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ARTICLE INFO  ABSTRACT 

  The popular summer cereal fodder is Teosinte (Euchlaena mexicana) 

which has low productivity and chemical constituents. The quality and 

quantity of teosinte fodder can be enhanced by adjusting cultivation 

practices including use of appropriate sowing dates and by following an 

appropriate mixed cropping cultivation with legumes. This study was 

conducted to identify the fodder quantity and quality under a commonly 

practiced mixed cultivation of legumes with teosinte with varied sowing 

dates. Three combination of fodder; teosinte, teosinte+cowpea and 

tesosinte+rice bean was arranged in four sowing dates in Split Plot 

Design, replicated five times. Sowing dates were arranged as main plot 

while combination of fodder species was arranged as sub plot. Growth 

parameters of teosinte (tiller numbers/m2, plant height), green herbage 

mass, dry herbage mass, crude protein (CP), acid detergent fiber (ADF) 

and neutral detergent fiber (NDF) were determined. The results showed 

significantly highest (p<0.05) cumulative green and dry herbage mass 

was obtained from teosinte+cowpea, if sown in 18th April followed by 28th 

April for the same combination of treatments. Significantly the highest 

(p<0.001) average value of CP was obtained from teosinte+cowpea 

whereas the highest (p<0.001) average value of NDF and ADF were 

obtained from teosinte mono crop. The effect of date of sowing and 

treatments interaction/combination on average value of CP, NDF and ADF 

were statistically similar (p>0.05).  The result of this experiment indicated 

that teosinte sown with cowpea in 18th April might be the best 

combination to produce high herbage mass as well as better quality of 

fodder. 
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Introduction 

Livestock related enterprises are considered as an 

important sources of livelihood support to the 

majority of farmers in Nepal. However, our 

animals are in general, low producing having poor 

productive performance. The main reason of low 

production of the ruminant animal is due to low 

quality fodder and feeds (Tulachan and Neupane, 

1999; Osti, 2020). Jeremiah et al. (2015) 

stated that the poor feed resources available to 

ruminants is especially due to low nutritional 

diets. The popular summer fodder in Nepal is 

Teosinte (Euchlaena mexicana) which contents 

low crude protein and high energy (Upreti and 

Shrestha, 2006). Devkota et al. (2015) also 

reported that teosinte has profuse tillering 

capacity, multi-cut potentiality and can yield high 

fodder biomass. Likewise, legumes 

in overall contents low dry matter and 

high protein percentage (Asangla and Gohain, 

2016; Eskandari et al., 2009). The presence of 

fodder legumes in cereal fodder could improve 

the nutritional status of fodder and fulfill the 

cereal protein deficiency (Rao and Willey, 1980; 

Ibrahim et al., 2006, Ahmad et al., 2007; Geren 

et al., 2008). Iqbal et al. (2006) and Iqbal et al. 

(2019) also stated that mixed cultivation of 
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cereals and legumes enhanced the protein 

proportion with more biomass contribution. 

Cereal-legume mixtures have a number of 

positive traits in comparison to cereal 

monoculture. Among different suitable agro 

technique, date of sowing and mixed cropping 

with locally available legumes has prime 

importance for quality and quantity of fodder 

yield. The most commonly available legume 

fodders in Nepal are cowpea (Vigna unguiculata) 

and rice bean (Vigna umbellate). Cultivation of 

legumes such as cowpea and rice bean could 

increase animal productivity through better 

herbage harvest with quality product (Anele et 

al., 2011). Therefore, this research was done to 

identify appropriate sowing dates of teosinte in a 

mixed crop technique with locally available 

popular fodder legumes to produce maximum 

possible herbage harvest with its quality 

consideration. 

MATERIALS AND METHODS 

Experimental Site 

This research was done at the Directorate of 

Agricultural Research, NARC, Khajura, Banke 

during April to August, 2019.  The station lies an 

altitude 181 meters above sea level. 

Experimental design 

Four sowing dates 8th April, 18th April, 28th April 

and 8th May were assigned as main plots. Three 

fodder combinations teosinte, teosinte+cowpea 

and teosinte+rice bean was used in the sub-plots. 

