: The chemical composition of cassava at different intercropping systems (IS) and harvesting times (HT) 
treatment harvesting time SEM Probability

I.45 I.0 Mean HT IS HT IS HT*IS
DM (g kg-1)
CL0 235.2 305.9 270.5
C1L1 227.4 290.2 258.8
C2L1 224.4 292.6 258.5
C1L2 224.8 302.8 263.8
Mean 227.9b 297.9a 0.56 0.80 0.001 0.688 0.924
CP (g kg-1DM)
CL0 174.9 161.3 168.1b

C1L1 190.2 179.5 184.9a

C2L1 189.6 169.4 179.5ab

C1L2 191.6 181.8 186.7a

Mean 186.6a 168.0b 2.13 3.01 0.002 0.008 0.153
NDF (g kg-1DM)
CL0 407.2 374.3 390.8
C1L1 412.2 390.2 401.2
C2L1 415.3 389.9 402.6
C1L2 397.1 378.8 388.0
Mean 407.9a 383.3b 7.16 10.13 0.033 0.667 0.962
ADF (g kg-1DM)
CL0 270.6 253.9 262.2b

C1L1 282.6 269.2 275.9a

C2L1 284.0 277.1 280.6a
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C1L2 273.7 264.9 269.3ab

Mean 277.7a 266.3b 2.01 2.84 0.002 0.001 0.620
I.45 is 45 days interval harvesting after first harvesting at 3 months planting;
I.0 is only harvested foliage as the same time of root harvesting;
Sole cassava (CL0); 1 row of cassava intercropped with 1 row of legume (C1L1); 2 rows of cassava intercropped with 1 row of 
legume (C2L1), 1 row of cassava intercropped with 2 rows of legume (C1L2);      
a,b Mean within columns and rows with calculated mean with different superscripts letter differ significantly (P<0.05).

effeCT of DifferenT inTerCroPPing sysTeMs anD 
harvesTing TiMe on CheMiCaL CoMPosiTion of 
Cassava
The value of a feed resource for cattle is not only about 
the yield, but also its chemical composition. The chemical 
composition of cassava foliage was presented in Table 4. 
The lower content of DM was found in interval harvesting 
system (I.45) compared to the value of harvesting at the 
end (I.0). There was no significant difference of DM con-
tent of cassava with or without legume (P>0.05) in the in-
tercropping system. The interval harvesting and intercrop-
ping systems had positive influences on the CP content of 
cassava (P<0.05). In overall the data of CP content of cas-
sava foliage varied from 161 to 192 g kg-1 DM. The mean 
value of CP of interval harvesting and harvesting at the end 
were 186.6 g kg-1 DM and 168.0 g kg-1 DM, respectively. 
The highest value was found in the intercropping system 
when two rows of legume were intercropped with one row 
of cassava (C1L2) and clearly increased compared to the 
value in cassava monoculture (P<0.05). The CP of cassava 
was tended to increase when the number of legume rows 
increased. The ADF and NDF contents of cassava foliage 
was varied from 254 to 284 g kg-1 DM and from 374 to 
415 g kg-1 DM, respectively. The mean value of ADF and 
NDF of the interval harvesting (I.45) were higher than 
these values of harvesting at the end (I.0). There was no 
difference of NDF content between the intercropping sys-
tem and the monoculture system, but higher value of ADF 
in the intercropping system compared with the monocul-
ture system (P<0.05) was found in this experiment.    

effeCT of DifferenT inTerCroPPing sysTeMs anD 
harvesTing TiMe on CruDe ProTein foLiage 
bioMass  yieLD
Both the interval harvesting and intercropping systems had 
significant effects on the CP foliage biomass yield (Table 
5). The values of CP foliage yield varied from 1.54 to 2.08 
tones ha-1 in the interval harvesting (I.45) and was greatly 
higher than the value of harvesting foliage at the end (I.0). 
The intercropping cassava with Phaseolus calcaratus legume 
had a positive effect on CP foliage yield (P<0.05). The CP 
foliage yield increased with increasing the number of Pha-
seolus calcaratus legume rows in the intercropping system 
and was greatly higher than these values of the monocul-
ture system (cassava or Phaseolus calcaratus legume). The 
Figure 3 showed the effect of the intercropping cassava 

with legume on CP foliage yield according to harvesting 
frequency.

The total of dry biomass yield and CP yield produced by 
foliage and tuber was presented in Table 6. There was a 
significant effect of the interval harvesting on both dry bi-
omass yield and total CP yield. The mean of total biomass 
yield and CP yield in interval harvesting (I.45) and at the 
end (I.0) were 10.4 tones ha-1 and 1.86 tonnes ha-1; 6.58 
tones ha-1 and 0.35 tones ha-1, respectively. The mean value 
of total biomass yield in intercropping systems was not 
significantly lower than the value of the cassava monocul-
ture but greatly higher than in the legume monoculture 
(P<0.001). In the intercropping system, the total CP bi-
omass yield increased with increasing the number of leg-
ume rows.     

