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ABSTRACT

In the present study an attempt has been madeidy e influence of ultrasound (25 Kc 8ewaves of different
durations on physiological variables like photodytic rate, inter cellular C® concentrations, stomatal
conductance, transpiration rate, water use effickeand total chlorophyll content, @ntent, lxontent, _a/lratios,
DCPIP, protein content, nitrate and nitrite redustaand glutamin synthetase. Photosynthetic ratey icellular
CO, concentration, transpiration rates, total chlorophgontent, total protein content have increased &CPIP
levels reduced up to 35 days, whereas, water dgx@eety decreased and glutamine synthatase agtinitreased
between 25 and 35 days of treatment of ultrasonradl ithree cultivars.

Keywords. photosynthetic rate, intracellular Co2 conceitrgtstomatal conductance, transpiration rate, mage
efficiency, chlorophyll, DCPIP, reductase.

INTRODUCTION

Green gram (Mungbeanjigna radiata(L.) is one of the most important pulse crops Widgown in almost all
parts of the country during rabi, kharif and summeasons. A large number of high yielding varietieisable for
India are identified through classical breedinggrammes and varietal trials and resulted in no anwpment of
production or productivity because of their locatispecificity and susceptible to major diseases filowdery
mildew, Cercosporadeaf spot and yellow mosaic virus diseases ara alsceptible to water logging. The varieties
are photosensitive. If these varieties could motsbwn in optimum time, yields will be reduced. Kigelding
varieties suitable for upland cultivation are noitable for rise because most of the varietiesoéileng duration.
They are subjected to water stress during matgetyod in Rabi season when grown under receding moisture
condition. During Rabi, green gram has competifrem black gram which has higher yield potentiate@n gram
maturity with the monsoon rains during August aegt8mber months and the seed sprout in the pdtirigselting

in heavy losses.

Evidence accumulated during the last 25 to 30 ygengicularly work carried out in India and abrdadds to show
that small radiation doses can be advantageously tes stimulate growth in plants for increasingldipotential.
Seeds of many agricultural crops including seveealeties of rice, maize, sorghum, pearl millet agrdundnut
irradiated with X-rays, gamma rays and pile newgrbave been shown to induce such effects as \arimtithe leaf
shape and size, alteration of stomatal frequeneyeldpment of lawns and pigments, twin or fusedvérs,
variation in the morphology of seeds and their aolbave been carried out[1].Irradiation of seeds of many
agricultural crops with ultrasound have been shdéavitause enhancement of germination, growth anid[2ie
Several major internal and external factors thaérmene the bioproductivity of plant species amahg internal
factors photosynthesis and water use efficiency thee most important ones that contribute to themiiss
productivity. Since photosynthetic efficiency oititely determines biomass yields, study of phggiichl basis of
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yield improvement assumes importance Thereforahénpresent study an attempt has been made to #tedy
influence of ultrasound (25 Kc sBcwaves of different durations on physiological ightes like Gas Exchange
Characteristics including Net photosynthetic r&g) (Inter cellular CQ@ concentrations (Ci), Stomatal conductance
(GS), Transpiration rate (E), Water use efficie(M{UE); and Total chlorophyll content, content, bcontent, _a/b
ratios, DCPIP Photo reduction, Total protein cofjtblitrate reductase, Nitrite reductase. GlutamjntBetase

MATERIALSAND METHODS

The seeds of three cultivars (LGG 407, LGG 410 [2B86 450) of green grartmungbean) Vigna radiata (L.) were
obtained from Andhra Pradesh Agricultural Rese&tettion, Tirupati, Andhra Pradesh. A batch of &nhts seeds of
each variety were weighed and transferred into ima#bth bags. After transferring the seeds ihi® bags, the open
ends of the bags were tied with thread. The bamge then soaked with distilled water for 3 houFse bags containing
seeds were then subjected to treatment with ulires@5 Kc seb) at intervals of 15, 30 and 60 minutes. The égat
and untreated seeds were then sown in field pfo&roVenkateswara University Botanical gardemyupati. Each field
plot measured a size of 3 x 2 square meters.

