
T his is a  refereed journal and all articles are professionally screened and reviewed                       ORIGINAL ARTICLE

Advances  in Environmental Biology, 3(1): 15-20, 2009

ISSN 1995-0756
© 2009, American-Euras ian Network for Scientific Information 

15

Corresponding Author

Amir Mahdi Khalatbari, Department of Agronomy and Plant Breeding, Agriculture University of
Tehran
E-mail:  magnificent_pal@yahoo.com

Evaluation of Intercropping Forage Sorghum with Pearl Millet at Different Row
Proportion and Plant Densities in Semi-arid Areas. 

Amir Mahdi Khalatbari, Muhammad Bagher Hosseini, Amir Ali Khalatbari, Omid Reza1 2 3 4

Zandvakili Amir Hossein Eslampour5

Department of Agronomy and Plant Breeding, Agriculture University of Tehran1,3,4

Department of Agronomy and Plant Breeding, Faculty of Agriculture University of Tehran2

Department of Husbandary, Agriculture  Azad University of Varamin5

A mir Mahdi Khalatbari, Muhammad Bagher Hosseini, Amir Ali Khalatbari, Omid  Re za

Zandvakili, Amir Hossein Es lampour: Evaluation of Intercropping Forage Sorghum with Pearl
Millet at Different Row Proportio n  and Plant Dens ities  in Semi-arid Areas : Am.-Eurasian J.
Sustain. Agric., 3(1): 15-20, 2009

ABSTRACT

In order to s tudy the effects  of in t e rc ro p ping forage Sorghum(KFS2) with Pearl Millet at different
row proportion and plant d e n s it ie s  in semi-arid areas  an experiment was  conducted at the research farm
of Tehra n  Un iv e rs it y  in the year of 2005.the des ign was  in split plot arrangement with three
replications . The main factor cons is ted of three differe n t  dens ities : 200000, 270000 and 340000 plants
per hectare. The second factor cons is ted of seven differen t planting proportions : pure s tand of Sorghum,
pure s tand of Pearl Millet, 75% Sorghum+25%Millet, 75% Millet+25% So rg h um, 50% Sorghum+50%

Millet, 100% Sorghum+20% Millet and finally 100%  M illet+20% Sorghum. To take into cons ideration
the evaluat io n  o f fodder yield production on dry matter bas is  per unit area; the pure s tand of Sorghum
had the highes t yield in firs t harves t. W h e re a s  the second harves t, the highes t dry weight of fodder

went to pure s tand of Pearl Millet. Evalu a t ion of yield in each plant in the firs t and second harves ts
resulted in efficiency of intercropping of these plants  which in combination 75% So rg h um+25%Millet
wa s  o b t a ined as  the highes t one for both Sorghum and Pearl Millet. The different row proportion of

fodder Sorghum intercropped with Pearl Millet s ignificantly affects  forage quality. The combination of
75% sorghum+25% mille t  obtained the highes t percentage of Diges tive Dry Matter (DMD) and
carbohydrate. The highes t percentage of Crude Protein  (CP) was  belonged to pure s tand of sorghum.

Evaluation of Land Equiv a lent Ratio (LER) indicated that the highes t one is  obtained by the
combination of 75% Millet +25 % Sorghum (LER=1.43).

K e y  w ords: Intercropping, Fodder Sorghum, Pearl Millet, forage dry weight yield and Land Equiva le n t
Ratio.

Introduction

Total forage p roduction of an intercropping

sys tem is  dependent on the enhan c e me nt or
suppre s s io n  o f e a c h  s p e c ie s . In t e rspecies
competition for g rowth resources , such as  water

and lig h t , can result in suppress ion of growth
and biomass  accumulation in the less  competitive

s p e c ie s . Re p o rt  in  t h e  lit e r a t u r e  s h o w
contradic t ory intercropping effect on total forage
yield [2].

