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Abstract

Background and Objective: Limited research exists on the relationship between different root
structures and the content of steviol glycosides in various genotypes of the Stevia plant (Stevia
rebaudiana Bertoni) under varying levels of drought stress. This study aimed to assess the
relationship between root characteristics and the content of Rebaudioside-A (Reb-A) and Stevioside
(Stev) in two Stevia genotypes under drought stress.
Methodology: This study evaluated the relationship between root attributes, yield characteristics, and
the content of Reb-A and Stev in two Stevia genotypes (Chinese and Indian) under hydroponic
conditions. Seven drought levels (-2, -4, -6, -8, -10, and -12 bars using polyethylene glycol 6000)
were applied in 2023. The experiment consisted of two completely randomized design trials with
three replications each. To begin the experiment, pots filled with a 1:1 ratio of vermiculite and perlite
were prepared, and three uniform seedlings were planted in early April. Throughout the growth period
and the application of drought stress using Hoagland solution, all pots were initially irrigated with
distilled water until the establishment of plants. Once plant establishment was ensured, drought
treatments were administered by irrigating once every three days with 400 mL of Hoagland solution
with varying osmotic potentials based on the designated treatments. After 65 days from planting, all
plants were carefully removed from the pots, and their aboveground and underground parts were
separated to measure the desired traits. Steviol glycosides were quantified using high-performance
liquid chromatography (HPLC) with two C18 columns and a UV-Vis detector at a wavelength of 202
nm. Finally, the results pertaining to each genotype were analyzed and presented separately.
Results: The results indicated that both genotypes experienced significant reductions in yield and
growth characteristics, including plant height, leaf number, leaf fresh weight, leaf yield, and total
biomass yield, under drought stress conditions. Compared to the control, all mentioned traits
decreased notably under stress. At the -12 bar level, the reduction in leaf yield traits was 59.84% and
87.9% in the Chinese and Indian genotypes, respectively, while total biomass yield decreased by
52.51% and 64.19%, respectively. The Indian genotype exhibited a higher average leaf yield at non-
drought stress levels, whereas the Chinese genotype showed a higher yield at higher drought stress
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levels (beyond -8 bars). This suggests that the Chinese genotype displays greater tolerance in terms
of leaf yield under higher stress levels compared to the Indian genotype. Root-related traits, including
fresh and dry weight, volume, length, and density, showed the highest averages in the Chinese
genotype at the -4 bar level and in the Indian genotype at the -2 bar level. In both genotypes, partial
drought stress (-2 bars) resulted in increased average content of Stev when compared to the non-stress
treatment, with the highest content of Reb-A and Stev observed at this stress level in both the Chinese
and Indian genotypes (2.58% and 2.58%, respectively, and 7.8% and 5.96%, respectively). According
to the stepwise regression results, root area, leaf fresh weight, and total biomass yield were identified
as influential traits in increasing the combined content of Reb-A and Stev.

Conclusion: Based on the findings, severe drought stress resulted in a decline in growth and yield
traits, root characteristics, and the content and yield of the combined Reb-A and Stev. The synthesis
of these two glycosides as metabolites in Stevia plants peaked at the partial drought stress level (-2
bars), highlighting their pivotal role as influential metabolites in imparting stress tolerance. The
Chinese genotype exhibited the highest resistance to drought stress, displaying superior yield and
content of combined Reb-A and Stev compared to the Indian genotype in certain instances. Overall,
this study illustrates that severe drought stress directly diminishes the yield and content of Reb-A and
Stev in Stevia plants. In contrast, certain root-related and yield traits can serve as reliable indicators
of drought tolerance in this plant.