Figure 3: Effect of intercropping cassava and legume on CP yield of foliage 
(DM tonnes/ha) according to harvest frequency  
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Figure 3: Effect of intercropping cassava and legume on 
CP yield of foliage (DM tonnes/ha) according to harvest 
frequency.

The intercropping cassava and Phaseolus calcaratus legume 
was not only increased the total DM foliage yield com-
pared to the monoculture system but also significantly in-
creased the CP biomass yield with increasing the number 
of legume rows in intercropping systems (Figure 4).
  
There were a stronger relationship between the biomass 
yield of the legume with the rainfall (mm) during the ex-
perimental period (R2 = 0.95) than between cassava foliage 
yield with rainfall (Figure 5). 

In sacco DegraDaTion of DM anD CP of The 
MixTure of Cassava anD LeguMe foLiage 
Results of dry matter (DM) and crude protein (CP) and 
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table 5: The effect of different intercropping systems (IS) and harvesting times (HT) on total of crude protein (CP) 
yield of foliage 
treatment harvesting time SEM Probability

I.45 I.0 Mean ht IS ht IS ht*IS
Total CP yield of foliage (tonnes ha-1 )
CL0 1.56 0.05 0.80b

C0L 1.54 - 0.77b

C1L1 1.93 0.04 0.99a

C2L1 1.82 0.05 0.94ab

C1L2 1.98 0.05 1.01a

Mean 1.77a 0.04b 0.03 0.05 0.000 0.009 0.022
I.45 is 45 days interval harvesting after first harvesting at 3 months planting;
I.0 is only harvested foliage as the same time of root harvesting;
Sole cassava (CL0); Sole legume (C0L);1 row of cassava intercropped with 1 row of legume (C1L1); 2 rows of cassava intercropped 
with 1 row of legume (C2L1); 1 row of cassava intercropped with 2 rows of legume (C1L2);    
a,b Mean within columns and rows with calculated mean with different superscripts letter differ significantly (P<0.05) 

table 6: The effect of different intercropping systems (IS) and harvesting times (HT) on total of dry biomass yield and 
CP yield produced by foliage and root
treatment harvesting time SEM Probability

I.45 I.0 Mean ht IS ht IS ht*IS
Dry biomass  yield (tonnes ha-1)
CL0 11.94 10.78 11.36a

C0L 6.39 - 3.19b

C1L1 11.67 6.55 9.11a

C2L1 11.57 7.27 9.42a

C1L2 10.63 8.28 9.45a

Mean 10.44a 6.58b 0.44 0.70 0.004 0.000 0.094
CP  yield (DM tonnes ha-1)
CL0 1.71 0.55 1.13a

C0L 1.54 - 0.77b

C1L1 2.04 0.40 1.22a

C2L1 1.94 0.41 1.18a

C1L2 2.08 0.40 1.24a

Mean 1.86a 0.35b 0.04 0.06 0.000 0.000 0.042
I.45 is 45 days interval harvesting after first harvesting at 3 months planting;
I.0 is only harvested foliage as the same time of root harvesting;
Sole cassava (CL0); 1 row of cassava intercropped with 1 row of legume (C1L1); 2 rows of cassava intercropped with 1 row of legume 
(C2L1); 1 row of cassava intercropped with 2 rows of legume (C1L2);      
a,b Mean within columns and rows with calculated mean with different superscripts letter differ significantly (P<0.05)

table 7:  In sacco degradation of dry matter (DM) and crude protein (CP) of mixture of cassava and legume foliage
Item time of incubation (hours)

4 8 12 24 48 72
Dry matter (%)
Mixture feed 27.62 30.70 36.57 60.84 68.79 68.29
Crude protein (%)
Mixture feed 32.76 37.20 39.89 71.73 82.68 70.13

Mixture feed: Experimental feed consists the Phaseolus calcaratus legume and cassava foliage hay with ratio of 1:3 (DM basis)
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table 8: Washing loss (A), water-insoluble degradability (B), potential degradability (a+b), rate constant (c) and lag 
phase (L) of  mixture of cassava and legume foliage
Item A (%) B (%) A+B (%) c lag time (fraction/h) ED*

Mixture feed 26.60 45.00 71.60 0.056 5.0 45.10
ED*: Effective degradability
Mixture feed: Experimental feed consists the Phaseolus calcaratus legume and cassava foliage hay with ratio of 1:3 (DM basis)

some characteristics of in sacco degradation of the mixture 
of cassava and legume foliage was presented in Tables 7 
and 8. Most of the DM of the mixture feed was lost after 
48 hours of incubation. More than 72% DM and 83% CP 
of the mixture had disappeared after 48 hours incubation. 
The values of washing loss (A), insoluble but fermentable 
fraction (B), the rate constant (c)  and effective degradabil-
ity (ED) were high in the mixture. 

