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ABSTRACT

A field experiment was carried out during kharif season of 2005 on
loamy sand soil at Agfonorriy Inét.fu'gtib'ﬁa-l Farm, Chimanbhai Patel College of
Agricﬁiture, Sardarkrushinagar ~ Dantiwada  Agricultural ~ University,
Sardarkrushinagar to study- the effect of "Forage production: potential under
cereals and legumes intercropping systems.” 'Twelve treatments comprising of
sole crops (Two main crops viz.,, sorghum and pearlmillet and two legume
crops viz.,, cowpea and clusterbean) and intercropping in different row ratios
(1:1 and 2:1) were tried in randomized block design with four replications.

Taller plants of pearlmillet and clusterbean were recorded by T),

(Pearlmillet + Clusterbean 2:1 row ratio) in mean of both cuts of cereal crops
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and in a single cut of legume crops, though, the effect on legume crops was not
significant. Higher number of tillers per plant of pearimillet was recorded by
Ty2 (Pearimillet + Clusterbean 2:1 row ratio) on mean basis and the effect on
number of branches per plant of legume crops was not significant, however,
treatment T4 (Sole clusterbean) recorded the higher value of it. The lcaf : stem
ratios of cereal and legume crops were not significant, however,
maximum leaf : stem ratio of pearlmillet was recorded by treatment T,
(Pearlmillet + Clusterbean 2:1 row ratio) and treatment Ty (Pearlmillet +
Cowpea 2:1 row‘ratio) on mean basis. Treatment Ts (Sorghum + Cowpea
1:1 row ratio) recorded higher l'ééf : st'éni.rati'c')‘ 6f éov;f;;ea: '

Significantly the highest green forage yield was recorded by sole
pearlmillet (T5) during 1%, 2™ cut.and in total-of both ciits of cereal crops and
sole cowpea (Ts) in a single cut of legume crops. The highest total green forage
yield was recorded by T, (Pearlmillet + Clusterbean 2:1 row ratio). It was
14.32 per cent more than sole pearlmillet.

Maximum dry matter yield of pearlmillet was recorded by sole
pearlmillet (T,) during 1%, 2" cut and in total of both cuts of cereal crops and
sole clusterbean (Ts) in a single cut of legume crops. The higher total dry
matter yield was recorded by T, (Pearlmillet + Clusterbean 2:1 row ratio).
It was 19.48 per cent more than sole pearlmillet.

Crude protein content was recorded higher by T, (Sole clusterbean) and

crude fibre content was recorded higher by T, (Sole sorghum) on mean basis.
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Intercropping of Pearlmillet + Clusterbean 2:1 row ratio (T},) produced
significantly higher green forage equivalent yield than rest of the treatments
except treatment Ty (Pearlmillet + Cowpea 1:1 row ratio). More than
20.98 per cent pearlmillet green forage equivalent yield was recorded in
Pearlmillet + Clusterbean 2:1 row ratio (T;) than sole pearImillet (T5).

Intercropping of Pearlmillet + Clusterbean 2:1 row ratio (T;) recorded
maximum net realization (Rs.35,476) and Benefit : Cost ratio (4.33).

The highest LER (1.92} was recorded by intercropping of Sorghum -+
Cowpea 1:1 row ratio (Ts).

Thus, it is indicated that intercropping é}?éieﬁ of Pearlmillet +
Clusterbean at 2:1 row ratio (T.é) was distinctly superior to sole crops and other

intercropping systems and found most profitable.
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I INTRODUCTION

India ranks first among major livestock holding (483.71 m heads) as
well as milk producing country (87 M T) in the world (FAO, 2002). Beyond
this status is a contribution of large low producing bovine population. One of
the major reasons for low animal production and productivity is the shortage of
feed and fodder as well as its poor quality.

-Singh (1993) reported as only 4.4 per cent (8.27 m ha) of the countny's
cropped area is under fodder crops. At present, only 3.7 per cent of couniry's
total cultivated land used for production (Chhabra and Dinh, 2002).

Gujarat state has a to;al animal population of 18.44 million heads. whil
the total forage production is 20.0 m tonnes but the requirement is 49.2 m
tonnes. Thus, a gap of_2_9.__2___m tonnes exists between the demand and supply ot
fodder, which is ought to further wider owing to steady rise in the livestoch
" population and diversion of more area to the grain and cash crops. The ol
area under-forage crops in the state is 0.8 million ha (i.e., 6.4 % of the total
cultivated area), which highligﬁt .the facté that farmers of QGujarat are
predomiﬂantly crop growers and livestock produc-tion is only a subsidin
occupation. The animals are chiefly fed on poor quality roughages like stovers
of sorghum and pearlmiliet, sugarcane tops and straw of paddy and wheat
except rainy season.|ft may not be possible to increase the arca under fura.:
crops because of ever increasing pressure on arable land from grain and
commercial crops. So that only alternative 1o meet the forage requirement w il}

be to increase the yield of forage per unit area per unit time which can be
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achieved by intercropping of high yielding varieties and hybrids of cereal
forage with legumes:]

Intercropping is a practice of growing two or more crops simultaneously
on the same area in a definite row pattern. Intercropping is a common practice
in low level equilibrium farmers of semi-arid and arid tropics, where primary
concern is to insulate his investment of labour and meagre capital against
adversities of nature in order to sustain his living. A significant feature of
intercropping is that, it is biologically more dynamic than a pure crop and is,
therefore, less likely to succumb to vagaries of weather. For example, reduction
in yield of one component may be compensatedl by the other component.

It has also been recognized that intercropping has several advantages
besides increasing the yields. This includes insurance against crop failure,
better labour utilization, maintenance of soil fertility and improve
forage quality.

) '.El'hé ir‘xt'er'dr:oplpiﬁg'of cereal with legumes fodder éfopé thhsJ assumes
: great. imboﬁahce in providing stable production, ensuring profitability and
emiching the quality of .foddeﬂ Among the important crops compatible with
pearlmillet and sorghum, clusterbean is an important legume ideally suited for
arid and semi-arid regions of the country. It is tolerant to drought and can
successfully be grown on light soils having poor water retentivity and fertility.
Cowpea is another such crops popularly grown mixed/intercrop with other
cereal crops. The practice of growing the cereals -+ legumes in association can

improve the digestibility of fodder by 10.0 to 15.0 per cent over monoculture

P
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(Paroda et al., 1979). The increase in crude protein content of fodder with
sorghum + cowpea intercropping was also observed by Tiwana er al. (1979).
The higher green and dry fodder yields with pearlmillet + cowpea or
clusterbean have also been reported by Gupta and Meena (1995) and
Hazara et al. (1995).

Since, there is paucity of information on aforesaid aspects a field
experiment entitled "Forage production potential under cereals and legumes
intercropping systems" was planned during kharif season of 2005 laid out at
Agronomy Instructional Farm, Chimanbhai Patel College of Agric"ulture,
Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar with
the following objectives.

[1]  To find out the suitable row ratio efdifferent-intercropping-systems for
higher green forage and dry matter yields

L2] _ To stud}f the quqlity of forage as inﬂl_leng:eFi by (?ifferel‘lt row ratio under
different mt-éréroppihg syst.e'ms' - |

[3] To ascertain the best intercropping combination for obtaining maximum

. ‘benefit from intercropping system.

av
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II REVIEW OF LITERATURE

An attempt has been made to review the available literature on this
experiment. The works done on this experiment of the crops are very limited.
Hence, similar work on other related crops have also been included whenever
necessary. Attempts are, therefore made to present a brief summary of work
carried out in India and abroad relating to the problem under study which has
been highlighted and reviewed under given headings.

2.1  Effect of intercropping on growth parameters

2.2 Effect of intercropping on green forage and dry matter yields

2.3  Effect of intercropping on crude protein and t.:rude fibre contents

2-4 Effect of intercropping on economics, Land Equivalent Ratio (LER) and

Crop equivalent yield

2.1 EFFECT OF INTERCROPPING ON GROWTH PARAMETERS

- Anljene)}ﬁlu et al. {1982) repaorted that plant height and tillers per plant
were influenced marginally by intercropping. However, increase in production
was observed by pearlmillet + moongbean as compared to sole pearlmillet.
o ‘Shar'ma (1987) conducted an experiment during kharif season on loamy
sand soil at Jobner revealed that paired row planting of pearlmillet with onc or
two rows of clusterbean signiﬁcantly increased the total number of tillers per
plant in pearlmiliet.

Mohammed Ibrahim (1987) conducted an experiment during kharif
season and reported that intercropping of maize with legumes gave

significantly higher plant height over sole maize.
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Singh (1992) conducted an experiment during summer season at Jobner
and observed that number of tillers per metre row length increased significanttv
when pearlmillet was intercropped with cowpea, clusterbean or greengram as
compared to sole pearlmillet.

Khateek (1997) studied different intercropping systems during kharif
season 1996 at Jobner and reported that intercropping of pearlmillet with
cowpea, clusterbean or moongbean significantly increased the number of
tillers, plant height as compared to sole pearlmillet.

A field experiment was conducted during the summer seasons of 1996
z'md 1997 on medium black soil at the National Research Centre for groundnut,

* Junagadh by Ghosh (2002) and reported that sorghum pl'ant attained the highest
- plant height in first year in groundnut -+ sorghum (Single cut) combination and
in second year, groundnut + pearlmillet (Single cut) combination attained the
highest plant height of pearlmillet and it produced more number of tillers than
that of sorghum in both groundnut + pearlmillet (Single cut) and groundnut +
pearlmillet (Two cuts) treatment combinations.

Dadhich and Gupt;a (2005) carried out a ﬁeid experiment during summer
seasons 1999-2000 on loamy sand soil at Agronomy Farm, S.K.N. College of
Agriculture, Jobner and reported that the pearlmillet + cowpea intercropping
proved significantly superior to sole pearimillet with respect to plant height,
tillers per plant, leaves per plant and leaf area in both the years and in pooled

data except plant height, leaves per plant and leaf area at second cut.
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2.2 EFFECT OF INTERCROPPING ON GREEN FORAGE AND

DRY MATTER YIELDS

Mishra (1964) conducted an experiment during kharif season at Jodhpur
and observed that Pearlmillet + Clusterbean intercropping system resulted in
the highest production of green forage and dry matter yields followed by
Pearlmillet + Cowpea.

Relwani ef al. (1976) conducted an experiment during kzarif season and
reported that pearlmillet was grown with clusterbean or cowpea in mixture the
green and dry fodder yields increased significantly as compared to sole
pearlmillet. The total proc':luc‘t-i.vity of pearlmillet increased when intercropped
with greengram as compared to sole pearlmillet (De et al., 1978).

| Tiwana et al. (1979) ‘conducted an experiment during kkarif season
and observed significantly increase in green and dry fodder yields (363 and

76 q ha™') of maize intercropped with cowpea than sole maize at Ludhiana.

o_Taneja et al. (1980) conducted an éxpe.riir.lérit during ')char;if season at

_Hisar and revealed that the highest green forage :yield- was recorded when
soréﬁum was sown with cowpea in 4:1 ratio, however, it was at par-with pure
sorghum. The green forage yield obtained from the sorghum and cowpea sown
in 2:1 and 3:1 ratio, was also at par with the above combinations.

Tripathi et al. (1987) conducted an experiment during summer season,
1983 at IGFRI, Jhansi and reported that sorghum + cowpea alternate rows
system gave the highest green and dry fodder yields as compared to pearlmillet

+ cowpea or maize + cowpea intercropping.
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An experiment was conducted during summer season at Akola on
different cropping systems (sole maize, sole cowpea, maize + cowpea in 1:1,
2:1, 3:1 row ratios) by Pillai et al. (1990) and observed that intercropping of
maize + cowpea gave significantly higher green and dry fodder yields over
sole crop.

An experiment was conducted during 1987 to 1989 at Rahuri by
Khot et al. (1991) and reported that planting of two rows of maize in betwcen
the rows of leucaena (Leucaena leucocephala) was better for green forage and
the highest dry matter yield was obtained by planting two rows of maize in
between the rows of leucaena followed by planting two rows of sorghum.

Khot et al. (1992) conducted an experiment at Rahuri during kharif
seasons of 1988 and 1989 and observed that maize + common scsban
(Sesbania sesban) in 2:1 row ratio yielded 27.7 per cent higher green ludder
and 35.5 per cent iqcreasg in cky matter y_ield over sole maize.

Sood and Sharlma (1.9'95)'con;1ucte£i. an-éxperiﬁlent at Palampur during
the kharif seasons of 1987 and- 1988 on silty — clay loam soil and reported that
sorghum intercropped with legume produced significantly higher green forage
than sorghum alone. The increase in dry forage yields was 12 to 18 per cenl.
Higher yields in the intercropping systems may be ascribed to greater
utilization of environmental resources by the mixed stands.

Keshwa and Singh (1992) conducted an experiment during summer

season 1988 on loamy sand soil at Jobner and reported that pearlmillet
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intercropped with clusterbean produced more fodder yield (396 q ha') as
compared to pure pearlmillet (380 q ha™).

1 A field experiment was conducted during summer and Aharif season of
1988 and 1989 at IGFRI, Jhansi on sandy loam soil by Gill and Verma (1992
and concluded that intercropping of cereal (Bajra, sorghum) and leguminous
(Cowpea/guar) fodder crops resulted in higher forage yields.

