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Effect of irrigation regimes and application of nano and conventional
ZnO and SiO2 fertilizers on yield, yield components and water use
efficiency of sunflower (Helianthus annus L.)
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Table 1- Physicochemical properties of the soil at experiment location

H EC oC Texture N (total) P(ava) K(ava) Fe me ko'l Cu Zn
p (ds.em™) (%) soil (%) ppm Ppm 8% mgkg! mgkg!
742  6.21 0.067 Sandy loam 0.08 16.4 501 2.73 0.83 0.68
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Table 2- Cumulative evaporation rate, means of maximum and minimum temperature
and irrigation volume from May- June to September-October of 2014
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May-June by 35.02 22.84 408.8 1900 1575
June-July » 38.89 24.33 521 2600 1200
July-August 230 39.95 25.83 527.5 2800 1875
August-September 9 35.05 19.83 403.2 1805 950
September- October s 29.53 10.12 256.7 645 -

s b S s gesle Yo (s, s, e
Sy e dsb s S glacale xS
woysl 355 .88 Sy wd s b
Sﬁu)yg)&)arf}gf\’b- Ol e
oo 53 Cai) oo 53 3 o jlas plat
AL o e 53 s i 508 S ler
S 0313 ae y e 4 (G 4 (S
Gasles 53 01 KT ola w s cils
VA 55 razd i jaddee Vo Sl ey LT
Sockea Yo 51 LT Glasles 53 5 e

¢w\wjeuvﬁﬁ>w¢§~i>3>j‘w
23 F556 5 55815 5 eslial b e 25 S
Wiy 9 S SOl h ) Sl Al
ol 3 8 osly = b ask 5 s esle]
g 35S ) Jpdr) S o s
300 S ey Sl fo 5 OLS
ct?,;uc#:xs,'\y,&,;c,?jl;\u
o5 Ols 5T s .k 0315 e 4 &Ky
w@AQ)yqslst@JUJ:Uﬂ
Gy ol ol 055 K5 Gl w5 S



e 35S 5 o,LT C}.la,u Py

SN w50 K DS s Sl eeT s
Sk ‘°l§:‘€L‘)T 30T Hea) doys 5 e
Model)  akuS 4 oo Lug 5 aluS s
OIS (o e IV 1 eslizal b 52050
5 Sles .(Eyvazzadeh et al,, 2010) i S
2 Pao dess opdlel Sl e
T s 4 4l sjﬂ“.p
03 b > Sk el 4 e b
&y ST O e s dwls col:f Ld
33 ey 5 (St osle) wlogw ails A
155 alos 55 sl Jge b Sl il
:(Mokhtari et al., 2013)

() dslae

el = wls 5 Shas/odds (3 e ST
(ST oS e 6l 0 5 AS) DT O e
() dslre

&‘)K= wl.n}:a .3J§-Lo$«/a-u JJ,..QA s_JT
S g gm0 5 8D OT O s
(T

((\DIPVEYPH

s = sy 3 Sas/ods O pae T
oS ey 5y p S AS) ST O e
(T

sl o3l (bl w5 4 OLL o
AP e 5 eslial b 53T cul I ool
Ll o Sle awlie 43 el MSTAT-C
s 3 oSSl gl awls L 05037 31 eslizal
W55 Oy g doys 0

o g bl

G iy & oBn 5 g0 F > ren S
@&DAJJ&JQu«GﬁM):‘M SRR
;&Md\ﬁ.urwm,wuﬁs
Gl Yo Sy ol g Sl A e U 0
bpr o ¥ Sl &5 o os Ol
@ Oy gl p b als () adl>= JI Cole
b e 9 ek S 35T (69 55 ol 05
g Ll 59 0 /) Cas b dliaw s (695 5
53 O3, ST wls Lm0 03,57 Cows 4
A o o esg il by yles
s b g Hdy GV Wl S O S
b g d e ol bty
dwloes A 090/ ) S35 L s 5l 5
S5 55m O3s olel 55 Bb s 4l sl
5 sy 5 eslizal b b Yo wils 5 Shas
: (Ansarinia, 2011) & rl;,;!

