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Abstract: A new concept was tested for screening germplasm under in vitro condition using Polyethylene
Glycol (PEG-6000) under 2 induced stress conditions by developing gradient with two replications in factorial
CRD in MS medium. Important seedling growth parameters were recorded. Drought resistant mutant derivatives
performed significantly superior for root characters over cultivated genotypes. Decrease in seedling growth
was worth notice with increasing concentration of PEG indicating precise nature of iz vitro screening. Under
normal environment also, mutant exhibited better seedling growth than cultivated genotypes in respect to root
traits with ligher magnitude of imitial stress root growth was severely retarded. Imitially mild and later on
increasing stress exhubited more root growth and reduced vegetative growth indicating assimilate translocation
more towards root growth than shoot growth. Tn general mutant derivatives performed better than cultivated
genotypes under all levels of water stress. This new screening method validated mutants to be drought tolerant
at all levels of water stress. These in vitro studies were complemented by screemng all genotypes under field
condition and similar performance was observed for drought tolerance. This new Gradient ir vitro (GIV)
screening method may prove to be potential to study response of genotypes under stress.
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INTRODUCTION

The identification and selection of genotypes with
umproved drought tolerance will play an important role in
developmg Tomato genotypes with better yield and
persistence during drought stress periods. Root
penetration and leaf osmotic regulation under low water
potential are most important drought avoidance traits.
New Gradient in vitro method was developed to determine
the stability of deep root production under two artificial
its practical
imnplementation. Using proposed method muteants were

water stress situations for validating
screened with aim of genetic enhancement in relation to
drought tolerance.

The most widely used solute is the polymer,
Polyethylene Glycol (PEG). PEG compounds have been
used with monocots, dicots, gymnosperms, fungi and
veasts. PEG is described as a non-ionic water-soluble
polymer, which is not expected to penetrate intact plant
tissues rapidly and 1s widely used to induce water stress
in higher plants (Nepomuceno et al., 1998). The decrease
in seedling growth as a result of the decrease in osmotic
potentials with increasing PEG concentration has been
reported 1n Tomato (Manoj and Uday, 2007, Pillay and

Beyl, 1990; Srinivasa and Bhatt, 1991), Rice
(Pirdashti et al., 2003), Wheat (Dhanda ez al., 2004), Barley
(Kocheva and Georgiev, 2003), Ryegrass (Stacy et al.,
2004), Black Gram (Geetha et af., 1997), Potato (Gopal and
Iwama, 2007) and Cowpea (Abaye et al., 2004). Manoj
(2005) reported 10 mg average root dry weight in drought
tolerant mutant as compared to 6.5 mg average root dry
weight in susceptible cultivated genotypes. Polyethylene
Glycol (6000 MW) concentration of 20, 40 and 60 g L™
was used in MS medium along with normal MS medium as
control for seedling growth study.

Present research advocates new PEG-6000 based
screening method for stress tolerance evaluation.
Increasing concentration from top (0, 20, 40 and 60 g 1.7
represents initially available moisture and increasing
stress levels with root growth. Decreasing concentration
from top (60, 40, 20 and 0 g L") of PEG-6000 represents
conditions for initial sever stress and gradual moisture
availability as root grows. Stability of 18 tomato
genotypes under two different stress levels was studied
and further confirmed by field screening. Present
objective is to validate new Gradient ién vitro screening
method for seedling growth in tomato genotypes under
water stress conditions.
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MATERIALS AND METHOD S

