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2- Hexaconazole
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Table 1- Some physicochemical characteristics of studied soil
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Table 2- Chemical characteristics of compost and biochar used in the experiment
s g9 .
Type of organic ~ PH:10 ECq:10) "’)O‘g; N P K Mn Cu Zn Fe
fertilizer
dS.m* mg.kg™
CuszeS 7.96 3.90 14.20 1.46 0.57 141 290 275 327 10725
Compost
)_l%%lf 8.44 3.40 30.00 0.28 0.53 0.53 95 42 67.50 1325
Biochar
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Table 3- ANOVA for the effect of fertilizer treatments on dry matter, RWC, chlorophyll a, b and total, and carotenoid of
grapevines leaves cv. ‘Bidane-Ghermez’ under drought stress conditions

e day 0P Slyiome b5 bdeS S b lS
A >) . a Ju " " A
el s P N ?) ? % ? Apgidg,lS
L) pove YRR+ 1)1 “ Chlorophyll  Chlorophyll Total Carotenoid
SOV df Dry o a b chlorophyll

e Matter RWC

Ssh

3 0.27 40.97™ 0.03" 0.00" 0.01"s 0.33"

Block
Drought 1 2.73™  210.92" 0.37" 0.01™ 0.84™ 3.36™
stress

’_’_5 3 0.69™  65.79™ 0.20™ 0.01* 0.42™ 2.32"
Fertilizer

265X
Drought 3 0.39™  104.86™ 0.01"s 0.00" 0.01"s 0.40"
stress
fertilizer

s

21 1.17 48.62 0.02 0.00 0.01 0.37

Error

o po

&l s 8.44 14.34 8.67 6.95 7.24 11.35
C.V (%)
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Table 4- Simple effect of fertilizers application on dry matter, RWC, chlorophyll a, b and total, and carotenoid content of
grapevines leaves cv. ‘Bidane-Ghermez’

S 09 Slge . . ‘ Mgy S
Treatment  Sis b audy I8 badg N5 JS J89)5  carotenoid

D ) Chlorophyll  Chlorophyll Total

ry [T a b chlorophyll

matter RWC

g % mg.gtFw
& Ae
- 305b  79.10a 124p 027¢ 151c 455b
Controlsss
ool Sl
Potassium 3.72a 86.02a 151a 0.34b 1.85b 559
sulfate
CogeeS 36a 8198 158 037a 1.95a 5602
Compost
Sk 3.49ab  83.149% 1.56a 0.35ab 1.91ab 55%
Biochar
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Fertilizers: potassium sulfate (10 g.pot ), compost (5% w/w), biochar (10% w/w). Means with the same letter in each column are not
significantly different at probability levels of 5% based on DMRT.
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Table 5- The effect of drought stress on RWC, chlorophyll a, b and total, and carotenoid content of grapevines leaves cv.

‘Bidane-Ghermez’

Sl 09 Sy ) ) )
Treatment  Sis  Cugb, adidg 5 b 89 I8 JS Jdg s ASgida,
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ma'lt’tir (€t a b chlorophyll
RWC
g % mg.gFw
aalo 318 831% 108a 0.32a 142a 1.04b
Control
Drought 376 7356b 0.79 0.25b 1.04b 123
stress
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Means with the same letter in each column are not significantly different at probability levels of 5 and 1% based on DMRT.
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Table 6- ANOVA for of the effect of potassium sulfate, compost, and biochar application on elements content of grapevine
leaves cv. ‘Bidane-Ghermez’ under drought stress conditions

" e N P K C M F Z C M K K
i el a g e n u n  — S
ISR Mg Ca+ Mg
S.0vV df

ok 3 0.00™ 0.01™ 0.02™ 0.00™ 837" 386" 1.29™ 71457 0.035™ 0.01"
Block 0.00™

Drought 1 0.32" 037" 046™ 0.05™3015.6971675.48™ 55.12" 460560 0.021™ 0.00™

stress 0.06™

Fert3i9|i§ Jor 3 013" 012" 113" 0.62" 0.05174770.805882.02173.14710584.65" 9.96™ 0.40™

X §‘>’ u*“’
355
Drought
stress
fertilizer
s
Error

Oy oy
3.48 9.74 841 568 1342 9.18 1112 6.27 841 6.20 7.87
CV (%)

0.09™ 0.03™ 000" 000® 001" 273.87" 316.39™ 16.41™ 257.99®  0.68™ 0.00™

w

0.01 000 001 001 000 2399 2002 108 59282 0.036 0.00

S sme pas g 3o y> K g g Jlosn] o )3 ()b ime iy 4™ g 2

* %

" and ™ significant at 5%, 1% and non-significant, respectively

08wl ol poNl Sy polis (liwe g (SWS ETX (Hla gl g CowgueS uumiliy Olgw) 395 5,1) Jilie S1-V Jga
Table 7- Interaction effect of fertilizers (potassium sulfate, compost, and biochar)x drought stress on elements content of
grapevines leaf cv. ‘Bidane-Ghermez’

s ‘.w-J ‘5395 )w N Mg Fe Zn Cu K
Drought stress Treatment % (mg.kgt 1g
W Sraepi g 054a a4 1720 1197ef 185
Control
s el Sl 3762 0.36bc 5947c 8474 1477d 324c
Potassium sulfate
Control g
(80 % FC) T 3.84a 0.38bc 106.68a 60.88¢c 23.62a 2.84d
Compost
Sl 3500 041b a178de 2703 2107 434p
Biochar
R 3.36b 0.34bc 35.20ef 15.86e 11.05f 2.29f
Control
Ly ela)
ly Olalgus
SA a 3.36b 0.34bc 39.55de 68.04b 12.60e 2.70de
o Potassium sulfate
Drought stress g
(40 % FC T 348b 0.36bc 71.05b 30.02d 16.82c 2.49%f
Compost
Sl 346b 032¢ 2872f 1813 2047 5008
Biochar