4 Gill and Verma (1993) conducted 2 field experiment during summer
season ;m sandy loam soil at IGFRI, Jhansi on sorghum and bgjra
intercropping with cowpea and guwar in alternate rows, paired rows or mixed
stand or cross sowing and observed that maize + cowpea intercropping
with cross sowing gave the highest green and dry fodder yields over all
other treatments.

An experiment was conducted during rainy seasons of 1990 and 1991 at
Modlpuram on sandy loam soil by Gangwar and Sharma (1994) and reported
" that 51gn1ﬁcantly hlgher mean green fodder (140 q ha') and mean dry matter

(29 9q hal) of prickly sesban (Sesbania cannabina) followed by sannhemp

(Crotalaria juncea) 122.8 q ha™! green fodder and 28.1 q ha dry matter in
maize + prickly sesban and maize + sannhemp intercropping, respectively.

G é[ Hazara et al. (1995) conducted an experiment and reported that
pearlmillet was grown in single or paired rows with cowpea or clusterbean, the
legume yields compensated for the loss of pearlmillet yield in intercropped
systems, increasing total green forage yield by 11-29 per cent and dry forage by

5-23 per'cent over sole pearlmillet.
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Tripathy et al. (1997) conducted field experiment during summer season
of 1990-1991 at the Central Research Station, Bhubaneshwar on sandy loam
soil and reported that mean total green forage yield (50.8 t ha™) and mean total
dry matter yield (10.8 t ha™") from growing maize with cowpea intercrop in a
2:2 ratio as compared to sole maize.

{~ Mishra ef al. (1997) conducted a field experiment during rainy seasons
of 1990-91 and 1991-92 at Ambikapur (Madhya Pradesh) on sandy loam soil
and suggested that the intercropping of sorghum with cowpea In
paired alternate rows (2:2) recorded the highest 42.48 t ha! green fodder and
8.17 t ha" dry matter yield over sole sorghum 29.8 t ha' green fodder and
6.84 t ha™ dry matter yield.

Kumar and Bhanumurthy (2001) conducted an experiment during kharif
season of 1998 and summer season of 1999 at Acharya N.G. Ranga
Agricultura-l Univer_sity‘, Rajen_drgnagar, .Hyderab_ad gnd Feponed that

' intercréppirig maize + cowpea in 2:1 row ratio better than 'o.tliér'iﬁtercropping
" systems and comparable to any of the sole crop maize and cowpea.

Yadava and Solanki (2002) conducted.a- field experiment during kliarif
seasons of 1996, 1997 and 1998 at Bikaner and reported that sole pearlmillet
gave the highest green fodder (2.63. 16 q ha'! and dry matter yield (64.35 q ha™)
followed by sole crop of guar (218.85 and 39.33 q ha green and dry fodder,
respectively). When pearlmillet grown in combination with guar and cowpea.

green fodder yield obtained from pearlmillet + guar under 2:2 row proportion
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was significantly higher than the sole crop of pearlmillet. Sorghum either as a
sole crop or as an intercrop was not found beneficial.

;% An experiment was conducted at Acharya N.G. Ranga Agricultural
University, Rajendranagar, during kharif seasons 2000-2001 by Reddy e al.
(2004) and reported that the mean green fodder yield of sole maize was
46.8 t ha”' and that of cowpea 17.1 t ha”'. Among the intercropped systems,
maize and cowpea at 4:1 ratio with 42.8 t ha' green fodder yield was
significantly superior to most of other intercrop treatments. This was due to the
higher contributions of maize in the system. This was evident from the fact that
1:4 system gave the lowest green fodder yield i.e., 33.6 t ha™.

Singh et al. (2004) conducted an experiment on sandy loam soil at Ilisar
during summer season and revealed that sorghum as sole crop produced
maximum green fodder yield of 56.38 t ha amongst all treatments which was
at par with sorghum + cowpea intp_r_cropp_ipg (251) with 55.21 t ha™'. Combined
forage yieid of the mtercroppmg systemwas 'be'tt-er. and.comparable to any of
the sole crop and the highest dry matter yield observed in same treatment i.e.,
- sole sorghum and at par with sorghum + cowpea (2:1) intercropping systerm.

Dadhich and Gupta (2005) conducted a field experiment during summer
seasons of 1999 and 2000 on loamy sand soils at Jobner and reported that the
pearlmillet + cowpea (3:1) intercropping proved significantly superior to sole
pearlmillet with respect to green fodder yield.

Kumar et al. (2005) conducted a field experiment during kharif scasons

in three consecutive years 1999 to 2001 at IGFRI, Jhansi on sandy loam soil
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and reported that green fodder and dry matter yields were significantly affected
by different intercropping treatments. The total green fodder and dry matier
yields were the highest under maize + cowpea in 2:2 row ratio and significantly
superior to the other intercropping systems and sole stand of maize and
cowpea. The increase in total green fodder and dry matter yields with the maize
+ cowpea intercrop combination in 2:2 row proportion was 231 and
25.0 per cent over sole maize, respectively.
2.3 EFFECT OF INTERCROPPING ON CRUDE PROTEIN AND

CRUDE FIBRE

Roat et al. (1990) concluded that the maize and cowpea mixed stands in
2 : 1 row ratio gave average yield of 0.48 t ha” and 9.76 per cent crude protein
in dry matter followed by 0.43 t ha” crude protein and 8.79 per cent crude
protein in dry matter of sorghum and cowpea in similar stands (2:1)
respectively.

A field experiment was conducted during rainy seasons of 1990 and
1991 at Modipuram on sandy loam soil by Gangwar and Shama (1994) and
observed that higher crude protein yield in prickly sesban followed by cowpea.
The higher crude protein yield in prickly sesban was due to its higher forage
vield whereas, higher crude protein yield in cowpea was on account of higher
nitrogen per cent in its foliage. They also recorded significantly higher crude

protein yield (3.7 q ha™) with prickly sesban (Sesban cannabina) followed

cea) T&S q ha'y in

'7?0§f

by cowpea (3.6 q ha™') and sannhemp (Crotolgéla

maize systems.

L]
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Khanna et al. (1996) reported that crude protein yield in all cuts and in
aggregates were significantly higher in sole sorghum (6.68 q ha!) than
sorghum + cowpea in 2:2 (6.50 q ha™) and 3:3 (6.42 q ha™).

Mishra et al. (1997) conducted an experiment during rainy seasons of
1990-199]1 and 1991-1992 at Ambikapur (Madhya Pradesh) on sandy loam
soil. Treatments consisted of three sole cropping of fodder sorghum, cowpea
and horse gram and combinations of intercropping of cowpea and horsegram
with sorghum in 1:1, 1:2 and 2:2 row ratios and they observed that
intercropping of sorghum with cowpea in paired alternate rows (2:2) recorded
the highest crude protein yield (9.26 q ha™) compared with other sole and
intercropping systems.

Tripathy ef al. (1997) conducted an expefiment during summer scason
1990 and 1991 at Bhubaneshwar and observed the highest crude protein vicld
(12.25 ha') when maize c.v. HGT-3 and cowpea were sown in 2:2 row
- proportions over other treatments.

A field experiment was conducted during the kharif scason of 1991-92
at Rudrur (Andhra Pradesh) on the clay loam soil by Krishna ez a/. (1998} and
reported that intercropping of maize + cowpea (30 + 60 cm) paired row of
maize with one row of cowpea could produce 8.26 per cent higher crude
protein and significantly superior to sole maize {(6.49 %). The planting patiern

did not causes any significant variation in crude fibre.

Kumar and Bhanumurthy (2001} conducted an experiment during kharif

season 1998 and summer 1999 at Hyderabad and reported that the crudé
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protein yiel@s were higher with sole cowpea in kharif 1998 and summer 1999.
Intercropping of maize and cowpea in 2:1 ratio was better than other 1:1 and
1:2 ratios.

Reddy et al. (2004) conducted an experiment at Rajendranagar and
reported that the intercrops 2:2 ratio showed the highest crude protein yicld
which gave 8 per cent higher crude protein yield over that of sole maize.
This system was closely followed by maize + cowpea 2:1 system.

Dadhich and Gupta (2005) conducted a field experiment during summer
seasons of 1999 and 2000 on loamy sand soil at Jobner and reported that the
pearlmillet + cowpea intercropping proved significantly superior to sole
pearlmillet with respect to crude protein yield. The reason for superior quality
fodder may be that cowpea being a legume fixing atmospheric nitrogen could
have increased the availability of nitrogen which has been utilized by
pearlmillet for its growth and ultimately increased green fodder yield.

Singh et al. (2005) co'-nducté:d' an ex;;érimént dtiring' summer scason
2002 on sandy loam soil at Hisar and o'b'servéd that the high'est percentage of
crude protein was recorded in sole crop of cowpea. Amongst intercropping
combinations, sorghum -+ cowpea in 2 : 1 ratio recorded the highest production
of crude protein, while maximum crude fibre content (%) was recorded in
sole sorghum.

Kumar e al. (2005) conducted a field experiment during kharif seasons
1999 to 2001 at IGFRI, Jhansi on sandy loam soil and reported that

significantly higher total crude protein yield was recorded with maize +
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cowpea (2:2) than the other treatments. The results indicated superiority of 35.5
and 68.9 per cent in crude protein yield with maize + cowpea (2:2) to sole
stands of maize and cowpea, respecti;fely.

24 EFFECT OF INTERCROPPING ON ECONOMICS, LAND
EQUIVALENT RATIO (LER) AND CROP EQUIVALENT
YIELD
Waghmare er al. (1982) conducted an experiment and reported that all

intercropping systems had higher productivity and net return than sole

sorghum. Similar results have also been reported by Waghmare and

Singh (1982).

Tripathi et al. (1987) observed that LER was more than one in
maize/sorghum in cropped with cowpea at different proportions.

Manoharan and Subramanian (1993) concluded that maize and cowpea
combipation_ (2:1) recorded t'he highest net income of Rs.32.60 ha™ year". with a
return of-Rs.?...90' bér rupces iﬁ.\-/est-ec-l.

Yadav and .J'oon (1 993) conducted an éxi)e-rimerit' during, kharif scasons
of 1989 and 1990 at Hisar and observed that the sole crop of guar gave higher
net return than sole crop of Bajra and their different intercropping ratios.
Amongst different intercropping ratios, 3:1 gave the highest net return cl‘osc]y
followed by 2:1 ratio.

Mishra er al. (1997) conducted an experiment during rainy seasons of
1990-1991 and 1991-1992 at Ambikapur on sandy loam soil and reported that

the intercropping of sorghum with cowpea in paired alternate rows (2:2)



Review af Cieerature,

recorded the highest land equivalent ratio ie, 1.35 and the highest net
monetary returns (Rs. 6304 ha™) compared with other sole and intercropping
systems. This treatment gave 63.0 per cent more monetary returns and 21
per cent benefit : cost ratio (2.77) over sole crop of sorghum (2.29).

Desale et al. (2002) reported that the normal planting of sorghum at
45 c¢m and intercropped one row of soyabean in between two rows of sorghum
recorded significantly higher economic returns and 28.9 per cent increasc in
gross monetary returns. The highest LER values of 1.75 recorded in same
treatment.

Singh et al. (2005) conducted an experiment during summer season
2002 at Hisar and reported that sorghum -+ cowpea (2:1) ratio was the most
profitable which gave the highest net profit (Rs.12990) and benefit : cost ratio
(1.97).

Kumar et al. (2005) conducted an experlment durmg khauf 5€as0ns
1999 to 2001 at IGFRI JhanSL and reported that the mean gross return

(Rs.15236 Ha’l), net fctilrn (Rs. 8346 h.a'l)' and benefit : cost ratio (2.21) were

significantly higher with maize + cowpea (2:2) than other treatments which

was closely followed by intercropping of maize and cowpea in the row
‘proportion of (2:1). Significantly the highest mean LER (1.41) was recorded in
intercropping of maize and cowpea planted in the row ratio of (2:2), followed
by maize + cowpea (2:1) LER (1.21) and mixed seed in same row (1:1)

LER (1.22).
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A field experiment entitled "Forage production potential under cereals
and legumes intercropping systems” was.carried out during kkarif season of the
year 2005. The details of the experimental procedure.adopted, materials used
and techniques implied during the course of present investigation are described
in this chapter.

3.1 EXPERIMENTAL SITE

The field experiment was conducted on Plot No. B-11 at Agronomy
“Instructional - farm,” Chinianbhai -- Patel College of  Agriculture,
Sardarkrushinagar Daritiwada Agriculn'lrai University, Sardarkrushinagar.
132 CLIMATE AND WEATHER CONDITIONS

Géographically,.Sard.arkn.ls}.li.na.gar ‘is situ;:ﬁed a't 24" i 19" North latitude
and 72° — 19' East longitude with an elevation of 154.52 metres above the mean
sea level. It is located in the North Gujarat Agro-climatic Zone. This zone is
characterized by arid and semi-arid climate with extreme cold winter, hot and
dry windy summer. Generally, monsoon in this part commences in the middle
of June and retreats by the middle of September. Most of the preci'pitation is
received from southwest monsoon concentrating in the months of July and
August, Monsoon is warm and moderately humid with an average annual
rainfall of 510 mm (1996 to 2005), most of which is received during July
and August.

The winter season is fairly cold and dry. It s‘ets usually with the end of

October and setback in February. The temperature starts dropping with the
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beginning of November and the lowest minimum temperature of the season is
observed in the month of December or January. Overall, winter season remains
fairly cold and dry.

The summer (March — June) is fairly hot and dry. The temperature
reaches the peak in the month of April and May are the hottest months of the
years. The wind velocity is very high and stormy during summer.