The experimental layout was Randomized Block Desigd replicated 4 times for each duration of tresthand
control for each variety. At seedlings stage attémning, the rows spaced 10.5 x 10 cm was maiethias far as
possible. All package of agricultural practicesrafngbean cultivation were adopted. The crop a&&d during the
Kharif — Rabiandsummeirseasons of the years 1996 to 1998. Results @ighbgical parameters represent the average
data collected for the two years.

Leaf gas exchange measurements were made onxpliyded 5 leaf of 3 green gram cultivars 25, 35, 45 and 8§D
after sowing in control and treatment groups. Rlaaised from treated seeds for duration of 158060 minutes. The
gas exchange characteristics included net photostyotrate (R), inter cellular CQ concentration (Ci), stomatal
conductance (GS), transpiration rate (E) and waterefficiency (WUE). The gas exchange measurerments made
on The LCA-3 of Analytical Development Corporatidingland, was used for the measurement of tratigpirand
photosynthesis.

Chlorophyll content of the fully expanded leaveswiatermined according to the method of Arnon (I8%9DCPIP
Photo reduction using spectrophotometer as per rangst 1964[4]; total Protein content following Lowet al.,
(1951)[5]; Nitrate Reductase and Nitrite Reductasirg spectrophotometer following Lin and Kao, 183and Losada
and Paniqul, 1971[7] and Glutamine Synthetaseigctixas determined as per the method of Oneal ap@ld73)[8].

Statigtical Analysis.
All quantitative data were expressed in mean aaddsird deviation.Two way analysis of variance wseduo draw
inferences.

RESULTSAND DISCUSSION

The photosynthetic rates showed an increase with is&rease in durations of treatment than therobptant in all
the cultivars on 25-35 DAS. The photosynthetieratarted declining on 45 and 55 DAS both in cdrarad
treatments. The differences in photosynthetic ts®&veen the control and plants received seed tesdfimare
marginal. The photosynthetic rates showed an &serén net photosynthetic rate with each increaskea duration
of treatment than the control plants in all thetigars on 25-35 DAS. The decrease after 35 DAS heagttributed
to the decrease in stomatal conductance (Gs) aat@lular CQ concentration (.

The Intercellular C@concentration values of the leaves in control aedtiments on 25 - 35 DAS are consistent
with the net photosynthetic values in all the ealts since net photosynthetic rate and intercell@®,
concentration are closely related to each othee.iiitercellular C@concentration was found to be more at all the
treatment durations and cultivars when comparedotatrol. Stomatal conductance is reciprocal ofstaace.
Ultrasound treatment for different durations cauaadncrease in stomatal conductance of leaved thethree
cultivars on 25 and 35 DAS. The stomatal condwsahowed a gradual decline from 45 DAS both introband
treatments. This decrease finds its relationshifin wet photosynthetic rate is also decreased bottontrol and
treatments. However, the differences in inter¢atlCO, concentration due to treatments are narrow.
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The transpiration rates increased in control aedtinents up to 35 DAS like any other gas exchahgeacteristics
and decreased from 45 DAS and 55 DAS both in cbatrd treatments. The decrease is consist withedse in

net photosynthetic rate; inter cellular €&ncentration and stomatal conductance both itraloand treatments on
45 and 55 DAS after sowing. In conclusion, theedi#hces in the rate of transpiration are marginal.

Water use efficiency (WUE) is predominantly regathby stomatal conductance (Gs) and or mesopHidiexfcy
that inturn regulates carbon assimilation. Ultragbtreatment caused decrease in water use efficiengarious
degrees in the three cultivars between 25 and 45.DHowever, the water use efficiency improved artint of
40% in cv. 407 at 55 DAS when treatment was givan60 min. Variations in water use efficiency areught
about by stomatal conductance (Gs.) and or intripebtosynthetic capacity (B. It may be inferred based on the
results obtained in the present study that the ntearspiration was found to be inversely relatedviter use
efficiency (Tables 1a-d).

Treatment of seeds with ultrasound for differentations caused an increase in the total chloroptgtitent of
leaves of different cultivars up to 35 DAS followleg a gradual decline.

