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Article Info ABSTRACT
Article type: Background and Objectives: Strawberry is a small fruit with global
Full Length Research Paper  significance because of its unique taste and the presence of a variety of
biological compounds. But this crop is highly susceptible to drought stress.
) ) Drought causing economic losses due to the lower product quality. The
Article history: . . .
Received: 01.10.2024 occurrence of intense and longer periods of drought reduce crop yield and
Revised: 01.23.2024 fruit quglity. The sca.rcity of water resources is the main cause of crop loss
Accepted: 02.04.2024 worldwide, which will soon become even more severe as climate changes
affects more and more regions of the world. Therefore, considering the
economic importance and increasing demand for small fruits, especially

Keywords: strawberry, in this study, the effect of melatonin and fulvic acid on the
Abiotic stress, amount of nutrients in the leaves and its effect on the growth characteristics
Growth,

of strawberry under water stress was investigated.
Macro element,

Micro element,

. Materials and Methods: This experiment was performed in Bostanabad
Spraying

city in East Azerbaijan. To run the experiment Strawberry seedlings
(Kamarosa cultivar) were obtained from a commercial strawberry growing
greenhouse in Urmia in October and transferred to the greenhouse in
cultivation trays. This experiment was performed as a factorial experiment
in a completely randomized design with 3 factors in 4 replications. Factors
include water stress at three levels of 100 (full irrigation (control), 25 and
50%, maintainable water drain), melatonin at three levels (control, 75 and
150 uM) and fulvic acid at three levels (control, 200 and 400 mg/l). The
following traits were examined: shoot and root fresh and dry weight, yield,
and macro and microelements. SAS software version 9.1 was used for data
analysis, and Duncan's multiple range test with a 5% level of probability
was used to compare the means of treatments.

Results: Analysis of variance of data showed that root fresh and dry
weight, yield, Potassium, Calcium and Iron were significant under the
influence of the interaction effect of drought stress*melatonin*fulvic acid.
As well as shoot fresh and dry weight, nitrogen, phosphorus, zinc and
copper were significant under the influence of the the interaction effect of
drought stress*melatonin and drought stress*fulvic acid. In addition, zinc,
copper and nitrogen were significant under the influence of the the
interaction effect of melatonin*fulvic acid.

A



Conclusion: Overall, the results of the present study show that the use of
fulvic acid and melatonin may be an effective approach to improve the
growth and yield of strawberry plants under drought stress. fulvic acid and
melatonin helped to increase macro and microelements absorption of
strawberry plants, which increased growth. Also, foliar application of
fulvic acid and melatonin had a protective role on strawberry plants grown
under drought stress and its optimal concentration played an important role
in increasing drought tolerance.
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Table 1. Analysis of variance of foliar application of fulvic acid and melatonin effects on yield and growth
characteristics of strawberry cv Camarosa under drought stress.

Slag o :Sks
Mean squared o oo
5 o
. . e o= PN Sl e Y
s Slas oy Sipyy, SRS WSS, el o 6df) SOV
. . Root fresh Shoot dry Shoot fresh
Yield Root dry weight weight weight weight
Ll
141097.51** 61.17+* 645.22%* 246.88%* 4269.89%* 2 e
Irrigation levels
K o gb Aol
4997.01%* 0.115%* 2.86%* 3.44%% 91.00%* 2 5
Fulvic acid
S ) gb o] Ll
1607.92% 0.053* 1.32% 1.49%* 39,535 4 58 el ke
Irrigation levels*Fulvic acid
e
4170.64%* 0.080* 1.99% 1.90%* 50.27%* 2 i
Melatonin
X X s sl Ll
1056.34%* 0.035™ 0.878 ™ 0.666* 17.72% 4 G e XSt
Irrigation levels* Melatonin
) ) o e Me X S ) gb sl
1423 43 % 0.326%* 8.12%* 1.658™ 43.92™ 4 X S
Fulvic acid* Melatonin
RN x P el Xl s
444 80* 0.042* 1.05% 0.497 ™ 12.99 ™ 8 Irrigation levels*Fulvic acid*
Melatonin
s
161.45 0.019 0.496 0.252 6.22 81
Error
(Ao y3) ol i e
14.78 11.89 14.26 17.78 15.69 it

Coefficient of variation (%)

Sl A2 ) 50 Jlenl sl 3 Sl e 5 b e S Sl T ST

# ns

"8, * sk represent non-significant and significant effect at 5 and 1% probability levels, respectively

a1
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Table 2. Comparison of average growth properties and nutrient under the influence interaction effect
of fulvic acid (control (0), 200 and 400 mg/l) and different irrigation levels (100, 25 and 50% of water that
can be stored in the soil).