The meteorological data pertaining to the period of present investigation
were recorded from the meteorological ;)bservatory of the Department of
Meteorology, Chimanbhai Patel College of Agriculture, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar are presented in Table 1
and graphically depicted in Fig. 1.

3.3 PHYSICO-CHEMICAL PROPERTIES OF SOIL

The exﬁerimental field has an even topography with a gentle slope and

good drainage. To aspertaip pl}ysico-cherr}ica_l characteristics of soil, soil

© ysamples were collected i'andor.nl'y' ;ffom the é;:per'irﬁentailv plots to a depth of
0-15 ¢cm and 15-30 cm befére:: prel;)z'iring' of layout.and c':om'poéit'e soil sﬁmples
swere prepared depthwise and analysed for physico-chemical properties of soil.
“The value of these properties of the soil alongwith the methods used to
determine them are presented in Table 2. The data revealed that the soil of the
/experimental pldt was loamy sand in texture having pH value of 7.5 and 7.8 for
0-15 cm and 15-30 cm depths, respectively. The soil analysis indicated that the
soil was low in organic carbon and available nitrogen, medium in available

-

phosphorus and rich in available potassiuni status.



WMaterial and MetFads,

Table 1: Standard weekwise meteorological data recorded at the
Meteorological Observatory of the Department of Meteorology,
C. P. College of Agriculture, S. D. Agricultural University,
Sardarkrushinagar during crop season of the year 2005
Month Std. Date Temperature Relative Wind | Sunshine | Rairfail | Rainy
and week (°C) Humidity (%) | velocity hours (mm) days
year Max. | Min. | Morn. [ Even. | (kg hr')
27 2-8 324 | 26.1 | 89.6 | 59.6 10.8 1.5° 30.8 2
28 9-15 34.0 267 | 84.0 | 55.6 11.2 3.0 0.0 0
July-
2005 29 16-22 353 264 | 793 | 45.7 1.9 4.2 3.0 l
30 23-29 35.0 260 | 859 | 60.7 11.4 4.1 101.5 2
31 30-5 3.1 | 254 | 947 | 824 6.5 1.0 124.9 5
32 6-12 30.7 249 | 91.6 69.0 10.9 0.7 24 0
33 13-19 329 252 | 90.1 58.9 7.8 4.3 6.2 1
Aug.-
2005
34 | 2026 | 330 |239| 8.7 | 543 | 9.0 5.0 0.0 0
35 27-02 34.4 240 | 82.1 48.7 5.3 9.1 0.0 0
K1 3-9 36.9 26.1 | 834 | 477 5.6 6.9 23.9 1 i
- - . —1
37 | 1016 | 341 [ 258 | 917 | 674 | 52 55| seo | 4 |
Sept.-
2005 ]
38 17-23 32.6 255 | 93.6 | 68.1 5.9 3.9 79.9 3
39 24-30 jl4 23.2 | 904 | 56.0 5.8 6.0 520 1
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Fig. 1 : Standard weekwise meteorological data during crop season of the year 2005
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Table 2 : Physical and chemical properties of the experimental soil

Sr. Properties Soil depth (cm) Method employed
No. 0-15 15-30

[A] | PHYSICAL PROPERTIES

(2) | Sand (%) 8350 | 548 International Pipette
(b) | Silt Gy >3 | 347 | ethod (Piper, 1966)
(c) | Clay (%) 9.83 9.02
[B] | CHEMICAL PROPERTIES .
(a) | Soil pH (1:2.5, 7.5 7.8 | Potentiometric method
.| Soil : Water ratio) (Jackson, 1973)
() | Electrical Conductivity | 0.16 | 0.12 | Schofield method
(dSm™) at 25°C (Jackson, 1973)
(c) | Organic carbon (%) 0.15 0.17 | Walkley and Black's rapid
titration method (Jackson,
| o Sl 1y
.(d) -Availzllblt;,ll\l — 1 148 T 146 ‘Al.kaline permanganate
(kg ha™) method (Jackson, 1973)
(e) | Available P;0s 47 50 Olsen's method
"l (kghay - - | o 1T [(Jackson, 1973)
(f) | Available K;0O 288 | 270 | Flame photometer method

(kgha™) (Jackson, 1973)
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3.4 CROPPING HISTORY
The cropping history of experimental plot with respect to crops taken
and fertilizer applied during previous three years 1s given in Table 3.
3.5 EXPERIMENTAL DETAILS
3.5.1 Treatments

The field experiment conducted with twelve treatments are described

as under.

T, : Sole sorghum

T, : Sole pearlmillet

-T3' o " 'So'lel co;wpt':a

Ty . Sole clusterbéan' :

; Ts- o 'S'orghlum_+ cowpea (1:1:)‘ Co

Ts :  Sorghum + cowpea (2:1)

T : Sorghum + clusterbean (1:1)
Tg : Sorghum + clusterbean (2:1)
To : Pearlmillet + Cowpea (1:1)
Tho : Pearlmillet + Cowpea (2:1)
Ty, : Pearlmillet + clusterbean (1:1)
T2 : Pearlmillet + clusterbean (2:1)

3.5.2 Experimental design
A randomized block design was employed in this study. The treatments
were replicated four times and were assigned randomly to each plot in the

replication.



Table 3 : Cropping history of experimental plot
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Year Season Crop Fertilizer applied (kg ha'")
N P20Os K.0O
Kharif Fallow - - -
2002-2003 Rabi Fo.rage 150 30 -
chicory
Summer | Cowpea 20 40 -
Kharif Fallow - - _
Rabi Lucerne and
forage chicory
2003-2004 mixed
Lucerne 20 80 -
Chicory 150 30 -
Summer Fallow - - R
Kharif Fodder 75 40 -
sorghum
2004-2005 Rabi Fallow - - -
Summer | Fallow - - -
Present
investigation
.| forage crops
. viz.,
2005 Kharif Sorghum 75 40 -
Pearlmillet 100 40 -
Cowpea 20 40 -
Clusterbean 20 40 -
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3.5.3 Details of layout
. Total number of treatments  : 12
2. Total number of replications : 4
3. Plot size : Gross:6.0mx3.6m
Net :50mx18m

4. Total number of plots : 48
5. Spacing : 30 cm between two rows

Numbers of rows in various treatments are given in Table 4. The plan of
layout showing allotment of treatment is depicted in Fig. 2.
3.6 CROP AND VARIETY

The wvarieties selected of different crops and their important
characteristics are gi\‘ren in Table 5.
37 CULTURAL OPERATIONS

The calendar of the cultural_ operz}tiong carried"oqt fqr cultivation of the
experimental crop is presented in Table 6. The details of theéé‘opefétions are
as under. | |
;__&7.1 Preparations of land and layout

The fieid was cross cultivated with tractor drawn cultivator and finally
land was levelled by one harrowing followed by planking. The field channels
* were prepared fnanually according to the plan of layout. The furrows were
opened manually in each plot at 30- cm apart and about 5-6 cm deep at the time

of sowing.

1
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Table 4 : Particular regarding number of rows in various treatments

Treatments Number of rows per plot
Main crop Inter crop

T, | Sole sorghum 12 - ]
T; | Sole pearlmillet 12 -
T; | Sole cowpea - 12
Ty S.ole clusterbean - 12
Ts | Sorghum + cowpea (1:1) 6 6
Ts | Sorghum + cowpea (2:1) 8 4
T, Sorghum + clusterbean (1:1) 6 0 N
Ts | Sorghum + clusterbean (2:1) 8 4
Ty | Pearlmillet + Cowpea (1:1) 6 6
Tyo | Pearlmillet " ccwféé_(i: 1) ' 8 . 4 _"—.
Ty | Pearlmillet + clu.sterbez.ln (1;1) - é - 6 _‘J:
T2 | Pearlmillet + clusterbean (2:1) 8 4 t;
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Table 5 : Crops, varieties and their important characteristics

Sr. Crop
No.

Variety

Characters

1. {Sorghum

GFS-4

Pedigree — by hybridization (GJ-37 x Sudan
type); plant height 175-195 cm; days to
flowering 40-45 days; crude protein 6.5 to 9.0

per cent.

2. | Pearlmillet

AFB-2

It has been identified as promising based on
its superior performance at many locations in
the country particularly in Gujarat and
Rajasthan. It has very good regeneration

ability and can be harvested many times.

3. { Cowpea

EC-4216

It is one of the most promising varieties of
fodder cowpea. It is mid duration variety. It is

suitable for intercropping with various cereal

| forige, " .

4. | Clusterbean-

BG-1

Indeterminate growth habit, seed is whitish

grey seed (light colour category) germination

" ‘I'energy higher in seed. It is most promising

variety for forage clusterbean.




Table 6 : Calendar of cultural operations
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=TS

S Particulars Date
No. i
[1] | Pre-sowing operations o
i. | Cultivation with tractor 22.6 05 i
ii. | Harrowing and planking 23.6.05 |
iil. | Field lay out and preparation of plots, bunds and channels | 24.6.05 11
iv. | Opening of furrow 4.7.05
[2] | Fertilizer application o ;
[A] Main crops — Sorghum, Pearlmillet L
i. | Basal application 4.7.05
ii. | Top dressing 4.8.9_5__:
iii, { Top dressing 14905
[B] Inter crops — Cowpea, Clusterbean . '
i. | Basal application 14705
[3] [Sowing o
i. | Cereal crops : sorghum, pearlmillet 4705
ii. | Legume crops : cowpea, clusterbean 4.705
[4] | Post-sowing operations
1. | Interculturing
' ' First 20,705
_Second 13.8.03
ii. | Hand weeding 21703 ;
iil. | Irrigation « ;
First P11L7.05
. Second 120805
Third _14.9.05 i
[5] | Harvesting o
i. | Main crops : sorghum, pearlmillet (1* cut) LZS.H 034
2™ cut) ’ 3__0‘_ ()S_i
ii. | Intercrops : cowpea, clusterbean (Single cut)’ 28 8 05
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3.7.2 Application of fertilizers

The crops were fertilized with nitrogen and phosphorus in the forms of
urea and single super phosphate. The recommended doses of fertilizers arc
given in Table 7. The entire quantity of phosphorus was applied as basal in
case of sorghum, pearlmillet, cowpea and clusterbean. The entire quantity of
nitrogen was applied as basal in inter crops and in case of main crop : sorghum
25 kg ha™! nitrogen was applied as basal and 50 kg ha™ nitrogen was applied in
equal two splits as top dressing 30 days after sowing and after first cutting. In
case of pearlmillet mtrogen was applied @ 25 kg ha™! as basal, 25 kg ha as top
.dressmg 30 days after sowmg and 50 kg ha after ﬁrst cut.

Table 7 : Recommended doses of fertiliiers fordifferent crops .

T R EE . (kg.hal) .....
Sr. : : 1 N ' o
No. Crop Basal Top P}ZJOS 1 KO
dressing (as basal)

1. | Sorghum 25 25 40 -
25

2. | Pearlmillet 25 25 40 -
50

3. | Cowpea 20 - 40 -

4. | Clusterbean 20 - 40 -

3.7.3 Seeds and sowing

The seed rates of 60, 12, 40 and 40 kg per hectare were kept for
sorghum, pearlmillet, cowpea and clusterbean, respectively. The healthy seeds
of these crops were selected and used for sowing purpose. The seeds were

sown on 4" July by hand in previously fertilized furrow in each plot to a depth



Matenaf grd Merlads

of 3-4 cm for sorghum and pearimillet. For cowpea and clusterbean, the depth
of 5-6 cm was kept.
3.7.4 Interculturing and weeding

For the control of weeds and proper aeration two interculturing and one
hand weeding were carried out.
3.7.5 Irrigation

The irrigation was applied only when the crops attained stress conditions
due to prolonged dry spell. The crops were irrigated with three life saving
irrigations.
3.7.6 Harvesting

The experimental crops were raised for the purpose of fodder
production. So that two cuttings were taken in forage cereal crops viz., sorghum
and pearlmillet. The first cut was taken at 53 DAS and the second cut way
taken at 33 days after first cut. Only one cut was taken at 53 DAS from forage
legume crops viz., cowpea and clusterbean. Normally, -th'c- plants were cut
leaving stubble height about 5 cm from ground level. Tiie gr‘een {orage
harvested fr0n.1. each net plot was weighed and recorded plot-wise yield.
3.8 BIOMETRIC OBSERVATIONS

The details of the techniques employed for recording observations for

various growth and yield attributing characters during the course of

investigation which are listed in Table 8, The details regarding the biometric

observations are given as under.

™

[ RS,



Table 8 : Biometric observations
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132. Parameters Sample size rZéLr;Z;fg
[A] { BASE CROPS : Sorghum and Pearlmillet
[. | Final plant population | One metre row ler.lgth of three At harvest
rows in net plot
2. | Plant height (cm) Five plants per net plot At harvest
3. | Number of tillers per Five plants per net plot At harvest
plant
4, | Leaf:Stem ratio Five plants per net plot At harvest
5. Greeﬁ forage yield Net plot At harvest
6. | Dry matter yield Net plot After harvest
[B} INTER CROPS : Cowpea and Clusterbean
I. | Final plant population | One metre row length of three At harvest
rows in net plot
2. | Plant height (cm) ~  |-Five plants per nét plot .| At harvest
3. | Number of branches | Five plants per net plot At harvest
‘ per plant - . ' -
4. | Leaf: Stem ratio Five plants per net plot At harvest
5. | Green forage yield Net pldt ' At ha-rvcst
6. | Dry matter yield Net plot After harvest
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3.8.1 Growth characters of cereal crops
[1]  Final plant population

Final plant population was recorded at harvest of both the crops.
This was done by the number of plants per metre row length counted from
three randomly spots in each net plot and the average was worked out. Plant
population was converted in to hectare basis.

