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Abstract

Introduction: In Iran, salinity is a pervasive and limiting Factor of agricultural sustainable
production. Plants in saline conditions are exposed to limited absorption of nutrients, water and
toxicity of some elements and subsequently, their yield will be affected by salinity. Moreover,
being calcareous, the salinity of soil and irrigation water, low organic matter in the country's arable
soils, and excessive consumption of phosphate fertilizers cause a lack of available nutrients for the
plant uptake. As regards more than three billion people in the world suffer from a lack of micro
nutrients, the bio-enrichment in strategic products such as wheat is necessary.

Materials and Methods: This study was carried out in Khuzestan province in a calcareous and
saline soil with silty clay texture under wheat cultivation as a factorial experiment in a randomized
complete blocks design with three replications. Factors included four levels of zinc (zero, 30, 60
and 120 kilograms per hectare of zinc sulfate) and the four levels of iron (zero, 2.5, 5, 7.5
kilograms per hectare of Fe- EDDHA). Zinc fertilizer treatments were used as application in soil
and simultaneously with basic fertilizers (phosphorus and potassium fertilizers). While, iron
fertilizer treatments were applied as irrigation fertilizer during wheat tillering stage. At the end of
the growth season, wheat yield components (1000-seed weight, number of grains per spike,
biomass weight, grain yield, number of tillers per square meter) and quality characteristics
including hectoliters, seedling number, protein percentage, grain hardness and moisture content in
different treatments were determined. MSTAT-C statistical software and Duncan's multiple range
test were used to compare the means of the studied treatments.
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Results and Discussion: The results showed that the interactions of zinc and iron on 1000-grain
weight, number of grains per panicle and number of tillers and simple effects of zinc on total yield
were significant (p< 0.01). The highest wheat grain yield was obtained in the treatment of 120
kilograms per hectare of Zn and 2.5 kilograms per hectare of iron and was equal to 6723 kilograms
per hectare. The results showed that increasing one element alone had a negative effect on the
number of plants per square meter. So that the lowest number of tillers per square meter (489 tillers
per square meter) was observed when 60 kilograms per hectare of zinc fertilizer was consumed
without iron fertilizer application. In other words, the imbalance in the amount of nutrients caused
a significant reduction in the number of plants per square meter. Although the role of iron in yield
and yield components of wheat in saline conditions was less than the element zinc, but the
combined use of zinc and iron in a certain ratio had a positive effect on the yield components of
wheat. Despite the less effect of iron application than zinc on wheat yield and yield components in
saline conditions, the combined application of zinc and iron in a certain ratio had a positive effect
on the wheat yield components. Combined and separate application of iron and zinc had no
significant effect on wheat grain quality indicators including hectoliters, hardness and moisture.
While the application of the most value of zinc caused a significant decrease in the wheat grain
zeleny index. Higher levels of zinc fertilizer reduced the zeleny number of wheat grain, but the
results showed that iron fertilizer levels followed the opposite trend rather than the element zinc.
The least protein content (12.8%) was obtained in the treatment of 120 kg zinc fertilizer per
hectare, which showed a statistically significant difference with the control treatment. Based on
economic analysis, the application of 30 kg of zinc fertilizer per hectare, 2.5 kg of iron fertilizer per
hectare and the combined application of both zinc and iron fertilizers resulted in a benefit-to-cost
ratio of 2.3, 3.1 and 2, respectively.

Conclusion: Based on the economic analysis of treatments, their effect on qualitative and
quantitative yield of wheat and the role of these micronutrients in human health, application of 30
kg ha zn fertilizer (as application in soil) and 2.5 kg ha™ Fe fertilizer (as Irrigation fertilizer) in
the wheat tillering stage was suggested in saline soil and climate conditions of khuzestan province.

Key words: Environmental stresses community health, sustainable agriculture, balanced,
consumption of fertilizers
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Table (1) Chemical properties of the studied soil

S A el Al ST ST S R S A s Gos
Zn Fe K P T.N.V  Organic pH Electrical Depth
carbon conductivity
(mg kg™) (%) (%) (dsm? (cm)
0.95 8 244 6.9 45 0.57 7.6 8.8 0-30

ookl 390 ST (Slowd G T 39 (V) J9vr
Table (2) chemical properties of used water

S I S oA e S s

Mg Ca Na Cl Zn Fe Mn pH Electrical conductivity
(me L) (Mg L) (mg L™ (dsm)
4 13 18 19 49.3 20 0.21 7.1 35

29 Ll ph 50 Ui 3 loe (595 9 AT Sl sled DI T 8 50 Wik 19 4 3285 (IF) Joor
Table (2) Composite analysis of variance for the zinc and iron treatments effects on wheat yield
under saline condition

