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Table 2- Analysis of variance for physiological traits and flower yield of Cichorium intybus under drought stress and bio-

fertilizer
ks gl T SremCushy oy s adidy s b Judg k5 S ddols ST Ses
SWO V' &35l Relative water Protein Chlorophyll  Chlorophyll Total Flower
e df contant percentage a b chlorophyll yield
S 2 31.90 0.004 0.72 0.25 0.52 0.04
Rep
Droght stress 2 2203.24** 2.25%* 63.40** 2.49%* 89.54** 1976.63**
(D)
a‘él:’ 4 39.29 0.001 0.05 0.05 9.15 4.56
(s 355
Bio-fertiliazer 3 152.11** 1.63** 7.09%* 0.38** 9.26 ** 3401.10**
(B)
x a e
39; quM 6 71.35* 0.02** 0.99** 0.04™ 1.006** 47.80**
b ‘ég” 18 24.21 0.001 0.04 0.04 1.106 3.55
CV (%) - 6.92 1.57 2.58 12.52 2.47 1.13

b gre pis 9 do)d K g iy paw D ()b dze s NS 4
*,**and ns significant at 5 and 1% levels of probability and not significant, respectively
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Table 3- Comparison means of interaction between drought stress and bio-fertilizer for physiological traits and flower yield of
Cichorium intybus

o Cagb e oo
Srou S o adss S 5 Jiba 5 5 5Skes
ght stress Bio-fertilizer Relati Protein i
(%F.C) elative water percentage Chloroplhyll a Total chl(l)rophyll Flower ylleld
contant (mg g"FW) (mg g~FW) (kg ha™)
%)
Control 82.19abc 2.057¢c 9.505¢ 11.22¢ 153.86h
90 Nitroxin 83.80ab 2.813a 11.187b 13.53b 170.70de
EM 87.43a 2.716b 11.924a 14.10a 208.20a
K 82.66abc 2.489c 11.221b 13.16b 180.98¢
Control 70.73de 1.250h 7.071ef 8.399 144.11i
70 Nitroxin 65.12¢ 2.236d 7.407e 9.27f 164.94f
EM 78.13bcd 1.789d 8.132d 9.96d 185.66b
K 74.26cd 2.203d 8.028d 9.61d 172.94de
Control 48.16f 1.093h 5.025f 6.08i 131.31g
50 Nitroxin 62.43e 1.095¢ 6.0369 7.18h 146.18i
EM 64.68e 2.087¢c 7.015f 8.33g 174.85d
K 52.59f 1.509e 8.073d 9.09f 158.90g

25l 03 (P<O.05) Sls smo BT ghyls (g p 33 S yidie gy b el
Numbers followed by the same letter are not significantly different (p<0.05)
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Slgo Jasl wte s Sis i b s sl bl gl ol
B edble ;s 4 e gyt JB Ol gals cde @

2 ROS JSts (li81 Ly (8 Jaz) 29 (S 9558 (ot
o)l slaclis 55 Gline ((Std 5 51> cusdlyg IS
oSS 55 (S5 G S 3 gl bon Sl 5
S (oo i (1381 5 D 8IS 4oy 5 Chl Al (g
2 S5 G S )3 5 s ol b 3 b lS ke aals
Buchanan-Wollaston et al., ) cowl sas (5,155 50 olals
PH el ol coge EM 368 alonl g u; (sladgS (2003
ool U s sbadgS .(Sandra et al., 2002) 35,8 o S
5 00cd Ll Ll o « S i) hgrge i el
yolie Cla i p g Aol o S pH ials 4 ases
Loyl ot i Judg IS 5w > 4 Mg s M Fe alesjl olie
J29)lS" i 48 WS e s pllp g 53l o0 S oo
390 2lié yolie el cplply (Sanchooli, 2007) sl iuljal
JLsaas 1) oS (gl s sy Sl Bl )59 520 05254 5 0lS LS
2100508 o) sdsS 3 dg3g0 (slag,iSh aST il salgs
s 5 1) )98 oS oy (St wiile Jame (sla i