Seed ling Gradient in witre culture: Present research was
catried ot between Jane 2005 to October 2006 at Vidya
Pratishthan's school of Biotechnology, Baramati, Tndia,
For in vifro screering of tomato getotypes, LIS basa
media with various concentrations of PEG at the rate of
0, 20, 40 and 60 gL™" were prepared individudly and
autoclaved at 121°C and 15 Ihfsg inch for 15 min. Four
layers of increasing and decreasing (PEG + Basal M3
medivm) were prepared with concentration of (0, 20, 40
and 60 gL~ of PEG-6000) withlayer of 1 5 om each. After
solidifi cation of one layer, next layer was powed (Fig. 1.
The seeds were muface sterilized with 0% ethanol for
1 min and then with merewric chloride (0.1%) for 10 min
and thoroughly washed with sterile distilled water for
three times. The seeds wete presoaked with sterile water
for ote day and the next day inooulated onto astoclaved
media at the rate of 5 seeds per botle. The genobrpes
under study incdudes naborally ocowring mutant, its
derivatives, hybrids developed using this mutant as one
of the parent and some cultivated genctypes along with
theit hytwids (Table 15 All these inoculated culture
bottles were martained under optitium culture conditions
at 16 photoperiod (70 pmal m* sec™ and 28°C
temper abure. Beedling growth shady wasrecorded 30 days
after inoculation Foot and shoot length (om) aswell as
theit respective fresh and dioy weight (m @) were recorded
for i vifro grown seedlings.

FieM screenimg: Tomato genotypes under study were

with two replications having the spacing G0=80 cm.
Normal cultivation practices  were  followed  and
plards were grown up to moabarity, Morphological and
anatomical observations were taken 90 days after
tratsplarting The results of fidd screering are preserted
inn Table 1.

Statistical analysis: The meary regression coefficient (hi)
atd mean soquare deviation from linear regression
line (3'q) were caloulated using stability parameters
proposed by Eberhat and Bussel (1966) in their
stability model Genotypes wete categorized according
to tregression coefficient (k) ie, (hi<l-susceptible,
bi = l-moderate, hi=1-toleranf). Greater the regression
coefficlent walue tolerant the genotspe.

Cordrol i

grown for evduating fied performance. Observations of ?;E::iﬁm m::;tim
10 plants were taken and average were used for anslysis.
Al the 18 genotypes were transplarted in RBD design  Fig 1: Gradient PEG media (Hyrhrid-3)

Pulisade mesopkerl Shoot Roct Foot Il wess BS
Enitry Sourre epedizres thickness (jom) length (am) Length (an) shootratin Todk CTosE se chink
BT 1-1 Mirtart derieestive (B0 48.0% 520 67 0% 1.29 £
BT 1-2 Dirtart derfweative (M) 236.0 j&0 on 0.67 iln
MTE1-3 Mirtart deriwestive (M) 2130 560 430 0.76 3iin
MTF1-5 Dbirtart derdweative (M) 950 320 1o 0.53 120
Tl 42 Pure litwe 162.0 G0.0 ] 0.53% 160
T3 23 Pre line 1370 1200 300 0.22 210
Hy-1 TG-42 M Tix2-3 1520 1250 490 0.3e on
Hy-2 T-42 M hbatart 1 168.0 a0 470 0.65 280
Hy-3 DMirtart 13 T-42 239.0% a0 T1n% 0.83 360
BT 1-4 Mirtart deriestive (B0 241.0% 400 fian% 131 iTn=
Hy-4 TG-30 XX To-04 1470 630 30 0.54 120
Hy-5 TG-5 2 Ti-13 1510 1320 400 0.30 an
T35 Pure lite 126.0 1320 ] 0.24 230
T-13 Pure litwe 163.0 62.0 an 0.43 190
T-20 Pure lite 167.0 G0.0 £ 0.46 160
TG-64 Pure lite 12600 630 350 0.53 120
Wild-2 WA cherme tortuato 168.0 50 450 0.47 1n
WAld-4 WA chemy tortate 176.0 1050 490 0.46 250
SE 147 6.3 14 230
LD (5% 444 171 47 52
Popnabition tesh 185.0 733 454 0.66 280

W Bignificard at 5% el
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RESULTS AND DISCTUSSION

Growihinbasal M5 medium (conto Iy Mutart senotypes
BTG 1-4, MTG 1-1 exhibited rapid root penetrdtion as
compated to other pure lines and hybrids Restricted
shoot growrth of mutant genotypes as compared to moore
vegetative growth in pure lnes and hybrids is worth
mention (Table 2. Hyteid-3 (MTG 1 -4 X TG- 42) had
longest rocts (13 cm) as compared with ratge in other
genotypes (48 om). Significantly superior difference in
root fresh weight and dey weight was also observed
between mutant and cutivated genotypes Root Shoot
lensth ratio ranged between 1.022-1310 in migants
whereas it was lower in cultivated genctypes ranging
0.423-0.775. Higher magritude of fresh Womass and diy
matter production was also in similar trend Dlants
developed faster secondary roots as well as troe leaves
Present residts are in accordance with Pillay and Besgd
(19907,