The efficiency of intercrop p ing sys tem can be
evaluated by the land equivalent ratio (LER),
defined as  the total area required under sole

cropping to produce the equivale n t  yields  obtained
under intercropping.
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LER = La + Lb = (Ya / Sa) + (Yb / Sb)

W here Sa  a n d Sb are sole crop yields  of the
component crop a and b, and Ya and  Yb are

t h e  yields  of component a and  b  in  t h e
intercrops . A total LER value greater than 1.0
indicates  advantages  from intercropp in g in terms

of the use  o f environmental resources  for plant
g ro wth. Value La and Lb greater t h a n  0.5
indicate advantage for an individual sp e c ie s  in

intercropping sys tem over the sole cropping.
In an intercrop sys tem, diffe re n t  ro w

proportion a n d  d e ns ities  alter the amount of light

transmiss ion to lower layers  of the crops  and
affect the competition of species  fo r light, water,
and nutrients . Compared with corresponding sole
crop, yield advantages  have be e n  recorded in

ma n y  i n t e r c r o p p i n g  s y s t e ms , in c lu d in g
ma ize / s o y b e a n[10,6], sorghu m/ s o y b e a n [3].  In
ma ize / s o y b e an s trip intercropping, W est a n d

Griffith [10] observed a  26%  increase in maize
yield. Ghafarzadeh et al. [6] found th at s trip
intercropping had 20-24% greater maize yields .

Imp roved crude protein content of forage has
been found in cereals  intercropped with field pea
(P i su m sa t i v u m L .) c o mp a re d  wit h  s o le

cropped[2].
Cereal forage was  also found to have lower

neutral detergent fibe r (NDF) and acid detergent
fiber (ADF) contents  in intercropping sys tems[2].

The objectives  of this  s tudy were to
determine yield advantage and fo ra g e quality of

the intercropping sys tem in sorgh um intercropped
wit h  pearl millet in semi-arid areas  and als o
effect of diffe rent proportions  and dens ities  on

forage yield, crude protein, (DMD), carbohydrate
a n d  fin a lly  LER o f s org h u m-p e a rl mille t
intercropping sys tem.

No serious  incidenc e  o f insects  or diseases
was  observed. The crop was  hand-we eded once
one a n d  h a lf month after sowing to keep the
field weed-free.

Materials  and methods

In order to s tudy the  e ffects  of intercropping
forage Sorghum(KFS2)  with Pe a rl M illet at
different row proportion and plant dens ities  in

semi-arid areas  an experiment was  conducted at
the resea rch farm of Tehran Univers ity in the
year of 2005.the des ign wa s  in  s p lit  p lot

arrangement with three replications . T he main
factor cons is ted of three diffe re n t  d e n s ities :
200000, 270000 and 340000 plants  per hectare.

The second fact o r cons is ted of seven different
planting pro p ortions : pure s tand of Sorghum, pure
s tand of Pearl Millet ,  75% Sorghum+25%Millet,

75% Millet+25% Sorg h u m, 50% Sorghum+50%
Millet, 100%  Sorghum+20% Millet and finally
100% Millet+20% Sorghum.

T h is  e xp e rime nt was  des ign e d  a s  a

randomized complete block with a  s p lit plot

arrangement of treatments .
T h is  experiment was  conducted at the

research farm of Tehran Univ ers ity (51 degree E

lat; 35 degree E, 47 d e g ree N long; 1312 m
elevation). The 38-yr average annual precipitation
is  265 mm (as  semi-a rid area) and the annual

average temperature is  13 degree C.
The sample  of field soil is  clay Loam and

pH=7.9. Each plot is  cons is t of 6 ro ws  with 50

cm dis tance between lines  and the length is  5
cm, dis tance between seedlings  on each line is
10cm. To omit marginal effects , firs t and s ixth

see d lin g s  a re  e limin a t e d . Chemical fertilizer,
p h o sphate 250 kg per ha before cultivation, 150
kg split urine per ha were cons idered. 

Sorghum cultivar was  (KFS2) wh ich is  local

cultivar.
Traits  are as  follows: fodder y ield production

on dry matter bas is  per unit area, fodder yield

productio n  in each plant, percentage of diges tive
d ry  m a t t e r  (DM D), c ru d e  p ro t e in  (CP),
carbohydrate and finally land equivalent ra tio

(LER).    
To evaluate the qu a lit y traits , NIR device

(Near Infra Red) was  used. The des ign was  in

split plot arrangement with three replications .
Statis tical evaluations  a re  e s t imated by

MSTSTC, and SPSS. 