Keywords: Stevia, stevioside, polyethylene glycol, drought stress, rebaudioside, root area.



e Al g5 Slsime BLasl G5 04A

Ologas § (63 Kot (shb) Dlao b Wl jg gl 9 A-W 15910935 Slgize LI (b3
s i o (Stevia rebaudiana Bertoni) b gaw! ol 4ds

Tolsd, pl et 5 M psie dems 506 e
lal el ol S5T s Etils plaals amly ( GLEL 2ok 0y 5 (s 585 g smeils =
m.mMoghadam@um.ac.ir : S s S s (ol 2l chgion cdgeie b ol ((5355LaS 0u8itils ¢ SLEL sk 5 8 Gletils o shun sy 58 — Y
ol slials el of3T S8l sy anly (oS clasls 6558 5 a5 ligions 5 0 o sled —F

\V’~\‘a\>,’>:u‘:ﬁi\i@J\3 \f‘\”;b}:&,\.écwlé.)\: \f~YM:¢;é\.u:’c")\3

oS

bl Gbowss o dasiel a3 SIE Glime 5 ati, b Sas on DLl a5 oliis Sae 5 aal
Llil Sloo) Gaa b Ltass cnl ool ol Sul [l Sas i Cilise C}LM v (Stevia rebaudiana Bertoni)
i el (Sas i S bl 55 53 03 bt s Am il SIS 5o (sl b ay; Ol pan

W55 smel 5 Am sl g3 55 25 5SIS 55 (lsmme b (o0 Shae Sl 5 2ty b S Blisl Gliol Giass ool 5o b, 5 olse
Slelial oL =VY 5=V A =f = Y Gao) (S mhe cia b S Il 5o (a5 ) Ll G555 9 02
Lol alosT ol shatany s § s 1S5 an s Lpolas MlS Ll T 55 Sppoa V- ¥ Jla s (81 -+ S8 sl
wdir byl Jsb s mas cuS sleceign sl bl s candSy elis an slaw 5 (K & K S ) S 5 ooy bskina |
3 wia bl ki O b bazalS e 5 13 U bplalS e o ol ailSn Jobone S aslinad b (Sas 25 Jlesl
©slize (el e B bl on Joloe Al s Fro LU 5as ae bl b (Ses Glasles Jlesl dbazalS e ) ol
5 oad ol oS sbay LolilS Jals S els wctls 5 5s, #0 2t Sl s S plasl sz ol b sl ol
S les S A g gl (slas3 S8 (580500 o5t (oS o3Il L 5 5m sla S50 b st I a3 25 5 (2lsn (slapll
555 2 4 Lo @l culg 5ot ol gl YoY £ Jsb s UV-Vis 555 5 C18 oy | (HPLC) YU les b wla
RPN PRV

o J8 olose s Slas 5 S o Sae S5 5 055 oS ol iy gl ezl s 5 90 Shas Slio s ool il
Slao 28 ol biols olis (2l 2 51 5seas S5 Slio el s amals 5ls gae ©ull i 50 p s S i 4l
TOV/ON JS ulage > Shas 5 ZAV/A 5 TOA/AY (sxin 5 om (i 55 53 i ala b aslie o 5L =Y o 50 85 Sas
Cﬁl““ SRR NP ICSPRTPITS | ool L1y a3 TS PRE CL“ 2 S s Shae L5l el ZFNA
SV b 55 e (353 4S5 8 (6 S ol e 3l plas L VL s Shae e (o333 Ol A Sl i) (Sas i YL
5 5 05 Akl aty, b bag e lio Sk o i c'\-d ol s sa s 31 S Shas 5l 6y Jess (i
S O B 90 A oo i eaalis JL =Y s gue g o s L =Y c\w P s edss 0 J&s 5 Usb S
Slsima VL 4 osbay s (a5 s sl b alie 53 A= iyli a5 5 il sstel 0eSle G2l 4 e (L -Y) Sas

Sy (22,3 0787 5 V/A 5 00,3 Y/OM 5 Y/ON s ja) Ga 5 du o555 o WCE..MJJ L) g il s A- sl 090,


mailto:m.moghadam@um.ac.ir

044

¥ooolad Feoade ol eme 5 o)l LS Sladss aslilas

K3 kol sl 9 Amsl 05,

&.jwb./ﬁ))wﬁ‘w}deué}.j«dﬁw‘éw)bw&h\sﬂﬁ@&w Sas ﬂ‘@.uwb\jzdgm,ﬁ
Iy 5o oy (,L—Y)ék&ﬂéﬂ)a \i}.':.w\b\.zg).)&;é\Qﬁb&‘j&&ﬁAﬁj}%})&}é‘}W.“w}j 390
S Caslie g iy S e 25 ) L5 & Jeos bl 385U e plie olyea 45 5 S blanad ol S amals

ol 05wl s A-lyss 5, € ain Sy 55 Shas 35050 51 5 5o &S Sosba i saalin e ) 5 Si i
Slsme 50 Sas s sbay pad (Sas 15 85 anse olai aalllas ol (fsame 53 ap G 5l Al iS5
Wl e 63 Shas Dlao 5 azy; | L e Olas 5l & 5 550 saalS y\é Ll oS 55 g smal 5 Al 50505 slay 5558