Increasing concentration gradient: hvtard (WMTG-1-4)
atd its derivatives (WTG 1-4, MTG 1-3, MTG-1-2) roots
crossed thitdlayer (1.e, 40 gL~ PEG concentr ation laye)
indicatingits ability to continne root growth (4.2-8.1 cm)
with increasing water stress. Crltivated genotypes
(TGF-64, TG-23, TG-5) root growth under this condition
was found to be poor ranging in between 2 5-4 cm ordy.
Present results ate it line with El Bayeed of Al (2002),
Rao and Bhatt (1991 and Pillay and Bewl (19900, Foot dey
thatter acounildati ondn mostants MTG 1-4, Hee 3 (TATG-1 2

getotypes wnder study (7.98-8.36%). When compared
with control owverall reduction in root length (33%0),
tmanber of secondary rocts (42%9) in mutant genotypes
was chserved as compared to 49 4 and 59% in cultivated
getotypes, respectively (Table 30, Superior shoot growth
was obzerved in genotype MTG 1.3 as compared to
getwotype TG-64 and TG-13 (Fig. 2. Owerdl increase in
toot diy matter was chgerved in all genotypes as
compared to noma sitpation These remdts are in
accordance with El Sayeedef al. (2003).

Decreasing concentration gradient: This condition could
disoriminate dl genotypes dearly in categories of tol erant,
moderate and susceptible. It was interesting to note

TG-13
3 b E

MTG-13

TG-42) and MTG 1-1 was found to be sperior Fig Z: Effect of Itwteasing concentration in gradient
(P 23-1071%) as compared to susceptible cultivated thedia o seeding growth
Tabk 2: Perfonnance of genotypes mhder nonmal WIS me dion | Cordrol)
Eoot Toot.

Eoot Shoot BFOOL. s s iiiniiiis e e e e s nemee e e e e Ho. of Ho. of

Lrgth  Engh Shoot Freshwt  Drywt. Doy Fredumt Dgewt. Doy secondary e
Erdry (2] (] Tatin iy () rrutber () () (3] Iratter () Toots leanes
MTH1-1 950 930 1022 72 55 768 77 6550 EX a0 6.0
MTGE1-2 T.50 2.10 0926 T3 5l [ 813 T1.20 836 2n 6.0
MTH1-3 7.10 830 0355 ] 5 746 G4 52.20 anz 7 4.0
MTGE1-5 .00 6.10 0492 3l 21 6.7 333 25.10 TA0 20 3.0
TOH 42 900 1230 0732 72 54 7.0 473 35,20 anz ] 50
TF23 T.20 13.30 0541 T3 i3 T.X 513 40,10 TA an ]
Hy-1 .10 1450 0421 67 40 7.31 539 41.10 Th3 7 4.0
Hy-2 G.40 13.10 0489 44 29 6.5 467 35.30 TA8 40 2.0
Hy-3 11.20 9.60 LI1&T® 102 g5 g.33% g03 76.25 g52 100 2.0
MTGE1-4 Q.30 T.10 1x10% a5 (] a2.11% 267 T3.90 241 100 a0
Hy-4 7.50 1410 0532 77 56 7.7 437 34 60 T3 0 6.0
Hy-5 .00 14 .50 04383 i 5l - 469 36,86 T ARG in 4.0
TH-5 7.10 1330 0534 51 35 .36 330 25400 751 0 50
Tx-13 2.20 13.30 0417 15 50 6.3 131 34 56 202 2n 6.0
T30 g.00 1170 0634 ] 62 747 635 50,22 7ol 40 50
TG4 4.10 Q.70 0423 i 10 T.m 333 24.70 TE1 20 4.0
Wild-2 930 1200 0775 72 57 7.11 722 57.60 708 7 9.0
Wild-4 T.20 10.10 071z A0 ] G.m 352 24.70 T2 an 6.0
ZE n.21 0.3 .11
LI (5% 0.62 0.83 0.32

