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Abstract

Background and Objectives

Hyssop (Hyssopus officinalis L.) is a perennial and belongs to the Lamiaceae family. Drought
is the most critical environmental stress that adversely affects crop plant performance. The
use of anti-transpiration and plant protective materials is one way that has recently been
raised to improve plant resistance under stress conditions. The purpose of this experiment
was to investigate the effect of anti-transpiration and plant protective materials on vegetative

and physiological traits of Hyssop under drought stress and foliar application time.

Materials and Methods

This research was conducted as a split-plot factorial experiment based on a completely
randomized design with three replications in 2016-2017. The experimental treatments
included irrigation in three levels: 25% water available from the soil (control), 50% water
available from the soil (mild stress), and 75% water available from the soil (severe stress)
Were the main plots. Foliar application in four levels: water (control), kaolin (2.5%), chitosan

(0.4 g/ 1) and glycine amino acid (2.5 per thousand), and foliar application time: (vegetative
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and flowering, flowering) were the subplots. In the present study, dry leaf weight, flower dry
weight, essential oil yield, shoot dry weight, economic yield, harvest index, proline, and

soluble sugar were measured.

Results

The results showed that at control stress level, the foliar application of water had the highest
leaf dry weight (81.3 g/m2), shoot dry weight yield (140.5 g/m2), essential oil yield (9.40
g/m2), economic yield (81.3 g/ m?), and proline content (8.558 (uM/g FW). Moreover, during
flowering and vegetative + flowering, kaolin's foliar application during vegetative+flowering
had the highest dry flower weight (53 g/m2). At mild stress level, the foliar application of
water during vegetative+flowering included the highest amount of soluble sugar (0.396 mg/g
FW), and glycine foliar application at the flowering time had the highest harvest index (79%).
Also, kaolin spraying during vegetative+flowering had the highest economic yield (73 g/m),
and chitosan foliar application during vegetative+flowering had the highest shoot dry weight
(111 g/m?) and essential oil yield (7.55 g/m2).

Discussion
Due to the beneficial effects of antiperspirants and plant protection, they can be used as
suitable solutions to increase plant production and reduce drought stress in arid and semi-

arid regions.

Keywords: Folier application, Glycine, Harvest index, Kaolin, Proline, Soluble sugar
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Table 1. Results of the physical and chemical properties of the soil used in this experiment

Soil . . . Electrical Acidity
texture Clay Sand Silt Oganic matter N Total Phosphorus Potassium Conductivity (pH)
% ppm ds. m-1
Loamy 5 75 20 0221 001 416 360 168 7.67

sand
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Table 2. The results Analysis of variance on hyssop (Hyssopus officinalis L.) traits evaluated under
different irrigation levels, foliar application type and its application time

T E x —

> e, 23 © £5 ¢ o S

sov < S5 5 T2 Ez ei ¢ £ 2

BT s® 22 5> BF ¢ & %

L 2=z 88 f 3
Replication (R) 2 4104™ 1245"™ 2663™ 0.04™ 2347 216.5™ 0.1065" 0.0234"™
Irrigation (1) 2 37577 1795 13601 64.46™ 6199 354.5" 13.7785™ 0.0517"
Error a (Ea) 4 1082 8523 5839 240 303/0 53.63 0.0001" 0.00365
Foliar application Time (FT) 1  0.125" 296.1" 896.1" 0.40™ 171.1" 72.00"™ 3.0332"" 0.0623™
Foliar application (F) 3 1312 339.8™ 77.70" 3.49™ 273.6™ 85.72" 14.6642™ 0.0974™
I xFT 2 2529™ 854.1" 461.1"™ 2.18™ 339.1™ 64.67™ 1.6303"" 0.0343™
I xF 6 647.6™ 4557 974.4™ 8.19" 472.2" 330.3™ 12.9439™ 0.0926™
FxFT 3 110.1™ 173.8" 518.1" 831" 372.6" 468.9™ 2.4560™ 0.0355™
FT xFxI1 6 35.16" 118.8" 248.1" 3.04"™ 132.0" 299.8™ 3.4745™ 0.0168"
Error b (Eb) 42 4360 4756 169.8 147 1218 69.79 0.0001  0.00532

C.V. (%) 16.99 2500 1284 1852 16.64 1271 0.22 741

ns, * and **, Non-significant and significant at 5 and 1% probability level.
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Table 3. The results comparison of the average interactions effect of irrigation, foliar application type on