03 doy Sl BERYEEINEY B YET) J s Shes als 3 Shes 3037 a3 Ol i &
s i &ls Total yield Grain yield Degree of Variation source
g . freedom
Number of Number of 1000 grain
tillers per grains per weight
square meter spike
J
151845.0 43745 787.5 349186959 6327757.5 1
year
ns ns dl X )‘Jg
12383.5 20.4 11 221144145 582042.5 4
Year x replication
3706.7" 6.19™ 13.45™  26468026.5 2488645.5 ™ 3 ;”
n
X Jlo
4550.1 ™ 57.9 8.04™ 15864553.8 471614.8 3 &
Zn x year
- * AT
5411.2 3B7™ 18.54 29407755 ™ 1612384.7 ™ 3 “If
e
(ol X Jle
7234.8™ 54.3 11.12 4433442.5 118355.5 3 d
Fe xyear
o o . . -aT X
4829.2 73.9 10.4 5972277.9™ 977141.2 9 e
Fe x Zn
-aT X X Jlo
142365.2 28.9 7.2 17959203.8 3098289.5 9 ST
Fe x Zn x year
*x (P53
1246.4 28.3 5.02 5369994.5 1360930.4 60
Error
(1) O s s o
6.8 14.8 5.63 17 19.19

Coefficient of
variation

™, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table (4) Comparison of biennial mean of simple effects of zinc and iron treatments on some yield
characteristics of wheat

B 3 ey Sl ab s 5 4ils sl als Hl8 055 K JJSJ“"“' «ls %&L“‘“ e
. . . PAarn
tillers per square Number of 1000 grain Total yield Grain yield treatment
meter grains per spike weight (g) (kg hat) (kg ha'™)
508.7 b 36.7a 39.2b 12960 b 5503.7 b Lo
Zn 0
Vs
517.1ab 355a 39.7 ab 12380 b 5937.3a
Zn 30
s
5253a 359a 409a 14500 a 6370 a ¢
Zn 60
VY
537.4a 359a 395hb 14390 a 6318.3 a &2
Zn 120
. oaT
504.2 b 36.8a 38.7b 13060 a 5778 a o
FeO
Y/0 UAT
520.7 ab 37.2a 39.5ab 13870 a 6104.3 a
Fe25
[\ JAT
539.8 a 348a 40.4 a 13640 a 6016.3 a
Fe5
7%
514.1b 35.1a 406a 13660 a 6121a o
Fe7.5

aib ol (P<O.05) Hls e CoMestl (gl )hs 02 55 &S 2ie oy > b sl
Numbers followed by the same letter are not significantly differentns (P<0.05)

P 8 hos S T 39 (B p p Wl 3590 Sl sl blie O 51 lugd (puSile duslio (0) J9ur
Table (5) Comparison of biennial mean of interactions effects of studied treatments on some yield
characteristics of wheat

cjnjz.«):u'..‘.isud b g s 4l ﬁl:)l}AQjJ “Ifajgl.‘.c ﬁl;;ﬂ»& QAT)l“:J 9y ol
tillers per square Grain per spike 1000-grain Total yield Grain yield Fe Zn
meter weight (g) kg ha) (kg ha™)
509.7 cd 38.5abc 36.2¢ 13480 abc 5450.7 ab 0 0
530.7 bed 36.7 abc 40.3 ab 14070.6 ab 6258.3 ab 25
484.4 de 36.8 abc 39.7b 11720.3 be 49450 b 5
509.4 cd 34.8 abc 40.7 ab 12590 abc 5620.3 ab 75
509.4 cd 35.3 abc 40.3 ab 10880.6 ¢ 5493.3 ab 0 30
509.4 cd 41.0ab 39.0 be 12340 abc 6070.0 ab 25
530.4 bed 32.3¢c 39.7b 12780 abc 6043.3 ab 5
524.7 bed 333¢c 39.8b 13520 abc 6142.3 ab 7.5
459.0e 420a 39.8b 14770 ab 6185.0 ab 0 60
525.5 bed 33.8bc 39.3b 14780 ab 6560.3 ab 25
567.2 ab 33.3c¢c 432a 14570 ab 6467.3 ab 5
509.7 cd 34.3bc 41.3ab 13870 ab 6270.3 ab 7.5
538.8 ahc 315¢ 38.3 bc 13090 abc 5485.3 ab 0 120
520.5 bed 37.5ahc 39.5b 14300 ab 6727.3a 25
5775a 36.8 abc 39.2b 15480 a 6610.3 a 5
513.5cd 37.8 abc 40.8 ab 14690 ab 6452.3 ab 7.5

il i (P<O.05) Sls me oDl (61515 02 ,a 53 &5 i (o5 o= b slsd
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table (6) Mean comparison of the studied treatments on some quality characteristics of wheat
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%) %) number %) Hectoliters Treatment
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Zn0
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Zn 30
N
65.9a 50.0 a 307¢ 130a 763a e
Zn 60
\Y.
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v AT
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table (7) Economic evaluation of iron and zinc fertilizer application in comparison with control
treatment on wheat yield
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Interaction of Zn
and Fe fertilizer
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