2 AT gl S dtn i G s o le (ko 5t 2 3 (g o o) sl S 23 ) CangenS (oSS 2 2y SVTO) sl Sl

Fertilizers: potassium sulfate (10 g.pot ), compost (5% w/w), biochar (10% w/w). Means with the same letter in each column are not
significantly different at 5% of probability level based on DMRT.
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Table 8- The effects of potassium sulfate, compost, and biochar on element content of grapevines leaf cv. ‘Bidane-Ghermez’

Lo P K Ca Mn K
Treatments % mg.kg! Ca +Mg
- 043¢ 088c 130c 26350 051b
Control
ek g 0.40¢ 1.04b 1.86a 34164a 047bc
Potassium sulfate
o 0.55b 0.95bc 1.86a 286.61b 0.43c
Compost
_’l?y'b' 0.67a 169 1.48b 265.61b 0.91a
Biochar

Bl oSSl glaials i gail ol doy3 ) 90 Jlats gaw 1 (g el plis (glyls St S yiie By gl S lapSobe gte b
Means with the same letter in each column are not significantly different at 5% of probability levels based on DMRT.
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Introduction: the lack of water resources in arid and semi-arid regions is one of the most important limiting
factors of the growth of plants, especially fruit trees. Grapevines are one of the most important horticultural
products in the world as well as in Iran. The water content of plant tissues, their growth, and the availability of
different nutrients in the soil are significantly reduced under water stress conditions. Therefore, the successful
production of the plant under water stress conditions depends on the management of plant nutrition. By
application of organic and chemical fertilizers, the physical, chemical, and biological properties of soil can be
improved. Besides, it can reduce the adverse effects of drought stress conditions.

Materials and Methods: To evaluate the effect of compost, biochar, and potassium sulfate application on
dry matter, relative water content (RWC), chlorophyll a, b, total, and carotenoid contents, as well as the
concentration of macro-and micronutrients of leaves of grapevines ‘Bidane-Ghermez’ under two drought stress
conditions, this experiment, was conducted in the research greenhouse during 2017-2018. The experiment was
carried out as a factorial experiment based on a randomized complete block design (RCBD) with two factors and
four replications. The first factor, without drought stress conditions (80% field capacity (FC)), and drought stress
conditions (40% FC), and fertilizer treatments included potassium sulfate (1.25 g.kg™), compost (5 % w/w), and
biochar (10% w/w).

Results and Discussion: The results of the analysis of variance (ANOVA) showed that the interaction
effect of drought stress xfertilizers application was not significant for dry matter, and RWC (P>0.05). Also, the
results of ANOVA indicated that the simple effect of drought stress conditions was not significant for dry matter
but the simple effect of fertilizer application was significant for leaf dry matter (P<0.01). Without drought stress
conditions, there were no significant differences in leaf dry matter between different fertilizer treatments.
However, under drought stress conditions, the highest dry matter of grapevine leaves was observed in biochar,
compost, and potassium sulfate, respectively. Also, there were no significant differences in leaf dry matter of
grapevine between biochar treatment under drought stress conditions and all fertilizer treatments without drought
stress conditions. The simple effect of drought stress conditions was significant for leaf dry matter (P<0.05). The
results of ANOVA revealed that the interaction effect of drought stress xfertilizer application was not significant
for chlorophyll a, b, total, and carotenoid contents of grapevine leaves. However, the simple effects of drought
stress conditions and fertilizer application were significant for chlorophyll a, b, total, and carotenoid contents of
grapevine leaves (P<0.01). Relative water, chlorophyll a and carotenoid contents of grapevine leaves were not
significantly different among fertilizers treatments. The increase of chlorophyll a/b ratio compared with control
was changed in order biochar>potassium sulfate>compost. Moreover, the interaction effect of drought stress
xfertilizer application was significant for nitrogen (N), magnesium (Mg), ferrous (Fe), zinc (Zn), and copper
(Cu) concentrations of grapevine leaves (P<0.01). The ANOVA indicated that the simple effects of drought
stress conditions and fertilizer application had a significant effect (P<0.01) on macro- and micro-elements
concentrations of grapevine leaves. By application of biochar, the concentration of P, K, Mg, and Cu of
grapevine leaves significantly were higher than compost and potassium sulfate applications. This consequently
resulted in higher chlorophyll a/b ratio and dry matter of grapevine leaves in biochar treatment for control under
drought stress conditions.

Conclusion: Based on the results of this research, it can be concluded that the application of fertilizers
reduced drought stress effects on biochemical characteristics and dry matter of grapevine leaves. According to
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the results, at first the application of biochar is recommended, then potassium sulfate and compost. Our previous
results indicated that by application of compost, the available sodium (Na) of soil was increased 8.53 and 60.52
% for potassium sulfate and compost treatments compared to control, respectively. While, by application of
biochar, the available Na of soil reduced 3.73 % in comparison with control. This finding is so important
regarding the Na effects on soil structure, the toxicity of Na for plants as well as the interaction between Na and
K. Considering K is a critical element to regulate the water content of plant tissue and reduces the hazards of
water stress conditions, the higher concentration of Na prevents K uptake from the soil solution by plant.
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