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ABSTRACT

Oxidative stress of three soybean (Glycine max, (L.) Merr) cultivars and a wild line
soybean (G. tomentella) were analyzed in response to drought and paraquat treatment.
Drought treatment was performed by withholding water for 12 days (for cultivars) and 22
days (for wild line soybean) in greenhouse experiment during flower initiation. Paraquat
treatment was applied using manual sprayer at the same time of drought treatment
application. Plant water status and photosynthetic rate were measured every three days
during the drought treatment and 2 days after rewatering, and during 5 days after paraquat
application. During the treatment, malondialdehyde (MDA) was analyzed to study lipid

peroxydase activity. Drought treatment decreased plant relative water content up to 33%
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and 42% in sensitive and tolerant variety,respectively.. Transpiration and photosynthetic
rate decreased almost to zero at the end of drought period, while those of control plant were
4.7 pmol m? s* and 12.58 umol m™? s, respectively. Malondialdehyde content increased
dramatically (5890 nmol/g fresh weight) on drought stressed plant as well as on paraquat
treated plant as compared to control plant (3281 nmol/g fresh wight). It indicated that

plants underwent oxidative stress due to severe drought stress.

Key Words: Oxidative stress, Photosynthesis, Drought, , MDA, soybean

INTRODUCTION

Drought is considered as an abiotic factor that significantly reduces agriculture
production almost every year. Drought stress causes the plant potosynthesis rate reduces by
decreasing stomatal conductance (Morison and Lawlor, 1998, Cornic, 2000) and may
also cause the damage of the photosynthesis apparatus including Photosystem I (PSI) and
PSII of photosynthesis (Genty et al., 1987). In addition, partial stomatal closure due to
drought stress in C3 plants increases photorespiration (Oliver, 1998) that could decrease
carbohydrate accumulation required for growth and seed filling.

The lower CO; assimilation rate caused by drought, especially during excessive light
exposure, may lead to over-reduction of PSII photosynthesis reaction center (Demming-
Adams dan Adams, 1992). This situation may result in enhancement of reactive oxygen
species (ROS) such as superoxide radical ions (O;), hydrogen peroxides (H,0,), and

oxygen singlets (Smirnoff, 1993; Bartoli et.al 1999; Loggini at al, 1999; Noctor and Foyer,
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1998; Noctor et al., 2002). Reactive Oxygen Species are unstable substances that are
harmful to the cells or tissue and a higher degree of ROS accumulation can cause cell and
tissue damage (Sgherri and Navari-1zzo, 1995; Scandalios, 1997) leading to oxidative stress.

A growing body of evidence indicates that drought stress increases the accumulation
of ROS in many species including wheat (Triticum aestivum L.) (Sairam et al. 1998),
sunflower (Helianthus annuus L.) (Sgherri and Navari-Izzo, 1995) and some perennial
plants such as Coffea canephora (Lima et al., 2002). In soybean (Glycine max L.), the high
degree of nodule senescence in response to drought stress is also predicted due to high
accumulation of ROS during drought stress (Porcel et al., 2003). Water stress-induced ABA
accumulation triggers the increased generation of ROS, which in turn, leads to the up-
regulation of the antioxidant defense system (Jiang and Zhang 2002).

It is still unclear whether the accumulation of ROS and the elimination of this
substance by antioxidative enzymes activities are different in tolerant and sensitive plants.
Iturbe-Ormaetxe et al. (1998) have concluded that tolerance to water deficit in terms of
oxidative damage largely depends on the cultivar, however little data exists indicating the
differences in antioxidative enzyme activities of tolerant and sensitive plants. Some
experiments in soybean have shown that the accumulation of enzymes such as super oxide
dismutase (SOD) and ascorbate peroxidase (APx) were lower in drought stressed nodules of
mycorrhizal plants than in nonmycorrhizal plants, whereas glutathione reductase (GR)
activity was higher in nodules from mycorrhizal plants than in nonmycorrhizal plants
(Porcel et al. 2003).

In this experiment we analyzed the photosynthetic rate, ROS accumulation and

antoxidative enzyme activities of tolerant and sensitive soybean varieties (G. max L.) and
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wild soybean (G. tomentella L.) in response to drought stress and paraquat, a herbicide that
is able to induce oxidative stress (Iturbe-Ormaetxe et al. 1998) by accumulation of high

ROS in the plants.