The total chlorophyll content was found to be gthleir level in cv. 410 and cv. 450 than cv. 407 wkleer, the total

chlorophyll content showed variation among theieafs and duration of treatment. Treatment fonG0. showed

higher level of chlorophyll content at 35 DAS i thle cultivars. Chlorophyll a content was foundomhigher than
chlorophyll b content in all three cultivars. Chdphyll a/b ratios did not indicate any definitdtpan of change due
to treatment at different stages of growth in thiivars studies. However treatment of seeds @mén. in all the

cultivars at 25th DAS showed maximum a/b ratioslf€s 2a-d)

The chloroplasts of the leaves of all the thre¢ivais are able to reduce the DCPIP effectivelyap5th DAS both
in control and treatment for different durationdigating that the chloroplasts of the leaves atvaonly up to 35
DAS both in control and treatments. The DCPIP phiethuction of the chloroplasts of the leaves waghsy more
in cv. 410 and cv. 450 than cv. 407 both in corawad at all durations of treatments (Table 3).

The ultrasound treatment for different durationsseal an increase in the total protein contentlithalcultivars up
to 35 DAS followed by a gradual decline. Treatmfamt30 and 60 min. resulted in higher protein emtiton 35
DAS in cultivars 410 and 450 than cv. 407 and respe controls. Treatment for 60 min showed maximprotein
content in cv. 450 at 35 DAS (Table 4). One doegndw anything about the nature of protein synthes
influenced by ultrasound.

The nitrate reductase activity of the leaves shoareihcrease up to 45 DAS followed by a declinéhbintcontrol
and treatments. The treatment for different doreticaused increase in the level of enzyme actinitg time
dependent manner in all the cultivars. Treatment6D min duration caused maximum level of nitneductase
activity on 45th DAS in cv. 450.

The level of activity of the enzyme nitrite redwsgaincreased gradually up to 45 DAS both in contmodl

treatments. Unlike the nitrate reductase, thecia®e was lower. The level of enzyme activity iasesl with each
duration of treatment. The level of enzyme activitas higher in cv. 450 than cv. 407 and cv. 418%DAS and
60 min of treatment (Table 5 and 6).

Ultrasound treatment for different durations causedincrease in the glutamine synthetase activityall the
cultivars from 25 to 45 DAS. The treatment forfelient durations resulted in higher level of enzyangvity in cv.
410 than cv. 407 and cv. 450.

All plant biochemical reactions are governed byyemes. Which were found to be affected by ultrasdurithus all
observed increases in the rates of metabolism eaxblained to some extent by an increase in enagtisty.[9,10].
Not all enzymes are similarly effected by ultrastjad]* , some show a marked (at least two fold) incréasetivity,
eg: amylase, while in others eg: catalase, thesedscrease in activity[12]. Enzymes are easilyrogsd by external
factors, including heat, and excess ultrasonic giogapidly destroy them. Our understanding aboet kimetic
activities of large number of enzyme activitieseffected by ultrasound needs further in depth samty it appears
that ultrasound treatment mimics the action of dhowegulators and the hypothesis is to be verifigdfuture
research workers.
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Table 1(a): Measurement of Gas exchange char acteristics of green gram (vigna radiata (L) cultivar s subjected to ultrasound (25 K c. Sec™)
treatment for different durations on 25 Das Net photosynthetic rate (Py) [t mol (co;) m? s], inter cellular co, concentration (ci) [t mol™ mol”
%, Stomatal conductance (GS) [mol m?2s¥], Transpiration rate (E) [m mol (H,0) m*s] and Water Use Efficiency (WUE) [m moal (Coz) mol™®

