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1- Water Use Efficiency
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Table 1- The results of water quality analysis
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(PO4)3- (NO3)- K+ Na+  Mg2+ Ca2+ (SO4)2- Cl- (HCO3)- - H

(meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lity ~ TDS EC PR paw

(mg/lit)  (dS/m) SAR

0.009 0016  0.07 1.61 0.9 3.2 0.2 2.2 4.7 468 0.73 8 14
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Table 2- The analysis’ results of the field’s soil sample
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Micronutrients Macronutrients
o o 89 o e Oi gy s
Mn (ppm)  Fe (ppm)  Zn (ppm) Cu(ppm) (#)OC  (X)N K (ppm) P (ppm)
493 14.88 0.77 1.53 0.63 0.06 98 0.15
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Figure 1- A plan of plants, irrigation tapes and TDR access tubes’ arrangement
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Table 3- The soil physical characteristics of farm at different depths

(%) oz agb,
(0 siilw) S Gos Skocél Moisture (% volumetric) Sl ogaso oy
Soil depth (cm) Soil texture  sly; <d,b > (Sdp05 dalls Bulk density (g/cm?)
F.C. P.W.P.
0-20 Sandy loam 30.3 154 1.46
20-40 Clay loam 325 15.6 1.36
40-60 Clay loam 32 14 1.35
60-80 Clay loam 32 14 1.37
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Table 4- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on irrigation water
use efficiency (IWUE), height (H) and diameter (D) of sunflower plant (Hysun25) in split plot design with randomized
.complete block design in 3 replications in the first year

ol st A i Sl & Gpae ol oL gl oS byl
Sl goio e IWUE H D
S.0.V. df SS MS SS MS SS MS
I .
5 2 0.004 0.002 ns 4.22 2.11ns 6.89 3.44ns
Repeat (R)
(el Jele) cssbel g0 2 0.003 0.001ns 52422 262.11** 416822 2084.11**
F (factor A)
Al 4 0.005 0.001 6.22 1.56 12.89 3.22
E (8
“fl”l el 8 0.011 0.001 534.67 66.83 4188 523.5
Main Plots (MP)
. T L_J’ .-
(o8 dabe) ol ol e 2 0.015 0.008 ** 10422 5211** 78422  392.11 **
| (Factor B)
J’l“ A 4 0.003 0.001 ns 30.22 7.56 * 168.89 4222 ns
Interaction (AB)
b sl 12 0.003 0.000 19.56 1.63 160.89 13.41
E (b)
. 18 0.021 0.001 154 8.56 1114 61.89
Subplots (SP)
F 26 0.032 0.001 688.67 26.49 5302 203.92

Total

Slagye (3:55ke MS (lay o 9000 SS ()l gine pué NS D prdaw Jlain! )5 Jlo gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 5- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation intervals (F) in the first year

. REShS) Sl Ol dpae S olS gl C iy
Sl y90 ) o (o slae) oL 3> Jlad
(eaSo o (o i)

F D (mm)
IWUE (kg/m3) H (cm)

F-20 0.89¢c 202.11a 200.00 a

F-35 0.99b 196.22 b 181.11b

F-50 1.07 a 191.75¢ 169.89 ¢

(Y s 53) 25,005 S (9031 L (6l e MBI S50, L it By o b (slaSilie
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 6- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation water amounts (l) in the first year
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| (o 20 (o stilw) D (mm)
IWUE (kg/m3) H (cm)

Fl 0.98 a 198.78 a 189.78 a
PRD-75 1.00 a 196.89 a 184.56 a
PRD-55 0.98 a 19575 b 176.67 b

(A s 13) 5585 oS3 (9ol b (sl sime BT S0 b alite By o b (sl Sl
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 2- Respectively, from right to left, irrigation water use efficiency (IWUE), plant height (Height) and diameter (D) for
nine different irrigation interval and irrigation water amount in the first year
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Table 7- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on irrigation water
use efficiency (IWUE), height (H) and diameter (D) of sunflower plant (Hysun25) in split plot design with randomized

.complete block design in 3 replications in the second year

kS e PRI &l ol Gpan I8 ol glas olS b yhi
SOV of IWUE H D
T SS SS MS SS MS
S 2 0.002 0.001 ns 1341 6.70 * 10.30 5.15ns
Repeat (R)
(bl dele) s)le! g2 2 0.003 0.001ns  265.85 132.92** 84452 422.26 **
F (factor A)
At 4 0.007 0.002 2.37 0.59 11.93 2.98
E (a)
“_fw el 8 0.011 0.001 281.63 35.20 866.74 108.34
Main Plots (MP)
(22 Jele) il ol e 2 0.152 0.076 **  200.07 100.04 ** 631.63 315.81 **
| (Factor B)
JJLM s 4 0.005 0.001 ns 29.04 7.26 * 117.93  29.48 **
Interaction (AB)
b s
12 0.019 0.002 22.22 1.85 44.44 3.70
E (b)
: 18 0.175 0.010 251.33 13.97 794 44.11
Subplots (SP)
T"f | 26 0.187 0.007 532.96 20.50 1660.74 63.87
ota