5 oalimad ol > (Sas a5 4y Jans sl cenlie o S0Lis ol ey

Ay CL“ «.;\g.‘)'}i\)ﬁ) ‘o’i““" RS ‘J}KJ\; ul“\g;\“ ‘.\,’.\)’ﬁ}:;w\ ‘\,’.}::.w\ :‘_;J..:JS 6“’”5‘)

DS AN a5 53 a0l 3 b i | ey e 517YO
i 15 4 olS o ,uS], (Afshari et al., 2022) e
Ol 50 Shas JaalS s, g gialee als Juls
.Sheikhalipour et al., 2023) 55s oo b sl i 5o
wlid ool o Sas i) (i) cadir 4 S A
el 5 el Olaby (g g L;Ua},isj &) gioe
Pradhan et al., 2020) uas o 55 b o | (6 s s
Ol 35S | plE &S s (Lahijanian et al., 2023
i o ploandnn 5 S canl b s e Ol e
sl pll o (S5 500 Ol ek 4 ol e e ] 5148
cldlad 5 ol il bl Gl olS Az,
Aghighi Shahverdi et ) 5,5 o el glad] 51 sl 51
.{(Lahijanian et al., 2023 <al., 2020
5 Solans (5558550 5o Gl (SKas 2 Jsb s
Lol W& 5 cix b N O SRGT IS
asy, s L s ol s (Sofietal., 2021) aas 2l 53

’Jg‘h‘jdié\{?)ﬁo‘chdpw‘@.)g]#,\uu
9 Sdes sbad, s --*)\J@@ Aol ol
5 48 s b Sl 585 e Bl e S
02 RN 45).5\.,\.,., D e A_)T C:L.,a A &,.\)4_,

doddlo
UL Jslas ,sba (Stevia rebaudiana Bertoni) | el

LS00 ol dlsis o8 K o e axlis Juse S
kS s 3l e e S ooy ol Ul 3 5
Aghighi Shahverdi et) s 2 oo & gumme S o anb
LS ;! .(Aghighi Shahverdi et al., 2020 <al., 2018a
p OUl s BOham s S5l Cos e KU olsea
L szl .(Schiatti-Siso et al., 2023) ol Saxe s
A5 5Bl Sl ujia\:- S olsiea cwl (Sas
w.h\f\) ool 3 dj.m .;\a\_,.agfa t}J}A u;\ 4\5:}“ M;
(Sl olas vf,\“ﬂj_’ S sl &S el ans
Wang ) el o slle coode &Yl L 5 Y & culs
sl oo S8 Lle oS ) (et al., 2023
Ll3 09l 5 (Rebaudioside-A: Reb-A) A—wlss 0,
wh s b SUE 5 (Stevioside:  Stev)
(Rebaudioside-B)
5 (Rebaudioside-F) F-.!3425, (Rebaudioside-C)
INE BV 5 e yame 45 ol (Dulcoside-A) Al ,Slls
de Andrade et al., <Afshari et al., 2022) szl . .

