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Introduction

Environmental stresses are important factors in reducing agricultural production worldwide. Plants are
continuously exposed to various stresses under natural and agricultural conditions, and water scarcity is the most
important limiting factor for crop yield in most parts of the world. Drought stress can cause morphological,
physiological, and biochemical changes in crop plants. Cytokinin application and foliar application of
micronutrients can have beneficial effects on plant photosynthesis and wheat yield under moisture stress
conditions.

Materials and Methods

This study was conducted as a split-plot factorial experiment based on a randomized complete block design
with three replications in two regions, Karaj and Hamadan, during the 2019-2020 growing seasons. Irrigation
regimes, including three levels—(i) irrigation at 40% available soil moisture depletion throughout the growing
season (control), (ii) normal irrigation from planting to the pollination stage followed by irrigation at 60%
available soil moisture depletion, and (iii) normal irrigation from planting to the pollination stage followed by
irrigation cutoff until maturity—were assigned to the main plots. The factorial sub-factors included low-
consumption nano-elements at five levels (control, zinc, iron, selenium, and a combined application of the three
elements) and cytokinin application timing at four levels (control, flowering stage, milking stage, and flowering
+ milking stages). Measured traits included grain yield, biological yield, and chlorophyll fluorescence
parameters.

Results and Discussion

The results indicate that the effects of irrigation, cytokinin and Nano-micronutrient treatments on the studied
traits were significant, but the interaction effects of these treatments were not significant. Drought stress has an
inhibitory effect on various photosynthetic activities, especially photosystem Il activity, in wheat. In the present
study, it was determined that chlorophyll fluorescence parameters along with chlorophyll content have a special
role in investigating the effects of drought stress on plant photosynthetic systems. Therefore, by applying
drought stress, the rate of transpiration, gas exchange, maximum photochemical efficiency of photosystem I,
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maximum fluorescence (Fm) and photosynthesis rate decreased. However, the use of cytokinin hormone and the
combined application of micronutrients significantly increased the rate of photosynthesis, stomatal conductance,
transpiration intensity, maximum photochemical efficiency of photosystem II, maximum fluorescence (Fm),
minimum fluorescence (Fo), relative water content of leaf and chlorophyll content. Normal irrigation treatment
increased the stable fluorescence (26.68%) and the variable fluorescence index (24.78%) compared to the normal
irrigation treatment until pollination and then completely stopped irrigation. Zinc + iron + selenium elements
improved the stable fluorescence (26.16%) and variable fluorescence (21.48%) compared to the control
treatment. Foliar application of cytokinin at pollination + grain milking increased the stable fluorescence
(15.34%) and variable fluorescence (20.74%) compared to the control. Drought stress had an inhibitory effect on
various activities of the photosynthetic apparatus, especially the activity of photosystem Il, in wheat, but the
application of micronutrients and the hormone cytokinin reduced the inhibitory effect. The improvement of
photosynthesis by cytokinin and micronutrients under stress may be due to the effect of these substances in
maintaining leaf chlorophyll. It seems that cytokinin and micronutrients have inhibitory effects on the
functioning of the photosynthetic apparatus. According to the results obtained, it can be concluded that the
decrease in the quantum yield of photosystem Il is mainly due to the occurrence of disorder in the chloroplast
and the decrease in chlorophyll also confirms this issue, because chlorophyll fluorescence is directly related to
the activity of chlorophyll in the reaction of photosystems and can be used as a criterion for measuring the
efficiency of the photosystem.

Conclusion

The combined application of nano micronutrients (zinc + iron + selenium) led to an increase in wheat yield
compared to the application of each of them individually, so the combined foliar application of these three
elements is recommended to increase wheat yield. Cytokinin foliar application at the pollination + grain milk
stage increased wheat yield compared to application at other stages, although various sources consider the
application of nano micronutrients and cytokinin foliar application important for water stress tolerance, but the
results of the present study showed that in conditions of low irrigation and stress, these strategies are not
recommended to reduce the negative effects of deficit irrigation.