Results  and discuss ion

Results  of variance analys is  in firs t harves t
and second harves ts  showed that row proportion
had significant effects  on yield production on  d ry

matte r b a s is  per unit area and yield in each
plant for both sorg h u m and pearl millet (P <
0.01).

Analys is  of variance (ANOVA) for split plot
bas e d  o n  RCB d e s ig n  wa s  p e rformed to
determine dens ity and intercroppin g  pattern effect
on sorghum and pearl millet dry matter yield  ,

y ield in each plant, crude pro t e in , (DM D),
carbohydrate and LER.
There was  s ignificant dry matter yield a n d yield

in each pla n t  advantage of sorghum/pear millet
intercropping. The dry  ma tter yield and yield in
each plant were incre a sed regardless  of plant

density. It indicates  that yield adv a n t age of
intercropping was  affected by different proportions
of intercropping.  

The pure s tand of Sorghu m h a d the highes t
dry yield in firs t ha rv e s t. W hereas  the second
h a rv es t, the highes t dry weight of fodder went to

pure s tand of Pe a rl Millet (fig 1). Evaluation of
yield in each plant in  t h e firs t and second
harves ts  resulted in efficiency of intercro pping of

t h e s e  p la n t s  wh ic h  in  c o mb in a t io n  75%
So rg hum+25%Millet was  obtained as  the highes t
one  for  both  Sorghum  a n d   Pearl Millet

(fig 2). 
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Table 1: ANOVA based on randomized co m p l et e b l ock designed (RCBD) for dry matter yield and yield in each plant of

Sorghum and Pear Millet (first harvest)

SOV df dry matter yield yield in each plant

Block 2 170/0 397/4

Factor A 2 n.s 851/1 n.s778/2

Error A 4 360/0 825/12

Factor B 6 8/8** 9/27796**

A*B 12 062/0 n.s 130/1 n.s

Factor B 36 095/0 183/2

T otal 62

**: Significant at 1% level, ns: not significant.

Table 2: ANOVA based on randomized complete block designed (RCBD) for dry matter yi el d  an d  y i eld in each plant of

Sorghum and Pear Millet (second harvest)

SOV df dry matter yield yield in each plant

Block 2 006/0 476/1

Factor A 2 012/0 n.s 857/1 n.s

Error A 4 015/0 476/5

Factor B 6 4/32** 2/31590**

A*B 12 003/0 n.s 450/1 n.s

Factor B 36 003/0 661/1

T otal 62

**: Significant at 1% level, ns: not significant.

Table 3: LER of Dry matter yield for Sorghum and Pear Millet at different Intercropping patterns

T reatments Land Equivalent Ratio(LER)

----------------------------------------------------------------------------------------

Sorghum Pearl Millet T otal

T 3   81/0 56/0 37/1

T 4 66/0 77/0 43/1

T 5 71/0 71/0 42/1

T 6 67/0 56/0 23/1

T 7 53/0 68/0 21/1

Table 4: Forage quality of Sorghum at different row proportion

different row proportion carbohydrate Crude Protein (CP) Digestive Dry Matter (DMD)

T 1 5/15b 7/15a 7/66b

T 3 7/17a 5/12d 3/70a

T 4 5/13d 3/13 c 4/65b

T 5 7/14 c 2/11 e 3/58 c

T 6 3/13d 3/12d 9/58 c

T 7 09/13d 2/14b 1/58 c

Table 5: Forage quality of Pear Millet at different row proportion

different row proportion carbohydrate Crude Protein (CP) Digestive Dry Matter (DMD)