MATERIALS AND METHOD

The plants used in this experiment were drought-tolerant, moderately tolerant and
sensitive soybean varieties (Glycine max L.) and a wild soybean (Glycine tomentella L.). A
drought-tolerant variety (Tidar), a moderately tolerant variety (Burangrang) and a drought-
sensitive variety (Panderman) were provided by The Indonesian Beans and Tubers Research
Bureau (BALITKABI) Malang, East Java, Indonesia, while a drought-tolerant wild soybean
was provided by The Life Science and Biotechnology Research Center, Bogor Agricultural
University, Bogor, Indonesia. The experiment was carried out in a greenhouse at
Department of Biology, Faculty of Natural Sciences and Math, Bogor Agricultural
University, Bogor, Indonesia from October 2006 to July 2007.

The plants were grown in 8 Kg capacity polybags containing a mixture of soil and
compost 2:1 (v/v) as the plant growing media. The plants were fertilized with nitrogen,
phosphorus and potassium fertilizer (15:15:15) with the dosage of 2 g per polybag. Four
seeds were sown in each polybag and then one-week old seedlings were thinned and
selected to become 2 seedlings per polybag.

The experiment carried out using a Completely Randomized Design with two
factors. The first factor was plant varieties and species comprised of drought-tolerant [(1)
Tidar], moderately tolerant [(2) Burangrang] and drought-sensitive varieties [(3)

Panderman], and a drought-tolerant wild soybean [(4) Glycine tomentella L.]. The second
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factor was environmental stress including (1) drought stress, (2) paraquat application, and
(3) normal watering (of control plants).

The stress treatment (drought and paraquat application) was applied to 25-day old
plants, when the plants started to flower. Drought stress was administered by withholding
water for 12 days until the plants were heavily wilted. After the drought stress period, the
plants were rewatered to recovery (to the condition of the control plants). Paraquat
application was performed by spraying paraquat on the leaves in the morning between
07:00-08:00 a.m. with a dosage of 90 g of active compound per Ha. Based on a previous
experiment (data not shown), this dosage did not kill the plants but it reduced by 35% the
biomass dry weight after 2 weeks of treatment.

The parameters measured in this experiment were media water content, relative
water content of plants, transpiration and photosynthetic rate, and lipid peroxidation activity.
Gas exchange analysis was carried out to analyze the transpiration and photosynthetic rate of
the youngest fully expanded leaves using Photosynthetic Leaf Chamber Analyzer type of

LCA-4 with the light intensity of approximately 950 pmol m™s™

. The photosynthetic rate
was measured at 0, 4, 8, 10, and 12 days after drought stress treatment for cultivated
soybean, and at 22 days after drought stress treatment for wild soybean. The measurement
was again carried out two days after rewatering to analyze photosynthetic rate of recovered
plants. For the plants treated with paraquat herbicide, the photosynthetic rate measurement
was carried out before paraquat application, 4 hours after application, and 1, 3 and 5 days
after application.

Lipid peroxidation was estimated as the content of total 2-thiobarbituric acid-(TBA)

substances expressed as equivalent to malondialdehyde (MDA) production as described in
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Ono et al. (1995) with some modifications. Fresh leaves (0.2 g) were extracted in 0.5 ml of
0.1% (w/v) trichloracetic acid (TCA) at 4 °C. The extract then was added to 3 ml of 1%
H;PO4 and 1 ml of 0,6% TBA dissolved in 20%TCA. The solution was incubated in the
oven at a temperature of 100°C for 30 minutes. After cooling to the room temperature, 4 ml
n-butanol was added to the solution and followed by cetrifugation at 4200 rpm at 28°C for
20 minutes. The absorbance of supernatant was then measured using a UV-VIS
spectrophotometer at 532 nm and corrected for nonspecific turbidity by subtracting the
absorbance at 520 nm. The concentration of MDA was calculated from its extinction

coefficient (e=155 L mmol™ cm™).

RESULTS AND DISCUSSION
Results

Plant water status during the drought and paraquat treatment
To analyze plant water status, relative water content (RWC) of plant was measured
periodically during the drought and paraquat treatments. The average of RWC of the control
plants was 80.3% with small variation between 78.0% to 82.8% (Table 1). The drought
stress treatment for 12 days significantly decreased RWC of the cultivated plant. At the last
day of the drought treatment, the sensitive soybean (Panderman) had lower RWC (33%)
than the tolerant (Tidar) and moderate (Burangrang) varieties (42.5 and 42.0% respectively).
The most dramatic reduction of RWC occurred after 8 days of drought treatment for
cultivated soybean, whereas in wild soybean G. tomentella it occurred after 12 days of

drought stress (Table 1). Glycine tomentella survived 22 days of drought period with the
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RWC of 39.4%. Two days after rewatering the RWC of all the plants rose again to that of
the control plants.