Z=XIY (V) dsles

D=(Zx1000)/20 (Y) asles

2 5 s 3 Shee X s dlaly pl )
s Z o 8) wls 4l5n 055 Y dm e e
S D 5 b Yo jsals b Ve gladsls
o3k olulde Sl e dBL (e Gl s 4l
K il ilesT dsly ,a la b
les 3 chaleiT &8 a5 Osb Gb g
33 b 05 4 0oy b 3l Kl a5 VY
L Jons (65315 b w5 A 03ls 515 05T
2 Oak g JS &S 05 p S 00 s
;ﬁ&p»a\@?&u;\,u@g
dloms S5 3 Sas (DS 2 3 4l
A5 8

a yeds Sl s egy Aoyl Gl



A7 Sl WP sl -V oylas =¥ 095 «( 135 SO Il S pdgh 4 i

355 5 ol AU o 015 KT 55 O G s 4,8 5 55 Shes Slio il )ls 428 @l —F s
Table 3- Results of analysis of variance for yield and water use efficiency (WUE) traits in sunflower as affected by irrigation and fertilizer

Mean of squares oSl
&b ] &ls sl Sl O3 Qs 5 Shes 5 Shes 5 Shes G ae S8 Grae S Gme LS
Sources L TS ) ) ; - -
of variation Sl i Gk RAE <l S35 s D590 ab gl ol sl o sz
3P
df oles o5
Diameter Seed number 1000-seed Seed Biological Oil WUE WUE WUE
head in head weight yield yield yield for for biomass For
seed oil
Replication S 2 004™ 1819.82™ 82.87"™ 185716.81"™ 1242206.98™ 35960.48™ 0.0023™ 0.0174™  0.00042"™
Irrigation (A) (A)sulf 1 19.75°  57455.82° 707.25° 3147958.50° 17984077.25° 626331.48" 0.0023™  0.048"  0.00006"™
Error a a gl 2 0.349 3018.12 31.07 111540.25 430662.44  20575.10 0.00094 0.0025 0.00027
Fertilizer (B)  (B):ss 6  0.98*  5131.40* 22.52™ 204348.82* 229098.35™ 34606.22° 0.00147°  0.0099"  0.00049°
AxB AxB 6 0.58™ 1537.74™ 19.95™ 102050.20™ 414184.59"™ 27120.17" 0.00103™ 0.0031™  0.00036"
Error b bels 24 032 1708.18  21.04  74418.04  391967.47 13509.71  0.005 0.0034  0.00016
CV. (%) (D oluis s - 12.7 17.4 15.9 17.4 13.4 12.8 29.4 11.56 19.1

3% NS

tpvJuomrlpup_uCﬂ.t,&urwﬂt\ww(.ﬂxur

™, * and ** represent non-significance, significance at 5 and 1% level, respectively
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Table 4. Means comparison for diameter head, yield and water use efficiency traits in

sunflower as affected by simple effects of irrigation and fertilizer treatments

o LS G LS STo (I
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B Diameter  Seed number 1000-seed Seed yield Biological yield O: WUE <<Gm ém

Treatment head (cm) in head weight (2) (kg ha!) (ke. ha!) yield forseed  for biomass for oil

) ) (kg. ha'") (kg. m™) (kg. m?) (kg. m™)

Irrigation after 3o ol
200 mm cumulative
evaporation oS S ek Yoo 6.75b 113.36b 36.11b 541.65b 2621.72b 230.32b 0.097a 0.468a 0.041a
100 mm cumulative
evaporation S S Fandee Ve 8.12a 187.33a 44.31a 1089.20a 3930.45a 475.56a 0.112a 0.403b 0.049a
Fertilizer 35

Control Lals 6.64b 128.62b 37.23a 649.49c¢ 3030.14a 272.75c¢ 0.082d 0.349c 0.035c

ZnO S0 LS| 7.32a 183.76a 41.32a 1037.16a 3477.28a 464.39a 0.125a 0.449ab 0.056a

nano ZnO S St S 7.56a 153.08ab 38.98a 809.29bc 3219.18a 361.32b 0.102bc 0.427b 0.045b
SiO; s LeS1 7.63a 155.93ab 41.19a 843.06b 3348.28a 369.49b 0.114ab 0.462a 0.050ab

nano SiO; e L8156 7.68a 158.83ab 43.09a 917.80b 3565.99a 424.44ab 0.118a 0.477a 0.055a
ZnO+ Si0; oo ST+ (55, LS| 7.32a 132.49b 40.68a 715.07c 3116.58a 258.63c 0.092cd 0.421b 0.034d
nano ZnO+ nano Si0y dew deS1 50+ (555 ST 5L 7.89a 139.70b 38.99a 736.09c 3175.14a 315.56bc 0.095cd 0.419b 0.040bc