Figure 4:  Effect of intercropping cassava and legume on total biomass 
yield (DM tonnes/ha) and total CP yield (tonnes/ha) of foliage 

according to harvest frequency
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Figure 4: Effect of intercropping cassava and legume on 
total biomass yield (DM tonnes/ha) and total CP yield 
(tonnes/ha) of foliage according to harvest frequency.

Figure 5: Effect of rainfall (mm) on the dry biomass yield of 
cassava and legume
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Figure 5: Effect of rainfall (mm) on the dry biomass yield 
of cassava and legume

DIScuSSIon

Hidoto and Loha (2013) suggested that the productivity 
was higher than expected when cassava was intercropped 
with grain legumes. In this present study, the increasing of 
foliage biomass yield as an expected considering. The in-
terval cutting at 45 days after the first harvesting were rec-
ommended by Hong et al. (2003). The results has showed 
that the highest cassava foliage yield was found at 45 days 
cuttings interval and 10 cm harvesting height (Khang et 

al., 2005). Preston and Rodríguez (2004) indicated that 
high yields of foliage were obtained when cassava was 
managed as a semi-perennial crop with repeated harvest-
ing of foliage at 2-3 months interval.

The higher value of foliage yield was reported by Wana-
pat et al. (1997) with 11.8 tonnes ha-1 while lower foliage 
yield than in the present study have showed around 4.8 to 
7.3 tonnes ha-1 (Kiyothong and Wanapat, 2003; Khang et 
al., 2005). The foliage biomass yield was greatly varied and 
was dependent on variety (Tung et al., 2001), plant density, 
soil fertility, fertilizer application, management (Nguyen 
and Pham, 2001), cutting interval and height of cutting 
(Khang et al., 2005). However, Kiyothong and Wanapat 
(2004) had also found that the foliage biomass yield at first 
harvesting were greater than those in the second. Highest 
biomass yield was found at the second harvesting in this 
study and decreasing following the continuously harvest-
ing. It can be seen that the plant density as well as the 
competition between two crops were negatively affected 
first harvesting yield. In principle of two or more growing 
together, each must have adequate space to maximize co-
operation and minimize competition between crop (Sul-
livan, 2001). With the closely spacing (45x35cm) and the 
first 3 month slowly growing of cassava used in this present 
study, an aggressive climbing legume may pull down cas-
sava and more competition of nutrition, water and sun-
light with cassava. Although there is no data of legume 
biomass shown in the present study at the fourth and fifth 
harvesting, DM and CP foliage yield was affected in all 
treatments during the last three months of experiment as 
considering a accident in this study (Figure 2). The inter-
cropping cassava with legume was considered as a suitable 
solve to increase the productivity per unit of land (Sullivan, 
2001) and economic return over solely cassava (Polthanee 
et al., 2001). In this study the value of Land Equivalen-
cy Ratio (LER) were greatly increased with increasing the 
row number of Phaseolus calcaratus legume in the inter-
cropping system. Sullivan (2001) has indicated that LER 
above 1.0 showing an advantage to intercropping while 
numbers below 1.0 showing a disadvantage to intercrop-
ping. In LERs, the extra value of higher than 1.0 mean 
that the yield produced in the total intercrop would have 
required more land if planted in monoculture system and 
as illustration the more effect of intercropping system was 
seen in this study. Hidoto and Loha (2013) showed that 
intercropping cassava with haricot bean, cowpea, soybean 
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and mung bean resulted in 82, 49, 48, and 62% greater land 
use efficiency than for either crop grown alone.

The CP content of cassava foliage of 168 to 187 g kg-1 
DM was found in all treatments at interval harvesting and 
intercropping system. The results were the same with the 
average of 16.9% CP content was reported by Dung et al. 
(2005a) when intercropping cassava with Flemingia. A 
higher value of CP content obtained by Kiyothong and 
Wanapat (2004) when intercropping cassava with Stylo 
184. The CP content depends on different variety, matu-
rity, fertilizer, soil nutrition, interval harvesting time and 
the variations in CP content can thus be expected. Umeh 
and Mbah (2010) suggested that the amount of fertiliz-
er recommended for cassava at sole would be reduced if 
cassava were planted in association with efficient nitrogen 
fixing legume, such could increase yield of dry matter and 
crude protein content of cassava. The mean of CP content 
tend to reduce from 187 g kg-1 DM at 45 days interval 
harvesting system (I.45) to 168 g kg-1 DM at harvesting at 
the end (I.0), while increasing with intercropping system 
compared to monoculture. This comment was also agreed 
with Khang et al. (2005) that CP content fall down from 
20.9 to 19.0% as cutting interval increased from 45 to 285 
days. In the interval harvesting system, the estimated pro-
tein biomass yield on DM basis of around 1.5 to 1.9 tones 
ha-1 was found in the present study while there was only 
1 to 1.5 tones ha-1 of CP yield was harvested from cassa-
va foliage with five cuts at 45 days interval (Tung et al., 
2001; Khang et al., 2005). The intercropping cassava and 
Phaseolus calcaratus legume has a positive effect on total 
CP foliage yield. According to Rao and Willey (1980) has 
indicated that an advantage commonly claimed for inter-
cropping system is to give greater yield stability than sole 
cropping. Intercropping cassava (NR 8230) with soybean 
(TGX 1894-3E), gave the highest grain yield of Soybean 
and fresh tuber yield of cassava at 12MAP (Umeh and 
Mbah, 2010).