hyssop (Hyssopus officinalis L.) traits evaluated

Treatments

%‘J E‘)A = % E 5 = ~
Irricati Foliar g E g €3 €= E 2 T oo 2 o
rrigation L s & ol = SED™ o = =
application = 23 23 g 4 &= = g
S 2 =8 = > S 3 é = {2 =
= 2 =
Control(Water) 81.32 140.52 9.40? 92.52 66.2¢  5.0360° (0.0307%
Control Chitosan 45.7b¢ 126.22 8.11% 82.28 65.5b¢ 3.9225_f 0.0322¢
Kaolin 36.7% 114.7bcd 5.81¢ 80.32bc 70.3%c  3.21451 0.0314¢
Glycine 47.7° 109.7¢ 7.13bc 78.2bc 71.3%  3.4695" 0.0350°
Control(Water) 39.7¢¢  100.5% 7.9920 68.7¢ 67.8%c 8.58502 (0.03902
Mild strees Chitosan 36.5%  93.3¢f 6.41¢ 58.2¢ 62.8%  3.2990' 0.0342"
Kaolin 36.0%f  117.3bc 7.13b¢ 77.30¢ 65.8¢  4.8° 0.02479
Glycine 28.31 112.2bcd 7,930 53.2¢f 48.8¢ 3.69609 0.0284¢f
Control(Water) 32.7d%F 6759 4.03¢° 44.2f 64.7¢  3.13% 0.0310¢%
Severe stree Chitosan 31.2¢f 79.3% 5.14% 47 5¢f 60.8° 4.1675?j 0.0278f
Kaolin 29.8¢f 78.8% 5.32¢e 54.5¢f 68.8%¢  3.3090' 0.0278f
Glycine 21.09 77.39 4.13¢° 59,20 76.0? 4.1300¢ 0.0313¢
LSD (0.05) 1.7 15.2 1.41 12.9 9.7 0.011 0.0027

Means in each column followed by similar letters are not significantly different at 5% probability level.

Table 4. The results comparison of the average interactions effect of foliar application time and foliar
application type on hyssop (Hyssopus officinalis L.) traits evaluated

Treatments - = .
._5) E © o CT’ x —
Foliar : > IzgE  SE  ekd = = > L
el Foliar £E oo E = £ ETE z S 2o
application . > TSD s G S o pu S
. application == = T 2= cs= c = S g
time S S ) 8 'G < 2 S =
<] < ] @ T N
m ? i W
Control (water) 24,7 1022 7.542 69.9% 67.6° 5.5837% 0.0333%°
Flowerin chitosan 32.2« 88P 5.22¢ 60.4% 68.28  3.5383" 0.0317%
g Kaolin 35.22 1012 6.55%¢ 73.02 72.1*  3.0730¢ 0.0287¢
Glycine 19.1¢ 100% 6.23% 55.8¢ 59.1°  3.9037¢ 0.0345?
\egetation Control (water) 26.4 1042 6.74% 67.0% 64.9°® 55837% 0.0338%
gand Chitosan 33.0%® 1112 7.552 64.8%¢ 57.9®°  4.0543¢ 0.0312°
flowerin Kaolin 31.6% 1062 5.62%¢ 68.4% 64.6°° 4.4760° 0.0272¢
g Glycine 27.4%¢ 992 6.56%¢ 71.22 71.7°  3.6267¢ 0.0286¢
LSD (0.05) 6.6 124 1.15 10.5 7.9 0.0090  0.0022

Means in each column followed by similar letters are not significantly different at 5% probability level.
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Table 5. The results comparison of the average interactions effect of irrigation, foliar application type and
its application time on hyssop (Hyssopus officinalis L.)

F‘g[it;itments Foliar Flower dry weight ~ Harvest Proline Soluble sugar
- ” '
Irrigation application time _application type (9/m?) index (MM/g FW) (mg/g FW)
Control (water) 27.0%9 71%d 5.0360¢ 0.0304"k
. Chitosan 24,749 68.72d 4.2810f 0.0319¢"
- Flowering Kaolin 31.30 717+ 296009  0.0315%
=] Glycin 26.3%9 68.0%d 2.9790° 0.0341¢f
§ Contro%/(water) 35,7 61.30d 5.0360¢ 0.0310¢
Vegetation and Chitosan 50.32 62.35¢ 3.5640' 0.0325%¢
flowering Kaolin 53.02 69.0%¢ 3.4690" 0.0313#
Glycin 38.3bc 74,78 3.9600' 0.03592¢
Control (water) 30.3¢de 69.3%d 8.58502 0.0385%
. Chitosan 33.0cde 73.0%c 3.7520K 0.03592¢
8 Flowering Kaolin 45 69.3¢  35070"  0.0258™
2 Glycin 18 30.3f 4.4700¢ 0.0343¢cde
o Control (water) 27.0%9 66.3*¢€ 8.5850? 0.0396?
s Vegetation and Chitosan 27.0%9 52.7¢ 2.8460° 0.0325¢9
flowering Kaolin 24.09'f‘ 62.3¢ 6.0930° 0.0237™
Glycin 22.3%! 67.3%¢ 2.9220" 0.0225"
Control (water) 16.79n 62.3¢ 3.1300° 0.0311¢
» . Chitosan 12.0° 63.0°¢ 2.5820" 0.0272im
8 Flowering Kaolin 293¢ 75.3% 257200 0.0289¢
@ Glycin 13.0M 79.08 4.2620°9 0.03520cd
g Control (water) 16.79h_i 67.0%¢ 3.1300° 0.0309¢
& Vegetation and Chitosan 2171 58.7%  5.5730° 0.0285"
@ flowering Kaolin 17.79"_' 62.3¢ 3.8660/ 0.0267f<Irn
Glycin 217 73.0%¢ 3.9980" 0.0275™
LSD(0.05) 11.4 13.8 0.0155 0.0038

Means in each column followed by similar letters are not significantly different at 5% probability level.
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