Keywords: Chlorophyll index, Leaf relative humidity, Micronutrients, Steady fluorescence, Variable
fluorescence
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Table 4- Analysis variance results of yield traits, leaf relative humidity, chlorophyll index and some chlorophyll fluorescence
parameters of wheat

Ol o (wilo
Mean of squares
a4 . . :
Ol i 23lio e 5 ,Slos 5 ,Slos Cugb, S5 0 W ol
ggg W13 ) . . "’” owilwygls il gl S Qi
e d.f ‘5‘.'.)9"9'3 &l [ J:-"SJS oS oiond / . T
Biological Grain Sy Chlorophyll - - sl >
. . - FO Fm
yield yield RWC index Fm’
ailaio o - o o . . o
1 964.75 364.97 159.66 95.42 72.83 174.83 135.79
Place (P)
aglaio 4o 1,SG
o ’5‘ 4 13.11 10.84 12.32 16.58 12.43 16.48 4.33
Replication in P
L
. ‘5’_"' 2 673.94™ 419.11* 167.01™ 117.70™ 53.76™ 208.65™ 367.17™
Irrigation (1)
P xI 2 19.72m 32.70 " 19.43™ 11.36™ 9.88M 10.74™ 16.59™
(ks 8 28.70 21.56 21.67 17.93 10.17 12.70 13.18
Error
Seh) pe 4 751.19™  358.72"  189.73" 96.88" 69.07" 113,52 10.14°
Nano-micronutrients (B)
P xB 4 12.70m 15.74m 5.26M 8.562" 3.26M 5.70m 2.52m
“"“S ’“‘” 3 515.83" 276.30"  109.56™ 83.66™ 83.34" 74.92" 15.62"
Cytokinin (C)
P xC 3 14.61™ 19.47m 8.84M 9.43™ 6.05" 7.05M 1.10m
IxB 8 20.73™ 10.53™ 9.23™ 8.12™ 5.81™ 3.78™ 2.58m
Px IxB 8 23.84™ 42.11" 13.48™ 11.52m 6.39™ 6.09m 3.21™
IxC 6 15.66" 38.05" 10.74m 12.89m 5.24n 5.64" 2.33m
Px IxC 6 16.32™ 22.91m 12.01™ 11.03™ 7.42™ 6.85M 2.18m
BxC 12 19.87m 15.34m 10.95" 11.46™ 6.60" 4,28 1.35™
Px BxC 12 26.40m™ 19.56" 13.18"™ 12.58™ 7.18™ 3.12m 2.67™
IXxBxC 24 11.71m 26.27™ 14.58" 10.73™ 6.27" 3.58m 1.12™
Px IxBxC 24 15.46™ 23.48™ 16.73™ 12.34m 5.90" 2.97" 1.19™
s 228 21.19 15.80 12.46 14.94 8.21 10.22 7.89
Error
u"‘g\jp 11.7 134 105 13.6 10.1 8.4 5.6

o dze BB NS o gy 9 S slad Jlaisl b jlo pixe i ey i g
* and **: significant at 5% and 1% levels of probability, respectively. ns: not significant.
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Table 5- Results of comparison of average yield traits, leaf relative humidity, chlorophyll index and some chlorophyll

fluorescence parameters of wheat

3y8os 38 Cugb, oA W T e
S5 31 ’ omilwygls il gl
Lo 2599w il & ; Judo IS s 4> dipdig
. . . P und %29 . ..
Treatments Biological Grain * B
- - RwWC Chlorophyll gL
yield yield (%) index Fo Fm
(tha?) (t ha®) Fm
Place
ghon 27.58% 10.832 70.65?2 34.862 21.692 9.652 55.722
Hamadan
g . 22.46° 8.97° 63.47° 27.52° 17.80° 7.430 51.67°
Karaj
4.5)L:€1
Irrigation
I 26.48?2 11.292 74.53?2 34.792 23.752 10.422 58.492
I2 23.05° 8.73v 68.81° 25.540 16.93° 8.38v 43.17°
I3 17.84°¢ 6.61°¢ 52.94°¢ 19.28¢ 14.26° 6.64° 48.72¢
lie )
Micronutrients
; o]
et ot sy 29.01° 11787 72.43¢ 33.972 22.87¢ 9.61¢ 57.240
Zinc + iron + selenium
Zd'j) 26.18° 10.23P 66.89° 29.48°¢ 21.56° 7.75° 52.820
inc
I"’“I 25.95P 10.51° 62.45°¢ 32.85° 20.310 7.940 52.35°
ron
*’9*'“}“ 25.420 9.02¢ 59.33¢ 26.73¢ 20.45° 7.38° 52.98°
Selenium
aald 18.54¢ 7.634 51.72¢ 18.10¢ 15.68¢ 6.03¢ 48.27¢
Control
Cytokinin
oM b (RO
Flowering stage + milking 28.422 12.252 73.212 31.522 22.612 10.112 52.482
development
O S e 25.73° 10.31b 66.45° 28.49° 20.28° 8.62b 50.69°
Milking
§ >
T . ” 21.96° 8.66° 61.84°¢ 22.67°¢ 17.95¢ 6.84°¢ 48.15¢
Anthesis
aald 17.584 7.144 57.20d 19.344 15.634 6.32°¢ 47.37¢
Control
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* Means with similar letters in each column and each factors are not significantly different at 5% probability level.
ol JolS @b o 5l am g (Uil ) S U Jloy (g bl s o pwyiand B cagy adss aop £+ )3 (o)l o1 5l aw g SLidled S 6 Jloy ()bl 212 walis :la
I1: normal irrigation, I2: normal irrigation from planting date to pollination stage and irrigation at 60% available moisture discharge

