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Abstract

Alkaline stress is one of the major environmental factors that limit plant growth and development and crop
production. In order to investigate the effect of fulvic acid and putrescine on some morphophysiological,
biochemical characteristics, and nutrient uptake of Shahani grapevines cultivar under alkaline soil conditions,
a factorial experiment was conducted in a completely randomized design with two factors including four
concentrations of fulvic acid (0, 100, 200, and 300 mg L' as soil application) and four concentrations of
putrescine (0, 1, 2, and 4 mM as foliar spray) in four replications and under greenhouse conditions. Alkaline
soil had a negative effect on the vegetative characteristics of Shahani grapevines cultivar. The highest shoot
fresh weight was observed treating of 200 mg L' fulvic acid along with 2, and 4 mM putrescine treatments.
The highest root fresh weight was obtained at concentrations of 300 mg L' fulvic acid and 2 mM putrescine.
The lowest amount of ion leakage was observed at the highest concentration of putrescine. The amount of
soluble sugars increased by 23.4 and 23.4%, in 2, and 4 mM putrescine concentrations compared to the control,
respectively. At the level of 300 mg L' fulvic acid and concentrations of 2, and 4 mM putrescine, the nitrogen
content increased by 33.16 and 35.35%, compared to the control, respectively. Also, the levels of iron, copper
and manganese also improved with increasing concentrations of fulvic acid and putrescine. The findings of this
research confirm the positive role of fulvic acid and putrescine treatments in mitigating the harmful effects of
alkaline stress on Shahani grapevines cultivar.
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Table 1. Characteristics of studied soil

CEC Clay Silt Sand pH EC Lime Activated Lime
(C mol kg (%) (dsm) (mg kg™)
33 42 35 23 8.2 0.85 16.7 7.4
K P N Mg Fe Zn Cu Organic matter
(ppm) (ppb) (%)
0.2 0.043 1.12 0.09 12 2.7 0.8 0.1

S 55le8 590 ST 39 B 2 2 BT GRSod g w2 9 S gled ] Cilisio ol 15T il g 42 -Y Jgax
SLE o) )5
Table 2. Variance analysis of the effect of different levels of fulvic acid and putrescine and their
interaction on some morphological characteristics of Shahani grapevine

Source of Degree of Mean Square
variation freedom Root fresh Root dry Shoot fresh Shoot dry
weight weight weight weight

Fulvic acid (F) 3 65 122 142 737
Putrescine (P) 3 225™ 115 ™ 189 ™ 86 ™
FxP 9 58 ™ 28" 164 ™ 43"
Error 15 42 24 41 19
CV (%) - 7.68 8.23 9.14 7.95

ns, * and **: non-significant, significant at 5% level and significant at 1% levels, respectively

HBPuOmM BPulmM BPu2mM OPu4mM

& ab
' 150 =
S 2]
IS ]
S 100 I
5 i
S 50 !
5 'y
= X
2 0 Ll
T

Fulvic acid (mg 1-1)

BPuOmM BPulmM BPu2mM ©OPu 4 mM

-

w
o

N
o

=
o

Dry weight of root (g)

o

200
Fulvic acid (mg I1)

Sl 8 1951 )0 Ay ) LS 039 (2 9 5 039 (Al 2 w91 9 Saglgd !l il O T (Sl dun Lo - S0
(bl oo Sl 05T 5o by Silie o y0 ao,0 O Jloil zhaws 4o o sine BB 0525 0aimd lis asliee yué g )
Figurel. Means comparison of interaction effects of fulvic acid and putrescine on a) fresh weight and b) dry

Weight of roots in Shahani grapevine (non-similar letters indicate significant difference at the 5% probability level using the
Duncan’s test)
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Figure 2. Means comparison of interaction effects of fulvic acid and putrescine on a) fresh weight and b) dry
Weight of shoots in Shahani grapevine (non-similar letters indicate significant difference at the 5% probability level using the
Duncan’s test)
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Table 3. Variance analysis of the effect of different levels of fulvic acid and putrescine and their interaction
on some physiological and biochemical characteristics of Shahani grapevine

Mean Square
Source of Degree of Relative water

variation freedom lon leakage content of Proline TOt:L sg::ble
leaves g
Fulvic acid (F) 3 105 ™ 185™ 3.62™ 6.61"
Putrescine (P) 3 152" 241 243" 7.18"
FxP 9 121 223 ™ 1.98" 1.25m
Error 15 48 56 0.69 1.63
CV (%) - 9.7 8.4 9.4 11.2
aoy ) Jleisl s 5o Jls gixe g 90,0 0 Jlois| mdaw (o s e )lo e BN 3925 pas saimo lis ol 5 4y sk g % NS
ns, * and **: non-significant, significant at 5% level and significant at 1% levels, respectively
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Figure 3. Means comparison of a) main effects of putrescine on the amount of ion leakage and b) interaction
effects of fulvic acid and putrescine on relative water content of leaves in Shahani grapevine (non-similar letters

indicate significant difference at the 5% probability level using the Duncan’s test)
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Figure 4. Means comparison of a) interaction effects of fulvic acid and putrescine on proline content and b
and c) main effects of fulvic acid and putrescine on the amounts of soluble sugars in Shahani grapevine (non-

similar letters indicate significant difference at the 5% probability level using the Duncan’s test)
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Table 4 .Variance analysis of the effect of different levels of fulvic acid and putrescine and their interaction
on some nutritional elements in Shahani grapevine leaves

Degree Mean square
Source of of
variation freedom N p K Ca Fe Zn Mn Cu
Fulvic 3 425" 122* 037" 121" 337" 056" 767 136"
acid (F)
Eggmsm”e 3 329" 181 043" 1.29™ 363" 094™ 932 265"
FxP 9 1.93° 115% 027" 0.89 * 215* 029™ 325% 069"
Error 15 063 130  0.32 0.19 015 165 596  0.38
CV (%) 35 48 46 7.6 4.4 46 3.9 53

ns, * and **: non-significant, significant at 5% level and significant at 1% levels, respectively
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Figure 5. Means comparison of interaction effects of fulvic acid and putrescine on a) nitrogen, b) phosphorus,

¢) potassium and d) calcium content of leaves in Shahani grapevine (non-similar letters indicate significant difference
at the 5% probability level using the Duncan’s test)
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Figure 6. Means comparison of interaction effects of fulvic acid and putrescine on a) iron and b) manganese,
zinc and c-d) main effects of fulvic acid and putrescine on copper content of leaves in Shahani grapevine

(non-similar letters indicate significant difference at the 5% probability level using the Duncan’s test)
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