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Table 1- Physical and chemical properties of soil

J'.‘ QI J“ P J" o L, Jf ﬂ‘j L;in).».(.“ Gq‘..\b ‘5)|.>).3449.m G
S csl RS RS [ERES Ll EC Depth of
Soil texture N P K &~ dsmh sampling
%) (ppm) (ppPM) PHs (cmy
s 0.04 8 180 8.46 4.07 0-30
Loamy clay
09 ) 0.03 7 170 8.5 2.69 30-60
Loamy clay

Slase 5eSils bl oI5, ST 55 anlllan 3,90 i S po el s 458 bi =¥ Jgo
Table 2- Results of combined analysis of variance of studied traits in sunflower based on mean

squares
50 &ilo olaws .
. e L
Ol i @b e Number b SR os o Sbos ahe 2
SOV w3l . Weghtof o vidd S
.O.V. of of seedsper 1000 seeds y LAI
head
Year (Y) Jlw 1 343521 1222.80" 3327637 7.0923"
Repeat withintheyear Jlw oysy0 5,55 4 590 11.04 58297 0.1012
Water shortage stress (S) i 3 304843" 3021.47" 21149354  26.6438"
SxY s X Jlw 3 845™ 7.93™ 88974" 0.0714™
Errora Lol glas 12 2385 9.10 57129 0.5852
F) oleowd ok . % ok
- Pl s Salglen 09 2 193795 37.69 604164 0.0435
Biological and chemical fertilizers
FXY ol 9 Se5elom 995X Jlw 2 537™ 012" 1992™ 0.0001"™
SXF  alowds 9 (5 jolams 995X s 6 185357 312.34” 2573224 1.8069™
Leouns ol Lw - o *
tloned s ‘f‘“’”““é;"‘; s 513 095 10755° 00051
X
Errorb e slas 32 9536 7.73 19413 0.0680
Density (D) o515 2 995™ 17.09° 55274 0.5649™
DXY o515 X Jlw 2 3 0.18™ 3744"™ 0.0014”
KD W15 X T g i 6 745" 9" 31178 0.1104™
SXDXY  oS15X 0T dgueS s X Jlus 6 2 0.06™ 4544™ 0.0004™
FXD o515 X o1boond 3 (S jelgm 355 4 786" 8.64" 57426" 0.1477"
‘ . - & LM’
N s P 255 4 2 002" 3828 0.0004™
XDX
145 X ot Lot 5 Xl o . " i
P X slens "i‘;’;’; il alEP 604 3131 41666 0.3818
X
e N “"F"I’D”‘; e P ore 0.07" 4868 00011
XX
Total erorr F sl 96 220 9.65 11503 6.9547
CV. (%) &l i gy - 1331 6.42 8.35 5.31

ns= Non significant, ** =p< 0.0l and * =p < 0.05.

Al ee wo 0 S g v iy Jlaisl a0 ls e o pixe e oS 5 4y i 5 % NS
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Table 2- Continued

s S )ﬁl.o.: uaaub .
. R ) ) 09y Moo »
Ol i @b ol S25elem s oil o) é;—f-’-w
SO.V. of Biological Harvest  percentage Oil yield
yield index
Year (Y) Jlw 1 36522967 577.48 899.640" 563877
Repeat withintheyear Jlw oys,9 51,55 4 6094087 72.87 2.817 4530
Water shortage stress (S) i 3 274089070  117.44" 216457 3719006
SxY s X Jlw 3 759250 0.49™ 1.323™ 10302"™
Errora Lol gls 12 3211121 55.09 0.400 13798
O alenad s Fglse 258 2 7953404° 687" 0657 a074"
Biological and chemical fertilizers
FXY  orloond 9 oKo5edsm 995X Jlo 2 22032 0.03™ 0.699"™ 1"
SXF ol 9 (Sulslgn 995X a5 6 13699389 497.81" 6.189" 248809
Leouns X yuod X Jlw Sk o ok
wtloord 3 (Kadglsat 095 XAIXJ 6 37948 151 0.185™ 689
Sx FxY
Errorb e glbs 32 795514 44.70 0.732 9943
Density (D) o515 2 143414” 4104.75" 1.108"™ 12145™
DXY o515 X Jlw 2 397™ 10.68” 0.125™ 34"
SKD o515 X ol SguaS i 6 439380 366" 0.209"™ 4808~
SXDXY  (S15X 0T dgmeS i X Jlw 6 1217 0.01™ 0.279™ 13"
FXD 05155 X oLt 3 (3599 395 4 999163 41.02” 0.816™ 14590™
19X o2 oo [
ﬂS PR (o 9 A;‘)SJ}"’ °5SX J 4 2768" 0.09™ 0.370™ 40"
FxDxY
135 X & boouis 3 X g - Sk . -
P Xstlons S’X ‘f‘“g’” ity 12 917468 58.09 0.646 4670
X
(5% bt . -
wSJ-’ A K] é")"""" "95 o J 12 541" 0.14™ 0.138™ 13™
Sx FxDxY
Total erorr 5 sl 96 215805 7.16 0.305 1551
CV. (%) &l i g 35 - 6.31 6.13 8.35 12.48