Slagye (3:55ke MS ilaypo 9000 SS ()l gine pué NS i pdaw Jlain! )5 I gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 8- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation intervals (F) in the second year
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F IWUE (kg/m3) H (cm) D (mm)
F-20 0.92b 196.33 a 188.44 a
F-35 1.0la 193.78 b 186.33 a
F-50 1.10a 188.78 ¢ 175.67 b

() s 19) )05 oS3l g3l b ()l sine BMT (S0, s ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 9- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation water amounts (I) in the second year
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IWUE (kg/m3) H (cm) D (mm)
FI 1.01a 195.89 a 189.00 a
PRD-75 1.02a 193.67 b 184.22 b
PRD-55 1.00 a 189.33 ¢ 177.22 ¢

(A s 13) 5585 oS3 (9ol b (sl sime BT S0 b alite By b (sl il
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 3- Respectively, from right to left, irrigation water use efficiency (IWUE), plant height (Height) and diameter (D) for
nine different irrigation interval (F) and irrigation water amount (l) in the second year
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Table 10- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on the number seed

per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index (SPAD) of sunflower plant (Hysun25) in split plot
design with randomized complete block design in 3 replications in the first year

wf s K b 4> &ild i &l o3 oS Sy Jud W]
oy e ol 43 by - ;V,: 039 fSPZésu”
SOV df SS MS SS MS SS MS
S 2 12459.85  6229.93 ** 32.70 1635ns  95.88 47.94 ns
Repeat (R)
(hel Jole) ot o2 2 64159.19 32078459 ** 1.73 0.86ns  1652.62  826.31**
F (factor A)
a;(‘:; 4 589.04 147.26 31.30 7.82 38.97 9.74
shel sl 8 654618.07  81827.26 65.73 822 1878747 22343
Main Plots (MP)
(528 Jele) cstel ol e 2 11535052  57675.26 ** 5.82 291ns 23622  118.11%**
| (Factor B)
e ) 4 27767.70  6941.93* 31.16 779ns  37.21 9.30*
Interaction (AB)
b sl 12 19591.11 1632.59 40.76 3.40 25.08 2.09
E (b)
ez 18 16270933  9039.41 77.74 432 29850 1658
Subplots (SP)
Tial 26 81732741 3143567 143.47 552  2085.98 80.23

Slayye (1Kke MS wlasyo ggamme SS Iy dme e NS D paw Jlainl (3 45 dxe s /Y paw Jlais) p3 I dme s
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 11- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation intervals (F) in the first year

Sl y9o  Gb palaolans (0,8) &l Jlia (e olS S Judo IS sl

F SN W (gr) SPAD
F-20 1152.00 a 62.59 a 34.83a
F-35 912.00 b 5158 b 34.23a
F-50 779.56 ¢ 4350 ¢ 3467a

() s 13) )05 oS3 g3l b (o)l sine BMBT S5 b ailiie By L (o Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 12- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation water amounts (l) in the first year

Sl o jlade Bb  ails slass (p)5) 4l 52 (jg ol S 2 Jadg IS (as L

[ SN W (gr) SPAD

FI 976.89 a 55.05 a 34742
PRD-75 1009.33 a 54.22 a 33.94a
PRD-55 857.33 b 48.40b 35.04a

() s 13) 25,005 5S> (g3l L (6l3ime ST 53, L i By s (slacySile
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 4- Respectively, from right to left, the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll
index (SPAD) for nine different irrigation interval and irrigation water amount (1) in the first year
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Table 13- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on the number seed
per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index (SPAD) of sunflower plant (Hysun25) in split plot
design with randomized complete block design in 3 replications in the second year

ks A REDWN Geb 4> &l dlawi &y 15 39 olS Sy Judg 5 yad b
e & G = SN w SPAD
S.0.V. df SS MS SS MS SS MS

S 2 1710.22 855.11 ** 5.15 2.57ns 0.41 0.21ns

Repeat (R)

(hel Jele) cssbel g0 2 138691.56 69345.78 ** 234.15 117.08* 13.79 6.89 ns

F (factor A)

A lbs 4 78.22 19.56 33.85 8.46 9.34 2.33
E (a)
“TLDI el 8 140480.0 17560.00  273.16 34.14 23.54 2.94
Main Plots (MP)
5 [ RvS
(o2 dabe) ol ol e 2 146179.56 73089.78 ** 378.05 189.02 ** 7.98 3.99ns
| (Factor B)
J’l“ A 4 41870.22 10467.56 ** 65.45  16.36 ** 19.28 4.82ns
Interaction (AB)
bEd(E:; 12 1614.22 134.52 36.27 3.02 33.36 2.78
< 18 189664.00  10536.89  479.77 26.65 60.63 3.37
Subplots (SP)
Tth | 26 330144.00  12697.85  752.92 28.96 84.16 3.24
otal

