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Abstract

Introduction: Drought stress is one of the major abiotic stresses which adversely affect crop productivity
and plant growth. A good nutritional status of the plant could alleviate the adverse effects of drought
stress. Zinc dificiency is one one the most predominant mineral dificiency especially in dry and semi-dry
regions. Zinc has a critical role in protein metabolism, gene experssion, cell-wall integrity, other micro-
nutrient content and carbon metabolism.

Hybrid Petunias are garden standbys developed from several South American Petunia species. These sun
and heat-loving annuals or tender perennials were among the first ornamentals to be bred for the bedding
plant market in the 1950s. Petunia is cultivated in flower beds and pots and requires full sunlight to
produce plants and flowers with bright attractive colors. Petunias are as easy to grow as they are pretty.
They require ample sun and grow best in rich soil with good drainage. They bloom best with regular
fertilization and will continue to flower all seasons

Material and methods: seedlings grown on medla containing 70: 30 garden soil: sand were spraed with
diefferent concentrations (0, 5, 25 and 50 MgL™) of Nanoparticles and zinc- sulfate. Spraying repeated in
two weeks interval on plants after drought stress implementation (50 and 100 percent of field capacity).
Morphological and physiological traits were evaluated during the growing period and after final harvest.

Results and discussion: results showed that drought stress affected all of the studied traits significantly.
Spraying with zinc nanoparticle had significant and positive effects on all morphological and
physiological trait except stomatal conductance. Spraying with zinc-sulfate enhanced plant growth,
proline accumulation, flower and leaf number. In case of flower number, no significant difference were
observed among treatments under drought strss condition, while, under normal condition, plants treated
with 25 mg/l of each compound produced 7 more flowers than control.

Conclusions: spraying with zinc nanoparticles was more effective than zinc- sulfate on alleviation of
drought stress and consequently on growth and flowering of petunia plants.

Keywords: chlorophyll content, flower diameter, flower number, plant height, foliar spraying.
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Table 1. Some chemical and physical properties of the soil used in the experiment

Soil texture (%) Organic material

PH

salinity(ds/m) F.Cg/kg

Clay-loam 1.56

7.28

2.07 214
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Table 2-Analysis of variance of the effect of irrigation treatment zinc nanoparticles and zinc-sulfate on morphological
traits of petunia plant.

flower Flower Chlorophy Stomatal Root dry . Aerial
Treatment DF Dimeter NO. Leaf NO. Il index conductan weight Sugar Prolin part_s dry
ce weight
Irrigation(@) 1 409%*  416™  508™  281**  193%  412*  4406* 0.133*  288**
Error(a) 1 45.4 14.5 50.6 37.7 31.2 14.44 149.1 0.822 38.11
Zinc Nanoparticle (b) 3 218*  585*  2381**  51**  (0/758ns  52** 82.57*  0.40*  76.87*
Error(b) 3 5.16 351 8.59 48 0.69 3.88 6.48 0.107 5.18
Zinc sulfate (c) 3 17ns 440*  79.1% 17ns 256ns  579*  1.88ns  0.015* 2.81ns
axb 3 3.40™  195*  116.7*  36™  0.785ns  239*  66.4*  0.018* 4245™
axc 3 10ns 6.17ns  37.2*  11.6nhs  3.11ns 0/591ns 3.37ns  0.001hs  9.06**
bxc 9 12ns  1384ns  343*  11ns 1.65ns  3.56ns 50*  0.004ns  4.18*
axbxc 9 294ns  891ns 167  57ns 297*  407ns 23ns  0.004ns  502**
Total error 96 7.06 5.62 10.1 6.9 1.19 2.10 20.8 0.56 1.24
(A AY 3.51 18.36 8.2 12.5 10.57 14.9 19.3 25.26 15.65

ns, (*) and (**) non-significant and significant at p p<0.05 and p<0.01, respectively
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Table 3- Main effects of irrigation treatments and different concentration of nanoparticles and zinc-sulfate on some
morphological and physiological petunia plants.