Al e Sl sme bl ol BB a0 e 53 SO Sasl bl S rie G s gl Sl
Means followed by similar letter(s) are not significantly different at 5% probability level using Duncan’s test
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Extended Abstract

Asadzadeh., N, Moosavi, S. Gh. and Seghatoleslami, M. J., Effect of irrigation regimes and
application of nano and conventional ZnO and SiO2 fertilizers on yield, yield components and water use
efficiency of sunflower (Helianthus annus L.)
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Introduction: Water deficiency is one of the most limiting factors for crop
production throughout the world. Addition of fertilizers to supplement farm soil
nutrients is essential to achieving desired crop yields. In particular, microelements
have important roles in seed formation and seed yield. Foliar spraying with fertilizer
solutions containing microelements such as Zn and Si is shown to be beneficial
to crop growth and productivity, especially under water limited conditions. This
can be due to the high effectiveness of foliar feeding and rapid plant response.
The application of nano-fertilizers in agricultural production of arid and semi-
arid countries such as Iran provides unique opportunities to enhance nutrient use
efficiency by crops and reduce costs of environmental protection. Sharing 2.8% of
total world oilseeds (around 107 million ton), sunflower is the fifth most important
edible oil, which is cultivated under various environmental conditions because of
its high yield and harvest index as well as its extensive adaptability and acclimation.
(Ansarinia, 2011). The objective of the present study was to evaluate the effects
of two irrigation regimes and different levels of nano and conventional ZnO and
Si02 fertilizers on yield, yield components and water use efficiency of sunflower.
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Materials and Methods: The experiment was conducted as a split-plot based
on a randomized complete block design with three replications at experimental
field of Islamic Azad University, Birjand Branch, Birjand, Iran in 2014. The
main plot was devoted to irrigation at two levels (irrigated after 100 and 200 mm
cumulative evaporation from evaporation pan) and the sub-plot was devoted to
foliar spray of ZnO and SiO, at seven levels (nano ZnO, nano SiO,, ZnO, SiO,,
nano ZnO + nano SiO,, ZnO + SiO, and control or wihtout foliar spray). The
measured traits included head diameter, seed number per head, 1000-seed weight,
seed yield, biological yield, oil yield and water use efficiency for seed, biomass and
oil. MSTAT-C statistical software used for data analysis and means were compared
with Duncan multiple range test at 5% probability level.

Results and Discussion: The results showed that water deficit stress decreased
head diameter, seed number per head, 1000-seed weight, seed yield, biological
yield, oil yield and water use efficiency for seed, biomass and oil production by
16.9, 39.5, 18.5, 50.3, 33.3, 51.5, 73.7, 62.9 and 75%, respectively as compared
to non-stress condition. Seed yield reduction due to water stress may be resulted
from decreased leaf area and duration, which consequently led to depressed
photosynthetic rate and increased partitioning of photosynthates to root rather than
shoot. Foliar application of conventional ZnO fertilizer significantly increased head
diameter, seed number per head, seed yield and oil yield by 10.2, 42.9, 59.7 and
70.3%, respectively as compared to no-foliar application treatment. It appears that
ZnO fertilizer can raise yield of seed through enhancing photosynthetic rates and
improving leaf area duration. Under the current research conditions, seed number
in head had a more conspicuous contribution towards increasing final yield than the
other yield components. Zinc fertilizer has a positive effect on auxin biosynthesis
that can contribute to a better absorption of minerals and thus enhance plant
growth (Marschner, 2012). The highest water use efficiency for seed and oil was
obtained with ZnO treatment, which was 77.8 and 75% higher compared to the
control treatment, respectively. This result can be attributed to greater seed and oil
yields under this treatment relative to the other fertilizer treatments.

Conclusions: In general, it seems the use of zinc oxide fertilizer due to its
role in improving plant physiological and biochemical functioning (Malakoti
& Lotfolahi, 2004) resulted in enhanced photosynthetic capacity, which was
accociated with increasing the fertilization of flowers and seed number per head,
leading to a significant increase in seed yield. On the other hand, water deficit
stress by closing stomatal aperture and decreasing the photosynthetic capacity and
source strength significantly reduced seed number per head and 1000-seed weight,
which caused a decline in seed and oil yield of sunflower . Our findings indicated
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that irrigation after 100 mm cumulative evaporation from evaporation pan and

foliar application of conventional ZnO are best recommended for the production

of sunflower under the conditions of this research.

Keywords: 1000-seed, head diameter, microelement, oil seed, water deficit

stress.
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