(2] Plant height {cm)

The plant height was measured from base of the plant to the tip of the
plant at each cut. The average of five blants from each net plot of both the
crops viz., sorghum and pearlmillet were considered as average plant height.

{3] Number of tillers per plant

Number of tillers per plant was counted from five randomly selected

plant in each net plot. The average of five plants each of sorghum and
_ pearlmillet' was F:onsidered as average number of tillers per plant,

| [4] Leaf .: st(-an'l rati;) '

| A samplé of five fresh ﬁlants.'{vas taken from each treatments and all
- leafy portion of the plants was stripped off from the plant: The lea{ portion and
stem portion were weighed in gram and the ratio of leaf to stem was worked
out based on leafy weight to stem weight of sample at each cut of both
the crops.

3.8.2 Yield
[1]  Green forage yield

The plants from ring area of each plot were harvested first separately

and collected. Then, the plants from the net plot were cut leaving stubble height

M
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about 5 cm from ground level and the fresh weight (kg) was recorded for each
treatment separately and converted in to quintal per hectare at each cut.
2]  Dry matter yield

The green plant sample from each net plot was randomly collected for
each treatment and weighed the samples of 500 g. Thereafter, samples were cut
in to small pieces, first samples were sun-dried and then oven dried at 70°C to
attain a constant weight. The dry matter yield in quintal per hectare was
calculated on the basis of dry weight of the samples for each treatment at
each cut.
3.8.3 Growth characters of legume crops
[1]  Final plant population

The plant population was recorded at harvest of both the crops. This was

done by the number of plants per metre row length counted from three

randomly spots in each net plot and the average was worked out. Plant

. pdpuiation was converted into hectare basis.

[2]. . Plant height (cm) .

The plant height was measured from base of the plant to the tip of the.

plant at harvest. The average of five plants from each net plot of bath the crops
viz., cowpea and clusterbean were considered as average plant height.
[3] Number of branches per plant

The numbers of branches arising from the main shoot of randemly
selected five plants were counted and then mean value was worked out for each

intercrop.

i
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{4] Leaf : stem ratio
A sample of five fresh plants was taken from each treatment and all
leafy portions of the plants were stripped off from the plant. The leaf portion
and stem portion were weighed in-gram and the ratio of leaf to stem was
worked out based on leafy weight to stem weight of sample at harvest of the
crops viz., cowpea and clusterbean.
3.84 Yield
[1]  Green forage yield
The plants from the ring area of each pl_ot harvested first separately and
collected. Then, the plants from the net plot were cut leaving height about 5 cm
from ground level and the fresh weight (kg) was recorded for each treatment
separately and converted in to quintal per hectare at harvest.
[2]  Dry matter yield
. Thp green plar_lt ga;nple ﬁom each_ net pl‘ot was ljgpdomly collected for
'ea.ch- tfeatmént ér'ld'weigheci fﬁe éanipie of 500 gThere aﬂ:er, sai-ﬁlpl'eé wére cul
in to.small pieces, first samples were sun dried and then oven dried at 70°C to
.attain a constant ‘weight. The. dry matter. yield. in quintal  per . hectare was
calculated on the basis of dry weight of the sample for each &eatment.
3.9 BIOCHEMICAL STUDIES
3.9.1 Crude protein content

The quality of the forage is judged by its protein content. The oven dried
plant samples first grind with the help of mechanical grinder and powdered

samples were taken from each cut for determination of crude protein content in
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forage. Nitrogen percentage was estimated by using modified Kjeldhal's
method (Jackson, 1973). Nitrogen per cent was multiplied by factor 6.25
(Dubetz and Wells, 1968) to obtain the protein content and was expressed as
percentage on dry weight basis.
3.9.2 Crude fibre content

Crude fibre content of the plant sample was estimated by using modified
method described by Singh and Pradhan (1981) at each cut and expressed as

percentage on dry weight basis.

Crude (Weight of silicacrucible ~ (Weight of silica
fibre = _withovendryresidue) . crucible with Ash) X 100
D)

Weight of sample taken

3.10 ECONOMICS

" 3.10.1 Crop equivalent.yield.

Pearlmillet green forage equivalent yield is worked out with the help of

following formula.

Price of forage

of intercrop
Pearlmillet green B (Rskg™h) Forage yicld Yield of main crop
forage equivalent = X ofintercrop  + (kg ha')
yield Price of forage (kg ha™) &
of main crop
(Rs. kg')

3.10.2 Gross and Net realization

In order to evaluate the effectiveness of individual treatment the relative
economics of each treatment was worked out in term of profit so that the most
effective and remunerative treatment could be identified.

The gross realization in terms of rupees per hectare was worked out

based on forage yield of sorghum, pearlmillet, cowpea and clusterbean for each

2
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treatment and prevailing market price. The total cost of cultivation of the
forage crop for each treatment was worked out by considering the expenses
incurred for all cultural and mechanical operations as well as cost of various
inputs. The net realization was worked out by deducting the cost of cultivation
from the gross realization for the respective treatments.
3.10.3 Benefit : cost ratio

The Benefit : Cost Ratio (BCR) was calculated as the ratio of net
realization to total cost of cultivation by using following formula.

Net realization (Rs.)

Total cost of cultivation (Rs.)

3.i0.4 Land Equivalent Ratio (LER)

Land Equivalent Ratio (LER)-denote;. the r_ela_tive land area under sole
crop required to produce the same yield as obtained under intercropping or
mixed cropping system at the same management level. It is calculated as sum
total of the ratio of yield of each component crop in an intercropping or a

mixed cropping system to its corresponding yields when grown as a sole crop.

Thus,
Yield of main crop in Yield of associate crop in
Land intercropping (q ha™) intercropping (q ha™)}
Equivalent = +
Ratio Yield of main crop in sole Yield of associate crop in
cropping (q ha™) sole cropping (g ha™)

3.11 STATISTICAL ANALYSIS
The data collected on various characters studied in present investigation

were statistically analysed with the help of computer by using appropriatc

26
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programme for the design of experiment as suggested by Panse and
Sukhatme (1967).

To test significance of result five per cent level of significance was used.
The critical differences were calculated when differences were [ound

significant by the 'F' test. The c.v. per cent was also worked out for the same.

X
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IV EXPERIMENTAL RESULTS

Results of the present investigation entitled "Forage production potential
under cereals with legumes intercropping systems" conducted during kharif
season of 2005 at Agronomy Instructional farm, C. P. College of Agriculture.
S. D. Agricultural University, Sardarkrushinagar are presented in this chapter.
The results pertaining to the growth parameters, yield and quality characters
were subjected to statistical analysis in order to test of significance of the
results. The analysis of variance for treatment evaluation has been given in
the Appendices.

4.1 GROWTH PARAMETERS
4.1.1 Final plant population

The data regarding the effect of cereals with legumes intercropping
systems on final plant population of the cereals viz., sorghum and pearlmillet
-~ .and legumES' viz.,-cowpea and -clus.té'rbea.m reco'rdéd ciuring-b(;th- the cuts of
cereals and a single cut of legume crops are presented in Table 9.

It was observed from the data that _sa_tisfactory plgx_lt population of sole
crops as well as intercropping systems was maintained in both the row ratios.
4.1.2 Plant height (cm)

The data regarding the effect of cereals with legumes intercropping
systems on plant height recorded at both the cuts of cereals and a single cut of
legume-crops are presented in Table 10 and graphically illustrated in Fig. 3 and

their analysis of variance are presented in Appendix-IL.
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Table 9.  Effect of cereals with legumes intercropping systems on final plant
population ha™
Main crops Intercrops
Treat. Sorghum and Cowpea and
No. Treatments Pearlmillet Clusterbean
[ cut Il cut Single cut
T, Sole sorghum 665667 551667 -
T, | Sole pearlmillet 511000 436000 -
T; | Sole cowpea - - 375000 ‘l
Ts; | Sole clusterbean - - 416667 !
Ts | Sorghum + Cowpea (1:1) 335833 285500 184167 ,
Ts | Sorghum + Cowpea (2:1) 407137 346166 123530
T, Sor.ghum + Clusterbean (1:1) 328833 266667 2 10833 '
Tg _ Sorghpm + Clusterbedn (_2:.1)_ ' '4.0_758'3 352_420 : 134750 :
Ts | Pearlmillet + Cowpea {1:1) 241333 203833 184166 1:
Tu; ' 'Pt;a..rimillc-et -FICowpea (2:15 322717 261970 120780 1
Ty, - | Pearlmillet + Clusterbean-(1:1) - 250000 - 220833 258000 '
Ty | Pearlmillet + Clusterbean (2:1) 322717 291450 154500 |
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Table 10.  Effect of cereals with legumes intercropping systems on plant
height (cm)
Main crops Intercrops
o oy
Icut II cut Mean Single cut
T, Sole sorghum 105.71 83.55 94.63 -
T, | Sole pearlmillet 121.63 107.60 114.61 -
Ty | Sole cowpea - - - 84.55
T4 Sole clusterbean - - - 75.65
Ts | Sorghum + Cowpea (1:1) 113.45 84.80 99.12 84.90
Te Sorghum + Cowpea (2:1) 112.35 86.80 99.17 86.63
T, Sorghum + Clusterbean (1:1) 107.15 87.60 97.37 86.55
Tg Sorghum + Clusterbean (2:1) 108.45 88.60 98.52 86.60
Ty - | Pearimillet + Cowpea (1:1) . 127.35 109.38 118.36 86.70
. T Ptlaarlmill.et + (éowpca (.2:1)' . 12355 — 10960 116,57 85.90
T Pearlmillet + Clusterbean (1:1) 124.85 110.35 117.60 80.67
Tyz | Pearlmillet + Clusterbean (2:1) 128.06 112.35 120.20 87.35
S.Em.x 6.‘03.- . 8.82 5.91 6.63
CD.at3% NS NS 17.61 NS
CV.% 10.28 18.0 11.0 15.68
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The plant height of sorghum and pearlmillet were not significantly
inﬂuenced with different intercropping systems during 1% cut and 2™ cut.
However, intercropping of pearlmillet and clusterbean in 2:1 row ratio (Ty3)
recorded taller plant of pearlmillet (128.06 cm) during 1% cut followed by
treatment Ts. In this treatment, the plant height of pearlmillet was 127.35 cm.
The same treatment T, also recorded taller plant of pearlmillet (112.35 cm)
during 2™ cut.

The mean plant height of pearlmillet observed significantly higher in

treatment T, (Pearlmillet + CIusferbean 2:1 row ratio) than observed in Ty, Ts,

T, T7and T but was remained at par with T;,;. Ti1, Tro and Ts.

The plant height of iﬁtercrops was increased when they were

z 9

intercropped in pearlmillet and sorghum-in both- Tow ratios: ‘However, -~ -

treatments had no significant effect on plant height of cowpea and clusterbean.
4.1.3 Number of tillers per plant/Number of branches per plant

- The data regarding the effect of cereals with legumes intercropping
systems on number of tillers per plant recorded during both the cuts of cereal
an_d number of branches per plant of legume crops recorded during a single cut
are presented in Table 11 and their analysis of variance are presented in
Appendix-1.

The results revealed that treatment T, (Sole pearlmillet) recorded

significantly higher tillers of pearlmillet (5.35) than that recorded in rest of the
treatments except treatments Ty, Te and T;;. Whereas, treatment T;

(Sorghum + Cowpea 1:1 row ratio) and Tz (Sorghum -+ Clusterbean 2:1
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Table 11.  Effect of cereals with legumes intercropping systems on number
of tillers per plant of main crops and number of branches per
plant of intercrops

Main crops Intererops |
Number of tillers per plant of Number of
Treat Sorghum and branches per
N ) Treatments Pearlmillet plant of
°. Cowpea and
Clusterbean
Icut T cut Mean Single cut
T Sole sorghum 1.88 1.93 1.89 -
T, | Sole pearlmillet 5.35 7.40 6.37 -
Ts Sole cowpea - - - 4.90
T, Sole clusterbean - - - 5.45
s Sorghum + Cowpea (1:1) 1.40 2,20 1.80 4,65
Ts Sorghum + Cowpea (2:1) 1.60 2.20 1.90 4.80 '
|
T7 | Sorghum + Clusterbean {1:1) 1.68 2.05 1.86 5.05 i
Ts Sorghum + Clusterbean (2:1) 140 1.95 1.67 5.35
Ty Pearlmillet + Cowpea (1:1) 5.23 ' ;1.60 6.41 4.80
- |
Tio | Pearlmillet + Cowpea (2:1) 4350 7.60 6.13 4.85 I
' |
T\ | Pearlmillet + Clusterbean (1:1) 3.03 7.40 6.21 5.05 !
Tz | Pearlmillet + Clusterbean (2:1) 5.30 7.95 6.61 535 |
SEmz 071 0.32 0.15 030
CD.at5% 0.60 0.93 0.45 NS
CV.% 12.48 13.28 7.75 11.95
I
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row ratio) produced significantly lower tillers of sorghum (1.40) during
1* cut which were at par with treatments Te, T; and T;. During 2™ cut,
treatment Ty, (Pearlmillet + Clusterbean 2:1 row ratio} recorded significantly
higher tillers of pearlmillet (7.95) but it was at par with treatments To, Tyg, T1;
and T,. Whereas, treatment T, recorded significantly the lowest tillers of
sorghum (1.93) during 2™ cut. It was at par with treatments Ty, T, T and Ts.
The mean number of tillers per plant of pearhﬁillet observed
' significantly higher in same treatment Ty, than that recorded in rest of the
treatments except To, T, and T;,. The lowest numbe_r of tillers‘ per plant of
| sorghﬁm was recorded in treatment Ty (Sorghum + Clusterbean 2:1 row ratioj

but was not statistically differed with the treatments Ts, T3, T; and Tg.