afterward, 1s: normal irrigation in from planting date to pollination stage then with holding cut off irrigation
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Table 6- Analysis variance results of other chlorophyll fluorescence parameters of wheat

Ol o (b
Mean of squares
i, . .
PSlas - "5{ UL 21,8
. axyd . O - "

O s galio ) - Y 1,5 098y o98lgS .
s & oolil omleygs uilw ol o 2 o gid o n o n sigels
S0V Sls T lonigdpl  (oloawigid pd -

d.f sl % o Lo 958 gul
. Pl W . s )-’90 bw o ove DW sen ‘-?"'““ -
Ft Fv gl A o NPQ
I 0 AN | PO S RN
Fv/Fm v (i) Y (NPQ) Y (NO)
oo 1 946.83™ 2251.8™ 1.02m 0.94ns 0.26" 0.15" 1.88™
Place (P)
e s 1S5
‘“Jf“’ 2 ’s‘ 4 14.67 105.72 1.67 0.33 0.45 0.13 5.96
Replication in P
L
. & 2 863.64™ 3264.7 8.35™ 2.56™ 0.73" 0.48" 16.23™
Irrigation (1)
P xI] 2 32.80™ 137.82™ 5.02" 0.12m 0.001™ 0.12m 3.17m
s
Error 8 21.76 97.63 2.01 0.56 0.21 0.30 4.22
Sliey polis
Nano-micronutrients 4 958.17" 1823.4™ 3.90 1.72* 1.18" 0.91" 10.73"
(B)
P xB 4 16.70" 110.79™ 0.16" 0.34m 0.007m™ 0.027m 1.22"
"“Sw 3 313.73" 2138.1™ 4,98 1.66™ 0.97" 0.82" 9.75"
Cytokinin (C)
P xC 3 8.14"s 111.35™ 0.24" 0.13m 0.005™ 0.63"™ 0.92m
IxB 8 46.78™ 91.70™ 0.57" 0.008™ 0.006™ 0.018™ 1.01m
Px IxB 8 15.09™ 126.18"™ 0.84m 0.14m 0.002ns 0.014ns 1.07m
IxC 6 19.05™ 97.32"™ 0.72™ 0.21m 0.003ms 0.011"s 1.24m
Px IxC 6 32.80™ 84.15™ 0.30" 0.09" 0.005™ 0.008™ 1.18m
BxC 12 18.64" 114.97™ 0.61" 0.03m 0.0004"s 0.006M™ 1.02"
Px BxC 12 15.12" 101.74™ 0.95" 0.02ms 0.002m 0.009m™ 0.97"
IXxBxC 24 17.64" 95.63™ 0.68" 0.007m™ 0.0006" 0.005M™ 1.25"
Px IxBxC 24 21.23™ 89.04m 0.23" 0.009m™ 0.0008" 0.007m 1.73"
El::; 228 16.84 91.67 1.18 0.42 0.10 0.16 2.34
C.vV 8.4 10.8 9.0 5.3 7.2 6.2 7.5

