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Table 1- Analysis soil used in the field
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Table Y — The ANOVA results on the effects of irrigation period (day) and superabsorbent polymer on some morphological, Vo
biochemical, physiological characteristic and essential oil of Valeriana officinalis V1
VY
a5 gl ep  Spgae S 3Sdes a by b g8 s Sy Ol 3Sdes
Treatments ool leafarea ady, aiy, Sas Chlorophyll - Chlorophyll ey sl s ol il ol
DF Rootdry Rootdry — contenta contentb  Ejecirolyte s,  Essential Essential
weight yield leakage RWC oil oil
content yield
(Replication) ,l,Ss 2 291.79m 1.78m 0.0003™ 0.0006"™ 0.0005" 49.60™ 1.39m 0.001™ 0.002"
(Concentration) clale 3 2373.54™ 76.95™ 0.0122" 0.0333" 0.0145™ 4618.47™ 3174  0.168" 0.315™
(Irrigation period) (¢, ;93 1 25544.72" 21552"  0.0408"" 0.0220™ 0.0334™ 1181.46™ 61.08™  0.158™ 0.968"
ol yer x clale 3 1171.51™ 48.53™ 0.0023™ 0.0089™ 0.0050™ 162.48" 389™  0.019™ 0.187"
(ConcentrationxIrrigation
period)
(Error) s 14 249.93 1.07 1.6369 0.0016 0.002 44.27 -,63 0.000s 0.004
P< o/+) g P< o/+0 Jlozsl maws )3 ls xe g )b ime pé i 4 FFF NS YA
ns *, ** no significant and significant at the probability of p«<%5 and p<%1 Respectively ; q
Y
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Table 3 — The Comparison of the mean simple and interaction effects of treatments on some morphological, biochemical, YA
physiological characteristic and essential oil of Valeriana officinalis AR
o los Sy s adyy s (5 Jebayls @ Jebayls D ey sl s o Slgima
Treatment leaf area weight Rootdry  Chlorophyll Chlorophyll Electrolyte Sy Lo
(cm?) (gr/plant) content a contenFlb leakage RWC (%)
(Mg.g-)) (mg. g% (uScm™)

(Concentration) cdale



(Control) (0) als 118.64 ¢ 3.35d 0.39¢ 0.14¢c 17.54d 351d
Eyosia X p)S Voo LygieSlinl 132.60 be 499¢ 0.50b 0.22a 38.80¢ 4.86 C
Stockosorb100g/ m?
aparie X oS Yoo oSl 150.63 ab 11.14a 0.50 b 0.19 ab 53.96 b 6.31b
Stockosorb 200g/ m?
aparie X pS Voo oSl 163.90 a 9.01b 0.57a 0.17 be 8350 a 8.88a
Stockosorb 300g/m?
d)Lﬁ" Jols
(Irrigation period)
(6 day) 55, 5 174.07 a 10.12a 052a 017a 5235a 7.48a
(10 day) js, \- 108.82 b 4.12b 0.46 b 0.19a 4455 b 429b
d)Lﬁ" C?]““’ X clble
(Concentration x Irrigation period)
3905 6okl yed x amli 166.33 b 4.92d 0.43c 0.14c 50.99 ¢ 4.79 cd
(Control x 6 day Ip)
3995 ol )93 Xayayiaxp S Voo oyge8 Ll 151.06 bc 7.05¢ 0.48 bc 0.17 be 41.99c¢ 579¢
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3955 okl 593 X@pesie )5 200 568 kil 17392 b 18.37a 0.53 b 0.22 ab 28.94d 7.71b
(Stockosorb 200g/m? x 6 day Ip)
3955 6okl 593 Xaupepie Xp S Yoo GojeS il 204.96 a 10.14b 0.64a 0.16 ¢ 1126¢€ 1165a
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390 Ve ol yexanpepiexp S Yoo oygje8 bl 127.34 cd 3.92de 0.46 bc 0.17 be 48.45¢ 4.91 cd
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59 Ve 6oll seIxpmsioxp S Yoo yisslial  122.84.d 7.87¢ 0.50 b 0.19 be 23.82d 6.12¢
(Stockosorb 300g/m? x 10 day Ip)
B8 Sy b () ime glis P< /-0 Jlanl 1 (LSD ggeil) (o)l i 51 S B S ilio (s oo )
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¢
625 05131 5y90 Oliuo o B lo I ©
“
«fﬁ Ela.w v
).)9“:&){).) 6y duJ}Lw Wyswwwmlfw).bawl.o] MK su] .)9.@5 L;LBA:LM; ‘_)*JQI )lu_i) A
g okd Jobu Ly 0,18 gals el (S (A5 &Sty S5 4 b bl ojls] ud 5SesS cules 9
clo ials > Sy maw 0w (YA) Cosl @il oljenay 1) jtiuwsd o Judg S yialS oSy pow ials Ve
axg L (YY) cuib saled Jlis ) 5y copw ials Colg 50 9 S Oylys (lie il g o0y Pao miimds V)
9555kl blize 51 jlas p (VoF/AF CM?) Sy o oy «3uis ol ) (¥ Jodo) ool comnty uls & VY
D359y Vo )kl y93 b wals s 4 bgype S e cpyieS g el Cundy oy i o)lul p9d b Yeegim? Y
Cdio > (Sutd G5 JpS N ee GNP O3y olie (L oy £ )kl sg2 )3 oS dimd e ot @l )
VB Ly ol & oo g 09 1o 1) ol Jiins 3 gllas Sy pans sl (QUIg5 (5) ) obisS ol 2 9 7