% Sigdficant ot 5% leveel
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Table 3: Performance of genotypes under increasing concentration of PEG in MS medium (i.e., 0, 20,40 and 60 g 1.™)

Root Shoot

Root Shoot Root. No. of No. of

length length shoot Fresh wt. Diy wt.  Dry Fresh wt. Dry wt. Dry secondary true
Entry (cmm) (cm) ratio (mg) (mg) matter (%) (mg) (mg) matter (%) roots leaves
MTG 1-1 5.10 5.30 0.943 52 4.8 923 336 79.0 8.63 4 4
MTG 1-2 5.10 5.90 0.864 54 4.9 9.02 361 32.0 8.86 3 4
MTG 1-3 4.80 6.10 0.787 48 4.1 8.54 318 28.0 8.81 3 3
MTG 1-5 2.10 3.40 0.618 22 1.9 8.60 151 13.0 8.62 1 1
TG 42 6.50 8.00 0.813 63 6.0 952 229 19.0 8.29 9 3
TG 2-3 3.50 8.10 0.432 38 5.1 1310 229 22.0 9.61 5 5
Hy-1 4.10 8.30 0.494 44 3.9 8.86 262 22.0 8.32 3 2
Hy-2 1.10 7.00 0.143 5 Q.5 10.01 41 35 8.53 2 -
Hy-3 8.10 8.50 0.953% 75 83 11.10% 365 351 9.06 7 5
MTG 1-4 6.90 5.20 1.327+ 64 6.7 10.46% 351 32.7 9.34 6 5
Hy-4 3.20 7.10 0.429 56 6.0 10.71 211 22.0 10.42 5 5
Hy-5 4.30 5.40 0.796 47 5.1 8.52 235 22.0 9.36 2 2
TG-5 3.50 5.20 0.700 34 2.9 952 156 15.0 9.61 5 3
TG-13 4.50 9.10 0.500 42 4.1 951 213 17.0 7.98 4 4
TG-80 3.90 6.30 0.619 48 4.0 843 202 25.3 8.66 3 3
TG-64 2.50 5.30 0472 32 2.7 8.43 147 14.1 9.59 2 2
Wwild-2 4.10 7.50 0.533 53 7.0 13.20 335 33.0 9.85 11 6
Wild- 4.10 5.50 0.745 22 1.8 8.18 166 13.0 7.83 5 3
SE 0.16 0.34 0.15
CD (5% 0.47 1.03 047
*: Bignificant at 5% level
Table 4: Performance of genotypes under decreasing concentration of PEG in MS medium (i.e., 60,40, 20 and 0 g L. ™")

Root Shoat

Root Shoot Root No. of No. of

length length shoot Fresh wt. Dry wt.  Dry matter  Fresh wt. Dry wt. Dry matter secondary true
Entry {cm) {cm) ratio (mg) (mg) (%) (mg) (mg) (%) Toots leaves
MTG 1-1 4.90% 4.60 1.065 73 .50 8.90 52 4.11 7.88 3 1
MTG 1-2 4.70 4.60 1.022 72 6.40 8.88 54 4.05 741 3 1
MTG 1-3 4.20 4.40 0.955 67 6.00 8.95 50 3.81 7.62 2 1
MTG 1-5 1.10 1.10 0.900 21 1.60 7.61 23 1.20 521 - -—-
TG 42 3.50 2.00 1.750 70 7.50 10.42 12 0.99 8.25 - -—-
TG 2-3 310 310 1.033 43 3.90 9.06 45 3.99 8.66 - -—-
Hy-1 3.30 2.90 1.138 42 3.70 8.80 43 3.20 744 - -—-
Hy-2 3.20 2.80 1.143 31 2.80 9.03 38 2.91 7.63 - -—-
Hy-3 5.20% 5.10 1.020% 85 T.70 9.05 72 6.31 8.75 5 2
MTG 1-4 5.10% 4.70 1,064 78 7.30 935 68 592 8.67 4 2
Hy4 2.30 3.30 0.697 44 3.80 8.63 42 3.11 7.38 - -—-
Hy-5 3.00 310 0.968 53 4.30 8.11 46 3.02 6.52 - -—-
TG-5 3.50 1.10 3.500 8 Q.70 8.75 29 2.31 7.93 - -—-
TG-13 3.80 3.90 0.974 68 6.70 10.42 12 1.05 8.45 - -—-
TG-80 4.10 4.10 1.000 71 6.60 9.29 32 2.03 6.56 4 1
TG-64 2.00 2.30 0.870 22 2.00 9.09 23 1.91 8.26 - -—-
Wild-2 2.10 3.20 0. 700 4 0.49 12.25 6 0.52 8.73 - -—-
Wild4 0.30 310 0.100 2 0.20 10.00 8 0.88 10.03 - -—-
SE 0.13 0.21 0.20
CD(5%) 0.38 0.64 0.60