(Ghollarata and Raiesi, 2007) 1L
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Table 4- Comparison means for clrophle b of Cichorium
intybus under drought stress and Bio-fertilizers

Treatments b o
(mg g'FW)
Droght stress (%F.C)
90 2.04a
70 1.65b
50 1.13c
Bio-fertilizer

Control 1.36¢
Nitroxin 1.78a
EM 1.77a
K 1.55b

2l g0 (P<0.05) Sls smo BT ghyls (g yo )3 S yidie Lgys b sl
Numbers followed by the same letter are not significantly
different (p<0.05)

Sy g (st 358 oSt (5 IS 5 Sles

elS S S5 0y Shas o oy S Jlois] o > gl
02 eS LA (A s 5 anld 48 ooy (2 Jg2) 45 5 stae
395 ) o st 55 O ple baled g EM e 5 5 5,Skee
oS 4858 oo olgies oz 1y ol ol > 3 Jsie) w8
5 00b cewlie (dag) 4y a5l SIS slaadls s W5 sl
il cle (a5 (gt dlge (alS 4 sy oo Jlaiey
Cro oy (5 5iogtd Slgo JUaI alS dxis )3 5 S aw
o 2pShos (LS o (St (S 51 (il laplul
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sLadss jlg 039 jlitiy e Sl 5 505 5 Jsloee iy S
Bahramzadeh ) sUT e o3l 0 .ol 03,8 Jos yicsob 35 JI
59 g 0y (29)b olS STy adllas > (Alliabad, 2013
Jolowe claclyn gy, lade op iy ob ol (Sas s
Jobre slachamg S 514 <8l gl g b (15 4 by
o=l G Egdse ol il 1)L (63 b B lugise £55 ]
il olalS el peldal > oge it S oS cul
slaagS il onlitl oo 13l Sibles Jolbs (claadl S o
Sl 29yl olS ) Jsloe Shiamg S jlade Gl g
Gendy et al., ) hLSen 5 5 Slisios ;> o oyl
Hibiscus ) (5,5 ls (9, (Hassan, 2009) . Luls 5 (2012
ol 013 i)l 5 (sabdariffa
il L] tiSanys 9 55 Suis i 5l 1w gigWd
A5 b e MIgigMo (clyime p doyd K Jlen] maw > (6]
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ol asgigds cdl il agl slacdgle plyea Job
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(Cheruiyot et al., 2007) cewl s 4y Joss gl 058l
S 515 Slacdglio I (5o 058 ol Jyb (sl
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] (5T (b ln il ol (i 5 Seigs]
B 85 2 yme pd olS oS Slej (Andre et al., 2009) usb o
o9l 3iile iewST JLsd clmasseS 5l (oL Jlade 5,45 o
S Qe STy g JeS gy S JI00)) g STy g
0=l 02 ol Sy ool s JLS S )l )3 900
aS ]l i [(Jubany et al., 2010) K45 0 Jleb ba J501,
900 LS A Coud Laa g 09 oo 3ylg con 3] wia
saiss (oilSh ;o padiine jobds (548 OIJ*M.SIUJJT S lgiedy
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Sangtarash et ) 55,5 oy (b, S e a5 ) Ll S,
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O 5 Ol g lad 09 Slodplyinal danid plas  Sis
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o=l Jodore (lan B xeow a8 o Wyl iS cou lals o
9 4S8 0SS olS sla Joku ()90 4l )Y gousl wulals 4y ooyl
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(o (Slgimo Lais 5 Jolomo Sl (glasid o s 15 ey
(Abedi baba arabi et al., 2011) 15 5,08 » Sy
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OsS L alys s (Glycine max) bgw ;> cuoglio yiol33)
(Sang-Mo et al., 2014) cuul o

