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Table 3. The mean squares for grain yield and yield components of barley genotypes during the 2012-14 cropping seasons

Ol i Qﬁn 3T 4 s Al sl Al 53 @ls slaws HESISE ST &l> ux.ero
(SOV) (df) No. of spike No. of seed per spike 1000- kernel weight Grain yield
YearJ
4¥-114) ar_yray IR ar-yray IR ar_\ray IR ar_yray
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
<
L.\.WL . 2 359.5 575.7 9.5 3.2 1.9 0.2 19352.5 324524.4
Replication
TS
Saline water (W) 2 149341.4%* 57083.6** 450.9%%* 453.6%* 1152.1%%* 973.6%* 144339672.3%* 271359.2%**
s
4 2151.9 603.4 6.3 7.8 3.8 3.2 304367.3 40994.8
Error
@ Jsle "
Foliar application 3 6365™  13359.1%* 152 32.6% 16.1™ 12.5™ 2881331 159612286
(F)
st
6 1768.6 818.9 5.2 4.2 7.7 7.7 337523.0 115767.3
Error
L .
= L&Mmﬁk 6 2183.3% 999.3" 128" 17.9* 143 158 1088479.6*  1281391.8+*
s
12 716.8 1041.8 9.6 5.5 6.4 4.3 338237.6 69745.3
Error
5 *
o 2 371153.5%%  37999.8%* 3400.9%* 3451.6%* 550%%  123.8%F  3777871.8%+ 17649002
Cultivar (C)
e 4 457704 1878.8% 46.9%* 23.9* 20.4%* 9.9™ 737837.1%%  1321837.2%*
5L #ad . .
" Mﬂ i 6 17053.3** 9232 .8%%* 26.5% 12.3™ 8.8* 12.5% 194044.4™ 65044 .4%**
ot Sl J Poe auu
12 3296.2%* 1161.5* 14.6™ 20.7** 10.9%* 11.6%* 352409.4* 310012.0%*
C*W*F
s
48 1020.4 465.5 10.2 7.2 2.9 3.9 138566.0 57208.9
Error

ns, * and **: non- significant and significant at the 5% and 1% levels of probability, respectively
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Figure 1. Mean comparison for number of spike per square under different treatments of saline

water (2, 10 and 18 ds/m), foliar application (nano-ZnO, EDTA-Zn, nano+EdTA and H20 as
check) and barley cultivars (Morocco, Nosrat and Khatam.
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Figure 2. Mean comparison for number of seed per spike under different treatments of saline
water (2, 10 and 18 ds/m), foliar application (nano-ZnO, EDTA-Zn, nano+EdTA and H20 as
check) and barley cultivars (Morocco, Nosrat and Khatam).
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Figure 3. Mean comparison for 1000-seed weight under different treatments of saline water (2,

10 and 18 ds/m), foliar application (nano-ZnO, EDTA-Zn, nano+EdTA and H20 as check) and
barley cultivars (Morocco, Nosrat and Khatam).
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Table 4. Interaction of water salinity, foliar application and barley cultivars on grain yield and yield components during the 2012-2014 cropping

seasons
T s b sl e e o3 i sl i s @l sl ()45 5152 055 &ls 5 Shee
Saline water Foliar Cultivar No. of spike (m"?) No. of seed per spike ~ 1000- kernel weight O yue 548
(ds/m) application (gr) Grain yield (kg/ha)
year Ju
4Y-1¥4) qroyray 4Y-1¥4) Qroyray 4Y-1¥4) Qroyray 4Y-1¥4) Qroyray
2012-13 2013-14 2012-13  2013-14 2012-13  2013-14 2012-13 2013-14
oo 578° 348° 21.6° 15.6° 39.5° 34.5° 5262° 2125°
Morroco
S5 15 = 527 362 34.4° 20.4° 36.9%  31.9% 6900° 3450°
Nano-ZnO Nosrat
Sl
~ 410° 303° 37.0° 31.0° 34.7° 29.7° 5360° 1804°
Khatam
e 625° 358° 19.2¢ 13.6° 447 39.7° 6219 1804°
Morroco
Say NS = 514° 428° 35.7° 34.4° 36.4° 31.4° 6500° 4204°
) EDTA-Zn Nosrat
ALT.- c c a a b b a a
424 311 444 40.1 39.2 35.9 6617 4917
Khatam
s 718° 378° 18.5° 15.8° 37.4° 32.4° 5079° 2467°
Morroco
e = 464° 375 37.20 32,00 37.4° 32.4° 6729 4100°
Mixture Nosrat
Sl
~ 376° 306° 44.0° 39.7° 39.1° 34.1° 5959° 4500°
Khatam
O dals s 639° 323° 20.4° 16.1° 38.2° 33.2° 5533° 1379°