. +«." .Thé number of branches of cowpea and clusterbean were observed

not-significant, eventhough, treatment T, (sole clusterbean) recorded the higher
number of branches of clusterbean (5.45).
4.1.4 Leaf : stem ratio _

The data regarding the effect of cereals with legumes intercropping
systems on leaf : stem _rétio recorded at both the cuts of cereal and a single cut
of legume crops are presented in Table 12 and their analysis of variance are
presented in Appendix-1.

The leaf : stem ratio of sorghum and pearlmillet were not significantly
influenced with different intercropping systems during 1%, 2*® cut and on mean

basis. However, intercropping of pearlmillet and cowpea in 2:1 row ratio (T)g)
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Table 12.  Effect of cereals with legumes intercropping systems on leaf :
stem ratio
Main crops Intercrops
o o
Icut IT cut Mean Singfe cut
T, Sole sorghum 0.53 0.51 0.52 -
Tz | Sele pearlmillet 0.65 0.57 0.61 -
T; | Sole cowpea - - - 0.55
- Ts " | Sole clusterbean - - - 0.53
Ts | Sorghum + Cowpea (1:1) 0.58 0.52 0.55 0.65
T | Sorghum + Cowpea (2:1) 0.54 0.54 0.54 0.37
T, Sorghum -+ Clusterbean (1:1) 0.56 0.57 0.56 0.63
Ts Sorghum + Clusterbean (2:1) 0.55 0.54 0.54 (.59
Ts Pearlmillet + Cowpea (1:1) 0.65 061 0.63 0.58
'II'm | P.e_arl_millet + Cowpea (2:1) - 0.69 0.62 0.65 0.57
Ty E’earlt.nillet + C.Iusterbean (1:1) 0.66 ] 0.60 0.63 058
T,z Pearlmillet +Clusterbean (-2: 1} 068 - 0.61 0.65 0.57
SEm.x 0.04 0.02 0.03 0.03 _l}
i CD.al5 % S S NS NS
CV.% 13.95 10.10 12.66 10.32
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recorded higher leaf : stem ratio followed by intercropping of pearlmillet and
clusterbean in 2:1 row ratio (T)2).

The leaf : stem ratio of cowpea and clusterbean were increased when
they were intercropped in pearlmillet and sorghum in both row ratios.
However, treatments had no significant effect on the same.

42 YIELDS
4.2.1 Green forage yield

The data regarding the effect of cereals with legumes intercropping
systems on green forage yield recorded at both the cuts of cereal and a single
cuthof“ legurhé crobs as well as total of all cuts are presented in Table 13 and

graphically illﬁstrated in Fig. 4. The analysis of ‘variance are presented in

X --A_pper_ldic_:es MandOL.- . -

The results revealed that the green forage yield of sole pearlmillet (T3)
recorded significantly higher green forage yield of pearlmillet than that
recorded in rest of the treatments except. treatment T, (Pearlrﬁillet +
Clusterbean 2:1 row ratio) during 1%, 2" cut and total of two cuts of cereal
crops. Intercropping of sorghum and c_dwp_ea in 1:1 row ratio produced
significantly the lowest green forage yield of sorghum (94.44 q ha™) during
1 cut of cereal crops. However, it was at par with treatments T,, Tg, T),
Ts and Typ.

Treatment T; (Sorghum + Clusterbean 1:1 row ratio) produced
significantly lower green foragt_a yield of sorghum during 2™ cut and total

of two cuts of cereal crops. However, it was at par with treatments Ty, Tg, Ts
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Table 13.  Effect of ccreals with legumes intercropping systems on green forage
yield (q ha™)
Main crops intercrops ;“ |
Sorghum and Cowpea |
. [
Treat. Pearlmillet and ol |
No. Treatments Ciuster- Gy !
bean
L cut I cut Total of Single cut
two cuts ]
T, | Solesorghum 100.55 82.36 182.91 -] 18291 )
T, | Sole pearlmillet 236.61 244.52 481.13 - FTIREYR
T, | Sole cowpea - - - 20969 | Zwad |
1
T, | Sole clusterbean - - - 173.61 |'1": nl "|
-
Ts Sorghum + Cowpea (1:1) 94.44 88.88 183.32 194.44 4 371 g
T Sorghum + Cowpea (2:1) 111,73 91.24 202.97 136.66 4} 13064
T, | Sorghum + Clusterbean (1:1) 96.69 82.39 179.08 11249 | 29157
- i
Te | Sorghum + Clusterbean (2:1) 97.20 84.72 181.92 77.78 T 259 7) i
|
1. _

-+ Ty Pearlmillet + Cowpea (1:1) 180.93 170.83 351.76 14106 | 10238} i
Tio | Pearlmillet + Cowpea (2:1) 113.65 131.94 245.58 12109 | o8 |
Tu Pearlmillet + Clusterbean (1:1) 165.32 154.86 320.18 9305 | 41322 1
T2 | Pearlmillet + Clusterbean (2:1) | 230.55 223.53 454.07 95.99 | BT

SEmi 9.79 10.81 16.40 973 1 18 ]
CD.at5% 28.40 31.36 47.60 28.24 5203
C.V.% 13.71 15.95 11.79 1436 RIS
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and Ts. In a single cut of legume crops significantly higher green forage yield
was obtained by treatment T3 (Sole cowpea) but it was at par with treatment
Ts (Sorghum -+ Cowpea 1:1 row ratio) Whereas, treatment Ty
(Sorghum + Clusterbean 2:1 row ratio) produced significantly lower green
forage yield of clusterbean (77.78 q ha)., However, it was at par with
treatments T, and T)s.

In total forage yield of cereal crops (two cuts) and legume crops
(single cut), treatment T;; (Pearlmillet + Clusterbean 2:1 row ratio) produced
significantly higher green forage yield (550.07 q ha'l). Whereas, treatment T,

.(Séle élusterbéanj producéd ' signiﬁcant'l}; lower green forage vyield
: (173.61.61 ha''). I;IO;vcver, it was i-lt ;iar with treatments T, and Ts.
: 4-..2.2':Dry'matter yield- -

The data regarding the effect of cereals with legumes intercropping
systems on dry matter yield recorded at both the cuts of cereal and a single cut
of legume crops as well as total of all cuts arc presented in Table 14 and
graphically depicted in Fig. 4. The analysis of variance is presented in
Appendices 1I and III.

The results revealed that the dry matter yield of sole pearlmillet recorded
significantly higher dry matter yield (44.49 q ha) than that recorded in rest of
the treatments except intercrop of T}, (Pearlmillet + Clusterbean 2:1 row ratio),
To (Pearlmillet + Cowpea 1:1 row ratio) and T;; (Pearlmillet + clusterbean 1:1
row ratio). Treatment Ty, (Pearlmillet + Cowpea 2:1 row ratio) produced

significantly the lowest dry matter yield of pearlmillet (23.28 q ha™) during
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Table 14. Effect of cereals with legumes intercropping systems on dry matter
yield (q ha™")
Main crops Intercrops
Cowpea
Treat. Sorghum and and Total
No. Treatments Pearlmillet Cluster- DMY
bean
I cut IT cut Total of | gingle cut
two cuts |
T, | Solesorghum 26.92 22.56 49.47 - 1948
T, | Sole pearimillet 44.49 46.05 90.53 - 90.54
T, | Sole cowpea - - - 35.36 35.36 |
T, | Sole clusterbean - - - 38.08 38.08 |
Ts Sorghum + Cowpea (1:1) 30.77 28.75 59.51 33.22 92.74 |
Ts Sorghum + Cowpea (2:1) 35.27 28.52 63.79 22.61 86.40
T, Sorghum + Clusterbean (1:1) - 28.17 25.88 54.05 27.13 31.19
Ts | Sorghum + Clusterbean (2:1) 2944 24.52 53.96 18.13 7209 |
Ty - | Pearlmillet + Cowpea (1:1) 37.93 L3794 | 7567 23.58 99.55_
Tio | Pearlmillet + Cowpea (2:1) 23.28 26.97 50.24 7339 73.63 |
T Pearlmillet + Clusterbean (1:1) 37.48 27.19 " 64.66, 22.44 "87.10
Tz | Pearlmillet + Clusterbean (2:1) | 43.58 42.11 85.68 22.49 108.13
SEm.x 2.68 2.74 4.17 2.16 3.87
CD.at5% 7.78 7.95 1211 6.29 TWEN
J
CV.% 15.90 17.66 12.89 16.25 10.16 |
!
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1*' cut of cereal crops. However, it was at par with treatments T;, Tq, Tg, Ts
and Tg.

During 2™ cut of cereal crops, sole pearlmillet produced significantly
higher dry matter yield (46.05 q ha™) except treatment Ty, (Pearlmillet +
Clusterbean 2:1 row ratio). Whereas, treatment T; (Sole sorghum) produced
significantly lower dry matter yield (22.56 q ha™) during 2™ cut. However, it
was at par with treatments Ts, T5, Ty, T)1, T and Ts. In total of two cuts of
sorghum and pearlmillet, sole pearlmillet (T,) produced significantly
higher dry matter yield of pearlmillet but was not statistically differed with the
tréétniént le (Peai‘linillet + CIustérbean 2-:1. row 'ratio). Sighiﬁcantly, the
lowest dry matter yield-(-)f-. two _cutsl -of sorghum wéls fecord@d by treatment
'_Tl' (Sole sorghum).-It was at par with treatments T.lp,- Tg, T; and Ts. -

In a single cut of legume crops, significantly the highest dry matter yield
was obtained by treatment T, (Sole clusterbean) but it was at par 1vith
treatments Ts; and Ts. Whereas, treatment Ty (Sorghum + Clusterbean 2:1
row ratio) produced significantly lower dry matter yield of clusterbean
(18.13 q ha™"). However, it was at par with T}y, Ty, T4, T and Te.

In total dry matter yield of cereal crops (two cuts) and legume crops
(single cut), treatment T, (Pearlmillet + Clusterbean 2:1 row ratio) produced
significantly higher dry mater yield (108.18 q ha™) but it was at par with
treatment Ty (Pearlmillet + cowpea 1:1 row ratio) whereas, treatment Tj
(Sole cowpea) produced significantly lower dry matter yield (35.36 q ha™).

However, it was at par with treatment Tj.
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43 BIOCHEMICAL STUDIES
4.3.1 Crude protein content

The data related to cut wise and mean crude protein content (%) as
affected by cereals with legumes intercropping systems are given in Table 15
and the analysis of variance are presented in Appendices 11 and III.

The results revealed that treatment T> (Sole pearlmillet) recorded
significantly higher crude protein (8.45 %), however, it was at par with
intercrops of cowpea and clusterbean in pearlmillet at both row ratios during
1" cut of cereal crops. Whereas, treatment T; (Sole sorghum) and T
. (So‘rg'hl'lm‘ + C(;u}pezi ?'.:.1 r.ow. ratio.)' were -recorded significantly lower
crude protein (7.38 %), however,'.they weré 'af 'par'»\;itﬁ treatments Tg, Ts
' ._and-T-,-. o

During 2™ cut, treatment T, (Pearlmillet + Clusterbean 2:1 row ratio)
recorded significantly the highest crude protein (8.80 %) of pearlmillet,
however, it was at par with crude protein content of Ty, Ty;, T and Ta.
Whereas, treatment T, (Sole sorghum) and Ts (Sorghum -+ Cowpea 1:1
row ratio) recorded significantly lower crude protein of sorghum (7.0 %)
during 2™ cut. However, they were at par with treatments Tg and T;. In a
single cut of legume crops treatment T; (Sole clusterbean) recorded
significantly the highest crude protein (18.60 %) but it was at par with
treatments T3, T7; Tg and Ty;. Whereas, treatment Ty (Pearlmillet + Cowpea
1:1 row ratio) recorded significantly lower crude protein of cowpea

(16.10 %). However, it was at par with treatments T}y, T3, T and Ts.
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Table 15.  Effect of cereals with legumes intercropping systems on crude
protein content (%)
Main crops Intercrops Mean
foul I | G
[ cut [T cut Single cut
T, Sole sorghum 7.38 7.00 - 7.19
T; | Sole pearlmillet 8.45 8.10 - 8.28
Ty Sole cowpea - - 16.38 16 38
T, Sole clusterbean - - 18.60 18 60
Ts | Sorghum + Cowpea (1:1) 7.55 7.00 16.80 Tzod
Te | Sorghum + Cowpea (2:1) 7.38 7.60 16.65 1207
T; | Sorghum + Clusterbean (1:1) 7.80 7.60 18.25 1298
Ts Sorghum + Clusterbean (2:1) 7.50 7.80 18.23 12 94
Ts | Pearlmillet + Cowpea (1:1) 8.10 8.60 16.10 123
Ty | Pearlmillet + Cowpea (2:1) 8.35 8.20 16.38 237
T, | Pearlmillet + Clusterbean (1:1) 8.40 8.60 1830 1335
- Ti2 -| Pearlmillet + Clusterbean (2:1) 8.35 8.80 18.33 T30
SEm=+ 022 0.25 036 | 034
CD a5 % 0.63 073 1.04 099
CV.% 5.44 6.35 4.11 307
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In mean of crude protein content of both the cuts of cereal crops and a
single cut of legume crops, significantly the highest crude protein content was
recorded by treatment T, (Sole clusterbean) than that recorded in rest of the
treatments. Whereas, treatment T, (Sole sorghum) recorded significantly the
lowest crude protein (7.19 %).