Dl g il (glaclalé oy Ve (olul 193 3 b gy & o)l 490 b aald e & s Sy e sl
5 03503 Jar LSy S o o (gl (S 15 558 )3 wald e 4 G (YFor 5 Vor Ve g/m?)
SrSolr 4 e wald g 4y Cond S o (5l VB Lo L bl 00,5 oamlitio o] (e ()0 sine o9l
5 bl 9> Ol L O3 yuge (ol @l (elly 6005 Sy g Cdo > (S S e 1T
aleg V) Uss (29)> bS5 (Swid (i 3l > Sy daw (ialS 09 L ) (Sas (i b ablie Ul
g ol by (St G5 lpd g0 el Sy e Ol e 1 edlitl Cute b izen 5 (¥9)

(W) cosl oad ()15 )l g i LSl 5 (VF) (so5edos

Ay ) S (39
O Ca S)lme g Al (LS SbaisS (glady) pu dswg p SB (gb) (T 1550 5 addllas
hboo (BRI (Sutd 15 P )3 ol ab) JS a2 STl oo (35 balpd 53 Mg sl 9 (S5 4 Cnglie
Cusl 10y 5 spcglhe Cundg Sl ulyd (pl 3 Sy Ay jogast (2l Sbaplul 3, L aslie > ady)
55 08 o A5y o 5 4 laos Candg 4y il s S oo Sy 4S50 0gMle ol (gladity, dnwsi (F5)
adyy (7855 )13 U Cod Vs (S A Bl S 50 adyy Suts oole I dne EalS (D) Cunl ity
Sy Fwgh (Sid G5 S50 a5 Glomen )b asee oddy cnl 5150 olS il Gejiere 1 (S plsie e
0o duglio gl gy 2 (YF) 23,5 o cigio (il Gl yobo 4y Ay wdy o] JU> & S o gy 208
£) bl 49 il g Yo rgim? CygjeSlinl youl 5 odlatul b ady, Sis 59 48 ol olis (¥ Jgas) Waodl
b aals jlos 4 baye (Y/AY g/plant) ady, Sis 39 oS 5 (W JSS) (VAYY glplant) cél yil3sl 59,
OBl g Yoo QIM? 5 55,5 ()bl 593 b OBl g Voo GIM? Jlacs > adyy SIS 39 292 39y N sl 592
Cq Dl pgw $Vb clale & b i (o)l )9 b cplple bl (g gl Gy Ve syl e b
099 3 48l o b oy Voo GIM? 0,8 gl (> (e & bl e o ol (sl (Sutd 15 S
gy 45 10,5 jascie Lislejl gl )3 ol LS Aty SiES 59 Cdeo pd 1y (I3 e glas 59, Ve 6yl
S Si G5 Gl 3 3SHU slhady; g b aaly 8 (Sis i cod o ulall i oS gla
39 Ll ol syl (g5l o il U 1y lie pslic Gl dlg s g 03,8 o3litel caslio (s55ul
Ol oizmen g (YY) (ylejy 5 (V) ortagl (gl olS 5o liiod plo p> (Std (5 (Rl b ady) S
(VF) ol oty L3l &y 55 0jy0 0lS )3 ady) SiS 5 5 (s

590 Ve )l 593 b aals Jles g 59, 5 )bl 593 9 @peie 3 )5 Tor giaSliml o b cuall i dt) poal o 4 Cusly s 4 =) JSS
Figure 2- From right to left, image valerian root with treatment Stockosorb 300 g/m? and 6 days irrigation period and control
irrigation with 10 days irrigation period, Respectively
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Figure 2- The interaction effects of irrigation period (day) and different amounts of superabsorbent (g/m?) on dry root (g/m?)
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Figure 3- The interaction effects of irrigation period (day) and different amounts of superabsorbent (g/m?) on essential oil
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The effect of superabsorbent polymer on quantitative and qualitative characteristics of
valerian (Valeriana officinalis L.) under drought stress