The experiment was conducted at Split Plot 

Design with five replications. Each treatment plot 

size was 12 m2.  

Raising of fodder crops 

First sowing was done at 8th April, 2019 and 

subsequent other three sowing was done at each 

10 days interval. Row to row spacing for teosinte 

fodder was maintained at 50 cm. Legume was 

sown between row of teosinte fodder. Seed rate 

of teosinte was 40kg/ha (Relwani, 1979; Kumar 

et al., 2012). The seed rate of cowpea was 

40kg/ha (Relwani, 1979; Kumar et al., 2012) and 

20 kg/ha seed was used for rice bean (Khadka 

and Acharya, 2009). Seed proportion of teosinte: 

legumes was 100:50. Farm yard manure (FYM) 

was applied @ 10 t/ha and the chemical fertilizer 

was used @ 60:40:00 NPK kg/ha. Full amount of 

FYM, phosphorus and half dose of nitrogen was 

applied at the time of field preparation, and the 

remaining half dose of nitrogen was applied at 

two split doses. First half was top dressed at 30 

days after sowing, and the remaining half was 

applied after first harvest at 70 days after sowing. 

All other agronomic practices (field preparation, 

irrigation, weeding) was done by following the 

similar practices for each treatment. To assured 

the better germination, one irrigation was applied 

a day after sowing the seed, then irrigation was 

applied (total amount of irrigated water 1183 

m3/ha) at each 8 days’ interval. After first harvest 

single irrigation was applied.  

Plant sampling and harvesting 

Plant height and tiller number of teosinte was 

recorded by selecting five plants from each 

experimental plots. The cutting height of teosinte 

and legumes fodder were maintained at 10 cm 

and 20 cm height respectively from ground level. 

Total two harvests were taken, first at 70 days 

after sowing and others one at 30 days after first 

harvest. The green herbage was harvested from 

1m2 from each experimental plot. The harvested 

mass was weighed. The collected samples from 

each experimental plot were dried in oven at 

constant heat (72°C for 24-48 hours) in the 

laboratory of Directorate of Agricultural Research, 

Khajura, Banke, Nepal. 

Chemical analysis 

The major chemical constituents (CP, ADF and 

NDF) was analyzed at National Animal Nutrition 

Research Centre, Khumaltar. Nitrogen content 

was determined by Micro Kjeldahl method (AOAC, 

1990). Crude protein (CP) was calculated by 

multiplying N x 6.25. Neutral detergent fiber 

(NDF) and Acid detergent fiber (ADF) fractions 

were determined as procedure developed by 

Goering and Van Soest (1970). 

Statistical analysis 

The collected data of split plot design were 

analyzed with the help of statistical software R, 

version 4.0.0. (R core Team, 2020). Data were 

evaluated using analysis of variance (ANOVA) 

technique and mean separation by Fisher’s least 

significant difference (LSD) test at 5% 

significance level.  

RESULTS 

Growth parameters of teosinte 

The average plant height of teosinte at different 

dates of sowing and fodder combination is 

presented in Table 1.  Date of sowing had 

significant effect (p<0.001) to the plant height of 

teosinte at first harvest. Accordingly, highest 

plant height (144.81 cm) was obtained for 18th 

April, but this was statistically similar (p>0.05) to 

the 28th April sowing.  Plant height of teosinte in 

all fodder combination was non-significant 

(p>0.05) at this harvest. Similarly, treatments 

interaction/combination effect was also 

statistically non-significant (p>0.05) at this 
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harvest.  Sowing date had no significant effect 

(p>0.05) to the plant height of teosinte at second 

harvest. Likewise, at second harvest plant height 

of teosinte with fodder combination and 

treatments interaction/combination effect showed 

statistically similar (p>0.05) (Table 1).  