(s 295 9 (Sl (T iU COU Gl 19,15 0US 1S puolis 9 Suielsed (Sl S g mile g 41529 -5 g
Table 5- Analysis of variance for physiological traits and nutrient of Cichorium intybus under drought stress and bio-fertilizer

ary Ol g S

Ol g g o Mg Jge Mgy, Sd oy
S.0.v &2 Proline Flavonoid Carotenoid Phosphorus Potassium
df Carbohydrate
é);“; 2 0.020 97.40 303.64 0.30 0.169 444.29
S A 2 0.75" 36316.99" 26684.67" 504" 1.114” 217814.32"
Droght stress (D)
aéf’ 4 0.008 3.85 0.88 0.08 0.042 1064.38
o 3 0.081" 2334.65" 2811.70" 10.40™ 0.418™ 23441.44"
Bio-fertiliazer (B)
x Wit} *k *k *k * *k Kk
3’; x“E“: 6 0.04 110.43 72.80 0.19 0.146 6583.98
béf}” 18 0.0057 4.51 4.26 0.05 0.017 1090.95
CV (%) - 13.30 1.40 1.01 6.95 14.35 7.85

Sobiime pis g 2o 1 g5 daw ;3 ()b e ciju NSy
*,**and ns significant at 5 and 1% levels of probability and not significant, respectively

Sl (2138 polis g (S5ele 50 (S Sy () ST 9 (SWd T HiSed p1 (S (pSle Ay lin -6 Jga
Table 6- Comparison means of interaction between drought stress and bio-fertilizers for physiological traits and nutrient of
Cichorium intybus

Drought Bio- oo 59 391::)5 2599,8 s el
stress fertilizer Proline Flavonoid Carotenoid Phosphre  Potassium
(molg’Fw) (%)  Carbohydrate  (mgglrw) (%) (PPM)
(mg g"FW)
Control 0.309°f 73.741 129.601 2.379 0.730def 396.48e
90 Nitroxin 0.352f 89.51k 146.67k 4.32bc 1.364b 536.97bc
EM 0.372¢f 99.71j 164.869g 3.56ef 1.086¢ 574.77b
K 0.418def 116.42i 179.42i 3.24f 1.734a 635.43a
Control 0.477def 135.40h 183.88h 2.48¢g 0.603ef 407.48e
70 Nitroxin 0.528d 147.41g 192.97g 5.47a 0.842de 482.66¢cd
EM 0.548d 165.95f 21157 4.61b 1.120c 436.35d
K 0.533d 175.62¢ 225.70e 3.77de 0.936¢d 485.98dc
Control 0.680c 187.12d 235.70d 1.42h 0.530f 245.31f
50 Nitroxin 0.733bc 200.31c 243.15¢ 4.12cd 0.624ef 263.39f
EM 0.818b 220.42a 254.07b 3.20f 0.571f 285.40f
K 1.178a 210.65b 264.38a 2429 0.762def 293.68f

250 03 (P<0.05) Iy gme B! gyl (gt p )3 S jidie Lhgys b sl
*Numbers followed by the same letter are not significantly different (p<0.05)

O SB )l pole sl jials e a8 cwl SOl SialS
St yly b oS cwl olaye il (SO b (sl oid olS
i s o ol 1 g-dm o3litul BB pué olS (ol
el 0lind g jl (S oo b g ord SK b,
da sy s & Glawd g da (Sdd bylyd )0 .l Joloe
ol U, ol 0,38 ol oy o8 oo o Jo bl