 With the target of foliage production in this present study, 
the reduction of 53% of cassava root in interval harvest-
ing (I.45) was found in comparison to harvesting at the 
end (I.0). But the values of intercropping system were only 
25% to 31% compared monoculture were reduced when 
increasing number of legume row were intercropped. The 
result was in agreement with the previous studies reported 
by Ogola et al. (2013) who has shown that the intercrop-
ping reduced fresh root yield as compared with sole crop-
ping. Hidoto and Loha (2013) found that intercropping 
cassava with haricot bean, cowpea, soybean and mung bean, 
reduced cassava yield by 27, 37, 52 and 50% respectively.

Dung (2002) reported that the root yield of cassava in-
tercropped with two and three rows of peanut compared 

to cassava in the monoculture system increased by 11.6 to 
20%. The difference between the results due to the effect of 
plant spacing, soil nutritive and different harvesting time 
between two or more crops in intercropping systems which 
reduce the competition in the higher densities of crops 
(Sullivan, 2001). Moreover, there yield increment of fresh 
tuber from 1.4 to 3.4 % while yield reduction for soybean 
from 20.4 to 42% was conducted in a field experiment of 
intercropping cassava with soybean by Mbah et al. (2003).

The rumen degradation characteristic of a feed can be a 
guide to their nutritive value for ruminants (Mupangwa et 
al., 2006). The DM and CP degradability of the mixture of 
cassava and legume foliage was quickly and its character-
istics in rumen after 24 hours of incubation. This may be 
due to different level of nitrogen availability that improved 
microorganism in rumen and ensure the highly proteo-
lytic population in rumen (Orskov, 1992) and allows an 
accumulation in the population of cellulytic bacteria (Tes-
sema and Baars, 2004) In this experiment, the CP con-
tent of mixture feed was 200.5 g kg-1. This is agreement 
with Promkot and Wanapat (2003) who has concluded 
that the nutritive value of protein-rich supplements was 
improved in term of rumen degradable. The DM and CP 
loss during time incubation was also affected by the dif-
ferent protein sources. It could be due to the structure and 
solubility characteristic of protein in the mixture feed of 
cassava and legume foliage facilitately attacked by micro-
organisms in rumen. The results of degradability of cassava 
leaf meal were reported by Khang and Wiktorsson (2000) 
which were around 60-79 % after 72 hours incubation. The 
observed results in this study was 70-71% after 24 hours 
incubation. The difference of these results was due to the 
interaction between cassava foliage and legume which 
positively influenced to DM degradability in rumen.  The 
data of DM degradability in rumen of the three tropical 
forage legume (Cassia rotundifolia, Lablab purpureus and 
Macroptilium atropurpureum) were variably around 47.1-
63.3% depending on the stage of maturity (Mupangwa et 
al., 2006). The positively interaction of cassava foliage and 
legume was seem to have high CP and the fragility of leg-
ume cell walls and high proportions of readily digestible 
thin-walled, non-lignified mesophyll tissues which could 
have resulted in the maintenance of high degradation rate 
at the first time of incubation in rumen.
   
concluSIonS

Phaseolus calcaratus legume was found to be a potential 
plant for intercropping with cassava (Maniohot esculenta). 
In the frequent harvesting treatment, the intercropping 
had beneficial effects and improved foliage biomass yield 
(8.84-9.09 tonnes/ha) and CP yield (1.82-1.98 tonnes/
ha), and would be a more sustainable system than planting 
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in the monoculture.

The in sacco DM, CP degradation of the mixture of cassava 
and legume foliage was high. After 48 h incubation the 
degradation of mixture cassava and legumes feed was 73% 
of DM and 83% of CP.

Intercropping between cassava and Phaseolus calcaratus leg-
ume is a solution to increase both quality and quantity of 
the biomass, thus contribute to improved cattle production.
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