4.3.2 Crude fibre content

The data related to cutwise and mean crude fibre content (%) as affected
by cereals with legumes intercropping systems are given in Table 16 and the
analysis of variance are presented in Appendices II and III.

".Ih-e'r.eéults.r'e;/eaiec'l fhz'it t-rea;[ri:lehts; 'Tll, T—,-, .Tg,- Ts aﬁd .Tﬁ beihg at par,

significantly recorded more crude fibre content than that recorded in rest of-the

* -+ treatment during 1* cut of sorghum. -

During 2™ cut, treatment T, (Sole sorghum) recorded significantly
higher crude fibre content of sorghum (35.40 %). It was at par with treatment
T7. In a. single cut of legume crops, treatment Ty (Sorghum -+ Cowpea 2:1
row ratio) recorded significantly higher crude fibre content (33.75 %) but it
was at par with treatments Tho, T3, T5 and To.

In mean of crude fibre content of both the cuts of cereal crops and a
single cut of legume crops, significantly higher crude fibre content was
recorded by treatment T, : sole sorghum (34.61 %) but it was at par with

treatments Tﬁ, T3, T5, T](), T7 and Tg.

™

-
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Table 16.  Effect of cereals with legumes intercropping systems on crude

fibre content (%)
Main crops Intercrops Mean
Trcaments e | Cnutpann
Icut IT cut Single cut

T, | Sole sorghum 33.83 3540 - 34.61
T, | Sole pearlmillet 3235 33.00 - 32.68
T; | Sole cowpea - - 33.63 33.63
T, Sole clusterbean - - 315 3115
Ts | Sorghum + Cowpea (1:1) 33.58 33.78 33.50 33.59
Te | Sorghum + Cowpea (2:1) 33.48 33.85 33.75 33.71
Ts Sorgl_lum + Clusterbean (1:1} 33.83 34.45 31.70 32,92
Tz | Sorghum + Clusterbean (2:1) 33.83 33.85 3L.90 32.87
Ty | Pearlmillet + Cowpea (1:1) 31.60 32.55 33.40 32.74
Tyo | Pearlmillet + Cowpea (2:1) 32.50 3285 33.70 33.19
T [ Peartmillet + Clasteibemn (L) | 3205 | 3283 31.85 3218
T2 | Pearlmillet + Clusterbean (2:1) 32.40 32.60 31.40 31.95
S.Em.+t 0.46 _ 0.42 '0.42 0.61

C.D. atS}%? — 133 . 1.23 1.21 1.76

CV.% 2.78 253 2.55 2.02




Experimental Resulis

44 ECONOMICS OF THE TREATMENTS
4.4.1 Pearlmillet green forage equivalent yield

The data regarding the effect of cereals with legumes intercropping
systems on pearlmillet green forage equivalent yield is presented in Table 17
and graphically illustrated in Fig. 5 and their analysis of variance are given in
Appendix III

The results revealed that treatment T, (Pearlmillet + Clusterbean 2:1
row ratio) recorded significantly higher pearlmillet green forage equivalent

yield (582.06 q ha™), but it was at par with treatment Ty (Pearlmillet + Cowpea

1:1 Tow ra‘ti-o),' whereas, treatment T; (Sole 'sorghu.m) fecbrd‘ed'signiﬁcantly

lower pearimillet green forage equivalent yield (182.93 q ha™) and it was at par-

with treatrn:ept .T4l.(Soie_p?ustgr.béa_n‘). o

Intercropping of pearlmillet and clusterbean in 2:1 row ratio (T;2) and
intercropping of pearlmillet and cowpea in 1:1 row ratio (Ty) recorded 20.98
and 12.20 per cent higher‘ pearlmillet green forage equivalent yield than that
recorded under sole pearlmillet (T>), respectively.
4.4.2 Gross and net realization

The data regarding the effect of cereals with legumes intercropping
systems on gross and net realization in rupees per hectare are presented in
Table 17 and also graphically illustrated in Fig. 6. The analysis of variance for
the same is given in Appendix IIl. The cost of different products and inputs

taken in to consideration for calculation of economics are given in

Appendix IV.
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Table 17. Effect of cereals with legumes intercropping systems on
pearlmillet green forage equivalent yield, net retumn,
benefit : cost ratio and land equivalent ratio

Pearlmillet | Gross | Total Net 1 ]
green reali- | costof | reali-

Treat. forage zation | culti- zation r

No. Treatments equivalent (Rs. vation (Rs. BCR LR
yield ha') (Rs. ha™)
(qha™) ha™) S
T, | Sole sorghum 182.93 [ 13718 | 8971 4747 | 052 | 100
T, | Sole pearlmillet 481.12 | 36084 | 8288 | 27796 | 3.35 | 100 |
T, | Sole cowpea 279.62 | 20969 | 6910 | 14058 | 2.03 Lo
T+ | Sole clusterbean 23147 | 17361 | 6711 | 10650 | 1.58 | 10w |
Ts | Sorghum + Cowpea (1:1) 442,57 | 33193 | 8566 | 24627 | 287 | 1w
Ts | Sorghum + Cowpea (2:1) 385.01 | 28858 | 8701 | 20151 | 231 | 1.75
T, Sorghum + Clusterbean (1:1) 329.08 24680 | 8466 16214 1.91 1ol
Ts | Sorghum + Clusterbean (2:1) 285.62 | 21422 | 8634 | 12788 | 148 | 143
Ts | Pearlmillet + Cowpea (1:1) 539.84 40488 | 8225 32263\~ 3.02 | D)
Trw | Pearlmillet + Cowpea (2:1) 407.04 | 30528 | 8246 | 22282 | 2.70 108
Ty | Pearlmillet + Clusterbean (1:1) | 44348 | 33262 | 8125 | 25137 | 3.9 | IERU)
Ti2 | Pearlmiilet + Clusterbean (2:1) 582.06 43655 | 8179 | 335476} 433 L LAY
|
SEm.z 20.98 - - 983.27 - el
CD.at5% 60.38 - - 2829.13 - | 008
CV.% 10.97 - - 9.58 -
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Experimental Resules.

Economical analysis revealed that maximum gross realization of
Rs.43,655 ha' was secured from the intercropping of pearlmillet and
clusterbean in 2:1 row ratio and the lowest gross realization (Rs.13718 ha™)
was recorded with sole sorghum (T)).

Significantly, the highest net return of Rs.35,476 ha™' was obtained by
treatment Ty, (Pearlmillet + clusterbean in 2:1 row ratio) over rest of the
treatments. Whereas, sole sorghum (T,) recorded significantly the lowest net
return of Rs.4,747 ha™.

4.4.3 Benefit : Cost ratio (BCR)

The data regarding the effect of cereals with legumes intercropping
systems on benefit : cost ratio are presented in Table 17.

The data indicated that the maximum benefit : cost ratio (4.33) was
recorded in the intercropping system involving pearlmillet and clusterbean in

2:1 row ratio. The lower benefit : cost ratio value (0.52) was recorded under

sole sorghum (Ty). However, intercropping of pearimiliet and cowpea in 11 .'

"row, ratio éTg) and sole peartmillet (T3) also performed better with benefit : cost
ratio of 3.92 and 3.35, respectively.
4.4.4 Land Equivalent Ratio (LER)
The data regarding the effect of cereals with legumes intercropping
systems on land equivalent ratio are presented in Table 17 and graphically

illustrated in Fig. 7 and their analysis of variance are furnished in

Appendix IIL




LG4

onel Juajeainba pue] uo sweysAs Buiddoisiajul sawnba) U3l Sjealsd Jo Joayg

SININLVIHL

L

cl

el

vl

9l

FAN

8L

6L

oLL

LEL

ZLl

Land Equivalent Ratio (LER)

(=] -
[4,] - 44}
1

- 5¢

233

Qi

e,

TR T T ST

Yies

ar S

%
LTI LT

YA,

Leyae

s,

i

TR AT > oy 3 SRR
o

o
P

ALLRLY

g

S,

Tatntny

.

ik,

Prake vy

Puintud,l

=,

-'\.5'\.-\_::

ekt

B Seds

A




Experimental Rezults.

A perusal of data indicated that intercropping systems had exhibited
their effect on LER. All the intercropping systems recorded more than
1.00 LER value as compared to sole crops thus, it indicates greater biological
efficiency of the system. Higher value of LER was found in intercropping of
sorghum and cowpea in 1:1 row ratio (1.92) than that found in rest of the
treatments. Intercropping of sorghum and cowpea in 2:1 row ratio (1.75),
sorghum and clusterbean in 1:1 row ratio (1.61) and pearlmillet and clusterbean
in 2:1 row ratio (1.49) recorded 75, 61 and 49 per cent higher LER as
compared to sole cropping of sorghum and pearlmillet. Among the different
intercropping systems, lower value of LER (1.08) was recorded with lreaimenl

Tyo (Pearlmillet + Cowpea in 2:1 row ratio).

pla
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V DISCUSSION

The present study aimed to evolve profitable intercrop and suitable row
ratio, where by a farmer can harvest maximum yield (i.e., as much as sole crop)
and as much additional intercrop yield as possible. To achieve it, two main
crops viz.,, sorghum, pearlmillet and two intercrops viz., cowpea, clusterbean
were intercropped at 1:1, 2:1 row ratios and compared with sole cereal crops
and sole intercrops. During the course of presenting the experimental results,
many significant variations among different treatments were reported. In this
chapter, it is contemplated to discuss the variations observed in growth
parameters and yield under the influence of different treatments. It has been
attempted to establish 'effect and cause relationship' based on the results of
the present investigation duly supported by available evidences and
relevant literature.

... The meteorological data recorded during experimental period indicated
that, in general, the weather conditions were observed more or less normal for,
satisfactory growth and develo.pmént of crops. Hence, whatever variations
observ-eCi. due to the different trea'tments exercised in the experiment are
discussed hereunder ¢
5.1  Effect of intercropping on grc_Jwth parameters
5.2 Effect of intercropping on green forage and dry matter yields
5.3  Effect of intercropping on crude protein and crude fibre contents
5.4  Effect of intercropping on pearlmillet green forage equivalent yield',

economics and LER




[\

)

Discustion,

5.1 EFFECT OF INTERCROPPING ON GROWTH PARAMETERS

A perusal of data presented in Table 9 revealed that the higher plant
population was recorded under both sole crops ie, sorghum and pearlmillet
due to the fact that satisfactory plant population were maintained in sole
cropping systems whereas, reduction in plant pﬁpulation was observed due to
different row ratios maintained in intercropping systems.

It was observed from the Table 10 that plant height of cereal crops and
legume crops were not affected significantly at both cuts of sorghum,
pearlmillet and a single cut of cowpea and clusterbean. It might be due to dwarf
and compact habit of intercrops. However, taller plants of"pearlmillet on the
basis of mean was recorded by treatment T (Pearlmillet -+ Clusterbean 2:1
row ratio). In general, when cowpea and clusterbean were intercropped with
pearlmillet in 1:1 and 2:1 row ratios, plan't of pearlmillet were significantly
taller than that recorded in rest of the treatments of sorghum. This might be due
to development of better complementary relationship: This 'réslllllfs are alsd in
conformity with those reported by Anjeneyulu et al. (1582), Kﬁateeic (1997), |
Ghosh (2002) ana Dadhich and Gupta (2005).

The plant height of cowpea and clusterbean at both row ratios was
higher in intercropping systems when these crops were sown with pearlmillct
or sorghum. This might be due to shedding effect of taller plants of pearlmiilet

or sorghum on legumes resulted into elongation of their main stem.



Dircussion.

The data presented in Table 11 regarding the effect of different
intercropping systems on number of tillers per plant of cereal crops
viz, sorghum and pearlmillet was affected significantly. However, the
maximum number of tillers per plant of pearlmillet was observed under
treatment T, (Pearlmillet -+ Clusterbean 2:1 row ratio) but was remained at par
with treatments Ty (Pearlmillet + Cowpea 1:1 row ratio) and treatment T
{Sole pearlmillet) and treatment T, (Pearlmillet + Clusterbean 1:1 row ratio)
on mean basis.

Number of tillers per plant of S(‘)rghum and pearlmil'let were reduced in
intercrop-ping sys.tem in comparison of their respective sole cropping systems.
This might beldue to the competition offered by intercrops for natural sources
during 1% cut of cereal crops. The intercrops were harvested with 1* cut of
cereal crops. Hence more space, moisture and solar radiation were available to
cereal crops in intercropp_ing sy_stemg after 1% cut Qf cereal crops. Due to [l‘LiS?
more nlllmber of tillers per ‘}'Jlé.nt ofsorghum and i)eérlﬁlilléf V\:rer'e recorded in

intercropping systems than their respéctivéf-sole croi) dur'ing'ZZ“d cut. During

both cuts of cereal crops more number .0f tillers: per plant were recorded in- .

pearlmillet than sorghum. This might be due to very good regeneration ability
of pearlmillet as compared to sorghum. Similar results were obtained by Singh
(1992), Khateek (1997), Ghosh (2002) and Dadhich and Gupta (2005).