2 Lol iSan sy g (s 355 (St (5 S 2 pd

Misine (G829 ol jhud (dlyie Gline o> S o
Josi & bgiyo shud ke (it ol @l i .0 Jso2) 43
5 el M G 345 L plgs —elyj cud b aoy> 90 (6 LT
Gpao pis g (S 108 (15 Jlael 4 bgipo o o o208
L bl )3 (Setd G5 (0 59 s (2ol (6 Jga2) 551 268
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cde byl o)h cilhe e plo gols b (Sds 55 o
4 e oS b e SB Ol aals L syl a1y zals oyl
(Wu and Xia, 553 oLS 4y SISl polie L yals
5 O3sr O HhB ey 3 pogde ) sladsS 2006)
Ol Jo a5 ol8 o) 45 I3l Gyl el 5L 390 saud
2l g mly (oald (Rl Gl dgre el ady) dnwys

.(Marschner, 1995) G445 o (sdao sy yolic

& 25 4o
9o 2 QlS 28 blisul i ply e @l @ 229b
SbaS i il (B Sl slonl Ly (s i o
o Ol ol Al imd e gl S 4 053 Syfglsa
2,8 o)Ll olS 3 (g 9 Jsloe Chamg S (g ]Sl
St gt (55 byl 50 SwlS (g9 oLS Ay ol cuw
oS (gl (Sid s i dejlys o il anily algi g 0l
oMl 295 g0 olS 3 Slos I dne (LS & joxie g 039 parsa
Sladsliss) (S5 5, Slas (l5 8l co j3 (s slaagS ]
38 Lol 3 S jind Ol g (g g lgine (riwgid
50 Ses o (St G e Sl o ) g0 b axgS
o S 5,8 15U b g e ials ol cawls olS o) cdos
2o (g gt SIS, alax il olS Syjolss s sla Sy
O bl )3l el Gl g g (Jobre Slidng S
28 e i Cto 18U Ly ) sladgS (Sid 0
sy O3l jo 5l g U sl g 9 Jglone Sliang S
Lad Lials jl le g atwls awlS )b olS 5 (Sis jis

5l eslazwl (Kafi and Mahdavi Damghani, 2000) 15" . 1,
L pl i 008 o 5 (3900 2108 Cs (sl s S 5
2 @l ey g hed 35y lesd (S35 103 50 G puno
2 b g Ojgy 2o (Il 4 e (B Sle (29 olS
o Sl ylS 5 PH € ey cobuossl Gliee 5 Sy
Lt izen (Abo-Baker and Mostafa, 2011) >4-5
395 £ 9 Glojer 28 450l (Lt (S5 sle o9y (SlgR
cble (il cage ool 255 b plg i pded 5 Lefast (st
(Gendy et al., 2012) s o ;> wawls g yiusd (5955 polic
o i Bl g Jsboue e (I3 ool (s (slaogS
L (Bacillus)  juplasl (i .35 o0 0LS (slauiss Cumdg dgnte
Sl (S gm9 0 Muaol Sl daol A 5le (T olosn] i3
It St Sl 5 S logh Sl SISl (S5
Agn 405 L e g 00D (mdge Spgod PH ialS el
Gyguodsy S 3 a8 Suee dlawd oluSy kdle (o 09340
iy Lo i BB Jolomo JS5 & 1 lagl claal,s Jplonals
S ppansS (g9 inlejl b .(Ojaghlou, 2007) 34l oo ;5 olS
yaad M 6581 oS 13,5 pMel (Solanum  lycopersicum)
Oleyon 3p)LS 9 298 SB 53 jhnd (gyiwd (il el
Sy e Ju Olind pgw (olend 395 5 jaud o 8L
S90S (0 Hhd Gl g aldy) SUS (g o yide
(Turan et al., 2007)
5 e 365 (St (5 5 plty ol ety
ol 20 giz) ab Jbostae a0 S e 3 gl GiSen
ced )b 0o 90 bl sl bosye mamliy e g sty ol

A gy S5 o Sles @ by 55 ol e (3 yieS g mawlu IS 9l 398 3, b el
ol G2alS (6 Jgaz) 390 (6355 Wl jlas g (St b i
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Introduction