Morroco

(check=H0) & 490° 236 40.1° 34.1° 326" 276 5850° 1900°
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Sl
~ 450° 3347 38.3° 32.3° 38.2° 33.2° 6075 3679
Khatam
e 515° 329° 18.4° 12.4¢ 35.9° 30.9° 4080° 1158°
Morroco
$34-S1 5 e 467° 290° 32.7° 24.8° 32.8° 27.8% 4498° 1917°
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At least one common letter indicates no statistical difference.
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Figure 4. Mean comparison for grain yield under different treatments of saline water (2, 10 and
18 ds/m), foliar application (nano-ZnO, EDTA-Zn, nano+EdTA and H20) and barley cultivars
(Morocco, Nosrat and Khatam).
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Extended Abstract

Mahlooji, M., Effects of saline water and foliar application of chelate and nano zinc oxide on yield and
yield component in barley cultivars
Applied Research in Field Crops Vol 34, No. 4, 2022 10-12: 57-73 (in Persian)

Introduction:

Salinity limits crop production in the world and affects 19.5% of water farmlands.
It is estimated that between 18 and 27 million hectares (10 to 15%) of Iran’s land
experience salinity problems (Mahlooji et al., 2018); therefore, salinity of water and
soil resources is one of the most important challenges to the agricultural production
in Iran. Salinity is one of the major abiotic environmental stresses, which affects
almost every aspect of plant life and significantly reduces crop yield and quality.
Thus it is a serious threat to agricultural productivity, especially in arid and semi-
arid regions. The response of plants to salinity depends on several factors such as
growth and developmental stage, severity, duration of stress, and cultivar genetics
(Seyed Sharifi ef al., 2017). Nutrient availability is decreased in saline conditions
because of high concentration of sodium, chloride and sometimes calcium ions in
the soil solution and plant nutrient balance is changed. These saline water sources
reduce nutrient absorption or cause nutritional deficiency of some essential elements

such as zinc in the plants, leading to impaired growth. Recent studies have shown
Email address of the corresponding author: mmahlooji2000@yahoo.com
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that the use of zinc sulfate and zinc nanoxide is effective due to the improvement of
photosynthetic pigments and the enhancement of plant’s ability to tolerate salinity
stress. Zinc micronutrients under salinity stress conditions increase the activity
of antioxidant enzymes, proline accumulation and soluble sugars and chlorophyll
content, and consequently play an essential role in improving plant growth. Thus,
under these conditions, proper and adequate management of nutrition plays an
important role in maintaining nutrient balance and crop improvement (Ahmadi et
al., 2006). In this regard, the aim of this research was to study the effects of zinc
foliar application and saline water on growth indices and grain yield in barley
(Hordeum vulgare L.) cultivars.

Materials & Methods:

The experiment was conducted in a strip split block design with three replications
at Esfahan (Rodasht) drainage and salinity research station in 2012-14. Three
water irrigation quality treatments including W =check, 1-2 dS/m (low salinity),
W,=10 dS/m (a common salinity in the region), W,=18 dS/m (high salinity) were
evaluated as vertical factor. The horizontal factors were foliar spraying including
(nano zinc-oxide, chelated zinc, mixture of nano and chelated and water spraying
as a check). Three different barley cultivars including (Moroco=moderate semi
salt sensitive, Nosrat=moderate salt tolerant and Khatam= salt tolerant) were split
within the vertical factors. Data were analyzed using SAS software and the means
were compared by Lsmeans test at 5% probability level.

Results & Discussion:

The results showed that with increasing salinity of irrigation water, yield and
grain yield components decreased. Foliar application of zincchelate increased the
number of spikes, 1000-kernel weight and grain yield. Khatam cultivar was the most
salt tolerant, Nosrat cultivar was semi-tolerant to salinity and Morocco cultivar was
more sensitive to salinity. Triple interaction (salinity * foliar application * cultivar)
was significant on the all traits in the two years of the experiment (except for the
number of seeds per spike in the first year). That being the case, effects slicing was
performed. With increasing salinity to moderate level (10 dS/m), the advantage of

using a mixture of zinc oxide nanoparticles and zinc chelate (in the first year) and
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zinc chelate (in the second year) became apparent in which they had a positive
effect on grain yield of barley cultivars. Under excessive salinity (18 dS / m), no
foliar application (in the first year) and the foliar application of zinc chelate (in the
second year) were found to be the most appropriate treatments.

Conclusion:

It seems that the second year of research was closer to normal conditions (in
terms of long-term annual meteorological data) and could be considered more
representative of the real condition in the region where the foliar application of
zinc fertilizer and the use of salt tolerant cultivar (Khatam) are recommended.

Keywords: Micronutrients, Salinity tolerance, Slicing
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