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Extended abstract

Introduction

Stevia is a perennial herb with sweet leaves, about 300 times sweeter than sucrose and today cultivated
in many parts of the world. Drought stress and nitrogen deficiency are the most important
environmental stresses that limit the production of this plant and have adverse effects on plant growth
and development and other metabolic processes. The effect of drought stress on the plant depends on
the type of plant, species, intensity, duration and growth stage of the plant. With the onset of drought
decrease leaf water and stomatal conduction, and as it intensifies, loses permeability of the leaf cell
membrane and damages. On the other hand, with the closure of the stomata due to lack of water is
difficult and the entry of carbon dioxide into the leaves and in general, photosynthesis is reducing. Plant
nutrition in drought conditions is also of special importance and proper nutrition in this situation can
increase growth and stress tolerance. This element is the most important component of photosynthetic
pigment proteins and has a great effect on leaf size and area.

Materials and methods

Therefore, in order to investigate the effect of drought stress and nitrogen fertilizer on the growth and
yield of stevia, an experiment was conducted in greenhouse of Campus of Agricultural and Natural
Resources, Razi University, Kermanshah, during 2016. Factorial experiment was conducted in a
Completely Randomized Design (CRD) with three replications. Treatments included drought stress at
three levels (no stress, mild stress and severe stress) and nitrogen fertilizer at five levels (0, 50, 100, 150
and 200 kg.ha?) from urea source. Irrigation time for non-stress, mid and severe stress were 50, 65 and
80%, respectively, respectively from drainage of usable moisture in the soil. The size of the Cultivation
space was 50 x 50 x 50 cm (length, width and height) and they were made of cement. The irrigation
system was drip irrigation. the first and second harvest were on the May 23 and September 6, 2016,
respectively. Traits were examined including yield and yield components, photosynthetic pigments,
relative water content (RWC), water use efficiency (WUE), soluble sugars, proline, superoxide dismutase
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(SOD), peroxidase (POD) and catalase (CAT). Data were analyzed using SAS and MSTAT-C software
and the means were compared using the LSD test at a probability level of 5%.

Results and discussion

The results showed that the drought stress and nitrogen had a significant effect on biomass, leaf dry
matter, shoot dry matter, chlorophyll a and b, carotenoids, relative water content, water use efficiency,
soluble sugars, proline and enzyme Superoxide dismutase, peroxidase and catalase. The highest amount
of leaf dry matter in non-stressed treatments and applying 400 kg.ha* N in the first and second cutting
were 20.4 and 17.1 g.pl?, respectively, and the lowest amount of leaf dry matter in severe stress
treatments and applying 400 kg N ha- the first and second cutting were 6.81 and 5.85 g.pl, respectively.
With increasing amounts of nitrogen increased chlorophyll a, b, a + b and carotenoids in the first and
second cutting. The amount of chlorophyll a, b, a + b and carotenoids was higher in the second cutting,
but in carotenoids the values were equal in both cutting. Also, with increasing drought stress decreased
the RWC in the first and second cutting and in the non-drought stress in the first and second cutting
were 68.4% and 70.4%, and in the severe stress were 55.0% and 58.3%, respectively. Mean comparison
of the interactions (stress x nitrogen) on WUE and proline showed that in conditions non-stress and
using 200 kg ha nitrogen had the highest WUE. WUE in the first and second cutting were 1.94 and 0.65
g.kg1, respectively. In this experiment, the amount of superoxide dismutase in the first and second
cutting increased with increasing drought stress, but on the contrary, the amount of peroxidase in the
second cutting decreased with increasing drought stress. In addition, with the increase of N, the
superoxide dismutase in the first and second cutting and also the amount of peroxidase increased in the
second cutting.

Conclusion

In general, it can be concluded that stevia production in the second year has a good yield under non-
drought stress. In addition, the use of nitrogen in conditions non-stress increased leaf yield. Leaf yield
under mid stress with nitrogen application was not very significant. Under drought stress reduced leaf
yield and was more severely with nitrogen utilization. Stevia is a summer plant with high water uses. It
is recommended to pay attention to the amount of water available in summer and usually have a shorter
irrigation cycle than other summer crops in the region, which is economically viable.

