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Extended Abstract

Background and Objectives

Abiotic environmental stresses, especially drought stress, are among the most important problems in arid and semi-arid
regions, affecting plant growth and yield. On the other hand, given the widespread shortage of water resources, the future
of food supply for the world's growing population will be affected by the water crisis; therefore, water will play a major
role in increasing agricultural production, and any method or technology, such as deficit irrigation, that increases water
use efficiency will improve food security. Using agricultural methods such as applying different types of organic and
mineral fertilizers can also be effective in combating drought stress. In drought conditions, the absorption of nutrients
through the roots decreases under certain conditions. To solve this problem, the nutrients (micronutrients) needed by
plants can be provided through foliar spraying. Although micronutrients are required in small amounts for plant growth
and production, their deficiency will have adverse effects on physiological processes and plant growth and development.
Although micronutrients are required in small amounts for plant growth and production, their deficiency will have adverse
effects on physiological processes and plant growth and development. This study aimed to investigate the effect of foliar
spraying of micronutrients on yield and the levels of nitrogen, phosphorus, potassium, and zinc in pinto bean leaves under
normal and drought conditions with different nutritional treatments.

Materials and Methods

In order to investigate the effects of deficit irrigation, potassium sulfate fertilizer, and foliar application of nutritional
elements on the absorption of some nutrients by leaves in beans, an experiment was conducted over two crop years in
split plots based on a randomized complete block design with four replications at the Kheirabad Research Station of the
Agricultural and Natural Resources Research and Education Center of Zanjan Province. Analysis of variance was
performed in the form of a split plot design at multiple times and locations (irrigation cycles). After measuring the levels
of nitrogen, phosphorus, potassium, and zinc in different experimental treatments and checking the normality of the data
and homogeneity of variances, variance analysis was done based on mathematical expectation, assuming randomness of
the year and constant levels of treatments. Mean comparisons were also performed using Duncan's multiple range test at
a 5% probability level.
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Results

The results of analysis of variance showed that there was a significant difference between the two irrigation periods for
potassium concentration, nitrogen concentration, and grain yield, and the 9-day irrigation cycle caused a significant
decrease in these traits. A significant difference was observed between the two fertilizer levels evaluated in terms of
nitrogen, phosphorus and potassium concentration. Potassium sulfate application did not cause significant differences in
grain yield, but a significant decrease in leaf nitrogen, phosphorus, and potassium concentrations was observed. On the
other hand, the use of this fertilizer caused a non-significant increase in zinc concentration. Finally, significant differences
were observed between foliar spray levels for all traits except potassium concentration. Potassium silicate had the greatest
effect on grain yield and significantly increased it compared to amino acid and zinc nanofertilizer. Therefore, it can be
concluded that foliar spraying of potassium silicate can increase resistance to drought conditions. Foliar application of
zinc nanofertilizer did not have much effect on increasing grain yield. Amino acid consumption significantly increased
leaf nitrogen concentration. Amino acid and zinc nanofertilizer showed the most significant increase in leaf phosphorus
concentration. Potassium silicate treatment showed the lowest phosphorus concentration. The most significant difference
in leaf potassium concentration was obtained by using amino acid, and finally, the highest leaf zinc concentration was
observed by using zinc nano fertilizer and then amino acid.

Conclusions

Potassium silicate solution spraying increases resistance to drought conditions. Foliar application of amino acids increased
leaf nitrogen and potassium concentrations. Foliar application of amino acids and zinc nanofertilizer had the greatest
effect on increasing leaf phosphorus and zinc concentrations. In 9-day irrigation cycle, the use of amino acids and
potassium silicate as foliar sprays can increase the concentration of potassium in the leaves, and also, also, in these
conditions, the use of potassium silicate increases the concentration of zinc in the leaves. Therefore, it can be said that
foliar spraying of nutritional elements can be used to eliminate the deficiency of required substances in beans under stress
conditions resulting from increased irrigation intervals.
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Table 1- Meteorological statistics of Khairabad station during two crop years