(H20)]. (Values arethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes Py Cl GS E WUE
22.4 T3¢ 0.42 350 0.14
407 Control £0.14 £0.11 £0.16 015 +0.11
234 T4z 0.50 71 0.121
15 £0.14 +012 +011 +011 £012
(4.46) (2.87) 1363) | @771 | (-15.398)
24 5. 057 72 0.100
30 +0.11 +0.14 +012 +0.12 +011
(8.03) (12.94) 29054) | (2000) | (-30.086)
252 164 0.62 7.3 0.08¢
60 +0.12 +015 +011 +0.14 +013
(12.94) (17.98) (45.45) (24) (-13.86)
232 141 0.4¢ 350 0.12¢
410 Control £0.16 +0.18 +0.14 +0.12 +0.12
23< 147 058 71¢ 0.10¢
15 £0.13 +0.10 +015 +0.14 +013
(3.01) (4.25) (1458) | (17.36) (-19.37)
24¢ 162 0.61 728 0.001
30 £0.14 +0.15 +015 +012 +013
(6.89) (14.89) (27.08) | (19.88) (-29.45)
25< T6¢ 0.6¢ 74 0.08
60 +0.14 +0.13 +0.14 +0.12 +0.11
(11.63) (19.85) 4166) | (2380) | (-37.98)
22 T4C 0.4¢ 35: 0.131
450 Control £0.15 +013 +0.17 +0.14 +0.13
236 4% 0.5 RT: 0.11¢
15 +0.12 +012 +011 +012 +012
(3.05) (357) 13.04) | (18.18) (-16.78)
244 15¢ 0.5¢ 720 0.09
30 +0.16 +012 +0.14 +013 +0.12
(6.55) (13.57) 28.26) | (2045) | (-30.65)
25£ 166 0.6¢ 736 0.08:
60 £0.12 +013 +011 +0.14 +011
(11.35) (18.57) 43.47) | (24.43) (-40.14)

Values in the parenthesis indicate percent increase control.

Table 1(b): M easurement of Gas exchange char acteristics of green gram (vignaradiata (L .) cultivar s subjected to ultrasound (25 K c. Sec?)
treatment for different durations on 35 DasNet photosynthetic rate (Py) [ mol (co;) m?s], Inter cellular co, concentration (ci) [ mol™ mol-
%, Stomatal conductance (GS) (mol m2s?Y), Transpiration rate (E) [m mol (H,0) m*s*] and Water Use Efficiency (WUE) [m mol (Coy) mol™*

(H20]. (Valuesarethemean of 3replications+ SE.)

Variety Duration of Treatment in minutes Py Cl GS E WUE

77 T4 0.5; 7z 0.157

407 Control £0.11 £0.13 £0.14 +0.12 +0.12

282 154 0.61 730 011t

15 +0.11 +045 +0.15 +0.12 +0.11
3.27) 694 | arz0) | 3 | (228

292 162 0.6¢ 5 0.00¢

0 £0.14 £0.13 £013 +013 +013
©95) | @257 | @ose) | wen | (3529

302 T7C 0.7t 51 0.0z

60 £0.15 £0.12 £0.12 +0.14 +0.11
135) | @805) | @423 | (2233 | (9215

275 Ta¢ 0.5¢ 71 0.12¢

410 Control £0.13 +0.14 +0.14 +0.12 +013

282 T5¢ 067 73 0.10%

15 £0.11 +0.14 £0.16 +013 +0.12
(358) 67y | assy | w79 | (1953

20¢ T6¢ 0.7z 457 0.03"

0 +0.14 +0.14 +0.15 +0.11 +0.11
©68) | @sa2) | a1z | es9) | (a2

30 74 0.7¢ 5L 0.082

60 +0.14 +015 +0.13 +0.11 013
@75 | @ern) | @620 | 3oy | (zazn)

27¢ 47 0.5¢ VR 0.132

450 Control £0.12 +0.11 +0.15 +0.14 +0.12

782 157 0.62 Y 0.10¢

15 £0.15 £0.15 £0.15 +0.14 +0.14
(2.89) ©80) | a2 | wsn | (ises)

20 T6€ 0.7C 752 0.00¢

0 £0.11 £0.12 +0.14 +0.12 +013
720y | (292 (25) ©39) | (2611

30 72 0.7 51 0.087

60 +0.17 +0.16 +0.16 +0.14 +0.14
08e) | ro0) | @75) | (2385) | (3430

Values in the parenthesis indicate percent increass control.
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Tablel (c): M easurement of Gasexchange char acteristics of green gram (vigna radiata (L) cultivars subj ected to ultrasound (25 K c. Sec™)
treatment for different durations on 45 DasNet photosynthetic rate (Py) [t mol (co;) m?s], Inter cellular co, concentration (ci) [t mol™ mol”
%, Stomatal conductance (GS) (mol m?2s"), Transpiration rate (E) [m mol (H,0) m?s*and Water Use Efficiency (WUE) [m mol (Co,) mol™

(H20]. (Valuesarethe mean of 3replications+ SE.).