T 2 7/12b 7/14b 7/64b

T 3 06/14a 4/13 c 05/64 c

T 4 6/14a 2/15a 8/65a

T 5 3/12b 8/13 c 7/64b

T 6 6/11 c 2/11d 7/61d

T 7 8/11 c 06/11d 6/61d

Pure stand of Sorghum=T 1

Pure stand of Pearl Millet=T 2

75% Sorghum+25%Millet=T 3

75% Millet+25% Sorghum=T 4

50% Sorghum+50% Millet=T 5

100% Sorghum+20% Millet =T 6

100% Millet +20% Sorghum=T 7

Table 6: ANOVA based on randomized co m plete block designed (RCBD) for forage quality of Sorghum intercropped with Pear

Millet

SOV df carbohydrate Crude Protein (CP) Digestive Dry Matter (DMD)

Block 2 045/0 179/0 029/0

Factor A 2 011/0 n.s 037/0 n.s 073 /0 n.s 

Error A 4 072/0 033/0 934/0

Factor B 6 09/301** 4/245** 2/5310**

A*B 12 018/0 n.s 009/0 n.s 353/0 n.s 

Factor B 36 022/0 020/0 544/0

T otal 62

 : **: Significant at 1% level, ns: not significant.
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Table 7: ANOVA based on ran d o m i zed complete block designed (RCBD) for forage quality of Pear Millet intercropped with

Sorghum

SOV df carbohydrate Crude Protein (CP) Digestive Dry Matter (DMD)

Block 2 009/0 017/0 036/0

Factor A 2 005/0 n.s 014/0 n.s 16/0 n.s

Error A 4 010/0 017/0 031/0

Factor B 6 08/225** 8/249** 9/5256**

A*B 12 012/0 n.s 008/0 n.s 18/0 n.s

Factor B 36

T otal 62

: **: Significant at 1% level, ns: not significant.

Fig. 1: Dry matter yield of So rg h u m a n d  Pear Millet (firs t and second harves t) at different

Intercropping patterns

Fig. 2: Dry matter yield of Sorghum and Pear Millet (firs t and second ha rv e s t ) in  e ach plant at
different Intercropping patterns

The results  sugges t that sorghum a n d  pear
millet benefite d  from intercropping in terms  of

yield in each plant. Regarding to results  which
are obtained, there  was   no  inters p e c ies  

competition  between intercropped sorghum and

pear mille t during growth s tage. Because neither
of them was  dominated species .

The trade-off between increas ing the yield of

dominan t  s pecies  has  three poss ible outcomes  for
in t e rc ro p p ing sys tem, i.e . y ie ld  a d v a n t a g e

(LER>1), yield  d isadvantage (LER<1) and the

intermediate result (LER=1) (vander meer, 1989).
The result of present experiment however s h o we d

the yields  of intercropping sorghum and pear

millet were all increased by intercropping.

The different row proportio n of fodder
So rg h u m  i n t e rc ro p p e d  wit h  Pe a rl M ille t

s ig n i f i c a n t ly  a ffe c t s  fo ra g e  q u a lit y . T h e
combinat ion of 75% sorghum+25% millet obtained

the highes t percentage o f Diges tive Dry Matter

(DMD) and carbohydrate. The highes t perc entage
of Crude Protein (CP) was  belonged t o  pure

s tand of sorghum. 

Evaluation of Land Equivalent Ratio (LER)
indicated that the h ig h e s t one is  obtained by the

combination of 75% Millet +25 %  So rg h u m

LER=1.43 (fig 3).
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Fig. 3: LER of Dry matter yield for Sorghum and Pear Millet at different Intercropping patterns

Discussion

Yield in each plant advantage of in t ercropped

sorg h u m and pear millet came from pos itive

effects  in the sorghum/pe ar millet intercropping
the former in a g re e ment with the literature. Yield

increas e s  in maize/soybean  s trip  intercropping

 sys tem  were primarily  d u e  to increase in
maize adjacent to soy bean[10]. In c a n o la and

s oy bean s trip intercropping, land equivalent rat io s
(LERs) were s ignificantly greater than 1.0.

Su periority of green fodder yields  of pear

millet and sorghum was  perhaps  due t o a higher
number of tillers , higher fodder y ie ld obtained

due to more  rapid dry matter accumulation in

sorghum and pear millet.[7]. 
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