Lo aeS Lo ancis - S s Al
1 Jl : ey Sl . .
ols ‘g:(;;pfng Minimum  Maximum O Aol e G"‘"_"‘ffj") sb
Month 75 ¥ temperature temperature . . Perecipitation Mr(lerll;:]\;]? '\/:21(;{?\%“ Maximum
humidity _humidity ind sPeed
June 2022-2023 10.7 31.0 20.9 0.6 22.6 80.4 8.0
2023-2024 10.2 28.5 194 1.6 24.2 70.0 12.4
July 2023-2024 15.0 33.0 24.0 0.1 235 64.1 12.4
2023-2024 14.2 28.6 21.3 0.0 28.8 59.0 134
Agust 2022-2023 15.7 35.2 254 0.4 18.2 56.0 12.6
2023-2024 15.2 314 23.3 0.1 30.4 67.5 11.4
September 2023-2024 11.5 32.0 21.8 0.0 22.3 69.3 8.9
2023-2024 10.5 29.4 19.9 0.0 21.7 63.1 11.6

A8 50 S biasd 9 (S35 slaS59-Y Jga
Table 2 - Physical and chemical properties of the field soil
Colae STy S Oler Aed el ool s,

. = 7 . . . . o = o) . . . .
Sl elal 5 JI S Gl ol gl o o e b i LB T(’)\IV

Cla
EC10 pH OC TotaIN P.Av K. AV () (%) (%3/ Fe. Av Zn. Av %
(dS/m) (%) (%) (mglkg) (mglkg) (mg/kg) (mg/kg)
0.77 7.20 088 0.07 20.60 568 38 40 24 1146 524 21
e TN 13-18 250-300 10-15  5-10 25

33 Sy g0 (5‘)‘:‘:""(5&)3"‘)"‘&;’&"'@ (5“).\ b._\.ﬁn‘Ls.uL;o L;J.niLo‘)T(sLAUa; u"‘;‘fJLBJ‘ éd\.ﬁl.u”f
c gl Osedl B 3 ol S s K bl einled] slba Guilbsly (SRS (s 9o Sl
S apd oS gy, 5 (S s Gass shliae opse oo 5 oS soliil laguwbly (JA 6 e
chle 5)ueqs (Valizadeh & Moghadam, 2010) wials o cdl 550 golasy sos lastial glajwls )l
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Table 3- Variance of experimental errors in different irrigation cycle in two crop years and Fmax Hartley and Bartlett's
tests to evaluate the uniformity of variances.

Jlo Gkl 40 cble (P) i il pely cble gy clile 00 Slee
Year Irrigation Cycle  (N) 59,50 K) (Zn) Grain yield
59,8 Skl s 0.0423 0.00157 0.01967 166.55 30489.3
2022-2023 5'D'C_
50 Veulel g0
0.01524 0.00122 0.00835 202.965 25798.8
9-DIC
59,0 G)L.f‘.—‘ 09°
0.02012 0.00104 0.0101 185.61 45899.4
2023-2024 5'D'C_
50 Veulel g0
0.DIC 0.01143 0.00046 0.00534 135.86 79981.78
Bartlet test 7.309" 3.64 4.06 6.52 7.14
F max Hamey 3.7** 3.41** 3.68** 149 31*

3958 solsl 55 9-DIC 5,0 Ll 559 :5-DIC
5-DIC: 5-day irrigation cycle, 9-DIC: 9-day irrigation cycle