Keywords: Antioxidants, Photosynthetic pigments, RWC, Water use efficiency
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Fig. 1. Mean comparison of the effects of drought stress and nitrogen on biomass, leaf and stem dry weight, and

harvest index of stevia in the second year
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Sl rizen Jolme glaaid 5 Sy O (s lyme
Odon Jlde 5 ol Bras LIS Clis gl blie
(F Jouz) Sl lo sixe

axiyd 9 Sy gl RIBl el (S gradlenl
El-Wahab and ) casl oass 5 5 Sas 5 il
03595 B pan Ll b cialesl jo .(Mohamed, 2007
R b 55 gy blpl jo LSe jo 0 SelsT e
Sairkar et al.,) coul ool Jol> jlpdioen 5 0 odgs
G5 s bulpb 53 g sy 56 eS (2009

A e lid |, (Sas

S fwgid 5loo ju Ky
R Ohere s SES E bl s b
S ylodae o] blite 51 Jy jlo gime jloms oo 35S,
satb b @ L8s)l5 ()39 polie (RalIL (P Jga)
(0 Jgoz) Bl Gl pgo 5 Jgl ez o laadsiy IS
e Jy fier g3 ez 0 ath b @ Jdg)lS lade
olie (izes oy pl Loy ez 55 o sy IS
P 1SS 5 S Gl b s sleeyS,
2o sl ez 3l i p9d e )3 polie (nl g ol
sxSoslul cde @ g oe |y (S5 Rl cnl O Jgux)
aS el Jloyo cplols Cos o (39 4 e 5SS Jlade
el T e ad g drmloe SS9 pulal ST
38 bl 1 a5 o ialegT ST 1o Ysans ol o sl
SaS 5 Ll 0 05 e D90 5 S ejlul s
Hajihashemi and) wb o polS opss, laie

byl sloasisiie,l5 gath b a Judg k5 liv p ()59 58 b pao g (S 15 F1 (il lg 42325 F Jgor
Table 4. Analysis of variance of the effect of drought stress and nitrogen on chlorophyll a, b, a + b and carotenoids of

stevia
oy A8 b Juds s at Jud s aisiss,l5
Ol yuti’ 2alo ‘l i Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids
S.0.V SV Y Yom Vor Yoz Vor Yoz Vour Yoz
df cut 1 cut 2 cut 1 cut 2 cut 1 cut 2 cut 1 cut 2
SEEEE o 062" 0,078 0.030*  0.108"  0.178" 0365  0.025° 0.019°
Drought stress (D)
I 4 0005 00107 0.011™ 0062  0030™ 0123 0026 0.016°
Nitrogen (N)
OIS XGES G e 001 0001 0.0001% 0002 0.002%  0.004%  0.001™ 0,003
DxN
bS50 0001 0.001 0002 0.004 0.004  0.007 0.006  0.006
Error
(W0,9) Sl o pd 6.63 624 7.16 461 540 1025 9.64
CV (%)

Ao ) 50 mhaw j3 g o Jixe g o S d 5 Ay e

s IS

ns, *, ** are non-significant and significant at the 5 and 1% levels, respectively
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Table 5. Mean comparison of the effect of drought stress and nitrogen on chlorophyll a, b, a + b and carotenoids of

stevia
a Judg,ls b Judg s ath Judg,l5 Luadgiiy)ls
Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids
mg.g! FW mg.g! FW mg.g! FW mg.g! FW
Lo Yorr Yoz Yorr Yoz Yor Yo Yorr Yoz
Treatments cut1 cut 2 cut 1 cut 2 cut 1 cut 2 cut 1 cut 2
(S i (Drought stress)
(Control) wolls  0.48° 0.52¢ 0.72¢ 0.81°¢ 1.21¢ 1.33¢ 0.72° 0.74°
(Moderate) luwgio  0.56° 0.59° 0.77° 0.92° 1.33% 1.52° 0.77®  0.78%
(Severe) aal 0.61° 0.67% 0.812 0.97% 1.43* 1.64* 0.81?2 0.81?2
0595w (Nitrogen kg ha'l)
0 0.52°¢ 0.55¢ 0.72°¢ 0.80¢ 1.25¢ 1.364 0.70¢ 0.72°
50 0.54% (.58 0.74>  0.86¢ 1.28% 1.44%4 0.73%  0.77%®
100 0.55®  0.60° 0.77®  0.90 1.33% 1.500 0.76%  0.77%
150 0.56®  0.59° 0.792 0.92° 1.36* 1.52% 0.80®  0.79%
200 0.58% 0.65* 0.812 1.022 1.39* 1.67% 0.842 0.842

(LSD Q,.eﬂ) Q3,5 5l e Golds po b ao 10 0 Jleiol mhaw jo ailice By, b slael (381 Las g0 (1) (gt o 40
In each column (between two horizontal lines), numbers with similar letters are not significantly different at the 5% probability

level (LSD test)