Table 1: Plant height (cm) and tiller density (number/m2) for main plots and sub-plots, respectively of 

different sowing dates and fodder combination 

Treatments Plant height Tiller density 

First harvest Second harvest First harvest Second harvest 

Sowing date (A) 
First sowing 
8th April (A1) 

131.59b 120.21 124.80 d 134.93 b 

Second sowing  
18th April (A2) 

144.81a 116.21 137.06 a 148.53 a 

Third sowing 
28thApril (A3) 

143.87a 120.99 132.00 b 151.47 a 

Fourth sowing 
8th May (A4) 

135.62 b 122.30 127.47 c 148.26 a 

Fodder combination (B) 
Teosinte 139.17 120.19 130.60 144.70 
Teosinte +cowpea 138.61 119.98 129.60 147.80 
Teosinte+rice bean 139.14 119.61 130.80 144.90 
Mean 138.98 119.93 130.33 145.80 
Analysis of variance 
Sowing date (A) 
p-value <0.001 0.349 <0.001 0.014 

LSD 0.05 5.66 7.37 2.49 9.87 
Fodder combination (B) 
p-value 0.844 0.887 0.845 0.353 
LSD 0.05 2.20 2.47 4.51 4.82 
Interaction/combination (AxB) 
p-value 0.839 0.957                        0.833                       0.506 
LSD 0.05 4.40 4.94 9.01 9.63 
LSD, least significant difference 

The average tiller density (numbers/m2) of 

teosinte at different dates of sowing and fodder 

combination is presented in Table 1.  At first 

harvest, significantly (p<0.001) the highest tiller 

density of teosinte (137.06) was obtained for 18th 

April. At second harvest, significantly highest 

(p<0.05) tiller density of teosinte (151.47) was 

obtained for 28th April but it was statistically 

similar to 18th April and 8th May sowing. Tiller 

density of teosinte was statistically similar 

(p>0.05) at both the harvests on all fodder 

combination. The treatments 

interaction/combination effect on tiller density 

was statistically non-significant (p>0.05) on both 

harvest (Table 1).   

Green herbage mass production 

Green herbage mass (t/ha) production at 

different dates of sowing and fodder 

combinations is presented in Table 2. At both 

harvests and cumulative figure green herbage 

mass production was significant (p<0.001) with 

date of sowing. The highest cumulative green 

herbage (66.25 t/ha) was obtained when fodder 

was sown in 18th April, but it was statistically 

non-significant with 28th April sowing. Likewise, 

on both harvests and also for cumulative, 

teosinte+cowpea produced the highest (p<0.001) 

green herbage mass than other fodder 

combination. The highest cumulative green 

herbage (67.30 t/ha) was obtained from 

teosinte+cowpea. At both harvest and 

cumulative, the lowest green herbage mas was 

recorded for teosinte mono crop. At both 

harvests and cumulative value, the 

interaction/combination effect on green herbage 

mass production was statistically significant 

(p<0.05). Accordingly, the highest cumulative 

green herbage mass (75.34 t/ha) was produced 

from teosinte+cowpea when sown in 18th April 

(Table 2).  

Dry herbage mass production 

Dry herbage mass (t/ha) production at different 

dates of sowing and fodder combinations is 

presented in Table 2. Statistically the highest 

(p<0.001) dry herbage mass was produced from 

both harvest if fodder were sown in 18th April, but 

it was statistically similar to the value produced 

for 28th April sowing. Significantly the highest 

(p<0.001) cumulative dry herbage (14.64 t/ha) 

was produced if fodder were sown in 18th April. 

Likewise, at both the harvests as well as for 

cumulative value, combination of teosinte with 

cowpea had produced the highest (p<0.001) dry 

herbage mass compared to the other fodder 



 

50 
 

Teosinte grown as mono and mixed with legumes 

 

combination.  The highest cumulative dry 

herbage (14.73 t/ha) was obtained for fodder 

combination teosinte+cowpea.  At both harvests 

and cumulative, the lowest dry herbage mass 

was produced from teosinte mono crop. The 

treatments interaction/combination effect for dry 

herbage production was statistically non-

significant (p>0.05) at first harvest, significant 

(p<0.01) at second harvest and significant  

(p<0.05) for cumulative value. The treatments 

interaction/combination showed significantly 

highest (p<0.05) cumulative dry herbage mass 

(16.89 t/ha) if teosinte were sown with cowpea in 

18th April (Table 2). 