Variety Duration of Treatment in minutes Py Cl GS E WUE
218 1.3 0.4C 31z 0.16(
407 Control £0.13 +0.12 +0.11 +0.12 £0.14
224 137 0.4¢ 3.2 0.131
15 +0.15 +0.14 +0.14 +0.12 +0.12
(4.18) (5.38) (15) (4.16) (18.12)
234 T4C 051 34C 0.11¢
30 +0.15 +0.12 +013 +0.14 +0.13
(8.83) (7.69) (27.5) 8.97) (-275)
24 Tac 0.5¢ 2.0 0.10:
60 +0.14 +0.011 +0.12 +0.16 +0.12
(12.55) (14.61) (40.10) (34.61) (-35.62)
21< 134 0.4z 3¢ 0.142
410 Control £0.13 +041 +012 +0.14 £0.13
22 3¢ 0.4¢ 3.2¢ 0.121
15 +0.11 +0.16 +0.12 +013 +0.13
(4.56) (3.73) (13.95) 4.11) (15.97)
235 T4t 0.52 3.4 0.10¢
30 +017 +0.14 +011 +0.15 +013
(9.13) (8.20) (25.58) (9.49) (25.12)
24€ 158 0.5¢ 225 0.09¢
60 +0.16 +0.16 +017 +0.13 £0.11
(13.24) (15.67) (37.20) (34.49) -31.94
213 13z 0.4z 31 0.14¢
450 Control £0.12 +0.12 +0.11 £0.14 +0.14
22 13¢ 0.4t 3. 0.12¢
15 +0.15 +0.14 +0.14 +0.15 +0.11
(4.60) (3.03) (14.28) (158) (16.21)
23 14z 052 34z 0.11%
30 +013 +017 +013 +0.15 +0.12
(9.21) (7.57) (23.80) 857) (-22.29)
24¢ 152 057 12: 0.10:
60 +017 +0.14 +0.14 +0.15 +0.10
(13.36) (15.15) (35.71) (33.96) (-30.40)

Values in the parenthesis indicate percent increase control.

Table 1(d): M easurement of Gas exchange char acteristics of green gram (vignaradiata (L .) cultivar s subjected to ultrasound (25 K c. Sec™)
treatment for different durationson 55 Das Net photosynthetic rate (Py) [t mol (cop) m™? s, Inter cdlular co, concentration (ci) [ mol™ mol”
%, Stomatal conductance (GS) [mol m?s?], Transpiration rate (E) (m mol (H,0) m*s?) and Water Use Efficiency (WUE) [m mol (Co,) mol™*

(H20]. (Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes Py Cl GS E WUE
20.1 128 0.3¢ 30 0.03:
407 Control £0.12 £013 +0.14 +0.14 011
20€ 12¢ 0.32 3L 0.207
15 +0.12 +0.14 +017 +0.14 +012
(3.48) 3.2) (13.33) (2.25) (52.72)
214 13¢ 0.3¢ 3 0.24¢
30 +0.11 +011 +0.12 +0.16 +0.13
(6.46) (10.4) (30) (3.22) (65.15)
224 144 0.48 TS 0.131
60 £0.13 +0.14 +011 +012 +0.14
(11.44) (16.53) (50) (32.25) (31.51)
20€ 127 0.3¢ 31 0.21¢
410 Control £0.16 +0.14 +013 +0.15 +013
211 132 0.37 3¢ 0.180
15 £0.14 +012 +0.14 +017 +013
(2.42) (4.72) (12.13) (2.24) (-16.66)
21¢ T4z 0.4z 3¢ 0.14¢
30 +0.15 +011 +013 +0.14 +013
(5.82) (11.81) (27.27) (4.48) (-31.09)
227 T4€ 0.4¢ KT 0.11¢
60 +0.14 +0.14 +0.12 +011 +0.14
(10.19) (16.53) (48.48) (33.0) (-44.90)
202 124 0.31 3K 0.23t
450 Control £0.16 +011 +0.14 +0.16 +011
20 131 0.3¢ 31t 0.19¢
15 +0.13 +0.14 +0.12 +0.14 012
(2.95) (5.64) (12.90) (2.58) (-16.80)
21¢ T4C 0.4C 3 0.16:
30 £0.17 +011 +0.15 +013 +0.14
(6.40) (12.90) (29.03) (4.19) (-31.93)
22 Ta€ 0.47 PRE 0.12¢
60 +0.14 +015 +013 +012 +13
(11.33) (17.74) (51.61) (33.2) (-46.21)