The RWC of plants treated with paraquat was also reduced significantly one day
after treatment. The RWC started to decline 4 hours after paraquat application and the
maximum reduction was observed one day after treatment. Three days after paraquat
application, the RWC rose again for tolerant, moderate and wild soybeans, while it remained
low for the sensitive variety (Table 2). Even though the RWC of wild soybean G.
tomentella dropped dramatically one day after paraquat application, it recovered very well 3
days after application. The RWC of the paraquat-treated sensitive variety recovered 5 days

after the treatment (Table 2).

Gas exchange analysis

Transpiration rate (E) varied during the treatment with the average of 4.7 mmol m™s’
! for control plants. During the drought stress period, the E decreased significantly and
dropped almost to zero after 12 days in cultivated soybeans (Tidar, Burangrang and
Panderman), whereas in wild soybean (G. tomentella) the maximum reduction of E occurred
22 days after the drought stress period. Three days after rewatering, the E increased again to
the level of control plants (Figure 1). Application of paraquat also reduced E, and the
reduction became significantly different from that of control plants three days after
application (Figure 2).

The photosynthesis rate (Pn) measured under green house conditions with average
PPED of 950 mmol m™ fluctuated during the day. The average Pn of control plants and

both cultivated and wild soybean, measured between 08:00-10:00 a.m., was 12.6 umol m?s
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', As the drought stress period increased, the Pn reduced gradually with the maximum
reduction on 12 and 22 days after drought stress treatment for cultivated and wild soybeans,
respectively (Figure 3). The Pn of the drought-sensitive soybean (Panderman) decreased
more than that of the tolerant (Tidar) and moderate (Burangrang) varieties after 8§ and 10
days drought stress treatment (Figure 3). At the period of maximum drought stress, the Pn of
all plants dropped to near zero. Meanwhile, rewatering increased the Pn back to the normal
(control) condition 2 days after rewatering (Figure 3).

Paraquat treatment also caused significant reduction of the Pn of all treated plants.
Even though Pn reduction was detected 4 hours after paraquat application, significant
reduction of Pn occurred one day after application (Figure 4). The reduction of Pn
continued until it reached the minimum level (approximately 0.14 pmol m™ s™) on the third
day after application. The Pn increased again 5 days after the plants recoverd from stress. In

contrast to the Pn recovery after drought stress, the increase of Pn 5 days after paraquat

application the level of the control plants (Figure 4).

Lipid peroxidation

Lipid peroxidation was analyzed by the measurement of MDA accumulation in the
leaf tissues as a result of membrane lipid degradation. At normal conditions indicated by the
control plants, the average MDA level in the leaves was 3281 nmol g fresh weight. The
MDA level increased in drought-stressed plants (Figure 5). Generally, the MDA level of
cultivated soybean significantly increased after 8 days of drought treatment when the plant
started wilting. However, in G. tomentella MDA levels started to increase when mild

drought stress was reached (4 days after drought treatment). The maximum level of MDA
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(5890 nmol g™ fresh weight), or almost twice that of control plants, was reached at 10 days
when severe drought stress occurred (Figure 5). After rewatering, the MDA level decreased
to that of the control plants or even lower in sensitive variety Panderman (Figure 5).
Application with paraquat herbicide also increased the MDA level in all treated
plants one day after treatment (Figure 6). However, the maximum level of MDA was lower
in paraquat application compared to that of drought treatment. Five days after paraquat
application, the MDA concentration decreased again to the level of that in the control plants,

except in G. tomentella, which remained unchanged (Figure 6).

Discussion

Water balance and gas exchange inside the plant during drought stress

Water deficit in plants occurs when water loss due to the transpiration of the leaves
exceeds water absorption by the plant roots (Berkowitz, 1998). When this happens, the
plant generally tends to reduce water loss by reducing transpiration rate as indicated by
Figure 1. Lower transpiration in response to drought stress is associated with the decrease of
stomatal conductance which is sensitive to water deficit even before the water potential of
the plant decreases (Davies and Zhang, 1991; Davies, Tardieu and Trejo, 1994). In this
experiment, the fluctuation of transpiration rate in the control plants was due to the
fluctuation of light intensity during measurement under green house conditions without
additional light.