Wil os oy S g do )0 iy Jio e (o o pixe Gl Sy oS s g % NS
ns= Non significant, ** = p<0.0land * =p < 0.05
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Table 3- Comparison of the mean of the three interactions of water stress, fertilizer and
density on some sunflower traits

o —
‘}w ns‘ i )° 4-!"6 Sloy )‘}b u)’ s é)&Lo.c ) ,S.Lo.ﬁ ua?Lm
sHob) 395 )J &b Weight asls O ‘;4”19“ Sl
" Density  Number of Grainyield  Bjological
er Ol -1 . arv
wat Fertilizer seeds per f 1000 (kg.ha™) yield Harvest
stress head Seeds (Q) (kg.ha) index (%)
e 95000  808.32hi  4522efg 322569 986L6e 33.25ghi
= o= " 71000  81U71ghi  46.93¢fg  2521.55hij 10069.19cde  25.52jk
. o  100%Nitrojen 57000  827.07¢f  5215bcd  2295.04jkl  10019.82de  23.22jk
- RS AR TIN 95000  860.58bc  60.83a  4621.57a  11118.48a 41.7d
7 8 o 71000  84588bcd  6526a  3653.71d  10766.89ab  32.78ghi
o) oS 9 yiosd
§ < Nitrojen 57000  865.38b 6057a  2786.84gh  1104882a  25.33k
B 75%+nitroxin
3 2 39y 1D 95000  839.7def  54.18bc  4017.94c  10254.14cde  40.09de
\° . .11de .3bc .28¢efg .88bc .08ij
S 71000  834.11d 54.3bc  2999.28¢fg  10472.88bcd  29.08ijk
© Lo gy
= Nitrojen 57000  821.51fgh 55.29b  2413.94ijk  10526.42bc  23.36jk

50%-+nitroxin

95000 939.22a 52.21bcd 4328.29b 8772.36fg 49.21a

= "":"‘?’ P 71000 937.31a  50.16cde  3112.90ef  10286.26cde  30.49ijk
. &  100%Nitrojen 57000 926982  49.27cde 242750k  8620.36g  28.11ijk
S 8 IR TCRAA7) 95000 72865k  4563efg  2941.85fg 10171.12cde  28.79ijk
) g 71000 72293k  47.97def  2288.11jkl  8955.77fg 25.5)k
o) S 9 g
§ < Nitrojen 57000 739.79 46.36def  1831.78 9130.22f 20.16k
B 75%+nitroxin
3 2 539 ke 00 95000 6985lm  41.76fgh  2578.44hi  7613.33h 33.96fgh
IS » 71000  708.3kim  44.74efg  2097.18| 7950.24h 26.38k
% (oS 9y
= Nitrojen 57000  711.83kim  44.58efg  1684.24lm  7850.61h 21.45k
50%-+nitroxin
te i e 95000  703.81lm  40.62fgh  2518.54hij 7599 33.20ghi
= °’0”":’ N 71000  695.21lm  41.51fgh  1914.79l 7318.83h 26.26k
. &  100%Nitrojen 57000  709.98kim  4031fgh  1514.01m  7461.56h 20.26k
> 8 B RRPAT 95000 650.7d1m  37.49gh 215501 5044.84j 42.63cd
; 8 71000 691.7Im 39.61gh  1816.23m  5330.72] 33.98fgh
i3 o' e
§ < Nitrojen 57000  692.91lm  44.3%fg  1635.41lm 5253.5j 31.18ghi
° R4 75%-+nitroxin
9, £ o595 10 95000  837.4lcde  44.08¢fg  3264.47e  6743.81hi 48.24ab
LS » 71000 869.05b  4164fgh  2395.74ijk  7006.53h 34.07fgh
0 S 9 i
= Nitrojen 57000  851.32bcd  39.11gh  1771.73Im  6843.4%hi 25.79jk