(2023

C-ily s 0, B-wl5s050,



o Al 503505 Gl L @\i})‘

il ool ollS s 45l sbodale e ol
S S5 Al o il Lo SIS Juls e
ol Soo sl Sl oS Sddsise Slao s oany,
OS5 ady 5 ol cuds leare sl oMl
‘f<€.° Sow o e Sl Sz Byl a5 (S35 sm
5 o SNes (gas, 6\‘"@‘\% u,-:\e.})\ L J@f el
oS ilise Lo ss ombe 45U o sl s
Lt ool oen! Sl sa plasl Sul s sl
A-nl5555, 6\-“-&.}3@; Slyme L3 Lol Gas
iy Oleosas 5 oo Ses (gai, Olio bl sl
St 25 S (e 5 s) Lgral oLS (i i3 50 0

el IS8 sl s\ 5l sl

b9y 9 39
A 3l s bl b

CJ‘L A s Gl bl o) son T
Ol el VEY Jle s LS5 a5 sslas LS
VY 5oV A P Y Y i e i s S
L 53 (PEG-6000) J S8 ol 51 ol S\
2w Lol e 4 Joloe &) 50a) Sipp,de ciS
55 A oo (a5 ) Ll olS sl oo s
bl gl Hshua s f bl Wl b
Sl YO 5 5 (g el Yo plis,l b lag oS
5 Ll (S 4 K cwd @) S s e bl U
(S 2 ot U L) caaSs sl aw slaw IS s o
olewl oLE 5 as 50 5l o 4 re sl A=Y gl
Sl Job Lo as caaS slecaiagns,l Ll Lo (o)
Jolowe 51 ool | Sas o Jlasl 5 i s
OOV P [ N PP IO 5L P JRCI LN
.(Aghighi Shahverdi et al., 2019)

5 el (Kou et al., 2022) el aie Ses Ll
5 g1 g i) alas 51 g oL (g3 STas 5 sty sl by
L e gl il 5 S5am o Shae (S5 Sas 5 olaw
CﬁL“ J“\" o (S 055 5 e Jsb sl ag; L
Sheslaad b bl a8 5l ol Ses o Gl
S ok s S s ol b SIS il
Sheikhalipour (Y- YY) o|,\Sas 5 Lahijanian 4 o)y .
s Kou 5 (Y-YY) o, 5 Afshari (Y- YY) oL\Se
S o,lal (Yo7 Y) o, S

i Olio 4 Jnsal bu; S ul g
55 5 ol 5 Jae Ll 5wy, sla S 5 olS
(Ahmad et al., 2021) s,ls ghas Sawly oLS
Job asle sy, b wbl o8 wleh sl ol
an 5 ol la sy, ganasle b Sl S
b Jsesil b3S ads 5 1S b Llie
Aghighi Shahverdi et al.,) ass s )5 5b cou
VS C)‘L‘“ L Ls)‘-..vjpf S a8 s oo (2020
4 e (s i) oL C}L-w 23 s oAl 4 i
dansl Jssmel LSS e S
(Afshari et al., 2022) 1s %155 sl 5 Am sl 5055,
S i a5 WS il (YeYe) ol 5 Gorzi
& e (Jls kD) aals Slas b asslia 53 sl -¥/0
A=) 523 525 Aoz 31 I il g3 5SS ol gime 131
sS85 Sas 5 A-wlssSIs 5 Wl sl By
oS aewsl =Y/0 51 NG s oS S s s J s
ils oo 1y eat S5 Slio il
s Sns 5 oblS an, L Lo Gb ol
o8 S L J“’L’ Cod 5 |y e i SS5sls8)se
s a5 WS il Ses o4 pblS sl
2oode il o S8 plie Slse 5 O i LI



7N ¥ooolad Feoade ol eme 5 o)l LS Sladss aslilas
WS g S angs s oslind 3,50 138 S se 5 oS 5N sn
Table 1. Nutritional composition used in Hoagland solution preparation
. Stock solution mL of stock solution.mL™ of
Chemical component Source - .
concentration Hoagland solution
KNO3 KNOs (2 M) 202 g.L? 25
H2PO4 KH2PO4 (pH to 6.0) (1 M) 136 g.L* 0.5
Ca(NOs)2 Ca(NOs)2+4H20 (1 M) 236 9.0.5L1 2.5
NHzNOs NH4NOs (1 M) 80g.L? 1
Iron Sprint 138 iron chelate 15g.L? 15
MgSO4 MgS04+7H20 (2 M) 493¢g.L* 1
H3BOs3 HsBOs3 2.86g.L1 1
MnCl MnClz+4H20 1.81¢g.L* 1
ZnS04 ZnS04+7H20 0.22g.L1 1
CuSOq4 CuSO4+5H20 0.051g.L? 1
NazMoO4 NazM004+2H20 0.12g.L? 1
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Table 2. Root traits calculation