Table 2.  Status of green and dry herbage mass harvested (t/ha) for main plots and sub-plots, 

respectively of different sowing dates and fodder combination 

 

Treatments 

Green herbage mass Dry herbage mass 

First 

harvest 

Second 

harvest 

Cumulative First 

harvest 

Second 

harvest 

Cumulative 

Sowing date (A) 

First sowing 

8th April (A1) 

31.96b 23.25b 55.21b 7.02b 5.10b 12.12c 

Second sowing  

18th April (A2) 

37.25a 29.00a 66.25a 8.30a 6.34a 14.64a 

Third sowing 

28thApril (A3) 

35.85a 27.69a 63.54a 7.86a 5.91a 13.77b 

Fourth sowing 

8th May (A4) 

30.54b 23.62b 54.16b 6.64b 4.99b 11.62c 

Fodder combination (B) 

Teosinte (B1) 27.46c 23.30c 50.76c 6.08c 5.00c 11.08c 

Teosinte+cowpea (B2) 39.13a 28.17a 67.30 a 8.60 a 6.13a 14.73a 

Teosinte+rice bean (B3) 35.11b 26.21b 61.32b 7.68b 5.63b 13.31b 

Interaction/Combination (AxB) 

A1B1 25.03h 20.84g 45.87h 5.50 4.50f 10.00g 

A1B2 37.69c 24.91def 62.60e 8.31 5.44d 13.75c 

A1B3 33.17e 24.02ef 57.19f 7.26 5.36d 12.62de 

A2B1 30.04fg 25.45d 55.49fg 6.85 5.45d 12.30def 

A2B2 43.44a 31.90a 75.34a 9.71 7.18a 16.89a 

A2B3 38.28c 29.66b 67.94c 8.34 6.39b 14.73b 

A3B1 29.69g 25.00de 54.69g 6.58 5.40d 11.98ef 

A3B2 40.06b 30.50b 70.56b 8.86 6.48b 15.33b 

A3B3 37.80c 27.57c 65.37d 8.14 5.84c 13.98c 

A4B1 25.09h 21.91g 47.00h 5.41 4.64ef 10.05g 

A4B2 35.35d 25.36de 60.71e 7.53 5.40d 12.93d 

A4B3 31.19f 23.59f 54.78g 6.97 4.92e 11.88f 

Mean 33.90 25.89 59.79 7.46 5.58 13.04 

Analysis of variance 

Sowing date (A) 

p-value   <0.001    <0.001  <0.001          <0.001          <0.001             <0.001 

LSD 0.05 1.76 1.56 2.49 0.45 0.45 0.72 

Fodder combination (B) 

p-value   <0.001    <0.001      <0.001        <0.001    <0.001            <0.001 

LSD 0.05 0.75 0.69 1.14 0.22 0.19 0.33 

Interaction/combination (AxB)    

p-value     0.014               0.033           0.018           0.079            0.007              0.018 

LSD 0.05 1.49 1.39 2.28 0.43 0.38 0.65 

 
LSD, least significant difference 

Crude protein (CP) 

The CP content (g/kg DM) at different dates of 

sowing and fodder combination is presented in 

Table 3.  CP contents on both harvests and 

average value of two harvest was non-

significant (p>0.05) with date of sowing. 

Likewise, combination of fodder was significant 
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at first harvest and average value of two 

harvest (p<0.001) and at second harvest 

(p<0.01). The highest CP contents (134.23 g/kg 

DM) was obtained from teosinte+ cowpea and 

the lowest (119.02 g/kg DM) CP was obtained 

from teosinte mono crop. The treatments 

interaction/ combination effect on CP contents 

at both harvests and average value of two 

harvests was statistically non-significant 

(p>0.05) (Table 3). 

 

Neutral detergent fiber (NDF) 

The NDF content (g/kg DM) at different dates of 

sowing and fodder combination is presented in 

Table 3. NDF contents on both harvests and 

average value of two harvests was non-

significant (p>0.05) with different sowing dates. 

Likewise, combination of fodder was significant 

at first harvest as well as for average of two 

harvests (p<0.001) and at second harvest 

(p<0.01). At average of two harvests, the 

highest NDF contents (594.38 g/kg DM) was 

obtained when teosinte was sown as mono crop 

and the lowest NDF contents (540.56 g/kg DM) 

was obtained when teosinte sown with cowpea. 