The chicory is an economically important member of the Asteraceae family. Chicory has also been used for
medicinal applications, useful to liver and gallbladder, which some of its health benefits is scientifically proved.
In recent years, drought has been a serious problem in Iran. Several scientists have shown that a plant under
stress will produce secondary metabolites that may influence its medicinal properties. This study aimed to
investigate the effects of drought stress and bio-fertilizer application on physiological characteristics and
absorption of some nutrients by chicory. Water is one of the most important environmental factors that has a
significant influence on the growth and active ingredients of medicinal plants. Water shortage causes serious
damage to plant growth and development. In the time of drought and salinity due to the high concentration of
salts in the root zone and increase in the osmotic potential of the soil, nutrients absorption will decrease.
Therefore, the decrease in soil moisture changes the rate and amount of nutrient absorption by the plant. Organic
fertilizers under drought stress by increasing the proline, soluble sugars and absorption of potassium and
phosphorus can mitigate drought stress impacts and increase the crop yield. The sharp decline in root growth
under the drought stress condition is the main factor reducing the elements absorption capability of the plants.
The combined application of Effective Microorganism (EM) and organic fertilizers is a suitable method to
supply and release essential nutrients. Results of a study showed that EM inoculation with soil has not only
improved the quality and quantity of crop but also enhanced the quality of soil. Application of Nano fertilizers as
an alternative to conventional fertilizers resulted in slow and controlled release of nutrient in the soil. In addition,
nano fertilizers increase the nutrients uptake efficiency and minimize the negative impacts of consuming too
much fertilizer and reduce the frequency of fertilizer application. Drought stress decreases the potassium level in
soil and consequently in the plant. The aim of this study was to examine the impacts of Bio and nano fertilizers
application on physiological traits and absorption of some nutrients in chicory plant under limited irrigation.

Materials and Methods

To study the effects of Bio-fertilizers on physiological traits and absorption of some nutrient of Chicory
(Cichorium intybus L.) in response to drought stress, this experiment was conducted in 2014-2015 growing
season in a split-plot design with three replications at the Agricultural Research Institute (Chah-Nimeh),
University of Zabol, Iran. The main plots were drought stresses regulated with irrigation after 90 (control), 70
and 50 percent of field capacity. Sub plots were different levels of Bio-fertilizer application inclusive of a sub-
plot without fertilizer (control), inoculation of nitroxin (1 lit ha™), effective EM (10 lit ha™), and foliar
application of Nano potassium chelate fertilizer (27%) (10 kg ha™). The traits such as relative water content,
protein percentage, chlorophyll a, chlorophyll b, total chlorophyll, flower yield, proline, flavonoid, carbohydrate,
carotenoid, phosphor and potassium were evaluated.

Results and Discussion

Results showed that the interaction of Bio-fertilizer application and drought stress had a significant impact on
all the traits except for the chlorophyll b. Increasing the stress rate, decreased the relative water content,
photosynthetic pigments, carotenoid, protein percent, flower yield and phosphorus and potassium uptake.
However, increase in the stress rate, increased the proline content, carbohydrate, and flavonoid increased. Bio-
fertilizers application improved all the traits. The maximum relative water content, photosynthetic pigments, and
flower yield were obtained from the treatment irrigated after 90 percent field capacity (FC) with EM application.
The highest level of protein was obtained from the treatment irrigated after 90 percent of FC depletion and
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nitroxin fertilizer application. Maximum protein and carotenoid level were observed in irrigation treatment
regulated with 50 percent FC and Nano potassium chelate fertilizer application. Maximum phosphorus and
potassium uptake achieved from the treatment irrigated after 90 percent FC and Nano potassium chelate
application. It is concluded that the increase in drought stress significantly decreases the photosynthetic pigments
and absorption of nutrients.

Conclusions
According to the results, the use of Nano potassium chelate fertilizer, microorganism bio-fertilizer (EM) and

nitroxin had a positive impact on efficiency of chicory production.

Keywords: Chlorophyll, Flower yield, Potassium, Proline, Protein percentage