*: Significant at 5% level

that, high level of initial stress situation leads to dramatic
reduction i root growth. Under this stress situation
also, mutant genotypes MTG 1-4, Hy-3, MTG 1-1
exhibited superior root length (4.9-5.2 cm), shoot length
(4.6-5.1 cm) and superior dry matter accumulation [root
(8.9-9.35%) and shoot (7.3-8.6%)] as compared to
susceptible genotypes TG-64, T-5 and TG-2-3 (Table 4).
It was also observed that growth of secondary roots and
true leaves is adversely affected if initially high level of
water stress 15 imposed during seedling growth and
establishment. Present results are as per reports of
Abaye et al. (2004) and Manoj and Uday (2007).
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This experiment was an attempt to mimic two soil
conditions in vifro le., increasing and decreasing
moisture gradient. Increasing gradient represented
situation where mitially moisture 1s available for seedling
growth but as root penetrates moisture availability goes
onreducing. Decreasing gradient situation provided water
stress for seedling growth at higher level initially and
moisture availability gradually increased if seedling could
establish early. Practically first situation rarely exists in
field condition.

Under normal condition mutant genotypes exhibited
characteristic feature of drought tolerant genotype by
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rapid root growth, controlled vegetative growth, more dry
matter accumnulation, more number of secondary roots and
faster leaf growth. Overall root and shoot growth under
increasing concentration gradient was hampered
remarkably as compared to control. Root growth was more
affected than shoot growth. Increase in dry matter (1-2%)
as compared to control was observed in about all
genotypes indicating assimilation of photosynthate
from leaves to roots under water stress situation.
Findings of de Quiroz et al. (1997), El Sayeed et al. (2002),
Abaye et al. (2004) and Manoj and Uday (2007) supports
these results. Increasing concentration gradient screening
where moisture is available for initial growth but as roots
grow, the moisture availability goes on decreasing. This
is an ideal condition to study ability of roots to continue
growth under increasing water stress situation.
Decreasing concentration reflected situation when
drought condition prevails at the time of initial seedling
growth. Tncreased root length and biomass as compared
to shoot were observed under this condition. Present
results are in accordance with Srinivasa and Bhatt (1993).
Mutant genotype MTG 1-4 and its derivatives (MTG 1-1,
MTG 1-2, MTG 1-3) were able to maimntain root: shoot ratio
greater than one whereas other susceptible genotypes
had significantly lower root: shoot ratio indicating their
mability to continue root growth under water stressed
situation. Root dry matter content was found to be
increased and shoot dry matter found to be decreased due
to water stress situation. The main adverse effect was on
secondary root development. Overall reduction in number
of secondary roots under increasing concentration

gradient was 13.6% whereas under decreasing
concentration gradient was 76.4%. These results puts
some more light on adverse effect of sever initial water
stress  on seedling establishment. Overall root
development and expansion of true leaf development was
significantly reduced under decreasing water stress
gradient situation. Present results are in accordance with
El Sayeed ef al. (2002) and Abaye et al. (2004). Relatively
higher root length and root biomass production by mutant
and its derivatives indicated their remarkable ability to
continue root growth under sever water stress situation.
Early seedling establishment is an important attribute
for raising successful vegetable crop under water scarcity
area. Under normal situation mutant and its derivatives
were noted with highest root: shoot ratio (1.1-1.3) as well
as root dry matter production (7.3-8.3%) their early vigor
for seedling growth. This i1s one of the most important
feature for selecting water stress tolerant genotypes.