The treatments interaction/interaction effect on 

NDF contents at both harvests and average of 

two harvests was statistically non-significant 

(p>0.05) (Table 3). 

 

Table 3: Status of CP, NDF and ADF for main plots and sub-plots, respectively of different sowing dates 

and fodder combination 

Treatments Crude protein 

(g/kg DM) 

NDF 

(g/kg DM) 

ADF 

(g/kg DM) 

First 

harvest 

Second 

harvest 

Average First 

harvest 

Second 

harvest 

Average First 

harvest 

Second 

harvest 

Average 

Sowing date (A) 

First sowing 

8th April (A1) 137.47 118.37 127.41 544.07 569.58 556.83 421.43 403.01 412.22 

Second 

sowing  

18th April 

(A2) 135.06 120.11 127.58 559.33 575.22 567.27 418.89 404.99 411.95 

Third sowing 

28thApril (A3) 131.96 121.64 126.8 548.03 581.47 564.75 420.15 408.10 414.13 

Fourth 

sowing 

8th May (A4) 131.76 118.88 125.32 556.55 582.93 569.74 401.97 414.16 408.07 

Fodder combination (B) 

Teosinte 

(B1) 123.75c 114.3c 119.02c 591.98a 596.79a 594.38a 431.62a 416.10 423.86a 

Teosinte+ 

cowpea(B2) 142.8a 125.66a 134.23a 522.13c 558.98b 540.56c 406.68b 401.87 404.28b 

Teosinte+ 

rice bean(B3) 134.86b 119.30b 127.08b 541.89b 576.13b 559.01b 408.54b 404.73 406.64b 

Mean 133.8 119.75 126.78 552.00 577.30 564.65 415.62 407.57 411.59 

Analysis of variance 

Sowing date (A) 

p-value   0.069    0.233           0.065      0.391          0.312          0.071      0.333  0.468  0.844 

LSD0.05 11.71 9.83 2.15 27.06 20.26 9.49 31.41 20.87 21.98 

Fodder combination (B) 

p-value  <0.001       0.002       <0.001      <0.001      0.004         <0.001     0.003   0.111         <0.001 

LSD0.05 4.94 4.63 3.68 13.95 17.99 10.77 12.41 14.36 8.02 

Interaction/combination (AxB) 

p-value    0.235          0.273    0.166       0.243   0.704          0.675      0.080   0.961        0.139 

LSD0.05 9.88 9.25 7.36 27.90 35.98 21.54 24.83 28.72 16.05 

LSD, least significant difference 

Acid detergent fiber (ADF) The ADF content (g/kg DM) at different dates of 

sowing and fodder combination is presented in 
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Table 3. ADF contents on both harvests and 

average of two harvests was non-significant 

(p>0.05) with different sowing dates.  ADF 

contents in all fodder combination remained 

significant (p<0.01) at first harvest and 

(p<0.001) for average value, but was non-

significant (p>0.05) at second harvest. The low 

ADF contents (404.28 g/kg DM) was obtained 

from fodder combination when teosinte sown 

with cowpea but it was statistically similar with 

teosinte+rice bean. The high ADF contents 

(423.86 g/kg DM) was obtained from teosinte 

mono crop.                              

The treatments interaction/combination effect on 

ADF contents on both harvests and for average 

value of two harvests was statistically non-

significant (p>0.05) (Table 3). 

DISCUSSION 

The fodder combination, teosinte+cowpea sown 

in 18th April followed by 28th April had produced 

the highest cumulative green and dry herbage 

mass.  This might due to favorable 

environmental effects that reflected to increase 

the growth parameters and yield components. 

The tiller density and plant height of teosinte 

could affect the herbage production.  The 

reasons behind high dry herbage production due 

to high green herbage production from fodder 

combination. It was found that sowing date 

affected significantly to the growth parameter of 

fodders as well as both green herbage and dry 

herbage mass yield. This sort of findings is 

reported by many researchers (Van Roekel and 

Coulter, 2011; Shrestha et al., 2016; Devkota et 

al., 2017; Abd El- Lattief, 2011). Devkota et al. 