Parameters Formula Reference
Root length (RL) RL= (roots weight) x 0.890
Root area (RA) RA=2 (root volume x 1t x RL)%5 Ganjali et al. (2003)

Root diameter (RD)

RD= 4 x root fresh weight/(RLxm)%®
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Figure 1. Rebaudioside-A and stevioside standard curve
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Table 3. ANOVA of drought stress effects on growth and yield traits of Stevia rebaudiana Chinese and Indian genotypes

M.S.
S.O.V. d.f. Plant height Number of leaves Number of branches Leaf fresh weight Leaf yield Total biomass yield
Chinese  Indian ~ Chinese  Indian Chinese Indian Chinese Indian Chinese  Indian Chinese Indian
Drought 6 78.27" 76.07" 514.7" 700.7" 0.09" 0.74 59.85" 65.4 3.93" 23.5™ 17.54™ 105.2"
Experimental error 20 28.16 32.30 171.3 2475 0.26 0.39 26.26 30.8 1.68 7.72 7.77 39.6
C.V. (%) - 6.67 14.05 14.01 18.58 27.88 23.59 23.83 14.12 19.97 22.74 18.33 21.36

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.

Lol i 5 e sl 555 oo Shes 5 i, Oliv 5 (S 215 80 (S0ke anglie —F Joox
Table 4. Means comparison of drought stress effects on growth and yield traits of Stevia rebaudiana Chinese and Indian genotypes

Drought stress PIarzErr:]t;lght Number of leaves.plant®  Number of branches.plant* Lealzg}‘.l'slzhn\tlyglght I(‘ge;];gn'f_lf; TOtaI(;ﬁr;lftS_f)y'eld
(bar) Chinese Indian Chinese Indian Chinese Indian Chinese Indian Chinese Indian Chinese Indian
0 44.5+1.2° 35.1+3.4° 52.4+3.4% 60.3+4.0% - 2.830.29° 20£3.0°0  357#2.9°  5.39+0.27°  7.4+0.03° 13.9+2.2° 24.3+1.3
-2 44.7+2.6° 29.1+2.2% 51.8+1.5% 50.3+9.3%® - 2.33+0.3% 17.7#1.7%°  31.9£2.2® 528+1.03° 6.82+0.75® 122425, 21.5+0.9°
-4 42.3+1.1*7  28.2+1.7™ 39.8+3.1° 48.7+3.1% - 2.33+0.3% 17+2.3®  30.5+1.0°° 4.81+0.55® 6.34+0.18® 11.3+0.64*°  18.7+15,,
-6 37.6x1.2° 25'220'611} 30.1+4.4° 37.7x0.3° - 2.33+0.3% 15.4+2.8% 27'1§0'1b_ 452+0.76® 536+0.79°  10.2+1.8°  14.3+0.42
-8 36.9+1.6°  235+1.1¢  26.5+0.76% 38+1.5° - 2+0.3*¢ 12.7£1.6™ 26'9J§1'9b_ 421+0.14®  1.95+0.25°  9.6+0.46™¢  14.4+0.37™
-10 33.2+0.88% 2242.8% 24.4%2.3% 20.3+0.88° - 1.67+0.28% 11.742.8* 23.8#2.5¢ 3.37£0.34*  1.35+0.53° 8.4+1.3% 9.2+1.2°
-12 32.4+0.92°  20.3+1.2¢ 20.5+2.6¢ 19.7+2.6° - 1.33+0.28° 6.7£0.92° 224416 2.16+0.24°  0.89:0.3° 6.6+1.9¢ 8.71.0°
LSD =0.05 4.53 6.44 8.60 12.78 - 0.87 6.03 7.0 1.48 1.71 331 5.93

In each column, means (+SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Changes percentage in Stevia rebaudiana leaf yield under drought stress compared to control treatment in Chinese (A)
and Indian (B) genotypes

U sl b8 er oy s s S 5o 1 (Sois 2l Gty 3o =0 U
Table 5. ANOVA of drought stress effects on root characteristics of Stevia rebaudiana Chinese genotype