o S0 b YN ele S 03y el 505 Sos)gp o ST .
Copper Zinc Phosphorus  Nitrogen Shoot dry Shoot fresh Fulvic acid Irrication level
(mgkg'ow)  (mgkg'ow)  (gkg'ow)  (gkg'ow)  weight(e)  weight(g) £
4.89" 16.68" 4.1° 25.56 14.83" 4591° 0
5 oLl
4.89" 16.77° 411° 28.11% 14.90° 46.28" 200 I sk
Full irrigation
487 16.59" 4.09" 29.56" 14.79° 45.72° 400
4.19° 15.21¢ 3.25°¢ 24.11° 10.26° 24.11¢ 0 alss Aoy YO
4.47° 16.14° 3.71° 27.11° 11.83° 32.19° 200 Sk,

. ) ) ) ) ) 25% maintainable
427 15.53° 337 29.11% 11.07° 28.30° 400 water drain
3.95¢ 14.50° 261° 23¢ 7.86% 16.31° 0 s Aoy 00
4.27° 15.55¢ 2.90¢ 23.89° 9.61° 25.30° 200 Sk ok,

. 4 . 50% maintainable
4.14° 15.06° 2.70° 25.89 8.60 20.09° 400 water drain

Ll o SSs (glaels o O3l P Jlez~| c]d—w 53 Jls e O BB S e G S Bl shils sla Sl

Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple
range test

Vor 5 VO ((+) dalid) o e folize o 5 Abess IR (A [RPRPR R SRCH WPV < WU - J PR

(S (51465 BB O s doy3 00 5 Y0 N +0) (ol s 7 sha 5 (Y 505 S0

Table 3. Comparison of average growth properties and nutrient under the influence interaction effect
of melatonin (control (0), 75 and 150 pM) and different irrigation levels (100, 25 and 50% of water that
can be stored in the soil).

o REs At 3o/ ols S 03y ele 50 e Sl e
Copper Zinc Phosphorus  Nitrogen Shoot dry Shoot fresh Melatonin Irrigation level
(mgkg'ow)  (mgkg'ow)  (gkg'ow)  (gkg'ow) weight (g) weight (g)
4.89% 16.68* 4.1° 26.33% 14.83* 4591° 0
S|
4.78° 16.66 4.12° 28 14.96* 46.60° 75 FE sk
Full irrigation
4.99° 16.67° 411° 28.89° 15.01° 46.83" 150
4.19% 15.21¢ 3.25° 26.11% 10.26¢ 24.11¢ 0 alss Ao Yo
4.32¢ 15.79 3.39¢ 27.22% 11.34° 29.69¢ 75 Sk b
4.62° 15.96 3.84b 7be 12.04b 34.30" 150 25% mamtalpable
. : : g . water drain
3.95" 14.50¢ 261° 22.56° 7.868 16.31° 0 s Aoy 00
4.16° 14.97° 2.69% 25.11¢ 8.68° 20.54° 75 Sk b
4.30° 1537 293¢ 2511 9.50° 94 754 150 50% mamtalpable
: . : : . . water drain

Ll o Sl (glaels o Ose3l P Y Jlez~| c]d—w 53 Jls e M BB S e G S Bl shls sla Sl
Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple
range test
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Table 4. Comparison of average growth properties, yield and nutrient under the influence interaction effect
of fulvic acid levels (control (0), 200 and 400 mg/1) in melatonin (control (0), 75 and 150 pM) and different
irrigation levels (100, 25 and 50% of water that can be stored in the soil).