The data presented in Table 11 regarding the effect of different
intercropping systems on number of branches of cowpea and clusterbean was

not affected significantly. Number of branches per plant of cowpea and

4 1



clusterbean were reduced in intercropping systems as compared to their
respective sole crop which perhaps due to the fact that competition offered by
main crops (Sorghum and Pearlmillet) for natural resources, resulted in poor
development of intercrops and also due to less space available for horizontal
spread of plants and intraspecific competition for solar radiation. These results
are in corroborating with findings of Singh (1992) and Khateek (1997).

A perusal of data given in Table 12 showed that the effect of
intercropping systems on leaf : stem ratios of sorghum and pearlmillet was not
significant during both cuts and on mean basis. The leaf : stem ratios were
observed higher in intercropping systems as compared to sole crops. The leaf :
stem ratio of pearlmillet was higher in treatment T} (Pearlmillet + Cowpea 2:1
row ratio) during 1%, 2" cut and on mean basis. In legume crops, the leaf : stem
ratio of cowpea was higher in treatment Ts (Sorghum + Cowpea 1:1 row ratio}
however the effect was not 51gn1ﬁcant
52 "EFFECT OF INTERCROPPING ON GREEN FORAGE AND

DRY MATTER YIELDS

It was observed-from the data given in Table 13. that significantly the:
highest green forage yield recorded by sole pearlmillet during 1%, 2™ cut and in
total of two cuts: which could be attributed to higher plant densities in sole
CTops. Intercroﬁping of pearimillet and clusterbean in 2:1 row ratio (T);) had
5.62 per cent lower forage yield as compared to sole pearlmillet in total of two

cuts. This might be due to lower plant density of pearlmillet and also higher



Discussion,

competition offered by clusterbean for natural resources. Yadav and Solanki
(2002) found similar results in case of sole pearlmillet.

Sole cowpea recorded the highest green forage yield during single cut of
legume crops viz., cowpea and clusterbean. Overall the highest total green
forage yield was recorded by treatment T, (Pearimillet + Clusterbean 2:1 row
ratio). It recorded 14.32 per cent higher green forage yield than sole
péarlmillet. The higher yield in intercropping system might be due to the better
uttlization of sunlight, moisture and nutrients. These results are also in
agreement with the findings of Mishra (1964}, Keshwa and Singh (1992) and
Gupta and Meena (1995).

The performance of pearlmillet was better might be attributed to its
tillering habit and plant height over sorghum.

Dry matter yield (Table 14) was significantly affected by different
cropping systems. Signiﬁcaptly. th§ highest_ dr_y matter yield was observcc_i inl ,
) solé‘péar'lmi'llet‘ durmg 1".“,.2;‘d cut and total of two éuté of 'cer'eall'crolps ivh'i'c‘h' -
could be .latfrib.uté'd to higher plant population in sole cropping system.
. Treatment T, was at par with treatment-T);. Intercropping. of pearimillet and .
clusterbean in 2:1 row ratio (T ;) produced 5.35 per cent less dry matter yield
than that of sole pearlmillet (T,) in total of two cuts. This might be due to lower
plant density of pearlmillet and also competition offered by clusterbean for

natural resources.
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Dry matter yield of intercrops were also reduced in intercropping
systems in comparison to their respective sole cropping systems. Such
variations could be ascribed due to decrease in plant densities and also
reduction in number of branches, when grown as intercrop in pearlmillet or
sorghum. Higher competition among main crops and intercrops for natural
resources like moisture, nutrient and sunlight may also resulted in poor dry
" matter yieids of intercrops.

Total dry matter yield was significantly influenced by different cropping
systems. The highest dry matter yield was recorded by treatment T);
(Pear)millet + Clusterbean 2:1 row raii'csj Followed by treatment T, (Pearlmillet

+ Cowpea 1:1 row ratio). These treatments Tj, and Ty recorded 19.48 and

9.95 per cent higher- dry matter yield than :sole pearlmillet, respectively.

Similar results were also obtained by Mishra (1964) and Singh (1992).
5.3 EFFECT OF INTERCROPPING ON CRUDE PROTEIN AND

CRUDE FIBRE CONTENTS |

The crude protein content (%) was differed significantly by cereals with
legumes intercropping systems in individual cut and mean of all the cuts
(Table 15).

Crude protein content of pearlmillet was significantly higher in sole
pearlmillet and in its intercropping systems than the treatments of sorghum
during 1% and 2™ cuts of cereal crops. Between the intercrops, sole clusterbean
and in its intercropping systems recorded significantly higher crude protein

contents. On the mean basis, treatment T, (Sole clusterbean) was superior to

I'.—J ".;
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the rest of the treatments. Similar results were also observed by Roat et al.
(1990). Both legume crops as inter crops in pearlmillet at both row ratios
produced higher crude protein than the treatments of sorghum. The reason for
superior quality forage may be that cowpea and clusterbean being legumes
fixing atmospheric nitrogen could have increased the availability of nitrogen
which might have been utilised by pearlmillet for its growth and ultimately
increased green forage yield and crude protein content.

Crude fibre content was significantly affected by cereals with legumes
intercropping systems in individual cut and mean of all cuts (Table 16).

Crude fibre content (%) of sorghum was significantly recorded higher in
sole sorghum and in its intercropping systems than the treatments of pearlmillet
during 1* cut of cereal crops. During 2™ cut, treatments T; (Sole sorghum) and
T; (Sorghum + Clusterbean 1:! row ratio) being at par and recorded
sign_iﬁcantly higher crudp ﬁ_br_e content than rest of the treatments. In a single
. cut of legume ‘(:i'opé,.sé.'lé bb{ﬁpéa and its 'in'tel'r(':rop_ping systems recorded higher
crude fibre contents than the treatments of clusterbean.

On the mean basis, treatment T, -(Sole -sorghum) recorded the highest
crude fibre content (34.61 %). it was at par with treatments Ty, T, Ts, T, T
‘and Tg. Similar results were also obtained by Singh ef al. (2005).

54 EFFECT OF INTERCROPPING ON PEARLMILLET GREEN

FORAGE EQUIVALENT YIELD, ECONOMICS AND LER

Apart from the competitive effects, prevailing price become an

additional important factor in choosing the components of intercropping

¥
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system. Thus, the yields of intercrops and sorghum were converted in to
pearlmillet green forage equivalent yield and added both the converted yields.
The rest treatments of intercrop yields were also converted in to pecarimillet
green forage yield and added with pearlmillet green forage yield (Table 17
and Fig. 5).

The pearlmillet green forage equivalent yield was 20.98 and 12.20 per
cent higher with treatment Ty, (Pearlmillet + Clusterbean 2:1 row ratio) and
treatment Ty (Pearlmiilet + Cowpea 1:1 row ratio) over sole pearimillet (T,).
This might be due to more yield of pearlmillet, clusterbean and cowpea,
resulted in the higher pearlmillet green forage equivalent yield.

The data on LER (Table 17 and Fig. 7) indicated that 92 per cent higher
yield advantage were found in treatment Ts (Sorghum + Cowpea 1:1 row ratio)
over sole crop of sorghum (T;). This yield advantage in intercropping may be
pq_ssiblg due to combined effect of better utilization of soil moisture, light and
" nutrients by component crops having differential rooti;lg pattern, canopy
distribution and nutrient requirement in intercropping system. These results arc
~also in-agreement with the findings of T;'i;;_athi et al. (1987) and Desale er al.
(2002) in intercropping of sorghum and soybean in 2:1 row ratio.

The highest net realization was observed in treatment T}, (Pearlmillet +
Clusterbean 2:1 row ratio). It was 27.62 per cent higher as compared to sole
pearlmillet. Whereas, the highest BCR values were observed in the same
treatment Ty, (Pearlmillet + Clusterbean 2:1 row ratio) and in treatment Ty

(Pearlmillet + Cowpea 1:1 row ratio) are in order of 4.33 and 3.92,
4
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respectively. Looking to the economics, treatment T, (Pearlmillet +
Clusterbean 2:1 row ratio) gave higher net realization and Benefit : Cost ratio
over other intercropping systems and all sole crops. This might be due to
higher pearlmillet green forage equivalent yield. These results are also
corroborated with the findings as reported by Waghmare et al. (1982),

Waghmare and Singh (1982) and Manoharan and Subramanian (1993).
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VI SUMMARY AND CONCLUSION

An experiment was conducted on loamy sand soil at Agronomy
Instructional Farm, C. P. College of Agriculture, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar to study the effect of
"Forage production potential under cereals and legumes intercropping systems"
during kharif season of 2005. A field experiment was conducted with twelve
treatments in randomized block design with four replications.

The results obtained with respect to treatment effects presented in the
fore-said chapters are summarized hereunder :

[1]  The plant heights of cereal and legume crops were not significantly
influenced with different intercropping systems. Maximum plant
heights of pearlmillet and clusterbean were recorded by treatment
T, (Pearlmillet + Clusterbean 2:1 row ratio).

(2] -Si;gnif-'lcani.tl-y high’er number of tillers pef plant fécofded by 'tre.atm'ent T,
(Sole -pearl'millet)‘ d_uring 1% cut gnd“trea_tr'ncf:nt T _(Pearlmillet +
Clusterbean 2:1 row ratio) during 2nd cut and mean of both cuts.

Number of branches per plant of legume crops was not
significantly influenced with different intercropping systems.
However, higher number of branches was recorded by treatment T,
{Sole clusterbean).

[3]  The leaf : stem ratios of cereal and legume crops were not significantly
inﬂue.nced by various intercropping treatments. T; (Pearlmillet +

Cowpea 2:1 row ratio) recorded maximum leaf : stem ratio of cereal
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crops and Ts (Sorghum + Cowpea 1:1 row ratio) recorded maximum

\
leaf : stem ratio of legume crops. '

[4]  Significantly higher green forage yield was recorded by treatment T,
(Sole pearlmillet) during 1%, 2™ and total of two cuts of cereal crops and
treatment T3 (Sole cowpea) recorded higher yield during single cut of
legume crops.

Overall significantly the highest total green forage yield was
recorded by treatment Ty, (Pearlmillet + Clusterbean 2:1 row ratio).
It was 14.32 per cent higher tha_n T, (Sole pearlmillet).

[S]  Significantly higher dry matter yield Wéé‘. r‘ecor&‘let'ilvlsy.';[fez;tmérl.t Tz
- (Sole pearlmillet)- aﬁring 1%, 2" and total of two cuts of cereal crops.
~ During a single é;ut of legume crops the'.highest; dry “r'natter.'.y.ield_ Was-_

recorded by T, (Sole clusterbean).

Overall significantly higher total dry matter yield was recorded
by treatment le. (Pearlmillet + Clusterbean 2:1 row ratiq). It was
19.48 per cent more than treatment T, (Sole pearlmillet).

[6] Thecrude pro;[ein content was significantly higher by treatment T, (Sole
pearlmillet) duriﬁg 1* cut. Treatment T}, (Pearlmillet + Clusterbean 2:1
row ratio) recorded significantly higher crude protein content during 2™
cut of cereal crops. T, (Sole clusterbean) recorded higher crude protein
content under legume crops. On the mean data basis, significantly higher

crude protein content was recorded by T, (Sole clusterbean).
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s
[7] The crude fibre content was significantly the highest observed with
treatments T, T; and Ts during 1* cut of cereal crops. Treatment T,

(Sole sorghum) recorded significantly the highest crude fibre content

during 2™ cut of cereal crops. In a single cut of legume crops, treatment

T (Sorghum + Cowpea 2:1 row ratio) recorded the highest crude fibre
content. On the mean data basis, significantly the highest crude fibre ;
content recorded by T, (Sole sorghum).

[8] The pearlmillet green forage equivalent yield was found significantly
higher when pearlmillet was intercroppf;d with clpsterbean at 2:1 row
ratio (T2) than rest of the treatments except treatment To.

191 All intércropping- systems received-rﬁore than 1.00 value of LER.

- Significantly higher value of LER was recorded by T; (Sorghum'. e

Cowpea 1:1 row ratio).

[10] The maximum net realization (Rs.35,476 ha') and BCR (4.33) were
recorded in treatment T), (Pearlmillet + Clusterbean 2:1 row ratio)
followed by treatment Ty (Pearlmillet + Cowpea 1:1 row ratio) with net
realization (Rs.32,263 ha™") and BCR (3.92).

CONCLUSION :

The results indicated that intercropping of pearlmillet with clusterbean
in 2:1 row ratio was distinctly superior over sole crops and rest of all the
inte;rcropping systems and securing maximum total green forage yield, total dry
matter yield and found most profitable by realizing the highest green forage

equivalent yield, net return and benefit : cost ratio.




REFERENCES

!|




REFERENCES

Anjeneyulu, V.R.; Singh, S.P. and Pal, M. (1982). Effect of competition free
period and technique and pattern of pearlmillet planting on
growth and yield of mungbean and total productivity in solid
pearlmillet, pearlmillet and mungbean intercropping system.
Indian J. Agron., 27 (3) : 219-228.

Chhabra, A. and Dinh, K.V, (2002). Environmental animal interaction and their
impact of dairying in India. Indian Dairyman., 54 (11) : 38-43.

Dadhich, L.K. and Gupta, A.K. (2005). Growth and yield of fodder pearlmillet
as influenced by sulphur, zinc and intercropping with cowpea.
Fert. News., 50 (3) : 55-57.