M.S.
SOV d.f Root Root Root Root Root Root RDW/S Root
IV Root . . RFWI/S .
: fresh volum dry lengt diamete  densit _ o) finenes
. . area O ratio .
weight e weight h r y ratio S

" . . . 290.8" . . N v

Drought 6 263.8 133.0 6.08 4.82 K 0.07™ 449.0 0.013 0.00032 0.0005

Experimenta

| error 20 93.26 55.64 2.04 162 1020 0.09 151.4 0.004 0.0001 0.0005
C.V. (%) - 18.69 25.90 16.10 16.11  20.54 10.16 16.04 18.69 16.11 18.24

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
Root fresh weight to soil volume ratio (RFW/SO ratio); Root dry weight to soil volume ratio (RDW/SO ratio)
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Table 6. ANOVA of drought stress effects on root characteristics of Stevia rebaudiana Indian genotype

M.S.
d.f Root Root Root Root Root Root RDWI/S Root
S.O.V. fresh volum dry lengt Root diamete  densit RFW{S @) finenes
- . area O ratio . s
weight e weight h r y ratio
Drought 6 20677 2158~ 5117 404~ % gqum a0 0015%  ooop2  00018"
Experimenta 20 0.0017
| error 1132 115.3 1.89 1.50 146.2 0.109 155.0 0.005 0.00009 .
CVv. (%) 21.59 25.90 23.09 23.90 23.51 10.81 24.26 21.59 23.09 25.07

ns. * and ™ non-significant, significant at 5, and 1% probability levels, respectively.
Root fresh weight to soil volume ratio (RFW/SO ratio); Root dry weight to soil volume ratio (RDW/SO ratio)
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Table 7. Means comparison of drought stress effects on root characteristics of Stevia rebaudiana Chinese genotype

Drought Root fresh Root Root dry Root length  Root area Root Fr esh root Dry root
stress weight (g) volur3ne weight (g) (cm) (cm?) den3|tt3y weight to sc_nl weight to sqll
(bar) (cmd) (g.cm®) volume ratio  volume ratio

0 234+26™ 107+18% 372+0.35%  331+031%  286+2.6 31430  0.169+0.019%  0.027+0.002%
-2 252£2.4h  203+64®  445:0.17°  3.96:0.15°  37.4+53% 348+22% 0.182+0.017%  0.032+0.001°
-4 3524190 347+208° 491+0.15°  437+013°  436+16.  44+1.09°  0.255+0.013°  0.036+0.001°
-6 168£33™% 15311440 2774050 2474052 2234319 228s45w 01222002470 4 05 e
-8 13242119 11240550 273%0347¢  243:0.30% 15,0300 poup7ee  0096+0.015¢  0-02%0.002%¢
-10 90.743.0¢  11.5:0.37° 1.75:0.28%  155:025¢  14.9+1.0¢ 13.7+24%  0.07:0.022°  0.013+0.002%
-12 6.8:2.37  104+032° 147+0.06%  131+006°  13+0179  10.6+1.8°  0.049+0.016°  0.011+0.0005¢
LSD=0.05  10.29 11.95 1.26 112 10.48 10.73 0.07 0.009

In each column, means (+SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 8. Means comparison of drought stress effects on root characteristics of Stevia rebaudiana Indian genotype

Drought Root fresh Root Root dry Root length  Root area Roo_t F_r esh root I_Dry root
stress weight (g) volur;‘le weight (g) (cm) (cm?) den5|§/ weight to sqll weight to sqll
(bar) (cm?®) (g.cm) volume ratio  volume ratio