P gixe il 81 NS (o iy 9 S sllad Jlainl b o gime i gy 1 g
*and **: significant at 5% and 1% levels of probability, respectively, ns: not significant.
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Table 7- Results of comparison of other chlorophyll fluorescence parameters of wheat
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I [ JPCES I | IFCTWESC I | PO
Fv/Fm Y (I1) Y(NPQ) Y (NO)
Place
-
olen 487.65%" 1958.43¢2 0.862 0.422 0.342 0.162 2.262
Hamadan
E’S_ 454.31b 1768.79° 0.872 0.452 0.332 0.172 2.352
Karaj
d)L:J."
Irrigation
I1 542,712 2163.382 0.892 0.35¢ 0.37¢ 0.15° 2.40¢
I2 497.26° 1946.74° 0.86° 0.41° 0.43b 0.212 3.18°
I3 428.39°¢ 1733.67° 0.76°¢ 0.522 0.542 0.232 4,352
30},
Micronutrients
. -]
posibet o2l sy, 550.43°  2179.847 0.870 0.31° 0.38° 0.16° 1.85¢
Zinc+ iron+selenium
;_9) 483.38¢ 1963.040 0.81° 0.420 0.43° 0.21° 2.41°
inc
]
Iu"’ 511.07° 1942.55P 0.82° 0.39¢ 0.440 0.22° 2.340
ron
F%;_lw 467.814 1926.87° 0.80° 0.45° 0.45° 0.21° 2.280
Selenium
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Control
Cytokinin
oMb bt 2 S
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milking development
O S e 492350 2190.21° 0.867 0.34¢ 0.360 0.175 2.34b
Milking
g 41?’“ 456.28P 1743.69° 0.76° 0.42° 0.492 0.232 3.572
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aald 448.17° 1758.724 0.75° 0.502 0.482 0.252 3.612
Control
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* Means with similar letters in each column and each factors are not significantly different at 5% probability level.
ol JolS @b o 5l am g (Uil ) S U Jloy (g bl s o pwyiand B cagoy adss ao > £+ )3 (o)l o1 5l aw g SLidled S 6 Jloy ()bl 212 walis :la
11: Normal irrigation, l2: Normal irrigation from planting date to pollination stage and irrigation at 60% available moisture discharge
afterward, 13: Normal irrigation in from planting date to pollination stage then with holding cut off irrigation
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Table 8- Correlation of studied traits

n=120

'\('QP (NYO) Yg\)‘P Y(l) FwFm  F F Fon Frm Fo  Chll RWC BY  GY
NPQ 1 080" 082" 078 064 080" 053 069 080" 08" 074" 074 074 08"
Y (NO) 1 084™ 081" 071" -063° -041" -065" 075"  -058" -0.68" -068" -0.68" -0.74"
Y(NPQ) 1 085" -080" 075" -062" -0.70" 077" 071" -073" 073" 073" -0.71°
Y (1) 1 -069” 066" -061" -0.68" -0.60" -0.69" -077" 077" 077" -0.75"
Fy/Fm 1 031 027 042 050 031 041 026 030 067"

R 1 035 035 047 027 034 028 044 052

Fo 1 034 031 030 040 030 035 043

For 1 0.40 028 038 050 040 037

Fm 1 024 039 033 027 028

Fo 1 042 028 039 040
Chl.| 1 088" 095" 090"
RWC 1 087" 084"
BY 1 o097

GY 1

Wbl oo I ime s 1Mo ey dlasel 5 lopd iy 9 S5 lad Jlainl b o pire (e 1 g e
* and **: significant at 5% and 1% levels of probability, respectively, Unsigned numbers: are not significant,

Yl gt sty olordsiyé o5ty (LS Y (NPQ) dl piususgtd o0 s olbondgid i caglsS’ a5 :Y (NO) st (bgels NPQ
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Soidgm 3ySlee BY iy 5 Shas :GY oSy (i gy RWC ¢ g IS (a3l :ChILT caieS” juiloyold FO ety il gl :FM glisl s )
NPQ: non-photochemical quenching, Y (NO): unregulated non-photochemical quantum efficiency of photosystem I1, Y (NPQ):

regulated non-photochemical quantum efficiency of photosystem I1, Y (I1): effective photochemical quantum efficiency of
photosystem I, Fv/Fm: maximum quantum efficiency of photosystem Il, Fv: variable fluorescence, Ft: steady-state fluorescence,
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“Fm: maximum fluorescence at saturation, Fm: maximum fluorescence, FO: minimum fluorescence, Chl.I: chlorophyll index, RWC:
leaf relative humidity, GY: grain yield, BY: biological yield.
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