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Table 1- Characteristics of the soil and vermicompost
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Table 2- Analysis of variance of irrigation levels and fertilizer treatments effect on yield, yield components and harvest
index of sunflower

Sl po (pSSbo
Mean of squares
e 0 FRIRE: 039 3)Slos
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o . o 2399 .o
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)"g’ . 2 5.66™ 2919.46" 16814.30™ 5.55™ 7361.79™ 12718.22™ 38.37™
Replication
%”L’f_' 1 254.8" 1162480.1"  1008053.417  2535.18™  603145.35"  4194490.74" = 496.46"
Irrigation
8 sl 2 7.61 14378.39 12800.30 7.41 4043.46 60183.41 23.83
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xirrigation
b s
32 1.38 4790.97 9123.11 33.04 2667.52 21465.54 20.52
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ns, * and **: Non significant and significant at 5 and 1% probability levels, respectively.

A Sy a3l g (Sidem 3, las il 3, Slas i 4 HI 4 BY GY
GY, BY and HI: Are seed yield, biological yield and harvest index, respectively.
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Table 3- Means comparison of studied traits in irrigation levels and fertilizer treatments
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o (f:f“;“’ ) &b (o) (@psio s (pgie ppf) by
Treatments i r(;a ¢ Head Seed per 1000- Seed Seed yield Biological yield Harvest
?crr?)er weight (g) head weight (g) (g.m?) (g.m?) index
Sl zobw

Irrigation levels
I, 17.92% 937.81° 1147.04° 58.52° 423.67° 1463.59° 29.19°
I, 13.58° 644.37° 873.78° 44.81° 212.30° 906.19° 23.21°

355 glgil

Fertilizer types
vV 17.03° 892.83° 1162.50% 54.17% 404.67° 1388.17° 25.52%
Vcf 16.95® 902.33° 1112.83 56.67° 405.33% 1298.67™ 30.83°
Ccf 16.72% 1052.50° 1250.67° 55.83% 418.83° 1679.83° 24.11°
Hcf 16.70% 794.83° 1043.17% 49.17%¢ 304.83 1169.00% 25.71%®
Pcf 15.77%¢ 798.17¢ 953.17d 53.33® 317.17° 1078.50% 28.85®
Na 15.42° 584.00° 836.50f 48.33" 219.17¢ 933.17¢ 23.38°
Pv 15.05% 738.17¢" 992.00% 50.00%¢ 300.33" 1091.17% 26.90%®
P 14.07¢ 691.00° 832.33f 52.50% 247 50% 1018.67% 24.06°
Pvcf 14.05¢ 666.00° 910.50°" 45.00° 244.00% 1006.83% 23.04°

{Akbari et al., 2009) l)Ken g 5 ST bawgs s, Sokd] oLS 5

S5l gxe M deoyd iy et a3 5SSl 9051 (bl
* Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).
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(l;: Optimum irrigation, I,: Deficit irrigation, Ccf: 100% of the recommended fertilizer, Hcf: %2 Proposed fertilizer, Na: No fertilizer,

V: Vermicompost, P: Phospho nitro kara, Pv: Phospho nitro kara+ Vermicompost, Pcf: Phospho nitro kara+ %2 Chemical fertilizer,
Vcf: Vermicompost+ % Chemical fertilizer and Pvcf: Phospho nitro kara+ Vermicompost+ % Chemical fertilizer)
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Fig. 1- Effect of chemical and bio-fertilizer on sunflower head weight under irrigation levels
P ngueS ayg V365 B pan pic INQ s dlgiiiy olowd 395 4o y> B0 THCF o sl (oliows 358 2oyd 100 1CCF ¢ ¢ )Ll i iy ey )bl 01h)
+l)159)w9@.-3 PVCf 9 dL.wuu .\95 o)y 50 +w5«.¢5@)9 VCf ‘L,L.«..u 395 Lo yd 50 +l)159)w9@.-3 PCf swy&f@» +l)159)w9@.-3 PV sl)L<5).uJ9.Qm5
(cs2lbossd 295 2103 50 FcgeaS a9
(l1: Optimum irrigation, I,: Deficit irrigation, Ccf: 100% of the recommended chemical fertilizer, Hcf: % Proposed fertilizer, Na: No

fertilizer, V: Vermicompost, P: Phospho nitro kara, Pv: Phospho nitro kara+ Vermicompost, Pcf: Phospho nitro kara+ %2 Chemical
fertilizer, Vcf: Vermicompost+ % Chemical fertilizer and Pvcf: Phospho nitro kara+ Vermicompost+ % Chemical fertilizer)