0 33.2+55%  24.1+3.00  4.74+0.692 4.22+0.622 35.744.88  41.9+6.3? 0.24+0.03% 0.034+0.005%
-2 36.1+#5.920  20.449.3%  5.29+0.64? 4.71+057%  33.9+7.0°®  46.2+5.0° 0.261+0.03? 0.038+0.0042
-4 28.2+15P  13.7+2.6"  4.51+0.22° 4.01+0.20? 26+2.4%  37.7+1.3®  0.204+0.011°  0.033+0.001%
-6 25.7+1.5%  11.3+2.0° 3.5£0.13p 3.12+0.11° 21+1.3 31.6+1.5 0.186+0.011%  0.025+0.0009°
-8 18.8+1.9% 7.840.8¢ 2.64+0.38%  2.35+0.34% 15+0.7%  235+2.7%  0.136x0.014°  0.019+0.002%¢
-10 15.7+2.3¢% 8+0.5¢ 1.9440.25¢ 1.7240.22°  13.1+1.2%  18.2+2.6% 0.114+0.017%  0.014+0.001°
-12 10.6+£0.84®  7.240.4° 1.7+0.14° 1.52+0.13¢ 11.7+0.63® 14.1+1.1® 0.07740.006°  0.012+0.001°
LSD =0.05 7.86 8.30 0.98 0.87 8.04 8.55 0.057 0.0071

In each column, means (+SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 9. ANOVA of drought stress effects on stevioside (Stev) and rebaudioside-A (Reb-A) content of Stevia
rebaudiana Chinese and Indian genotypes

M.S.
S.0.V. Reb-A (%) Stev (%0) Reb-A + Stev content (%)  Reb-A + Stev yield (g.plant?)
Drought Chinese Indian  Chinese Indian Chinese Indian Chinese Indian
Experimental error 6 1.22" 0.20™ 737" 6.86™ 14.25™ 9.23™ 0.18™ 0.064™
C.V. (%) 20 0.43 0.07 2.82 2.14 5.01 2.86 0.06 0.022
S.0.V. - 17.17 6.30 25.17 6.73 18.88 5.01 27.46 20.53

**: significant at 1% probability level
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Table 10. Means comparison of drought stress effects on stevioside (Stev) and rebaudioside-A (Reb-A) content of
Stevia rebaudiana Chinese and Indian genotypes

Drought Reb-A (%) Stev (%0) Reb-A + Stev content (%) Reb-A+ Stev yield (g.plant?)
stress (bar) Chinese Indian Chinese Indian Chinese Indian Chinese Indian

0 2.03£0.17%¢  2.35+0.01% 571+1.2° 5.63+0.34% 7.74+£1.4° 7.98+0.35? 0.417+0.10>  0.589+0.0182

-2 2.58+0.162 2.58+0.11*  7.8+0.30*  5.96+0.15* 10.38+0.30*  8.53%0.25% 0.545+0.10*  0.586+0.0722

-4 2.39+0.132  2.04+0.09° 6.77+0.42°  4.1+0.04% 9.16+0.28P 6.14+0.05p  0.441+0.05%  0.392+0.015°

-6 2.14+0.22° 1.86+0.07° 4.39+0.29¢ 3.14+0.15%  6.54+0.50¢ 5+0.22M 0.295+0.04°  0.269+0.054°

-8 1.98+0.13% 1.38+0.10%¢ 4.45+0.06¢ 2.44+0.249  6.43+0.08¢ 3.83+0.15°¢  0.271+0.004¢ 0.074+0.019°

-10 1.98+0.20% 1.18+0.01% 4.02+0.04¢  2.4+0.19¢ 6+0.16% 3.57+0.28%  0.202+0.013%¢  0.049+0.031°¢
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-12 1.84+0.15° 0.83+0.04¢ 3.9+0.03¢ 2.22+0.16¢ 5.7440.12¢ 3.05+0.119  0.124+0.007¢ 0.027+0.017°
LSD =0.05 0.23 0.52 0.62 1.63 0.065 1.79 0.11 0.186

Reb-A + Stev content (%)

In each column, means (+SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. HPLC chromatogram of Stevia rebaudiana Indian (A) and Chinese (B) genotypes for stevioside (Peak No.1)
and rebaudioside-A (Peak No.2) compounds
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Figure 4. Changes percentage in stevioside + rebaudioside-A content of Stevia rebaudiana under drought stress
compared to control treatment in Chinese (A) and Indian (B) genotypes
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Table 11. Simple correlation between growth, yield, or root traits with stevioside (Stev) + rebaudioside-A (Reb-A) content in Stevia rebaudiana Chinese
genotype under drought stress