Lol 35 (rdg 9 Jolme il (of B pan (S Sy O (oo (slgizmo 2 (35 i 9 (Solid T T il )y 0525 5 Jgur
Table 6. Analysis of variance of the effect of drought stress and nitrogen on the relative water content, water use

efficiency, soluble sugars and proline in stevia

T st (519 - .
= 'J;SM ol Gpan )5 Jolxe slawis u—‘-’sr'
a0 RWC WUE Soluble glucose Proline
Olpds @l @1 Voma Yo Yomr Yo Yor Yo Yomzr Yo
S.0.V df cut 1 cut 2 cut 1 cut 2 cut 1 cut 2 cut 1 cut 2
SES S o0t ss1T 0,052 0.053 20047 257817 832" 320"
Drought stress (D)
O 4 789" 699" 0205 00210 12737 16096 01 637
Nitrogen (N)
D&?X SO g 1963 863 01277 0.017° 6o 1419% 00 o3
X
L3y 2491 978 0.038  0.005 494 661 901 513
Error
o) Sldicurd 001 483 1248 16.02 1201 1437 17.96 15.90
CV (%)

Qo0 ) 50 mhaw jo g o Jixe g s Sae mé s T 4y

S S

ns, *, ** are non-significant and significant at the 5 and 1% levels, respectively

O3 Oliee GilBl b Glaleil ol )0 ez g0 2 50

(Y Joaz) ails als
LS o 0, 5slS Ve
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S ped 5 sl ez 50 2l Brae LIS A J5uz)
Sy gyl 4 i oole p) /5D 5 VAF Lo cul 4o

Spas g GRS Ged llyd yo

P S ol o Glgme (Sis s L

G5 Oy kil je g anndls rals pes 5 gl slager
Lylyls 0 g00,0 Ve IF g PAY by pgo g Jol ez 50
R CVRIUAYPRR WESKWAVVA IS WATA E R S PR VW R A
aails Graldl (Sas i Gl L Jeloe slaaid e
Jslme sloasd (e 5 S 2 O (oo (Slgiome (¥ J5u2)
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Table 7. Mean comparison of the effects of drought stress and nitrogen on the relative water content and soluble sugars

Sy 0T oo Glgizxo Jolxo sl 0o3
T Relative water content Soluble glucose
) o= % mg.g!' FW
Treatments
Vo Vo Vo Yoz
cut 1 cut 2 cut 1 cut 2
(Drought stress) Scis  god
(Control)  wals 68.4*+1.60 70.4* £ 1.17 135¢+ 6.1 134+ 16.4
(Moderate) o 63.6° £ 1.57 65.8°+1.03 171+ 11.5 1852 +9.1
(Severe) R 55.0°+0.89 58.3°+0.81 210°+12.9 1178+ 10.1
(Nitrogen (kg ha™)) (439 i
0 66.27*+2.74 67.48*+2.01 227*+19.18 2282+ 11.15
50 64.61° £2.69 66.36® £ 1.77 186°+14.20 206 +9.60
100 60.03% +£2.23 66.05% £ 2.04 167>+ 11.13 183+ 13.13
150 61.23%+1.93 64.03%+2.44 1494+ 10.29 153+ 17.16
200 59.53°+2.90 60.41°+ 1.76 1299+ 8.00 1224+ 21.05

3 lilil gllas F (LSD (9031) 5,105 o sime iglds p b oo 0 O Jlets| zelaws ;0 ailine g, b olael (881 a3 90 y0) giw, 40
In each column (between two horizontal lines), numbers with similar letters are not significantly different at the 5% probability
level (LSD test), +: standard error

byl gz 3 2T Bpan ()5 Slhio 1 ()5 o 9 (Sl il ST puSiloo dunslin A Jgur
Table 8. Mean ccomparison of the effects of drought stress and nitrogen on water use efficiency and proline of stevia

oo <l G pae ol odan
- Water use efficiency Proline
£ Dry Maner.kg-lWater Ul’lit.g'] FW
S i 0395 Vo2 Vi Vo Yoz
Drought stress Nitrogen (kg ha'') cut 1 cut 2 cut 1 cut 2