50%-+nitroxin

95000 815.08fgh 38.79gh 2090.45 6086.75i 45.74c

o o M 71000 790 3784gh 20001 595072  3353fgh
. & 100%Nitrojen 57000  810.49ghi  37.08gh  1597.7Im  6298.99i 25.32jk
- ISR 95000 592.2m 3462h  1811.04m  5123.76hi 35.21¢f
3 g S 71000 583.2m 34.86h  134520n  4857.09k 27.62ij
m . .
= Nitrojen :
i 8 756t 57000  595.64m  36.18gh  114539n  4960.32k 22.98jk
3 2 b5 0o 95000 575m 37.62gh  1908.47l 5199.22] 36.71fg
b § oS 3 i 71000  581.94m  392gh  1509.77lm  5387.96j 28ij
~ Nitrojen ) .
B0 HTTOXi 57000 5853m  3045gh  1227.31n 529807 23.16)k

Bl Sl yge3Tons 0 O mhaws [ (g L] B S ie By, sl lagy g
Columns with common letters have no statistical difference at the 5% level of Duncan test.
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Table 4- Comparison of the mean interaction of water stress and density on some sunflower

traits
&kl o515 Sy o S Lo alo.&’f b f’é”. g
Irigation Density LAl Grain Oil Grain Qil ¥|eld
(%) (kg.ha™)
. 15 4ab 41.43a 1645.07a
Y ob 5 dudxi wuo )0 FO
(45% moisture 20 3.82b 4153a 1241.7%
evacuation) 25 4.18a 41.08a 1031.82¢
. 15 3.88ah 38.38b 1264.02b
by Al wo s £
(60% moisture 20 3.91ab 38.46b 965.46¢
evacuation) 25 3.89ab 38.36b 764.44d
o A amy VD 15 3.22¢ 38.05b 1069.72¢
(75% moisture 20 3.1c 38.11b 781.79d
evacuation)
25 3.31c 37.78b 623.44e
. 15 2.49d 36.67¢ 836.75d
Rk )y dlxd wwo yo Qe
(90% moisture 20 2.4d 36.56¢ 594,98¢f
evacuation) 25 2.55d 36.53¢ 486.08f

8,5 5851 ge3Tans 10 O e y0 (55le] BB S e B, Il (slaygiw
Columns with common |etters have no statistical difference at the 5% level of Duncan test.

W00 oo 558 ao,s W75 S5 05 5 ol 358 dopn M50 85 25 5 olenlt 558 4o

Al
- - 4 o« 4 1 4 4 O O

A5 b, adss o)y 60 udb ) adsu do)s 5 b, adse de s 90 b, wdss ae s

S5 5 i bt a8 S
Sy ghe (a3l 2GS 9 (595 995 Gl 5 (Susb) 25 e S1-Y S5

Figure 1- Interaction of water stress and combination of nitrogen and nitroxin fertilizer on leaf
areaindex
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Abstract

This experiment was carried out in split plots based on randomized complete block
design with three replications during 2015-2016 and 2016-2017 cropping years in
Khuzestan province. The main factor, consisted as water shortage stress with four levels
of irrigation after depletion of 45, 60, 75 and 90% of plant usable water was optimal
irrigation, mild stress, severe stress and very severe stress, respectively. The levels of
100% chemical fertilizer, 75% and 50% combination of chemical fertilizer with 100%
nitroxin and plant density at three levels of 57, 71 and 95 thousand plants per hectare
were as sub-factors. The results showed that the interaction of water shortage stress,
combination of nitrogen biochemical and chemical fertilizer and plant density had a
significant effect on grain yield, 1000-grain weight, number of seeds per head, harvest
index and biological yield. The highest seed yield was obtained from the optimal
irrigation treatment by combining 75% of chemical and biological fertilizers and a
density of 95,000 plants per hectare, which showed a 75% increase compared to the
very severe moisture stress treatment with 75% of chemical and biological fertilizers
and adensity of 57,000 plants per hectare. The interaction of moisture stress and density
and fertilizers on oil percentage and leaf area index was significant. In general, the use
of nitrogen from both chemical and biological sources at a density of 95,000 plants per
hectare may reduce the effects of moisture stress on the sunflower plant in the
experimental condition.

Key words: Grainyield, Nitroxin, Oil, Plant Density.
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