*

deo 3 gy g o se Ko Jlaial w50 Hlalias S 4T
" and *: significant at the level of 1% and 5%, respectively
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saaliie Hlulias ool wmHu ) Jlial phas Ho anlly clile Jats olie ol gl b slae 7ol G
BlEie 31 el ke cdin o okl Hs 0 abdslae G0 LlEe S5 (34,50 ol cda Hu ub
x il slae (golal Ho x9S Gl gu Bl I3 g5, cbale cdin 5 5 okl Hoe 0 il slas G0
6l Il x il sl B8 50 JilEe ol 31 biad lolias wes 5o K mhais 5o okl 50 % il slase 598
So5e st slas ol oslite GSTs saiaulis € oss slobine wemys K Jlaial slae Lo @il o Slee
slos B0 (Sl (i5b loae Jad Bl) (el CaliAs bl b 0 4 55 L 4S5 g Gl dT sladls 5o (o
s hdslae 5 9sS lEte ol 31 51 Jeala malis 4 al sl fae o SRS 4 (Blate SIS 05 50 Jlas g 50 (0 5 152

C.u.u‘ IV OJL&:‘ JL'.u L)




1F+0 )l o) o 3low <P W <ol g S 5i1d 4 g

Oy 0n g suw!

il glae 9958 5okl 599 (sLajlasi 5u aadllas ) g0 (sLa el sy Guslaslg 43325 -F Jgua
Table 4- Analysis of variance of the studied parameters under irrigation, fertilizer and foliar spray treatments

‘ 4>, (Mean square) «las o (:Silio
SOV SOH Oo9 e clale P clale o chle 9 chle als °)5‘L°'c
df N P K Zn Grain yield
_6)1?*' 29° 1 0.4616°  0.00056  0.3826™ 679.24  25069177.7"
Irrigation cycle
Jb 1 0.2628 0.0058 0.2497™ 343.64 1629650.2"
Year
_‘5)5*‘ o9 x Ju 1 0.0164  0.00065  0.00012  0.01926  23793.2
Irrigation cyclexYear
()bl 9o x JLf”) ‘_{91* -2 sl 12 0.0972 0.0045  0.002263 34559  197721.9
Error a=Block (Irrigation cyclexYear)
o_; 1 0.5385™ 0.0317™ 0.2141" 920.65 5473
Fertilizer
_ ‘%)Lﬂ' 299X 355 - 1 0.008 0.0043 0.0015  4107.38™  2257.1
Irrigation cyclex Fertilizer
Jus é_’_{ 1 0.0044 0.00074 0.0046 42.81 56769.5
YearxFertilizer
Jhox 955 x 5 5lol 90 1 000024 000013  0.0141 18.67 21.8
Yearx Fertilizerx Irrigation cycle
()lal 9o x JL_“_) e » 55_‘1* D sl 12 0.0504 0.0017  0.01558 24298 123029.1
Error b=BlockxFertilizer (Irrigation cyclexYear)
sl 3 0.1426™ 0.0048™ 0.025 24894.08™ 276315.6™
Foliar spraying
°55 X 2 Jsle 3 0.0162 0.0021 0.023 1430.76™  75595.04
FertilizerxFoliar spraying
Jbo ¥ S ol 3 00127 000012 00014 14135 2376756
YearxFoliar spraying
okl g (Bl 3 00046 00017  0.0719% 115822  71000.2
Irrigatin cyclexFoliar spraying
Jbox el s x Ak Jslnae 3 0002 000076  0.0041 1519 2322898
YearxIrrigatin cyclexFoliar spraying
Jbox 355 x (2L Jsle 3 0.0065  0.00036  0.0077 50.07 49730.3
YearxFertilizerxFoliar spraying
okl 59X 355 x (2 Jslona 3 00411 0001  0.0351%  47229% 11520338
Irrigatin cyclexFertilizerxFoliar spraying
Jbo ol hgo x 955 x (b Jslne 3 00037 000003  0.0084 2669 1461111
YearxIrrigatin cyclexFertilizerxFoliar spraying
(k! 559 x JLo) 355 55 (3l Jslme 10 Sl=C gl
Error c=BlockxFertilizerxFertilizer (Irrigation 1 0.0219 0.00107 0.0104 172.99 45754.4
cyclexYear)
FolyetS eyl 4.77 11,53 9.16 23.18 8.25