Stability of genotypes: Eberhart and Russel (1966)
statistical analysis model was used to calculate stability
of root penetration ability (root growth) under three
varying enviromments. A genotype with high mean value
of regression coefficient more than one (bix1) and
deviation not significantly differing from zero ($°di = 0)
would be stable for drought resistance under various
environments. The data pertaining to mean values of root
length obtained in all three environments, average mean
values, stability parameters viz. regression coefticient (b1)
and mean square deviation from linear regression
coefficient (S8°di = 0) are depicted in Table 5. Figure 3

Table 5: Performance of genotvpes over gradient in vifre environments and stability parameters for root length

Environment. (E)

Root length (cm)

Stability parameters

Genotypes E, (Contro) F, (Increasing PEG concentration) E. (Decreasing PEG concentration) Mean bi S2di
MTG 1-1 9.50% 5.00 4. 90% 6.47% 1.15 0.53
MTG 1-2 7.60 5.10 4.70 5.80 Q.70 0.03
MTG 1-3 7.10 4.80 4.30 5.40 0.67 0.00
MTG 1-5 3.00 2.10 1.00 2.03 042 0.24
TG 42 9.00 6.50 3.50 6.33 1.15 1.84
TG 2-3 7.00 3.50 3.10 4.53 0.95 0.13
Hy-1 6.00 4.10 3.30 4.47 0.62 0.01
Hy-2 6.00 1.00 3.20 3.40 0.87 4.87
Hy-3 13.00+ 8.00* 5.20% 8.73# 1.74 0.63
MTG 1-4 11.00% 6.90* 5.00% 7.63# 1.36 0.16
Hy-4 7.00 3.00 2.30 4.10 1.13 0.07
Hy-5 7.00 4.30 3.00 4.77 0.90 0.08
TG-5 7.00 3.50 3.50 4.67 0.88 0.37
TG-13 8.00 4.50 3.80 5.43 1.00 0.03
TG-80 8.00 3.90 4.00 5.30 1.01 0.60
TG-64 4.00 2.50 2.00 2.83 046 -0.01
wild-2 9.00 4.00 2.10 5.03 1.59 0.05
Wild-4 7.00 4.00 0.30 3.77 1.40 2.86
Pop. Mean 7.57 4.26 3.29 5.04 1.00 0.23
SE 0.21 0.16 0.10 0.59

CD (5%0) 0.62 0.47 0.29 1.76

*: Significant at 5% level
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Fig. 3: Mean performance and stability of genotypes for

root length

shows categorization of genotypes according to their
average performance under three varying situations.
Genotypes m QIII are most stable for their root
growth under all situations. Tt is noted that higher
the average root length and regression coefficient,
higher the stability. Lower average root length and
regression coefficient indicates susceptibility to water
stress.

Overall average performance for root length was
found to be best m Hy-3 (873
mutant genotype MTG 1-4  was

cm) m which
used as female
parent. Resistant genotype mean root length ranged
between 6.47-8.73 cm whereas  susceptible genotypes
ranged  between 2.83-5.43 cm only. This difference
under varying environments confirms ability of
mutant genotypes (MTG 1-4, MTG 1-1, MTG 1-4)
and Hybrid-3 ability for water stress tolerance. Most of
mutant genotypes exhibited more than unity indicating
tolerance and almost all cultivated genotypes had
regression  coefficient sigmficantly less than umty
indicating susceptibility. Furthermore, i vitro screening
results were confirmed by field screening under stress
situation to all genotypes and similar results were
obtained.

The present investigation was an attempt to suggest
an improvement over earlier screening methods using
PEG-6000 for water stress tolerance. This Gradient i vitro
method is having advantage of studying genotypic
performance under varying enviromments. Furthermore,
screening results can be subjected to stability analysis to
compare genotypes for their potential of water stress
tolerance levels.
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