Slagye (3:55ke MS (laypo 9000 SS ()l gine pué NS D prdaw Jlain! )5 Jlo gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 14- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation intervals (F) in the second year

Sl y9d b palalans (0,8) &l Jlia pyje  olS S Judo IS sl

F SN W (gr) SPAD
F-20 943.56 a 53.73a 31.52a
F-35 892.00 b 48.87 ab 31.03a
F-50 772.44 ¢ 46.69 b 32.73a

() s 19) )05 oS3l g3l b (5l sine OIS S0, b ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 15- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation water amounts (1) in the second year

Sl O Jlade b s ailsslani (o,5) il 32 59 oS S by S as

[ SN W (gr) SPAD
FI 968.89 a 54.07 a 31.06a
PRD-75 845.78 b 50.28 b 31.86a
PRD-55 793.33 ¢ 44.94 ¢ 32.38a

() s 19) )05 oS3l g3l b ()l sine BMT S0 s ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 5- Respectively, from right to left, the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll
index (SPAD) for nine different irrigation interval and irrigation water amount in the second year
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Introduction: According to the Statistical Center of Iran, the country's population between 1957 and 2017,

has increased approximately from 19 people to 80 million. With population growth, the water demand is
increased and water resources are threatened cumulatively. Agriculture is recognized as the main water
consumer in the country. Due to the arid and semi-arid climate of the country, it is essential to use water
reduction strategies such as deficit irrigation (DI) and partial root zone drying (PRD) deficit irrigation in
agriculture. In case of water shortages, DI is an optimal solution for production, which is usually accompanied
by a reduction in product per unit area. The base of PRD is keeping dry the half of root while irrigating the other
half. The plant root in the wet area absorbs enough water. The other part of the root in dry soil, with a reaction to
dryness and sending symptoms to the stomata, affects their opening size and reduces water losses. Sunflower is
one of the four major oil producing plants in the world. The high volume of this product's import causes the
country's strong dependence on oil import and the currency's outflow from the country. Although all living and
non-living stresses are considered to be major factors in reducing production, water deficit stress is one of the
main factors limiting the production of sunflower; Therefore, studying the reaction of this plant to different
drought stress conditions and providing a solution to reduce the negative effects of dryness would be essential.

Materials and Methods: The present study was conducted on sunflower plant (Hysun 25) in a research farm
of Sari Agricultural Sciences and Natural Resources University (SANRU) in 27 plots (5 x 5 square meters).
Each plot consisted of 6 rows of planting at a distance of 75 cm from each other and 5 meters long. Sunflower
seeds were planted at a depth of 4 cm from the soil and at a distance of 20 cm from each other. The experiment
was conducted by using split-plot design, with three main factor (irrigation interval) and three sub-factor
(irrigation water amount) in randomized complete block design in three replication. The irrigation intervals were
irrigation after 20, 35 and 50 mm evaporation from class-A evaporation pan (F-20, F-35 and F-50 respectively).
The sub-factor was irrigation water in levels of 100%, 75% and 55% of water demand (FI, PRD-75 and PRD-55
respectively). Controlling the volume of water delivered to each treatment was carried out using a volumetric
flow meter. The application of irrigation treatments was carried out six weeks after planting. The irrigation for FI
was conducted regularly at both sides of the root and for PRD it alternatively changed at the right and left sides
of the root. The studied traits were irrigation water use efficiency (IWUE, kg/m3), height (H, cm), the flower
diameter (D, cm), the seeds number per flower (SN), the 1000 seeds weight (W, gr) and the chlorophyll index
(SPAD). Statistical analysis of data conducted by SAS software using Duncan test (1% level). Diagrams
extracted by Microsoft Excel software.

Results and Discussion: Evaluation of irrigation interval factor based on the experiment two years data,
indicated that the best results for plant growth parameters was for F-20. Also, the best results for sunflower plant
growth parameters was for FI. According to the significant difference between FI and PRD-55 at most of the
growth parameters, it’s suggested to conduct PRD-75 for PRD. For the irrigation interval factor, there was
significant difference for most of the plant growth parameters between F-20 and F-50. Therefore, considering
this case as well as the problem of increasing the operating cost by reducing the irrigation interval, F-35 is
recommended for irrigation interval. It’s concluded that there was significant difference between all of the
irrigation interval treatments by analyzing the IWUE trait. The highest amounts was for F-50 and the lowest was
for F-20. Despite the increase in the value of IWUE in PRD-75 in comparison with other treatments for each two
years of the experiment, this difference was not significant. According to the non-significant difference between
F-35 and F-50 for IWUE at the second year of the experiment and this trait relative increase at PRD-75 in
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comparison with two other treatments, it’s suggested to conduct PRD-75 with F-35 to have higher IWUE.

Conclusion: Simultaneous analysis of sunflower’s IWUE and its growth parameters showed that it could be
possible to save in irrigation water use and increase the IWUE with the lowest decrease in the sunflower plant
growth parameters by applying PRD-75 and F-35.
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