(2017) reported that higher herbage biomass 

was obtained if teosinte sown in 15th to 23rd April 

in western mid-hill, Nepal that reduced the 

energy deficit to ruminants.  Our study findings 

also revealed that the growth parameters were 

well affected by the dates of sowing and mid-

April sowing was the best dates.  Devkota et al. 

(2017) reported that fodder production could be 

well affected by growth parameters. Devkota et 

al. (2017) also reported that growth parameters 

of teosinte fodder, such as numbers of 

leaves/plant, plant height, number of tillers/hill 

and fodder yield was affected by sowing dates. 

Result of our study revealed that cowpea is 

better combination with teosinte in term of 

herbage production. This might due to cowpea 

yielded highest herbage mass than other 

legumes. This finding is supported by Sharma et 

al. (2009). Teosinte with rice bean marked the 

lowest green and dry fodder production as 

compared to teosinte with cowpea, which might 

be due to contribution of least additional fodder 

by rice bean in the treatment combination with 

teosinte. There was no additional fodder 

contribution from legumes if teosinte sown as 

mono crop, therefore it yielded less cumulative 

green herbage and dry herbage. Mixed cropping 

yielded more fodder than mono cropping. This 

sort of finding are well reported by several 

researchers (Ram and Singh, 2001; Iqbal et al., 

2006; Geren et al., 2008; Iqbal et al., 2019). 

It was found that dates of sowing not affected 

the fodder quality but affected by fodder 

combinations. Teosinte+cowpea yielded the 

highest amount of CP and the lowest amount of 

NDF and ADF. The highest amount of ADF and 

NDF and lowest amount of CP was found from 

mono crop, teosinte. Patil et al. (2018) stated 

that mainly carbohydrate (energy) is obtained 

from cereals and CP from legumes crops. Thus, 

implementing both cereal and legumes crops in 

cropping systems provides nutritionally rich 

fodder for the livestock. The combination of 

teosinte and cowpea enables to make an ideal 

canopy, which can utilize available resources 

most efficiently. The reasons of yield advantage 

of this cropping system may due to effective 

utilization of accessible resources such as water, 

light and nutrients than mono cropping systems 

(Jing Hui et al., 2006). Cropping of maize with 

legumes can substantially increase forage quality 

and decrease   the   requirements of   protein   

supplements as compared maize   mono   crops 

(Javanmard et al., 2009).  Bekele et al. (2013) 

stated that legumes with maize as mixed 

cropping found    significantly enhancement of 

total fodder protein yield as compared to the 

mono cropping.  Herbert et al. (1984) stated that 

cereal legume cropping system yielded 8-17% 

more protein/ha than corn monoculture. 

Lauriault and Kirksey (2004) noted that NDF and 

ADF concentrations reduced by addition of fodder 

legumes to fodder maize, representing quality of 

fodder. Dahmardeh et al. (2009) also reported 

maize mono crop yielded maximum ADF contents 

while increasing seed proportion of cowpea  on 

maize crop, the ADF contain reduced. Rebole et 

al. (1996) stated that ADF contents indigestible 

plant materials like cellulose and lignin. Good 

quality forage contents low amount of ADF. The 

basic concept is that low-quality forage contents 

high amount of ADF and NDF as compared to 

high quality forage. 

CONCLUSION 

https://www.redalyc.org/journal/908/90859098009/html/#B46
https://www.redalyc.org/journal/908/90859098009/html/#B46
https://www.redalyc.org/journal/908/90859098009/html/#B37
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Teosinte is the popular summer cereal fodder 

with low amount of chemical constituents. Thus 

this experiment was carried out to determine the 

best combination of common fodder legume to 

be grown with teosinte to increase quality as well 

as quantity harvest. The results showed that the 

highest cumulative green and dry herbage mass 

were obtained from teosinte+cowpea if sown in 

18th April followed by next best harvest if sown in 

28th April.  The highest mean value of CP and 

lowest mean value of NDF and ADF was also 

obtained from fodder combination of teosinte + 

cowpea. Thus cultivating teosinte with cowpea 

could be considered as best practice in terms of 

both quality as well as quantity harvest if mid-

April to last week of April could be managed for 

appropriate sowing dates.  
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