Introduction

Medicinal plants are economical important plants that are used in traditional medicine and industry as raw or
processed materials. Valerian (Valeriana officinalis L.) is one of the important medicinal plants which belong to
Valerianaceae family. The valerian rhizome and roots have been considered as a valuable medicinal plant that
essential oil content (between 0.1 to 2 percent) varied according to climatic conditions of production location.
Valerian needs a lot of water during the growth period and enough moisture around the roots and rhizome
increase root yield. Iran is located in arid and semi-arid region. If the least water requirement of plant does not
provide, plant face to drought stress and irreparable damage is imported to the product. Nowadays, the use of
superabsorbent polymers is one of the ways to increase irrigation efficiency. They are made of hydrocarbons,
can store high water or aqueous solutions in root zone of plants and to reduce negative effects of drought stress.
So, improvement of plant growth, increasing of irrigation intervals, reducing water loss and costs of irrigation
are due to application of superabsorbent polymers. Generally, water efficiency, dry matter production and root
development, are positive reactions to the use of superabsorbent. In this regard, Stockosorb® copolymer is
potassium-based nutrients that have a high ability to absorb water and nutrients and high strength polymer
maintained the water has been proven. The aims of this investigation were to study the effects of Stockosorb®
hydrophilic polymers, on some morphological (root dry weight and yield, leaf area), biochemical (chlorophyll a,
b), physiological (electrolyte leakage, leaf relative water content) characteristics and essential oil content and
yield of valerian under drought stress.

Materials and Methods

This research was conducted in field (1x1 m?) at Department of Horticultural Science, College of Agriculture,
Ferdowsi University of Mashhad. The research was set out in a factorial experiment on the basis of completely
randomized block design. The Stockosorb® hydrophilic polymer at four concentrations (0, 100, 200, 300 gr/m?)
and two irrigation period (6 and 10 day) with three replications were set as treatments and leaf area, root dry
weight and yield, chlorophyll a, b, electrolyte leakage, leaf relative water content and essential oil content and
yield were evaluated at the end of the growth period. The seeds of Valeriana officinalis were sown in protected
open field for seedling production and the seedling were transplanted to the field at four-leaf stage (10 plant per
plot). Stockosorb® mixed with soil, after weighing the polymers based on determined concentration. After
seedling establishment, all plots were irrigated with a determined amount and equal of water.

Results and Discussion

The results showed, using Stockosorb® superabsorbent polymer be useful for water supply the plant in water
stress condition. Application of this substance on some morphological, biochemical and physiological
characteristics and valerian essential oil, was significant at 1% and superior to the control. According to the
results obtained, Stockosorb® 300gr/m? with irrigation period 6 day interval, increased leaf area, root dry yield,
leaf relative water content, chlorophyll a and essential oil yield. While, the highest valerian root dry weight and
essential oil content were obtained with application of Stockosorb® 200gr/m? and irrigation period of 6 days
interval. The highest electrolyte leakage was related to control and irrigation period 10 days interval and the
maximum chlorophyll b was belonged to Stockosorb® 100 gr/m? with irrigation period 10 days interval.
Conclusion

Since final goal in cultivation of valerian as other essential oil bearing plants is providing the best conditions for
increasing the yield and quantity of essential oil at the same time, according to the results of this study,
recommend apply Stockosorb polymer 300 gr/m? and irrigation period 6 day to controled drought stress and
improved all measured characteristics in Valerian. The highest root dry weight under drought stress was related
to more accessible and preservatives water in characteristics the root zone and it found by using the middle
concentrations (200 gr/m?) super absorbent polymer and irrigation period shorter (6 day). Using of mentioned
treatments, according to the middle water stress, leads to increased valerian essential oil. The best root dry yield,
essential oil yield, electrolyte leakage, chlorophyll a and %RWC with sufficient amounts of water and better
growth conditions were achieved by application of 300 gr/m?2 Stockosorb® and irrigation period 6 days interval.
In general, superabsorbent polymer was able to increase irrigation period and this was evident in qualitative and
quantitative results related to the valerian in the treatment of 300 gr/m? with irrigation period 10 day and 100
gr/m? of polymer 6 day irrigation period. The results showed that superabsorbent polymers have the ability to
increase plant performance through plant metabolism changes and protect them against environmental stresses
and their application reduces the effects of stress on plants and leads to preservation and production of plant
economical performance.
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