The-different responses of E and Pn to drought stress treatment between cultivated

soybeans and wild soybean (G. tomentella), where those parameters dramatically reduced
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after 12 days in cultivated soybeans varieties, while in G. tomentella the reduction occurred
after 22 days after drought period, may be explained by differences in growth and canopy
development. The cultivated soybeans Tidar, Burangrang and Panderman had similar
growth and canopy development, while wild soybean G tomentella grew more slowly with
smaller leaves than cultivated plants (data not shown). Therefore, the water was lost from
the media through transpiration and consequently caused reduction of RWC of cultivated
soybeans faster than G. tomentella.

The reduction of transpiration rate as a response to drought stress was in accordance
with the decrease of photosynthetic rate that dramatically declined after 8 days of drought
(Figures 1 and 3). The decrease of stomatal conductance reduced CO, supply to the
chloroplast and then reduced photosynthetic rate (Berkowitz, 1998). Stomatal conductance
is the main factor that influences photosynthesis reduction in plants exposed to drought
stress (Cornic, 2000).

The application of paraquat herbicide also reduced transpiration as well as
photosynthetic rate, however the reduction of the Pn was faster than the reduction of E
(Figures 2 and 4), even though the maximum reduction of Pn occurred as the same time as
that of E (3 days after paraquat application). Paraquat is an active compound that accepts
electrons from the early acceptors of photosystem I and then reacts with oxygen to form
superoxide, a free radical (Taiz and Zeiger, 2002). High accumulation of ROS inside the
leaf may cause damage to chloroplast components, especially lipids, which consequently can
reduce photosynthetic rate.

The increase of E and Pn back to the level of control plants 2 days after drought-

stressed plants were re-watered, indicated that all the plants were capable of recovery after



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

drought (Figure 2 and 4). On the other hand, the E and Pn of paraquat treated plants did not
recover well until 5 days after paraquat application (Figures 2 and 4). This treatment may
cause damage to photosynthetic and other cellular apparati, causing malfunction of these
components and the need to be rebuilt by the growth of new shoots. Paraquat is a compound
that can induce the accumulation of free radicals that cause cellular damage (Chia et al.

1982; Scandalios, 1993).

Oxidative stress can be induced by severe drought stress as well as paraquat

The increase of MDA in all of the soybean plants during severe drought stress
indicated that severe drought stress can induce oxidative stress in both cultivated and wild
soybean plants. The MDA increased dramatically 8 days after the induction of drought
stress and reached the maximum level on the 10th and 12th days of drought when the stress
was most severe (Figure 5). MDA is a compound resulting from lipid peroxidation at the
cellular level, and is frequently used as an indicator of lipid peroxidation level due to
oxidative stress (Iturbe-ormaextse et al., 1998).

The increase of MDA also occurred in the plants treated by paraquat herbicide
(Figure 6). This herbicide is a positive compound that can be reduced by photosynthetic
photoreaction to become an unstable free radical. This radical compound can be oxidized
back by oxygen to form the original ions and hydrogen peroxide (H,O;), which destroys
cells and tissues (Chia et al., 1982). When this happens, the plant undergoes lipid
peroxidation, protein degradation, DNA denaturation, and pigment damage (Scandalios,
1993). At the cellular level, it causes damage to the cellular membrane and chloroplast

(Chia et al., 1982). The fact that the increase of MDA levels after 10 days of drought stress
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was approximately the same as that of the paraquat application, indicated that oxidative
stress may be induced by severe drought.

The level of MDA decreased to that of the control plant 2 days after the drought-
stressed plants were re-watered. This seems to indicate that the plants had recovered from
oxidative stress after 2 days of re-watering. The same result has also been demonstrated by

Zhang dan Kirkham (1994) on wheat, and Wang dan Huang (2004) on bluegrass.

CONCLUSION

Drought stress caused RWC of soybean to dramatically decrease up to 33% in
sensitive and 42% in tolerant varieties, while the RWC of control plants was approximately
80%. The E and Pn also reduced to almost zero in response to drought stress, whereas in
control plants they measured 4.7 mmol m™ s and 12.58 umol m™ s , respectively.
Rewatering after the drought period effectively improved E and Pn, suggesting that the
plants were able to recover after 12 days of drought stress. Application of paraquat also
caused E and Pn reduction, but the the Pn did not recover well even 5 days after the
application. The increase of MDA to almost twice that of control plants occurred after
severe drought as well as paraquat application, which was evidence of oxidative stress in

cultivated and wild soybean due to severe drought.