CV%

deo s e 5 o Jlial mlacs 5o ol G S 5
™ and *: Significant at the level of 1% and 5%, respectively
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Table 5- Comparison of average treatment levels in studied traits.
1 e alo o Slee
sokel o0 Ojars wdale Sd clale ey B 9, bl Grain yield
Irrigation cycle N (%) P (%) K (%) Zn (mg/kg) (?Lg/r):a;3
3950 kel o 3.1667 a 0.286 1.201 a 5003  3038.02a
5-DIC
SITRARCIBTS 3.0389 b 0.281 1.087 b 54.41 21509 b
9-DIC
e alo o Slee
Fertilizer N (%) P (%) K (%) Zn (mg/kg) (T(g/%/ai
ey Slilgs 3.0383 b 0.268 b 1.113b 59.51  2502.02
Potassium sulfat
el 3.1647 a 0.299 a 1173 a 54.01 2589.13
Control
) el o Sles
Foliar spraying N(%) P(%) K(%) Zn (mg/kg) (klg/f)llz:l)
el 3.0559 b 0.282 ab 1.131b 34.62¢c  2547.94b
Control
53, 35550 3.1078 b 0.286 a 1.136 b 91.39a  253331b
Nano-zinc fertilizer
irel ] 3.2055 a 0.299 a 1191a 67.74b  2546.03b
Amino acid
ey DLl 3.0419 b 0.267 b 1118 b 3354c 2733564

Potassium silicate

.As)lql(s)lalluajl_&]MJJ@‘:._3c!mu)aQSZJJL’,\,Aﬂual.ulﬁ»S)L.'LAJJ);@I)M‘_;LAO&QL_MQJLAJAJJ
In each column, the numbers with common letters do not have a significant difference at the 5% level based on Duncan test.
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Table 6: Analysis of variance of the significant duplicate interaction effects of the studied parameters.
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Figure 1- Interaction effect of foliar spray x irrigation cycle for nitrogen concentration.




1F+0 4l <) ol (FF Wl ol g S5 iitd & g o yod g o 114

(Joliie 31 e 43a3 5 paally ol s s (ol 59 X LBl slae JlEEe S5l g Slolias L 4a 5 L
S lEie 31V Jgan) wule asas Dhiliae o sl asoleT Has 99 58 o calidslas zsb Ga S Wb sualie
St GMadES ol ge Byias 550 okl Hga 59 S8 S padtine LSl dinlie g 3 9 LS g
arcaliy SlSibes s 5o loliae (S Gyl 5 el sud (S awcally clile alS Gl il slas
o3 El S sa s olaliae ol clile (EalS g sle walis mhas b Koo s103a5 mhas g0 G g ol sualine
L oS wd sualiie el wacal Gyame oo poally Sll2 G i 5 95 @ liie lhmas W5 G0 4 solel Lo
99 O eendla L18 anlly Sl w505 aa da ye o odls golalbas ol pabid slae Koo £ sba
el wreal (8 yeme (35 Lol s 50 4S 0au o LS i oyl (Y JSB) bl 0 san g (olaline sl Ko o

S (S paeeliy clile (138 el Wl S e il sl Do st prally Sl

@ Control m Zinc nanofertilizer &8 Amino acid ® Potassium silicate
1.25 - a

L
(V)

Potassium conc. (%)
[E=Y
[
(6)]

5 Day 9 Day
Irrigation cyclex Foliar spraying

(a(aS3les dslia . an Lis gl adin g, sLaalal) anculiy CALE (gl pa 5 ylaal g0 x (il gl Jaliie 1Y JSib

Sl ouddi alad) dilSlaa le ) 42 (51
Figure 2- Interaction effect of foliar spray x irrigation cycle for the potassium concentration trait.
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Figure 3- Interaction effect of fertilizer x irrigation cycle for the zinc concentration trait.
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