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B8 55055 5l ol slaemalS (55, 135

) (Singh et al., 1992) 35y 5LalS slos Lals cuiS 5
bglsto cusS g (288 5 gty ol Brme ST L3
SIS YL 45 135S IS e g 5 csilyye 05
S g bl S Cilises clacns jllag) 5 o) ol B pae
i ol Loyl pals ecsS a5l ol Gpme 1Sl
i D939 |y (65 oyl cde Ll (Tavassoly er al., 2010)
5ol Llis 395 o w45 13,5 Ly 465 93 glise (glad,
c2ge 9 485 Oy SUS gy gl (23 polis
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Table 2- Water use efficiency of millet, Cowpea and total of two species

Water use efficiency (Kggrain/ m’ water)

S a3 by AigS e ggetme
Treatment Millet Cowpea Total
(A) (g 265

@) s jlolizl  0.471a  0.211a 0.682a
(@) sl 0.317b  0.135b 0.453b
B) el lacuus
(by) 100+0 0.508¢ of 0.508¢
(b) 100+25 0.704a  0.080e 0.784a
(b3) 100+50 0.540b  0.133d 0.673b
(by) 100+75 0.354d  0.166¢ 0.520c
(bs) 100+100 0.261e  0.188b 0.449¢
(be) 0+100 of 0.473a 0.473d
A %X B) Jlae gl
(@1 D) (i 55
(a;b;) 100+0  0.60c 0i 0.60d
(a;b,) 100425  0.84a  0.09g 0.93a
(a;b3) 100+50  0.64b  0.16e 0.80b
(a;by) 100+75 042  0.20d 0.62¢
(a;bg) 100+100  0.31g  0.23c 0.54f
(a, bg) 0+100 0j 0.57a 0.57¢
(@yh) s 38 9
(a,b,) 100+0 0.41f 0i 0.41h
(ayb,) 100425  0.56d  0.06h 0.62¢
(ayb3)100+50 0.43¢  0.10g 0.53f
(ayb,) 100+75  0.28h  0.14f 0.42¢g
(abs) 100+100  0.20i  0.15¢ 0.35j
(aybg) 0+100 0j 0.38b 0.38i

355 (P<0.05) b sine M!S, b 550l (glatob diz igojl 5 (olel i 51 S st Ggy b (sloysSibio ¢ ol b gl 5 cpgias y 5
Means in each column for each factor, followed by the same letters are not significantly different (P<0.05).
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1- Nitrogen recovery efficiency
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Figure 1- Changing of water use efficiency of millet and cowpea as affected by treatments
A- Applying phosphorus biological fertilizer, B- Control (without fertilizer)
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(Biari et al., 2007) 35,5
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d9m1 Btine j 4595 93 goeme g (hbwiia Logd (5] bawy
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Table 3- Seed and biological yield, and seed and biomass nitrogen content of millet as affected by different levels of
biofertilizers and cultivation ratios

o 5 Slos RYIE
Treatment Yield Nitrogen
a1 SO3 03g7 Cnnd
s 2395 i P LER
Grain Biologic Grain Biomass (53n)
(kg ha™) (kg ha™) - LAl o3 ~Lale Ol &
Viscosity Amount  Viscosity Amount
(%) (kg ha™) (%) (kg ha™")
(A) g 555
(@r) 355 ;1 oslisul 1449.86a  4223.44a 0.78a 13.16a 0.60a 30.19a 0.79a
(a2) anLs 972.04b  3189.95b  0.7% 8.96b 0.61a 23.24b 0.77b
(B) cuils’ slacuns
(b1) 100+ 00 1557¢ 4590¢ 0.86¢ 13¢ 0.70c 32 1.0c
(by) 100+ 25 2169a 5735a 0.85d 18a 0.68d 39a 1.39a
(bs) 100+ 50 1660b 4828b 0.86¢ 14b 0.70c 34b 1.07b
(bs) 100+ 75 1068d 3829d 1.00b 10d 0.76b 28d 0.69d
(bs) 100+ 100 792e 3253e 1.08a 8e 0.79a 25¢ 0.5le
(b) 00+ 100 of of Oe of 0e of of
(A B) Jlae 5l
S sl 5 s 395
(a1b) byl
(a;b;)100+ 00 1850c 5186¢ 0.87¢ 16.11c 0.70d 36.22¢ le
(a;b,)100+ 25 2594a 6540a 0.84f 22.2a 0.68f 44.26a 1.41a
(a;b3)100+ 50 1983b 5442b 0.87¢ 17.38b 0.70d 38.82b 1.08¢
(a;b,)100+ 75 1308¢ 4415¢ 0.99¢ 13.01e 0.74c 32.53e 0.71f
(a,b5)100+100 962¢g 3755h 1.07b  10.028h  0.78b 29.29g 0.52i
(a;bg) 00+ 100 0j 0Ok Og 0k Og 0j 0j
(A2b) st 295 yg 20l
(a,b;)100+ 00 1264f 3994g 0.87¢ 11.02g 0.70d 28.02¢g le
(a,b,)100+ 25 1743d 4934d 0.85¢f  15.10d 0.69% 34.19d 1.38b
a,b3)100+ 50 1338¢ 4214f 0.89d 11.99f  0.71d 29.83f 1.06d
2Y3
(azby)100+ 75 864h 3244i 1.01c 8.77i 0.77b 25.06h 0.68¢g
a,bs)100+ 100 621i 2751j 1.10a 6.85j 0.81a 22.36i 0.49h
205 ]
(a,be)00+ 100 0j Ok Og 0k Og 0j 0j