276

277
278
279

280
281

282

283
284
285

286
287

288
289

290
291

292
293

294
295

296
297

298
299

300
301

302
303
304

305
306
307

308
309
310

311
312

REFERENCES

Bartoli, C.G., Simontacchi, M., Tambussi, E., Beltrano, J., Montaldi, E., Puntarulo, S., 1999.
Drought and watering-dependent oxidative stress: effect on antioxidant content in
Triticum aestivum L. leaves. J. Exp. Bot. 50, 375-383.

Berkowitz, G.A., 1998. Water and Salt Stress. In: A.S. Raghavendra (ed). Photosynthesis: A
Comprehensive Treatise. Cambridge University Press, Cambridge, pp. 226-237.

Boyer, J.S., 1985. Water transport. Annu. Rev. Plant Physiol. 36, 473-516.

Chia, L.S., McRae, D.G., Thompson, J.E., 1982. Light-dependence of paraquat- initiated
membrane deterioration in bean plants, Evidence for the involvement of superoxide.
Plant Physiol. 56, 492-499.

Cornic, G., 2000. Drought stress inhibits photosynthesis by decreasing stomatal aperture —
not by affecting ATP synthesis. Trends Plant Sci. 5, 187-188.

Davies, W.J., Tardieu, F., Trejo, C.L., 1994. How do chemical signals work in plants that
grow in drying soil. Plant Physiol. 104, 309-314.

Davies, W.J., Zhang, J., 1991. Root signals and the regulation of growth and development of
plants in drying soil. Annu. Rev. Plant Physiol. Plant Mol. Biol. 42, 55-76.

Demming-Adams, B., Adams,W.W., 1992. Photoprotection and other responses of plants
to high light stress. Ann. Rev. Plant Physiol. Plant Mol. Biol. 43, 599-626

Genty, B., J. M. Briantais, J. M.. da Silva, J.B.V., 1987. Effects of drought on primary
processes of cotton leaves. Plant Physiol. 83, 360-364.

Hamim, H., 2004. Underlying drought stress effects on plant: Inhibition of photosynthesis.
Hayati, Indonesian Biosc. J. 11,164-169.

Hamim, H., 2005. Photosynthesis of C3 and C4 species in response to increased CO2
concentration and drought stress. Hayati, Indonesian Biosci. J. 12, 131-138.

Iturbe-ormaextse, 1., Escuredo, P.R., Igor, C.A., Becana,M., 1998. Oxidative damage in pea
plants exposed to water deficit or paraquat. Plant Physiol. 116, 173-181.

Jiang, M., Zhang, J., 2002. Water stress-induced abscisic acid accumulation triggers the
increased generation of reactive oxygen species and up-regulates the activities of
antioxidant enzymes in maize leaves. J. Exp. Bot. 53, 2401-2410.

Lima, A.L.S., DaMatta, F.B., Pinheiro, H.A., Totola, M.R., Loureiro, M.E., 2002.
Photochemical responses and oxidative stress in two clones of Coffea canephora
under water deficit conditions. Environ. Exp. Bot. 47, 239-247.

Loggini, B., Scartazza, A., Brugnoli, E., Navari-Izzo, F., 1999. Antioxidative defense
system, pigment composition, and photosynthetic efficiency in two wheat cultivars
subjected to drought. Plant Physiol. 119, 1091-1099.

Morison, J.I.L., Lawlor, D.W., 1999. Interaction between increasing CO2 concentration and
temperature on plant growth. Plant Cell Environ. 22, 659-682.



313
314

315
316
317

318
319
320

321
322
323

324
325
326

327

328
329

330
331

332
333

334
335

336
337

338
339
340

341
342
343
344
345
346
347

348
349

Noctor, G., Foyer, C.H., 1998. Ascorbate and glutathione: keeping active oxygen under
control. Ann. Rev. Plant Physiol. Plant Mol. Biol. 49, 249-279.

Noctor, G., Veljovic-Jovanovic, S., Driscoll, S., Novitskaya, L., Foyer, C.H., 2002. Drought
and oxidative load in the leaves of C3 plants: a predominant role for
photorespiration? Ann. Bot. 89, 841-850.

Oliver, D.J., 1998. Photorespiration and C2 cycle. In A.S. Raghavendra (ed.).
Photosynthesis: A Comprehensive Treatise. Cambridge University Press,
Cambridge, pp. 173-182.

Ono, K., Yamamoto, Y., Hachiya, A., 1995. Synergistic inhibition of growth by aluminium
and iron of tobacco (Nicotiana tabacum L.) cells in suspension culture. Plant Cell
Physiol. 36, 115-125.