0 1.209+£0.10  0.38% +0.03 2.800 £0.66 3.22" +0.24

50 1.434 £0.05  0.49% +0.02 8.72¢hi +1.13 4.18" £0.69

e . 100 1.672¢ £0.01  0.49%¢ £0.08 11.51%" +1.44  9.70° £2.57

contro A

150 1.80%* £0.06  0.59% +0.04 12.64% £0.72  14.73%4 +1.13

200 1.942 £0.06 0.65* £0.05 13.99¢f £0.30 17.53¢ £0.69

0 1.269 £0.11 0.38%d +0.03 3.750 +£1.07 5.30¢" +£0.66

50 1.48¢d +£0.06 0.46° 0.3 14.35%f£1.21  6.70%" £0.57
2o 100 1.59% +0.13 0.47° £0.03 19.304 £2.06  14.01°4 £0.92

Moderate

150 1.61% +0.11 0.44°4+0.02 19.97¢ £1.79 17.14¢ £2.22

200 1.52bd £0.10  0.42¥ +0.06 20.26¢ +1.65 25.84> +2.17

0 1.42¢4 £0.13 0.359+0.02 7.28M £2.00 8.33¢f £0.33
. 50 1.78% +0.19  0.47¢ 0.07 17.80%% +£1.03  11.64% *1.74

S 100 1.69% £0.07  0.49% +0.02 2654 £2.46  16.22¢ 0.6

Severe

150 1.59%¢ £0.10  0.40%e +£0.05 34.29* +3.04 23.88> £1.05

200 1.259£0.20 0.31° £0.04 37.532 £2.74 35.332+£0.97

o bl sllas i (LSD y9031) 05,10 S ol po b as 0 0 Jliol mhaw )0 ailine By > L slacl gt ja 4o

In each column, numbers with similar letters are not significantly different at the 5% level(LSD test),+: standard error
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(Amini et al., 2015; Aranjuelo et al., 2011) 55
SrS sl botisn el wlg e Gdgn GalBl L g
(Ceunen and Geuns, 2013) ws

o kST 5T
Slhe p 039y 9 (S A5 Sl ibly @i gl
ol Rl S as ol las (g 9,50 slaplaensT ]
e Sl STy ol ez 5 VBB Slio  Jolse
Ol 2 O3sS Olee 9 (85 5 S eimes
Mg Bgomas deuSlpgw 5 90 oz 5o laSTy

Jol ez 0 Sp ol (o Slgiome ol Gialejl o
5 o, OO U FA o wad 1S U i ey hayl il jo
Braslgwisg Glug ;5 2o, 3 DALY (o pod ez 5o
Ol R L sl (2alS S Ol (s (st (03955
5 wbge SR lasy) Colaa g adate, baaijy, jlade
w3 e plas pall ol rimgd Gl S0
Lawlor and Cornic, 2002; Yadav and Bhushan, )
2 S ol s lgime o Sis s il38l L (2001
LIS 5 (Atteya, 2003) &,8 o desjl lals ST
Uil Ll sols ylas juels (Ghaffari et al., 2011)
oS I 2l alihl Jelme sloaid o Sis 25 ool
GBI L s S Sdo (nl el 4 e (398 0 p)
05 By oS a5 oad Ml A5 (S5 as
(Turtola et al.,, 2003) 555 o 45l slactgli
3l Clld (S Gl 150 oy e S5 & rizmen
Sl s 55 pm el s & o Gial 3 e
ol o (Setter et al., 2001) sl o Siol58l JS sloasd
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.(Naureen and Naqvi, 2010; Parida et al., 2008)
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Table 9. Analysis of variance of the effects of drought stress and nitrogen on the catalase, peroxidase and superoxide

dismutase enzymes of stevia

oy YL oSy 30 gouand oS 53 guw
Ol guts’ 29leo i Catalase Peroxidase Superoxide dismutase
S.0.V S>3 e Yo Vo Yo e Yo
df cut 1 cut 2 cut 1 cut 2 cut 1 cut 2
) .05 052" 1292987 70618 0.01™ 0.02"*
Drought stress (D)
. Ol 1.14* 0.33" 11989  17154* 0.01™ 0.02"
Nitrogen (N)
Dofs;w’ X Shs g 0.42"* 0.11" 2428* 766" 0.001™ 0.001™
sbsl 4 0.01 0.01 111.9 463 0.001 0.001
Error
(90 38) Oy 3o - 513 5.38 6.77 13.53 9.11 9.01
CV (%)

Qo0 ) 50 mhaw j8 g I Jxe g 8 Sae mE S T 4y i kS

ns, *, ** are non-significant and significant at the 5 and 1% levels, respectively
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SBe (pticr ;o lSe o 0 SelS VO Bras e