Desale, J.S.; Pathan, S.H.; Bhilare, H.L.; Babar, R.M.; Patil, V.S. and Hiray,
R.G. (2002). Intercropping of sorghum with soybean under
rainfed condition. Forage Res., 28 (1) : 52-54.

. De, R.; Gupta, R.S.; Singh, S.P.; Pal, M.; Singh, S.N.; Sharma, R.N. and

Kaushik, S.K. (1978). Intercropping of maize and pearlmillet

with short duration grains_ legumes. Indian J. Agric. Sci., 48 (3) :

' o 132-137. _

i Dubetz, S. and Wells, S.A. (1968). Reaction of Barley varieties to Nitrogen

fertilizers. J. Agric. Sci. Cumb., 70 : 253-256.

_ “FAO (2002) "Food and Agriculture Orgamzatlon" Year Book : Food and

Agrlculture Organization of United Nations, Rome, Italy.

Gangwar, A.S. and Sharma, S.K. (1994). Performance of maize (Zea mays)
fodder legume intercropping system. Indian J. Agron., 39 (1) :
1-3. _

Ghosh, P.K. (2002). Agronomic and economic evaluation of groundnut
(drachis hypogea) cereal fodder intercropping during the post
rainy season. N.R.C. Groundnut. Indian J. Agron., 47 (4) :
509-513.



A

Refrrences

Gill, A.S. and Verma, B.S. (1992). Effect of preceeding sole intercrops on the
succeeding pearlmillet. Haryana J. Agron., 8 (1) : 1-6.

Gill, A.S. and Verma, B.S. (1993). Intercropping studies in summer forage for
the semi-arid tropics for increased forage yield. Indian J. Ecol,
20 (2) : 127-131.

*Gupta, A.K. and Meena, N.L. (1995). Zaid mein Bgjra (Chara} ki Kheti
Sambhav Khad Patrika. 36 (3) : 39-41.

*Hazara, C.R. and Pradeep, B. and Behari, P. (1995). Effect of legumc
intercropping in rainfed pearlmillet on forage yield, micro-
climate and soil fertility. Range management and Agroforestry.

14 (2) : 125-130.

_ Jackson, M.L. (1973). "Soil Chemical Analysis," Prentice Hall of India PvL.

Ltd., New Delhi. pp. 183-192, _
- Keshwa, G.L. and Singh, H. (1992). Response of bajra varieties to nitrogen
grown mixed with clusterbean for forage production in summer.

Haryaina J. Agron., 8 (2) : 157-159.
Khanna, P.; Shrivastava, G.K. and Tripathi, R.S. (1996). Response of fodder

sorghum (Sorghum bicolor) + cowpea (Vigna unguiculaia) 1o

planting geometry and nitrogen schedules. Indian J. Agron.,

41 (4) : 638-641.

Khateek, K.C. (1997). Nitrogen management in pearlmillet' (Penm'sefzrm.

glauczmz"L.) legume intercropping system. Unpublished M.Sc.
(Agrt.) Thesis, Department of Agronomy, R.A.U., Campus,

Jobner.

~ Khot, RB.; Desale, J.S.; Patil, SK. and Pisal, A.A. (1991). Studies on

intercropping of cereal forage with Leucaena leucocephala.
_ Forage Res., 17 (1) : 18-20.
Khot, R.B.; Desale, 1.S.; Patil, S.K. and Pisal, A.A. (1992). Assessment of
forage production potential of maize (Zea mays L.) with forage
legumes in various planting systems. Indian J. Agron., 37 (2).:
343-345.

—

-_—



Refeenzes

Krishna, A.; Rai, Khelkar, S.V. and Sambasiva, R.A. (1998). Effect of planting
pattern and nitrogen on fodder maize (Zea mays) intercropped
with cowpea (Vigna unguiculata). Indian J. Agron., 43 (2) :
237-240.

. :Kumar, K.; Ramana and Bhanumurthy, V.B. (2001). Effect of staggered
sowing and relative proportion of cowpea on the performance of
maize + cowpea Intercropping system. Forage Res., 27 (2) :
105-110.

Kumar, S.; Rawat, C.R. and Melkania, N.P. (2005). Forage production
potential and economics of maize (Zea mays) ar;d cowpea (Vigna
unguiculata) intercropping under rainfed conditions. Indian J.

_Agron., 50 (3) : 184-186.

Manoharan, S.-and Subramanian, S. (1993). Forage production in sole and

mixed stand of cereal and legume under rainfed conditions.
. Mardas agric. J. : 46-49,

*Mishra, D.K. (1964). Agronomic investigation in arid zone. Proc. Symp.
Problems of Indian Arid Zones, Jodhpur. Ministry of Education,
Government of India. : 165-168.

Mishra, R.X.; Choudhary, S.K. and Tripathi,” A K. (1997). Intercropping of
cowpea (Vigna unguiculata), horsegram (Macrotyloma uniforum)
with sorghum for fodder under rainfed conditions. Indian J.
Agron., 42 (3) : 405-408.

Mohammad Ibrahim (1987). Studies on intercropping system in relation to
nitrogen levels in maize. Unpublished M.Sc. (Agri.) Thesis.
Submitted to Haryana Agricultural University, Hisar.

Panse, V.G. and Sukhatme, P.V. (1967). Statistical methods for Agricultural
Workers. Indian Council of Agricultural Research, New Delhi.

Paroda, R.S.; Lodhi, G.P.; Gill, P.S. and Arora, S.K. (1979). Sorghum as a
forage crop. Indian Dairyman., 31 (1) : 55-61.



Referenees.

Pillai, M.; Khedekar, P.K.; Bharad, G.M.; Karunakar, A.P. and Kubde, K.J.
(1990). Water requirement of maize + cowpea forage sysicm.
Indian J. Agron., 35 (3) : 327-328.

Piper, C.S. (1966). Soil and Plant Analysis. Hans Publishers, Mumbai.

Reddy, D.M.; Sunnetha, K.B. and Sultan, M.A. (2004). Based intercropping for
higher biomass and quality fodder production. Forage Res.,
29 (4):217-218.

*Relwani, L.L.; Singh, J.P.; Thomas, C.A. and Lal, M. (1976). Effcct of
varying seed rate of Jowar and cowpea mixture on the yield and
chemical composition of fodder. Annual Report of NDRI, Karnal
(Haryana) : 186-187.

*Roat, D.; Pradhan, L.; Barik, T. and Mishra, S.N. (1990). Studies on pure
stand and cereal legume association of maize, sorghum, cowpeu

~ and rice bean in different proportions. Indian Agric., 34 (1) :
41-46.

Sharma, K.B. (1987). Effect of nitrogen and intercropping of clusterbcan on
yield and quality of pearlmillet (Pennisetum americannum 1.).
Unpublished M.Sc. (Agri.) Thesis, Department of Agronomy,

- R,AU. Campus, Jobner. ‘

Singh, B.; Dhukia, R.S. and Singh, B.P. (2004) Nutnent content and uptake of
forage crops as affected by.intercropping management. /orage
Res., 30 (3) : 167-169.

Singh, B.; Kumar, R.; Dhukia, R.S. and Singh, B.P. (2005) Effect of
intercropping on the yield of summer fodders. Forage Rces.,
31 (1): 59-61.

Singh, P. (1992). Studies on comparative performance of pearlmillet
[Pennisetum americannum (L.) Leek] based intercropping svstem
with different phosphorus levels. Unpublished M.Sc. (Agri)

_Thesis, R.A.U., Bikaner.

ANY
[V



References

*Singh, P. (1993). Lecture delivered on "Advance in forage production
technologies" held at Jhansi organised by IGFRI, Jhansi,
Uttar Pradesh.
Singh, R. and Pradhan, K. (1981). Forage evaluation (First Edition). Allied
Publishers Pvt. Ltd., New Delhi. p. 18.
. Sood, B.R. and Sharma, V.K. (1992). Effect of intercropping level on the yield
and quality of forage sorghum (Sorghum bicolor) intercropped
with legume. Indian J. Agron., 37 (4) : 642-644.
Taneja, K.D.; Hill, P.S. and Kumar, S. (1980). Forage production of sorghum
in association with different ratio of legume. Forage Res., 6 (2) :
227-223.
*Tiwana, M.S.; Puri, K.P. and Gill, G.S. (1979). Assessment of production
potential of forage crops in monoculture and mixture. J. Res.
Punjab Agric. Univ.,, 15(1) : 58-61.
Tripathi, S.N.; Singh, A.P. and Gill, A.S. (1987). Forage production in sole and
mixed stand of cereals and legume under summer conditions.
Indian J. Agron., 32 (1) : 173-175.
Tripathy, R.K.; Pradhan, L. and Rath, B.S. (1997). Performance of maize
.. (Zea mays) and cowpea (Vigna unguiculata) forage intercropping
_ systems in summer. Indian J. Agron., 42 (1) : 38-41.
*'Wag'hmare, A.'B.; Krislinah, T.K. and Sir'l'gh,'S.P. (1982). Crop compatibility
_and spatial arrangement in sorghum based intercropping system.
J. Agric. Sci., 90 (3) : 621-629. o |
*Waghmare, A.B. and Singh, S.P. (1982). Total productivity and net returns of
different sorghum legume intercropping system under varying N
levels. Indian J. Agron., 27 (4) : 423-428.
Yadav, B.D. and Joon, R.K. (1993). Studies on intercropping of pearlmtillet in
. guar. Forage Res., 19 (3&4) : 306-3009.
Yadava, N.S. and Solanki, N.S. (2002). Effect of intercropping of forage
legume with pearlmillet and sorghum in Arid region. Forage
Res., 28 (2) : 77-79.

* Original not seen,




APPENDICES




Appendix1:  Analysis of variance for various growth parameters
Mean square values
. No. of
Plant height (cm) plant” Number of tillers plant™ branches Leaf': Stem ratio
Source of df. " : plant”!
variation - Intercrop Intercrop Intercrop
Main crops sorghum, pearlmillet cowpea, Main crops sorghum, pearlmillet cowpea, | Main crops sorghum, pearlmillet | cowpea,
: clusterbean clusterbean clusterbean
1# cut 2 cut " Mean Single cut 1* cut 2" cut Mean Single cut 1% cut 2 cut Mean Single cut
Replication 3 13.85 238.89 7119 163.:{37_ 0.31 0.25 0.052 0.49 0.00 0.01 0.01 0.01
Treatment 9 305.12 639.13 445.44* 53.87 13.82+ 34.04* 22.84* 0.30 0.02 0.01 0.01 0.01
Error 27 145.34 311.41 i39.97 175.92° 0.17 041 0.10 0.36 0.01 0.00 0.01 0.00

* Significant at 5 per cent.




Appendix I :  Analysis of variance for yields and quality characters - .

Mean square values

Green forage yield q ha™ Dry matter yield q ha” Crude protein content (%) Crude fibre content (%)
Source of ) ) Intercrop ; Main crops sorghum, Intercrop Main crops Intercrop Main crops Intercrop
. d.f. | Main crops sorghum, pearlmillet cowpea, . cowpea, sorghum, cowpea, sorghum, cowpea,
variation . pearlmillet . .
: clusterbean 'a clusterbean | pearlmillet | clusterbean | pearlmillet | clusterbean
S0 ad - 1 st LT x st nd * 5L nd ]
. I 2 Total Single 1 2 Total Single 1 2 Single 1 2 Single
. cut cut cut cut cut cut cut cut cut cut cut cut
Replication 13 572.67 105.95 968.43 776.75 54.68 52.03 128.27 14.08 0.09 | 0.21 0.11 0.74 | 0.81 0.46
Treatment 9 | 12713.31% | 14945.28* | 54733.06* | 7952.64* | 204.67* | 256.33* | 855.75" 174.23* 0.82* | 1.65* 4.04* 2.80* | 3.39* 4.64*
Error 27 383.29 467.41 1077.09 399.07 28.75 30.04 69.73 18.80 0.19 0.25 0.51 0.84 0.72 0.69

* Significant at 5 per cent.
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Appendix III :

Analysis of variance for yields and quality characters, pearlmillet green forage equivalent yield, LER and net realization

Mean square value

Pearlmillet
Source of variation d.f. Green forage Dry matter yield | Crude protein Crude fibre green forage LER Net realization
yield(q ha™') {gha™) content (%) content (%) equivalent yield (Rs.ha™)
(qha'!)
Replication 3 1080.71 69.01 0.38 1.02 15054762.15 0.01- 3461422.72
Treatment n 62820.40* 2237.82* 82.94* 697.17* 609946338.42* 0.39* 335355591.36%
Error 33 1308.04 59.95 0.47 1.49 17617984.44 0.00 3867301.51

* Significant at 5 per cent.
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Appendix IV : Cost of cultivation and inputs taken into consideration {or
calculation of economics

Sg‘ Particulars Rate (Rs.Unit™)
1. | Tractor cultivation charge 200 hr!
2. | Urea 255 bag’
3. | Single super phosphate 160 bag™
4. | Seed price :
(i) |Sorghum 20 kg™
(ii) | Pearimillet Co 20 kg
(iii) | Cowpea | 25 kg
(iv) | Clusterbean - 20 kg
5. | Irrigation charge 400 irrigation™
6. | Man and woman labour _ 30 day™
7. | Pair of bullock -+ Labour charge | .12'0 aa}"l
8. | Green forage price |
: : —
(i) | Sorghum 0.75 kg 1
(i) | Pearlmillet 0.75 kg
(iii) Cowpt?a 1.0 kg’
(iv) | Clusterbean 1.0 kg!
9. | Supervision charge 10 % ;
10. | Interest on working capital 12% i
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