Reb-A Stev Reb-A + Stev content Reb-A + Stev yield

Plant height 0.28"™ 0.52*" 0.5™ 0.69™

Number of leaves per plant 0.54™ 0.68™ 0.68™ 0.82"
Number of branches per plant -0.01m -0.11"m -0.1m -0.06m

Leaf fresh weight 0.43" 0.53" 0.53" 0.61™

Leaf yield 0.5 0.59™ 0.59™ 0.9

Total biomass yield 0.44" 0.55™ 0.55™ 0.75™

Root fresh weight 0.61™ 0.7 0.7 0.77"

Root volume 0.73™ 0.73™ 0.75™ 0.76™

Root dry weight 0.71" 0.81™ 0.81™ 0.75™

Root length 0.71 0.81™ 0.81* 0.75™

Root area 0.76™ 0.8 0.82™ 0.8

Root diameter 0.24™ 0.29™ 0.29™ 0.52"

Root density 0.66™" 0.76™ 0.76™ 0.78™

Fresh root weight to soil volume ratio 0.61™ 0.7 0.7 0.77"

Dry root weight to soil volume ratio 0.71" 0.81™ 0.81™ 0.75™

Root fineness -0.11m™ -0.17m -0.16™ -0.43"

ns.* and ™. non-significant, significant at 5, and 1% probability levels, respectively.
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Table 12. Simple correlation between growth, yield, or root traits with stevioside (Stev) + rebaudioside-A (Reb-A) content in Stevia rebaudiana Indian genotype
under drought stress

Reb-A Stev Reb-A + Stev content Reb-A + Stev yield
Plant height 0.89™ 0.78™ 0.85" 0.78™
Number of leaves per plant 0.86™ 0.83" 0.87" 0.90™
Number of branches per plant 0.54™ 0.56™ 0.58"™ 0.57"
Leaf fresh weight 0.51™ 0.55™ 0.56™ 0.67™
Leaf yield 0.83™ 0.79™ 0.84™ 0.93™
Total biomass yield 0.75™ 0.73" 0.76™ 0.86™
Root fresh weight 0.99™ 0.80™ 0.89™ 0.85™
Root volume 0.69™ 0.87™ 0.85™ 0.93™
Root dry weight 0.95™ 0.85™ 0.92" 0.90™
Root length 0.95™ 0.85™ 0.92™ 0.90™
Root area 0.85™ 0.92™ 0.94™ 0.98™
Root diameter 0.15™ -0.14ms -0.06" -0.13™
Root density 0.98™ 0.84™ 0.92* 0.89™
Fresh root weight to soil volume ratio 0.99™ 0.80™ 0.89™ 0.85™
Dry root weight to soil volume ratio 0.95™ 0.85™ 0.92" 0.90™
Root fineness -0.26" 0.05™ -0.04ns 0.04"
ns.* and ™. non-significant, significant at 5, and 1% probability levels, respectively.
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Table 13. Stepwise regression analysis of Stevia rebaudiana Chinese genotype (stevioside + rebaudioside-A
content as a dependent variable and other growth and yield traits as independent variables)

Term Coef SE Coef T-Value P-Value
Constant 1.545 0.415 3.73 0.034
Total biomass yield (X1) 0.1984 0.0482 411 0.026
Root area (X2) 0.4152 0.0347 11.98 0.001
Fresh root weight to soil volume ratio (X3) -49.94 5.91 -8.45 0.003

R-sq(adj) = 98.91%; Y = 1.545 + 0.1984 (X1) + 0.4152 (X2) — 49.94 (X3)
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Table 14. Stepwise regression analysis of Stevia rebaudiana Indian genotype (stevioside + rebaudioside-A content
as a dependent variable and other growth and yield traits as independent variables)

Term Coef SE Coef T-Value P-Value
Constant -2.29 1.30 -1.77 0.035
Plant height (X1) 0.1444 0.0403 3.58 0.002
Leaf fresh weight (X2) -0.0606 0.0327 -1.85 0.022
Root area (X3) 0.1724 0.0225 7.65 0.000
R-sq(adj) = 93.79%; Y =-2.29 + 0.1444 (X1) — 0.0606 (X2) + 1724 (X3)
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