3 By 3 gm (e (S22 SRl L

Oz 0 SlaenS Ty liae Lol clls (20l38l pgs g Jgl e
O Jgaz) ol plas mals’ (Sad 23 2l g
O 50 Bgemnd dnST pga polie 55 ()59 505 (ol 38l L
ol g ez 59 ST Oliae izeen 5 p90 9 J3l
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Table 10. Mean comparison of the effects of drought stress and nitrogen on superoxide dismutase
and peroxidase enzymes of stevia

50 o Sy g ST
Superoxide dismutase Peroxidase
Unit.g!' FW Unit.g' FW
b loss Vo Vo Vo
Treatments cutl cut2 cut2
(Drought stress)  Sis 3
(Control) ol 0.25°+0.01 0.25°+0.01 235.6°£14.2
(Moderate) Mo 0.28" £0.01 0.31*+0.02 139.1°+11.8
(Severe) RNV 0.31*+0.01 0.322+0.01 102.8°+8.8
(Nitrogen (kg hal)) (54 s
0 0.229£0.01 0.23°+0.01 111.79£19.21
50 0.26% £0.01 0.25°+0.01 124.89£16.95
100 0.28% +0.01 0.28"+0.01 155.8°+23.86
150 0.30% +0.01 0.34+0.02 185.0°+23.86
200 0.332+0.20 0.36*+0.01 218.0* £24.95
(LSD (y5031) 23 lus o cixe Sgliss o b duopo O Jlois zrlas 10 aplize By, b sloel (881 Loz g0 () (g 50 50
S sl gllas £

In each column (between two horizontal lines), numbers with similar letters are not significantly

different at the 5% probability level (LSD test), +: standard error

i (G S
0395 B pas polie g (SiS i gl Sl (ow) p gl
(5).: S L))f) Q)SJA.C ad.\::) P9 Jl.w Be L:jm‘ olﬂfﬂ
» 05)&9 .QL) L)LAAAJ Ls_i.w} LJM..\.) 05\.\4 .]aa‘,m )J |) LSA-AJJLAA
GRS e Blph 5o 55 (e Srae GRlE L Gl
Lylys o0 Fp o Slee .28l Gl Sy o Sles o Susb,
B85 G M Gier Spae GRIEIL e 25
Jfb)ﬂ&ﬁulfegmmwéww‘bﬁ‘ﬂ)é
gl F o Slee (1alS (5958 Bpan b clils tals
2 ol Gl a4 wsS a pladl 5l L34S 0ed o dnogs
2l 5l 5elsS (s lal 530 5 09d 4z g bl 1o o yiws
Ol odgs aS 0gh 43,5 (L o adlate ;o Al &Y game

bl 48 poa g e (s3laidl il

Ol 5 (Sds A8 Gl b ol sialejl o
9 Bgomas SnSlpgm polio (o2 99 50 gl 2 (33958
L g slaasTy ol a5 wiz e sl lisl WG
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(Huseynova, 2012) o)ls Siws Jelse plo 9 25
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.(Hasheminasab et al., 2012)
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Table 11. Mean comparison of the effects of drought stress and nitrogen on catalase and peroxidase
enzymes of stevia

@ ylous Y oSy
Treatments Catalase Peroxidase

Unit.g'' FW Unit.g! FW

Drought stress  Nitrogen (kg ha™!) cut 1 cut 2 cut 1

0 1.70"+ 0.03 1.944+0.05 2064+ 4.93

50 2.10%+ 0.06 1.964+0.03 2129 46.56

seli 100 2.14¢% + (.13 1.964+ 0.06 234¢ +7.88

Control .

150 2.18%f+0.03 2.029+0.04 285 +12.39

200 2.55¢+£0.12 2.09%4 +0.07 3692+ 9.53

0 2234+ 0.11 2.034+0.08 918 +3.28

50 2.26%f +0.07 2.044+0.03 96fe +4.51

e 100 233003 225 +0.14 111°£4.67

Moderate

150 2.98"+0.05 2.344+0.02 144 +3.38

200 2.82%+0.05 2.36% +0.05 152¢+7.00

0 2.048 +0.02 1.60°+ 0.01 72i43.51
) 50 2.07%+ 0.08 1.61¢+0.06 770 £2 .08
Sas 100 3.300+£0.04  1.68°+0.06 868 +2.67
Severe .

150 3.412+0.03 1.72¢4+0.08 88ehi +4 58

200 2.39%4 4+ (.09 2.542+0.01 1137+5.20

3 lastinl glas £ (LSD (9031 05l S Dol pa b a0 0 Jliol e )0 alie By > L slael gt ;o 4o
In each column, numbers with similar letters are not significantly different at the 5% probability level
(LSD test), +: standard error
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