. el o . gl
5 Shes el S ol il S U R SIS CSY) e S A
Yield () ?;J}ESEium Calci]um Iror}] Rqot dry Rogt fresh Melatonin Funlvic - a;on
g rw) (kg rw)  (mgkg rw) weight (g) weight (g) ok legvel
692.58" 16.22° 17.56 139.80% 7.35° 21.69" 0
693.09 16.23* 17.52° 138.45% 7.43° 22.1° 75 0
693.54° 16.26 17.58" 140.61° 747 2229 150
693.21° 16.22° 17.58" 139.94% 7.55° 22,65 0
693.24° 16.18" 17.55 139.00® 7.41° 21.97° 75 200 irri‘;‘ggon
693.18" 16.31° 17.54° 138.83% 7.42° 22.02° 150
690.54° 16.18" 17.4* 135.58™ 7.43° 22.08° 0
690.24° 16.17° 17.48" 137.75% 7.46° 2225 75 400
691.25 16.14° 17.61° 137.85% 7.40° 21.92° 150
603.25% 15.61°% 16.43° 125.05° 6.07° 15.30° 0
635.25° 15.72°¢ 16.44° 131.37° 6.31% 16.48% 75 0
678.24™ 15.89° 16.95° 135.59" 6.57% 17.76™ 150
660.25° 15.81™ 16.86° 133.22% 6.61% 18.00™ 0
662.36" 15.76™¢ 16.84° 131.42%% 6.37% 16.79¢ 75 200 25
665.25° 15.71%¢ 16.94° 132.84% 6.31% 16.5% 150
582.35¢ 15.76™¢ 16.51° 128.93%f 6.18% 15.83% 0
615.84% 15.76™¢ 16.48° 128.31° 6.69° 18.4° 75 400
626.59° 15.81™ 16.46° 129.34% 6.65 18.17° 150
504.78' 14.71¢ 15.18°% 103.06™ 4.19' 10.91' 0
542.84" 15.23 15.19°% 109.85" 439" 11.90™ 75 0
585.95° 15.55% 15.47¢ 117.238 474" 13.641 150
562.23%" 15.43° 15.36% 114.48% 4,62 13.08"" 0
561.18%" 15.39¢ 15.37% 114.00" 429" 11.39" 75 200 50
568.69" 15.44° 15.35%f 117.54¢ 421" 11.03" 150
534.28' 15.28" 15.14% 109.81" 445 12210 0
537.25' 1522 15.05¢ 109.24' 472 13.58" 75 400
544.75" 15.31° 15.07¢ 110.81™ 4.66" 13.26" 150

Ll o (SSs (glaels o Ose3l P Y Jlez~| c]d—w 53 Sl O BB S e G S Bl shils sla Sl
Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple
range test
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Table 5. Analysis of variance of foliar application of fulvic acid and melatonin effects on level Nutrient of
strawberry cv Camarosa under drought stress.

Dlagye S0k
M d = i
ean square &l ol oS o
o eX3) o S ol b O df S.0.V
Copper Zinc Iron Calcium  Potassium  Phosphorus  Nitrogen
L
2.88%%* 16.18%*%  5140.48** 36.16%* 5.81%* 12.10%* 87.26** 2 S CJJGM
Irrigation levels
Sslsh e
0.05* 1.12%* 95.59%* 0.395%* 0.063* 0.189%** 106.26** 2
Fulvic acid
KPR Ll
0.03*  020%  1843%  0.079%  0.054**  0.053*  3.68%* 4 A el XSl e
Irrigation levels*Fulvic acid
e
0.13%* 0.449%** 82.73** 0.116** 0.125%* 0.139%** 32.44%* 2 o=
Melatonin
. 555 x Ll
0.05%*  0.09% 17.04%  0.015™  0.044% 0.04* 270% 4 e xSl e
Irrigation levels* Melatonin
i i o e X S g8 Al
0.04%* 0.16™ 44.96** 0.064** 0.111%** 0.055™ 7.60%* 4 Gt X Sl
Fulvic acid* Melatonin
. . _ _ X S I A )l - o
0005™ 007" 13.59%  0.033*  0.049%*  0018™ 088" 8  |isaiion levels*Fulvic acid*
Melatonin
o
0.01 0.036 6.03 0.015 0.014 0.15 0.53 54
Error
(Ao y3) ol s ;
521 498 4.62 5.46 4.46 6.16 277 G

Coefficient of variation (%)

Gl sys ) ,oJu}lcjb,ﬂﬁ)bw,)uwﬁ&';lﬁ;g%;.«f‘

R

B

"8 * % represent non-significant and significant effect at 5 and 1% probability levels, respectively
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Table 6. Comparison of average nutrient level under the influence interaction effect of fulvic acid levels
(control (0), 200 and 400 mg/l) and melatonin (control (0), 75 and 150 pM) in strawberry.

0535

. o . o5 5k S e
opper itrogen . . .
) X Mel Ful
(mg/ke 1 W) (g/ke ew) elatonin ulvic acid
4.89%® 23.89" 0
478" 24.11¢ 75 0
4.99° 24.67% 150
4.78° 25.20% 0
4.81° 27.22° 75 200
4.89® 26.67 150
477" 25.89% 0
4.79° 29° 75 400
4.87" 29.67° 150

Ll o (SSs (glaelso Ose3l ol o Jlex! Cld—w 35 s me M BB S e G S Bl shls sla Sl

Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple

range test
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