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Background and objectives: Wheat is one of the most important plant
sources for humans and drought is one of the most important abiotic
limiting factors that affects the growth and development of wheat.
Exogenous applications of plant growth regulators (PGRs) may be useful
for decreasing the harmful effects of drought stress on wheat, therefore,
this research was laid out to investigate the effect of foliar sprays of
gibberellin, cytokinin and cycocel on root and shoot characteristics,
secondry metabolites and yield of two wheat cultivars under different
moisture regimes.

Materials and methods: The present study was conducted as two separate
designs with three replications in hydroponic and field conditions in the
University of Kurdistan, in 2015-2016. Hydroponics experiment was
conducted as factorial based on randomized complete block design. The
factors were the moisture levels (control, -4, -8 bar), two wheat cultivar
(Sirvan and Homa) and four levels PGR foliar application including water
as control, gibberellin (100 pm), cytokinin (100 pm) and cycocel (3 grlit™).
Field experiment was carried out as split-split based on randomized
complete block design. The irrigation treatment at four levels (dryland, one
time irrigation, two times irrigation and three times irrigation) as the main
plots, two wheat cultivars (Sirvan and Homa) as sub-plots and the plant
growth regulators foliar application listed above as the sub-sub plots were
considered. Root and shoot dry weight and root to shoot dry weight ratio,
root volume, root length, Plant height, total phenol, flavonoids,
anthocyanins content and yield were determined.

Results: In the hydroponics experiment, root traits increased in the -4 bar
as compared with the control while plant weight and height were decreased
in the -4 and -8 bar. In most treatments, the highest ratio of root to shoot
weight was obtained in drought stress. Homa cultivar was superior to
Sirvan cultivar in terms of all traits. Foliar application treatments hadn't a
significant influence on root length and plant height, but the application of
PGRs especially cycocel, increased the root and seedling weight and root
volume. In field experiments, the results showed that the amount of phenol,
flavonoids, and anthocyanins in dryland conditions was higher than other
irrigation treatments. Among growth regulators, gibberellin increased
flavonoids (13.2%), and cycocel increased anthocyanins content (17.3%)
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Compared to the control. The results also showed that, the highest grain
yield in both cultivar was obtained under three times irrigation condition
and cytokinin and cycocel consumption.

Conclusion: It seems that cycocel can increase the resistance of wheat to
drought stress by improving the root characteristics and increasing
anthocyanin content. Based on the result, in both cultivars irrigation
increased grain yield compared to rainfed conditions and the use of growth
regulators, especially cytokinin and cycocel, increased yield compared to
the control. Therefore, based on the results of this experiment, applying
even one stage of irrigation in water limitation conditions and the use of
cytokinin and cycocel in water availability conditions could be
recommended to enhance grain yield under the region climatic condition
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Table 3- Analysis of variance (mean squares) for the effect of drought stress, cultivar and plant growth regulators
(PGRs) on experimented traits in hydroponic cultivation.
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Table 4- Means comparison of triple interaction between drought stress, cultivar, and plant growth regulators on root
and shoot dry weight and root to shoot dry weight ratio in wheat in hydroponic cultivation.

ESENSY Pl S 05 S U3y S
S o SlaeiS o i (05 4z, ()2l sls el 4 ety
Drought Cultivar PGRs 12, Root dry Shootdry ~ Root Shoot™ dry
weight (g) weight (g) weight ratio

No PGR Lz 0.01500-j 0.113de 0.133h-k

Gibberline ) . 0.0130i-I 0.131hc 0.099Kl

Oy e Cytokini .5 s 0.0147g-k 0.133b 0.111-I

Sirvan Cycocel .Sl 0.0095kI 0.143ab 0.0661
No PGRusLs 0.148g-j 0.104d-g 0.142g-k

o)l;);;\r " Gibberline . .- 0.0120 j-I 0.153a 0.078l
Homa Cytokinin ¢ 0.0183d-h 0.135h 0.136i-k
Cycocel | sl 0.0213c-¢ 0.116cd 0.184e-g

No PGR Lz 0.0230cd 0.090g-j 0.257¢

‘ Gibberline . .- 0.0175€-i 0.096f-h 0.182e-i
;‘:\j;] Cytokinin .. .. 0.019¢c-gc 0.097e-h 0.204d-f
Cycocel L 0.0198¢-g 0.09g-j 0.220c-e
s No PC?R dal 0.0208¢c-e 0.102d-g 0.205d-f
Abar " G'bbl_?rl_'ne A 0.0238¢ 0.096gh 0.250cd
Homa Cytokinin ;.S ... 0.0178d-i 0.105d-g 0.170e-i