(P<0.05) 5,05 o g BST S0 b 05 (shaiols a2 gosl > 5 o g b slasSibho o Jols 52 (sl 5 s 2 3
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)
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Table 4- Seed and biological yield, and seed and biomass nitrogen content of cowpea as affected by different levels of

biofertilizers and cultivation ratios

o 5yos G395
Treatment Yield Nitrogen
aild SO em aild 8395 Comny
Grain Biologic Grain Biomass LFR
(gha™)  (kgha)  clli e cllE gl (#52)
Viscosity ~ Amount  Viscosity Amount
(%) (kg ha™) (%) (kg ha™")
(A) (got; 555
(@1) 355 51 oalizl 654.36a  3196.85a 231a 16.31a 0.91a 30.31a 0.37a
(ay) als 416.75b  2437.45b  2.36a 9.96b 0.90a 21.92b 0.36b
(B) cuils’ slacuns
(b1) 100+ 00 of of Oe of of of of
(b2) 100+ 25 248¢ 1182¢ 421a 10e 1.81a 21e 0.17¢
(bs3) 100+ 50 409d 2237d 3.00b 11d 1.19b 26d 0.28d
(bs) 100+ 75 512¢ 3247¢ 2.46¢ 12¢ 1.00c 32 0.35¢
(bs) 100+ 100 580b 4295b 2.25¢d 13b 0.82d 35b 0.39b
(bs) 00+ 100 1462a 5941a 2.08d 30a 0.67¢ 40a 1.0a
(AxB) Jlae 5l
byloee (slacans 5 (g 355
(a,b)
(a;b1)100+ 00 0j 0k of 0i 0j 0j Oh
(a;b;)100+ 25 305h 1360i 4.39 13¢ 1.84a 25i 0.17g
(a;b3)100+ 50 510e 2592g 2.85b 14d 1.18¢ 30e 0.29f
(a;b,)100+ 75 643d 3743e 2.47¢ 15¢ 1.0le 37c 0.36d
(a, b)100+100 706¢ 4703¢ 2.29d 16¢ 0.87f 41b 0.40b
(a;bg) 00+ 100 1759a 6799a 2.14e 37a 0.6%h 47a 1.0a
(AzD) (s 355" g ol
(ayb1)100+ 00 0j 0k of 0i 0j 0j Oh
(ayb,)100+ 25 192.07i 1003j 4.32b 8.30h 1.79b 17i 0.16g
(a,b3)100+ 50 307h 1881h 2.80bc 8.68h 1.16d 22h 0.26f
(ayby)100+ 75 381g 3750f 2.25d 9.32¢g 1.00e 27g 0.33¢
(a,bs)100+ 100 454f 3886d 2.20de 9.98f 1.78¢g 20f 0.39¢
(a,bg)00+ 100 1164b 5102b 2.02e 23.49b 0.651 33d 1.0a

(P<0.05) 3,5l ine M| 1085 b S0l (chaiols ain 9051 53 S o By s (sloySilee ol o gl 5 cysis o >
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)

Festuca rubra) js,8 Sgiud g puiS bolswe cuilS awyp o

Sy S gl €S 0 (95 (gl & Wy o (L.
&9y siolojl > (Touzi et al., 2010) cuily galS pu5 Ll
O3S 039 @b w6815 5 o3s s clie polie I
Ot (Ameri et al., 2007) coil (]38l Csllas 115 s
» (Aggawell et al., 1992; Richards et al., 2002) ;5 5>

55 g paS 6yl bl cutS 56 ) tlefl b
sanliie Koocheki ef al, (2010) <59yt byme 9 wls o],18
9 PSS sl 0ot e DS peS g oyt 4 W8
e ) A5 Lols Lalls cuiS g bglke CulS )3 a5y b
SB ois eollae Cla Gl Glyd GaSeald ) g9d9e
P ods oS il aes ) g bglwe cuiS ) e bawgs
55,5 ol S5 | auslis » byl
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Table 5- Available nitrogen of soil as affected by different levels of biofertilizers and cultivation ratios