51055l gxe M aoyd gy Jless] pdaw 0 5SS el bl g alie g eyl (o Silio

Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).
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Fig. 2- Effect of chemical and bio-fertilizer on seed number per head of sunflower under irrigation
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Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).



1395 s L o placs 8 Al 5359l slich pgp 415t 114

5 s 395 Cliwd 0a S s 5 (g oA CanlS ko
2 Fye slocigarn g lom 3l 92y g Ol (5SS )05 cpizmen
le Bl e CusgraS o)y (] 295 53 ol 3 Slos 5 0,
2 Yy 3y Slos g 0 Gl 5 olS bawg SB 3 39290 polic
Arancon et ) as 545 G ypao pie b duglio p3 5850 clalos

(Rigi & Ronaghi, 2003 «l., 2004

23 S3eom 0y 395 3L g (A iS5 b ey

@ 28 ds e 3 T i b cov a5 Slee JBlus «X5,8

aolio cusly LialS sals 4 Coud doyd 27 dgds oS sal Cowd

925 48 3y i yhud ilisee (glayless o 4l 3,8dee bwgio

ol 6Ll 5 (s 955 ogMe 4 00 4o i 103 50
(Sanoie et al., 2013) cusls o ;5 1y 3,Slos o it

500
ab

500 be

cd
def

efgh

100

[
=3
3

=

Lihef
Lvef

Iipef

=
=

Iina
Lipv
pvef

defg

Lp

L aidlys CosgeaS oy 1 05545 3900 Jlal el
rolis Cgllae anlp g giloslil ol (6,155 b o l8)
BV 5 0gMe 05 aily 2,Slas dgupy el S 3 39350 i
Uial5-31 (Roesty et al., 2006) ) ,LSon ¢ wdyy odid , D
9]l xSl o 4y 1) CungeaS sayg 35 g 5 Slas
03,8 ol ST plaislo dge 9 Sajslon culled alEl (5o
Cote 3l (Arancon et al., 2004) o), Sen ¢ oSl pmioren
Ago 4y 9 S (950 Cumer Gl 4 ]) CuvgraS )
Cllud I 8L 8 o] bwgs (aLS slaygeygn aiile 05y S e
W1 G Gl CwguoS 09 50 SB slap S

L aglio )3 g s (sladgS 2,18 (15 pas bl o
4S5 sk a s (i 4l 3)Shos 055 Bpan (o Sali
5 stleond 395 ol e 4y LS5 is0dud slajlond )3 ally 3 )Sloe
4365 Coypan pic b dulis )3 CungraS ooyg b plg5 S g iaigind
Ohlole 52 529 (3 US) 39 iy 2100 27 513 5500 i

defg
fgh
ghij

Lvef
Lhef
Leef
Ina

Ipv

Lpef
Lpvef

=
=
—_

Lp

Fertilizer = Irrigation

14 g gl Zobuw )3 (31,81 &ils 3, Slas 1 Gl j 9 (stloond SOSS 53

-3 S

Fig. 3- Effect of chemical and bio-fertilizer on sunflower seed yield under irrigation levels
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Means in each column, followed by the same letters, are not significantly different at 5% probability level- using Duncan multiple
range test (DMRT).
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Fig. 4- Effect of chemical and bio-fertilizer on sunflower biological yield under irrigation levels
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Introduction

To achieve the higher economic yield of crop plants, supplying enough nutrients to plants is very important.
Moreover, nutrient uptakes by plants is influenced by the soil water contents. However, nowadays chemical
fertilizer application is important agronomic factor that has significant effects on growth and quantity and quality
of final yield, but traditional nutrient management and excessive use of chemical fertilizers may cause the
environmental problems such as contamination of soil and water resources, low quality of agricultural products
and reduction of soil fertility. These factors have drawn attention to health and ecological sustainable farming
systems (Sharma, 2002). In this context, usage of organic and biological products for plant nutrition is
considered as one of the solutions to achieve the goals of sustainable agriculture.