Porcel, R., Barea, J.M., Ruiz-Lozano, J.M., 2003. Antioxidant activities in mycorrhizal
soybean plants under drought stress and their possible relationship to the process of
nodule senescence. New Phytol. 157, 135-143.

Scandalios, J.G., 1993. Oxygen stress and superoxide dismutase. Plant Physiol. 101, 7-12.

Scandalios, J.G., 1997. Oxidative stress and defence mechanisms in plants: introduction.
Free Radic. Biol. Med. 23, 471-472.

Sgherri, C.L.M., Navari-Izzo, F., 1995. Sunflower seedlings subjected to increasing water
deficit stress: oxidative stress and defence mechanisms. Physiol. Plant. 93, 25-30.

Sairam, R.K., Deshmukh, P.S., Saxena, D.C., 1998. Role of antioxidant systems in wheat
genotype tolerance to water stress. Biol. Plant. 41, 387-394.

Smirnoff, N., 1993. The role of active oxygen in the response of plants to water deficit and
desication. New Phytol. 125, 27-58.

Wang, Z., Huang, B., 2004. Physiological recovery of Kentucky bluegrass from
simultaneous drought and heat stress. Crop Sci. 44, 1729-1736

Zhang, J., Kirkham, M.B., 1994. Drought-stress-induced changes in activities of superoxide
dismutase, catalase, and peroxidase in wheat species. Plant Cell Physiol. 35, 785-
791.

Ackowledgement

This research have been funded by the Directorate General of Higher Education, The
Department of National Education, Republic of Indonesia through the Program of
Competitional Grant Research for Higher Education Institution in Indonesia



350

351
352

353
354
355
356

357
358

359
360

361
362
363

Tables and Figures

Table 1. Relative water content (%) of soybean leaves of Tidar, Burangrang, Panderman
and G. tomentella in response to drought period (days) and control plants

Soybean Drought period (days)
0 4 8 10 12 14 22 24
........................................................ (%0) ceeeeiieieerec e
Control 80.8 78.0 84.8 78.7 78.0 82.8 82.5 828
Tidar 80.2 72.6  52.0% 49.5*% 425*% 719 - -
Burangrang 79.0 70.4* 50.5*%  48.1* 42.0* 76.9 - -
Panderman 80.9 79.2  52.0% 40.7% 32.5% 837 - -

G. tomentella 82.9 83.0 855 87.9 60.6*  43.0* 39.4* 84.0

Note: * The values in the same column significantly different at 5% of t-student

Table 2. Relative water content (%) of soybean leaves of Tidar, Burangrang, Panderman
and G. tomentella after Paraquat application and control plants

Soybean Days after paraquat application
Varieties 0 0.16 1 3 5
.................... (O I
control 80.8 80.8 779 78.0 77.0
Tidar 80.2 63.6* 63.4* 713 74.2
Burangrang 80.9 68.6  37.2* 61.9% 744
Panderman 79.0 749  54.0* 537 799

G. tomentella 82.9 69.2 22.5% 79.2 62.3

Note: * The values in the same column significantly different at 5% of t-student
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Figure 1. Transpiration rate (E) of cultivated soybean varieties Tidar, Burangrang,
Panderman and wild soybean G. tomentella during drought period (mean + SE of t-student
test at o of 5%, n=3).
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367 Panderman and wild soybean G. tomentella during 5 days after Paraquat application (mean
368  + SE of t-student test at o of 5%, n=3).
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370

371  Figure 3. Photosyntetic rate (Pn) of cultivated soybean varieties Tidar, Burangrang,

372  Panderman and wild soybean G. tomentella during drought period (mean + SE of t-student
373  test at a of 5%, n=3).
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Figure 4. Photosyntetic rate (Pn) of cultivated soybean varieties Tidar, Burangrang,
Panderman and wild soybean G. tomentella during 5 days after Paraquat application (mean
+ SE of t-student test at a of 5%, n=3).
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Figure 5. Malondialdehyde (MDA) content of soybean leaves of Tidar, Burangrang,
Panderman and wild soybean G. tomentella during drought period (mean + SE of t-student
test at a of 5%, n=3).
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388  Figure 6. Malondialdehyde (MDA) content of soybean leaves of Tidar, Burangrang,

389  Panderman and wild soybean G. tomentella 5 days after Paraquat application (mean + SE of
390  t-student test at a of 5%, n=3).
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