Sesd SK 5395
Treatment Nitrogen of soil
Sob s 395 il glacums SIS IS el e
Block Biofertilizer Cultivation ratio Before After X I
555 5 o3lixus! 33) Lug! planting harvesting thkf;/rlcle:‘l)ce
’ Millet Cowpea (kg/ha) (kg/ha)
Appling 100+00 59.3 7.0 523
100+25 59.2 4.7 54.5
\ 100+50 59.4 3.59 55.81
100+75 59.1 2.16 56.5
100+100 59 1.0 58
00+100 59.5 14.5 45
Aol
Control 100+00 59.1 12.8 46.3
100+25 59.4 10.9 48.5
100+50 59.2 9.9 493
100+75 59 8.5 50.5
100+100 59.2 7.2 52
00+100 58.9 23.1 35.8
Y 368 3l oolaul
Appling 100+00 58.8 7.5 513
100+25 59.0 5.4 53.60
100+50 59.2 42 55.0
100+75 59.2 3.7 55.5
100+100 59.4 2.4 57
00+100 59.0 15 44
Aol
Control 100+00 59.3 13.8 455
100+25 59.5 11.9 47.6
100+50 59.3 11.1 48.2
100+75 59.2 9.6 49.6
100+100 59.1 8.1 51.0
00+100 58.9 24.1 34.8
Y 368 3l oolaul
Appling 100+00 58.9 8.1 50.8
100+25 59.0 5.9 53.1
100+50 59.2 4.7 54.5
100+75 59.0 4 55.0
100+100 59.3 2.8 56.5
00+100 59.2 15.7 435
Aol
Control 100+00 59.1 14.1 45
100+25 59.4 12.3 47.1
100+50 59.1 11.4 47.70
100+75 59.3 10.2 49.1
100+100 59.0 8.5 50.5
00+100 59.5 25.2 343
S 55 5ot 8N s 355 (PO.05) o i 05854 S50 3358 s
Soslitul ylass )3 43g5" 93 ggaome 9 ugh ()l (39 Sfolgn b 3yShes S Spgods 45 3y Sl b oS

392 Mo VYA g AYIF OV/E i aald 4 Cod () 395 U Coog 00,8 o iy 039iCu) x4 (4) (ooladl
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Table 6- Nitrogen recovery, physiological and use efficiencies of millet, cowpea and total two species

s o, Sajesn b 2T, Span 21,5
Recovery efficiency (%) Physiologic efficiency (kg/kg) Use efficiency (kg/kg)
Sosd o3 by a5 93 o3 by A 9 03! by A 9
Treatment Millet Cowpea Total Millet Cowpea Total Millet Cowpea Total
(A) s 255
(a1) 258 3 elau! 56a 58.5a 1145a 394a 17.1a 56.5a 273 a 13.6a 40.9 a
(a2) L 48.5b 49.5b 98 b 344b 14.8b 49.2b 20.8b 10.2b 31.0b
B) cusls’ slacows
(by) 100+ 0 66.7b 0f 66.67 f 48.6 ¢ 0f 48.6 ¢ 32.5b 0f 32.5d
(by) 100+ 25 77.7 a 425e 120.2 a 553a 115e 66.8 a 432a 49e¢ 48.1a
(bs) 100+ 50 66.8 b 52.2d 1184b 489b 152cd 64.1ab 32.8b 8.0d 40.8 b
(bs) 100+ 75 55.1c 62.1 ¢ 117¢cb 37.8¢c 15.7bc 5350 2lc 9.8 ¢ 30.8¢e
(bs) 100+ 100 47.7d 659b 113.6d 30.8d 16.3b 47.1c 14d 10.8b 24.8f
(bs) 0+ 100 Oe 101.7a 101.7e Oe 37a 37d Oe 37.7a 37.7¢
(A% B) Sl
(@1 D) (s 355
(a;b1)100+ 0 71b 0j 71h 51b 0h S5le 36b 0h 36d
(a;b,)100+ 25 83 a 47 g 130 a 59a 123 f 713 a 49 a 6f 55a
(a,b3)100+ 50 72b 56 £ 128 b 52b 17¢ 69 b 37b 9d 46 b
(ai1by) 100+ 75 59d 68 d 127b 41d 17¢ 58d 24d 12¢ 36d
(a;b5)100+100 Sle T2¢c 123 ¢ 33e 18 ¢ S5le 17e 13¢ 30e
(a1bg) 0+ 100 Og 107 a 107 e Og 39a 39h Og 4l a 4l c
s 355 g
(azb)
(ayb;)100+ 0 62 ¢ 0i 621 45¢ 0h 45h 28c 0h 28 ¢
(a;b;)100+ 25 72b 38h 110d 51b I1g 62 ¢ 37b 4g 4l c
(a,b3)100+ 50 63 ¢ 46 g 109d 46 ¢ l4e 60 c 29¢ 6f 35d
(ayb,)100+ 75 50e 56 £ 106 e 35e l4e 49 f 18d 8e 26 f
(a,bg)100+ 100 43 f 60 e 103 f 28 f 15d 43 g 13f 9d 22g
(abe)0+ 100 Og 96 b 9% g Og 34b 341 Og 33b 33d