flower .
Chlorophyll Stomatal (@ ) 553 . dr
Dimeter Flower  Leaf in dg(y conductance gy w:; )ht ( Sulgifw) Prolin weight
m
Treatment mm) NO. (SPAD)  (mol.m.-2s-1) o ght ((mg/g (mol/gFw) ©
Stressed  73.7° 19.8°  36.8° 19.5° 9.1° 9.1° 29.5° 1 29° 28.7°
Irrigation Non
0 77.3% 19.5%  40.8° 22,52 11.52 10.32 17.7° /23" 47.6°
stressed
0 69.3° 17.9¢  34.7° 19.3° 10.3° 9.2° 21.26° ./ 21° 25°
5 719  19.8%®  40.4° 22.2° 10.5° 9.9° 23.9° /1 29° 42°
Zinc
nanoparticle 25 73° 21.3*  39.8% 21.6° 10.4° 9.6° 24.75% /292 4252
50 71° 19.6°  404° 21° 10.1° 10.2° 2452 +/ 25° 41.8°
0 70° 19.9°  38.8° 21.9° 10° 9.2° 23.9° ./ 26% 36
5 722 19.7*  40.9° 21.3%® 10.4%® 9.9% 23.75% ./ 25° 38.6°
Zinc sulfate
25 715  19.7°  37.1° 20.1° 10.4%® 9.6/ 23.4° ./ 29° 395°
50 71.8° 19.2°  385%® 20.8%® 10.7° 10.2° 26.32 2/ 24° 37.1°
ns, (*) and (**) non-significant and significant at p<0.05 and p<0.01, respectively
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Table 4- Interactive effect of zinc nanoparticles and zinc sulfate on studied traits in petunia plant under drought stress
condition.
flower Dimeter Root dry Sugar Prolin Aerial parts
SPAD
Treatment (mm) Flower NO. Leaf NO. ( ) weight (g) (MGIGFW)  (UmOlGFW ) dry weight (g)
NoSo 68.7° 20.02° 34.7° 32.1° 6.8° 26.8" 0/24" 23?
NoSs 71%® 212 36.2% 35.6° 8.40cde 31.3% 0/22° 242
NoS2s 73® 19.7a 35.5% 345 8.4 28.1h° 0/24" 31.4°
NoSso 73.2% 20.2° 35.5% 36.6° 10.3% 30.4%° 0/26™ 40°
NsSo 74.34% 21.7° 37.5% 38.7° 8.4bcde 27.8™ 0/26" 22.4°
NsSs 73.47%® 17.7° 35.7% 37.4° 10.8% 28.1" 0/35%° 45.7°
NsSas 76.44° 19.7° 36.2% 38.5° 7.7d° 31.8% 0/37% 26.7°
NsSso 75.3 19 37.2% 36.6° 8.9%¢ 26.7% 0/26™ 21.7°
N2sSo 73.7% 205° 37.22 34.3 10.1% 33.8%® 0/4* 37
NasSs 75.3° 19.5° 38.7° 36.9° gede 31.6® 0/29%¢ 21°
N2sSzs 74® 20.2° 34.7%® 38.6° 9.5%d 26.8™ 0/36% 252
N2sSso 75.9° 19.7° 37® 38.5° 8.6 29.8%° 0/36% 26.5°
NsoSo 75 212 37.5° 39.7° 8.30de 36.8° 0/28%¢ 212
NsoSs 73.2% 222 38.7° 37.1° 9.8%¢ 30.9%¢ 0/28%¢ 37
NsoS2s 72%® 18° 38° 38° 112 26.4% 0/35%¢ 34
NsoSso 745° 16.22 37® 36° 10.8%¢ 23.7° 0/2° 23°

*N and S in table represent zinc nano-particle and zinc sulfate respectively, and figures beside them represent their
concentrations.
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Table 5. Interactive effect of zinc nanoparticles and zinc sulfate on studied traits in petunia plants under normal

conditions. _

Treatments ﬂo;?;:g:ﬂ Flower NO. Leaf NO. Ch(lscg%)ggl” Root D.W (g) (mj/i]glf\:V» (un:(r)fllg;[;flv ) Dry g)e ight
NS, 69.79 157°¢ 329 35,50 6.8° 118" 0.16° 22¢
NoSs 7174 16.5%¢ 34.2 €10 36.6¢ g.4b 1150 0.17° 21.4¢
NSz 746°¢ 16°¢ 33210 36.6° 8.4b 143% 0.24% 25bc
NoSs 7124 18.28b¢ 36 0efg 35.1 cde 10.3P 156% 0.17P 216°¢
NsS, 80.52 218 41 bed 39.3.3b¢ 842 1573 0.23% 49bc
NS, 79.72 18.7 8¢ 4578 40.230¢ 10.82 1842 0.272 54 abe
NS5 79.9 18.730¢ 44,8bc 39.9 ad 778 21.952 032 77.42
N;S, 78.2% 17.73¢ 45.58b¢ 40.72 9.92 2032 0.29% 68.9%
NS, 79.4° 17.830¢C 44.530¢ 404 3-d 102 2118 0.24 60.8 %
NosSs 79.1% 18.218b¢ 4852 40.72 8@ 17.9% 0.222 67.2°

NsSys 78.4% 2328 35.7 defg 38,6270 952 157 0.27% 642
N 53, 7720 19.52b¢ 40.2 bode 3952°¢ 862 218 0.162 55 abe
N5S, 79.28 12.2¢ 40.22b¢ 386270 832 172 0.242 68.42
Ng,Ss 78.4% 17.72b¢ 492 39.8 ad 9.82 192 0.23 51.480C
NgpS,s 789 17.530¢ 39 cdef 3g92d 112 228 0.26% 49 @be
NoSs0 79.2% 19.2 8¢ 39 cdef 3ga—d 1082 19 0.23 623

*N and S in table represent zinc nanoparticle and zinc sulfate respectively, and figures beside them represent their
concentrations.
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