Materials and methods

To evaluate the effect of various feeding systems on yield and yield components of sunflower (Helianthus
annuus L.) under the influence of water deficit stress, a split-plot experiment based on randomized complete
block design with three replications, was carried out in the Agricultural Faculty of Bu-Ali Sina University during
the growing season of 2013-2014. Main plots consisted of two irrigation levels: optimum irrigation and deficit
irrigation stress (irrigation after 60 and 120 mm evaporation from evaporation pan, class A, respectively) and
sub-plots included of nine nutrition systems: 1- no bio or chemical fertilizer application, 2- 100% of the
recommended chemical fertilizer , 3- vermicompost, 4- phospho nitro kara, 5- vermicompost+ phospho nitro
kara, 6- vermicompost+ % chemical fertilizer, 7- phospho nitro kara+ % chemical fertilizer, 8- vermicompost+
phospho nitro kara+ % chemical fertilizer, 9- %2 proposed chemical fertilizer. Phospho-nitro-kara which contains
phosphate solubilizing and nitrogen fixing bacteria (Bacillus coagulans, azotobactr chroocuccum and
Azospirilium lipoferum) was impregnated with seeds. Vermicompost was mixed with the soil before planting
based on the recommendation of the producer company (15 t.ha™). After determining evapotranspiration of the
reference plant (ET,) by FAO- Penman-Monteith method and crop coefficients (K.) in different stages of crop
growth, plant water requirement was determined (Allen et al., 1998). Finally, the irrigation water volume was
estimated according to the effective rainfall, irrigation efficiency (60%) and 45% depletion of soil moisture in
the root zone (Doorenbos & Kassam, 1979).

Results and discussion

Water deficit stress and nutrient treatments significantly affected all measured traits except the harvest index.
Water deficit stress significantly reduced head diameter by 24% in comparison with optimum irrigation. The
maximum diameter (17.03 cm) was obtained in vermicompost treatment. One thousand seed weight of sunflower
under optimum irrigation was 1.3 times as much as water deficit treatment. Combined treatment of
vermicompost and half of recommended chemical fertilizer yielded maximum 1000- seed weight (56.67 g).
Under optimum irrigation, the highest weight of the head was achieved from 100% chemical fertilizer
application, while under water stress, maximum head weight (830.67 g) was obtained in vermicompost treatment
and the minimum value (485.33 g) was obtained from chemical fertilizer + vermicompost + phospho nitro kara.
In both irrigation levels, the highest biological yield was obtained from full application of chemical fertilizer, but
this treatment in stress condition did not have significant difference with combined application of vermicompost
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and half of chemical fertilizer, vermicompost and 50% of chemical fertilizer. 100% recommended chemical
fertilizer in optimum irrigation, had a maximum grain yield (693.67 g.m™).

Organic fertilizers by increasing soil organic matter, improving soil chemical properties such as pH and CEC,
increasing the activity of microorganisms and nutrient accessibility led to increase soil fertility. In this study,
especially under stress condition, it was observed that vermicompost by increasing water holding capacity and
nutrients availability, improvement of plant growth, increasing assimilation and transmission of assimilates to
seeds, led to increase the economic yield of sunflower.

Conclusion

In conclusion, although chemical fertilizers play an important role in enhancement of crop yield, though may
cause some environmental problems too. In addition,biological fertilizers alone can not provide nutrient
requirements of crops. Generally, in order to achieve sustainable agriculture, especially under the influence of
water stress condition, it seems that reduction of chemical fertilizers and replacing them with vermicompost can
be an effective method.

Keywords: Phospho nitro kara, Sustainable agriculture, Vermicompost, Water deficit stress
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