(P<0.05) 35,5l ixe M| 1,085 b S0l chaiols w9051 55 S o B> by (sloysilee ol o gl 5 s po 3
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)
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Figure 2- Changing of nitrogen recovery efficiency of millet and cowpea as affected by treatments: A- applying phosphorus
biological fertilizer, B- Control (without fertilizer)
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Introduction

Nowadays, increasing world population, destruction of natural resources followed by the confirmed need to
increase food production are the basic challenges of the world. The appropriate solution for this challenge is
sustainable agriculture based on consuming different kinds of biological and organic fertilizers, with the purpose
of elimination and considerable decrease of agrochemicals. Phosphorus biological fertilizer consisted of two
genus of bacteria, Bacillus spp. and Pseudomonas spp., helps plants to absorb phosphorus dissolved in soil by
two mechanisms, excreting organic acids and phosphate enzyme.

Improving nitrogen use efficiency is a principle strategy to increase sustainability in agricultural systems.
Some of management options which are effective on increasing nutrients efficiency in agro-systems are
intercropping, rotation and green manure application. Utilizing fixed nitrogen of legumes by cereals is the
advantage of intercropping legumes and cereals. Intercropping systems are practical and suitable samples for
increasing water use efficiency in agriculture. Francis (9) believes that in case of water limitation, the best way
to improve water use efficiency is intercropping.

The purpose of the present study was evaluating sole cropping system, intercropping common millet
(Panicum miliaceum L.) and cowpea (Vigna unguiculata L.) and the role of biological fertilizer to achieve the
most suitable combination of growing these two species crops and fertilizing recommendations with the purpose
of suitable yield and resources use efficiency.

Materials and Methods

This experiment was conducted at a farm in Najafabad-Isfahan, during growing season of year
2013-2014. The experimental treatments were arranged in split plots based on a randomized complete
block design with three replications. Two levels of phosphorus biofertilizer a; (seed inoculation with
Bacillus spp. and Pseudomonas spp. rhizobacteria as Barvar 2 biofertilizer®) and a, (control=no
inoculation) were assigned to main plots. The sub-plots including b, (sole cropping of millet), b,
(millet100%+ cowpea25%), b; (millet100%+ cowpea50%), bs (milletl100%+ cowpea75%), bs
(millet100%+ cowpeal00%) and be (sole cropping of cowpea). The distances between the rows in all
treatments were 50 centimeters and the distance between two plants on each row of the sole millet was
8.6, for sole cowpea was 10.7 centimeters (with density of 200 and 160 thousand plants per hectare).
In additive ratios the distances between the plants on all rows were 4.3 centimeters for millet as the
fixed plant and 21.4, 10, 7, 7.1 and 5.4 cm for cowpea (with density of 4, 8, 12 and 16 plants per m’)

which were on the parallel rows with millet.
Water use efficiency for grain yield was calculated from equation 1(8) and nitrogen efficiencies (including:
recovery, Physiological and use) also were calculated by using the equation 2, 3 and 4 respectively.
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Results and Discussion

The results of this experiment showed that the effect of Barvar 2 biofertilizer® on WUE, NRE, NPE and
NUE was significant (P<0.05). In addition, the effect of cropping ratios on all measured traits was significant so
that the most (0.704, 0.473 and 0.784 kg.m™) water use efficiency, nitrogen recovery efficiency (77.7, 101.7 and
120.6%), nitrogen physiological efficiency (55.3, 37 and 66.8 kg.kg") and nitrogen use efficiency (43.2, 37.7
and 48.7 kg.kg") observed respectively for millet in ratio of millet 100%+ cowpea25%, for cowpea in sole
cropping and for total two species also in ratio of millet100%+ cowpea25% was obtained.

Conclusions
The results of this experiment showed that the management based on true understanding of ecological basis
and principles of intercropping systems and application of biofertilizers could be an ecological approach for
increasing productivity and best usage of resources (water and nitrogen) in order to achieve suitable production,
decrease expenses and dependence to expensive foreign inputs, eliminate pollution and bioenvironmental
pressures on sustainable agricultural systems.
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