Cycocel L 0.04a 0.095gh 0.420a
No PGR sl 0.0155f-j 0.085h-j 0.183e-g

Gibberline . .- 0.0078I 0.08h-j 0.098kI
;':\’/; Cytokinin ;.S .. 0.0140h-k 0.075ij 0.187e-h
Cycocel |l 0.0105j-i 0.078ij 0.134i-k

No PGR L 0.0148h-k 0.091g-i 0.154fj

_;:; . Gibberline :J .- 0.0203c-f 0.112d-f 0.181e-i
Homa Cytokinin . ... 0.0147g-k 0.074j 0.198d-f

Cycocel L. L 0.0307b 0.089g-j 0.345b

L gl e sl o3 gy e a3 WS 2t By gl G Sls Gy a0
Means in each column followed by similar letter(s) are not significantly different at 5% probability level.
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Figure 1- Mean comparison of simple effects of drought stress (a), and Interaction between cultivar and plant growth
regulators application (b) on volume of wheat roots in hydroponic cultivation.
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Figure 2- Mean comparison of simple effects of drought stress (a) and cultivar (b) on wheat root length and drought
stress (c) and cultivar (d) on wheat Plant height in hydroponic cultivation.

03 g pite Aald Il ot 5 (Ll Sl o
sl 28103 85 93 a3 S e
Lty slaodesS i s lS oo L5l
oL 55 S b Ol Sit 55 ol il
S e Cte H s e 3 5 8l Sl
S oS S sy o S B I
Jadr) 555 Jls sme S| ) as ST sdalioe
Olgen 5 ol o ot o8 ol ops 7 5515501
(M) Al e Rl a8 oS s S
o 5 Ll BTl o e (Soen

sl 53 L(YA) 3505 55> 5 olS -yl 3 S k8Ol

Y

$las s 30 b3
S 550 01 ;5000 besls bty a1 g8 b
lasduS oo (soll e - 5lan Lol Sl
Aok glaedus e s ol Jlize I 5 s,
Vel e 53 b cnl S5 L 5SB aw Jilise
03 Ay glaed s ol 5 03, bl S5 A s
(0 Jsdz) Aos 8 ls ae Ao 55 0 Jlazo| e
oS e YIPEY 51 Lajlas s 53 S5 13 Ol
o o L o3 51 &S 5 055 05 53 Ll SIS
WY U sl cs a0 o 3208 5 oLl 4
Lo o5 03 5 855 p 5 3 Ll SIE 0 5 e



EXAIN b)w do 0,90 “;ﬁl))‘ ulhl; ..\.3,’94

3,08 L Y sems 5 ol glie 4 5l Sl slie 05 S
Sl sl 5 SlaSl T o 5T oS s

(Y0 il e il el S g8 e Sl 4 556

J\-.ZJAJ_JV.”_E.JJ))‘)SQ_DJJJJ_‘}J_:S}:
(Y-\) g;.w‘ ol uju)",_g/ 'y_dwnnn jﬁ.wj: u:a;-g}::nﬂ

3 ALS 65 wany b e Sl S Cl gk

Sz GalesT 53 ok s addllas 3550 Slis Ay SlaedkeS (oS 5 o35 (ol ST bl 4 -0 Ui
Table 5- Analysis of variance for the effect of Irrigation and plant growth regulators (PGRs) on experimented traits of

two cultivars of wheat in field experiment.

MS sl Sl
; e il 2550 e
S.0.V el b Total . Anthocyani L
o Phenol Flavonoids N Grain yield
Replication A 2 0.193 0.805 0.740 579.93"
Irrigation (1) ol 3 57.805 12.669" 5.526" 160265.8"
Errorl Jst sl 6 2.151 0.682 0.807 355.9
Cultivar (C) o5 1 2.303™ 0.001"™ 0.298" 15384.7°
Ix C Bx sl 3 3.017™ 20.717° 0.414" 499.4™
Error 2 ps> sl 8 0.917 2.982 0.224 173.1
PGRs Ay slaoiS ke 3 10.674** 8.841™ 2.190™ 3192.7*
IxPGR Ay (glae S o i x (Ll 9 13.662" 1.255™ 0.640" 3920.3"
C xPGRs Ay slaenS e x o3, 3 2.799° 12.358* 0.591* 4130.04*
Ix C xPGRs iakioe 9 12.534° 5.748° 1.007* 2377.9™
Ay glaediS ol
Error 3 pe slla 48 0.905 1.626 0.131 710.4
CV (%) Sk 5 Ao 13.29 24.59 21.27 7.3
Al e dos ) 5 Ao s 0 Jlad da..u 03 Ll e D] 35 5 Sls gme BV e oasOlis S Sy sk g %

ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively.
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Table 6- Means comparison of triple interaction of irrigation, cultivar and plant growth regulators on total Phenol,
flavonoids, anthocyanins and yield of wheat in field experiment

£S5 e S b RSP T ol 551 . ’ﬂw
S o A5 SlaediS ook G5 » GRreSde) (55050 e
Irrigation Cultivar PGRs Total Phenol Flavonoids Anthocyanin <c,’ﬂ ﬂ s
(mgg) (mgg") (mgg')  Grainyield
(gm”)
No PGR sl 10.295ab 8.376ab 1.426h-k 283.61-n
I Gibberline .J .- 8.503c-g 9.423a 2.475b-d 246.5n-p
Sirvan Cytokinin = s 9.866a-c 5.178¢c-h 1.958¢c-h 220.43pq
2 Cycocel o Sl 8.825b- f 6.549b-d 3.299a 201.3q
D No PGR Lz 8.983b-d 5.574c-f 1.897d-h 290.7k-m
Lo Gibberline .J .- 6.747i-1 4.35e-k 2.274b-f 237.90-q
Homa Cytokinin ;.S y 9.855a-c 5.321c-g 2.587b 298.7j-m
Cycocel Jo. S 8.345¢c-h 4.365¢-k 3.358a 278m-o0
No PGR Lz 8.436¢-g 2.812k 0.495m 326.3i-1
Gibberline .J . 7.395¢- 5.022¢- 1.270i-1 346.5g-i
f"”” Cytokinin . .. 6.484j-k 3.442gk 1.6921 329.6i-k
) Sirvan Cycocel Jo. Sl 9.333b-d 3.00jk 2.025b-g 398.5d-f
f’;'? No PGR sl 11.213a 6.107c-e 2.023b-g 324.5i-1
les Gibberline .J . 7.312f5 5.295¢-g 1.375h-k 416.7c-¢
Homa Cytokinin ;.S g 6.725i-1 4.489d-k 1.107j-1 399.1d-f
Cycocel Jo. Sl 5.1941-n 5.028¢-j 1.613gk 359.42f-
No PGR sl 7.071g-k 4.307e-k 1.426h-k 375.6e-h
O o Gibberline .J .. 9.066b-d 8.24ab 0.6931m 341.9h-j
Sirvan Cytokinin ;.S g 3.2310p 3.104h-k 2.4b-e 397.4d-f
Solulss Cycocel oSl 5.930j-m 6.003c-e 1.1830i-1 391.1d-f
2 IRR No PGR Lz 6.066j-m 5.132c-i 1.777- 385.8d-g
lea Gibberline J .. 8.131d-i 4.339e-k 1.627g-k 408.6¢-¢
Homa Cytokinin ;.S g 8.924b-e 6.322b-e 1.04 k-m 401.6d-f
Cycocel Jo. Sl 4.92mn 4.391ek 2.528 be 391.1d-f
No PGR Lz 6.843h-k 3.039i-k 1.869¢-h 429.1cd
sy Gibberlin ., .- 2.960p 4.79%c-k 1.440g-k 403.1¢c-f
Sirvan Cytokinin ;=S s 8.835b-f 4.970c-j 1.073k-m 445 9bc
Solslaw Cycocel o Sl 3.981no 4.768¢-k 1.621g-k 502.3a
3 IRR No PGR Lz 4.862mn 6.562b-d 1.777j-1 418.5c-e
los Gibberline ) .- 2.347p 6.725bc 1.073k-m  446.8bc
Homa Cytokinin ;=S s 5.603k-m 5.210c-g 1.102j-1 504 a
Cycocel Jo. Sl 6.872h-k 3.689fk 1.57gk 482.7ab

Il e sl Ao s == Jlez! Cb..ﬂ):‘ S e g, sl ‘5\.&&;1:,: O A 53
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels.
D: Dry land; 1 IRR: One time irrigation; 2 IRR: Two times irrigation; 3 IRR: Three times irrigation.
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