values in the parenthesis indicate percent increasecrease over control
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Table 2(a): Effect of ultrasoud (25 ke Sec™) Treatment on changesin the Total chlor ophyll content of green gram (vignaradiata L .) cultivars.
mg gm™ Fr. Wt). (Values arethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25 DAS 35DAS 45 DAS 55 DAS
126 137 12t 11t
407 Control +0.02 +0.01 +0.02 +0.04
15¢ 164 151 14
15 £0.01 +0.02 +0.04 +0.05
(22.35) (22.38) (22.76) (24.34)
T6¢ T7¢ .60 150
30 £0.02 +0.05 +0.04 +0.04
(30.23) (35.58) (30.08) (30.43)
T7¢ 19: 1.7 .60
60 £0.03 +0.07 +0.07 +0.01
(37.98) (43.28) (47.82) (39.13)
13t T3¢ 127 12
410 Control 0,04 +0.03 +0.01 +0.01
167 17% 157 1.4¢
15 +0.02 +0.01) +0.08 +0.03
(21.48) (24.46) (23.62) (24.16)
172 18t 16 15¢
30 £0.04 +0.05 £0.02 +0.01
(28.88) (35.25) (29.13) (31.66)
T8¢ 1ot 17t 161
60 £0.05 +0.05 +0.04 £0.03
(37.77) (42.44) (37.79) (39.16)
13: T3¢ 128 11
450 Control 0.03 £0.04 £0.03 £0.04
161 167 15 147
15 £0.04 +0.04 +0.04 £0.04
(21.96) (22.79) (23.2) (25.64)
17 18: 162 15t
30 +0.02 +0.03 +0.05 +0.05
(28.78) (33.82) (29.6) (30.76)
181 1ot 172 16t
60 +0.01 +0.02 +0.04 +0.03
(37.12) (43.38) (37.6) (39.31)

Values in the parenthesis indicate percent increastecrease over control

Table 2 (b): Effect of ultrasound (25 kc Sec®) Treatment on changesin the chlor ophyll a content of 3 green gram (vignaradiata L .) cultivars.
(mggm™ Fr. Wt) (Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45 DAS 55 DAS
0.0: 0.9¢ 0.9C 0.8
407 Control +0.01 +0.03 +0.02 +0.02
T1¢ 122 117 T.C
15 £0.03 +0.04 +0.03 +0.02
(27.95) (27.08) (26.66) (29.41)
128 130 T2 11t
30 +0.01 +0.02 +001 +0.02
(32.25) (35.41) (33.33) (35.29)
12t 137 128 T2
60 £0.03 +0.04 +0.03 +0.01
(37.63) (42.70) (38.88) (41.17)
0.9 0.01 0.9; 0.8t
410 Control £0.02 +0.01 +0.03 +0.03
121 12 15 11
15 £0.04 +0.03 +0.04 +0.01
(24.74) (28.28) (27.17) (29.54)
126 13t 12: T.1¢
30 £0.01 +0.04 +0.03 +0.01
(29.89) (36.36) (32.60) (35.22)
13: T4 T2t 127
60 £0.02 £0.02 +0.02 +0.02
(36.08) (41.41) (39.13) (40.90)
0.0t 0.97 0.01 0.8¢
450 Control 002 +0.02 +0.02 0.03
12( 122 11t 11t
15 £0.02 +0.04 +0.02 +0.01
(26.31) (27.83) (26.37) (31.39)
122 13: 121 15
30 +0.02 001 +0.04 +0.03
(30.52) (36.08) (32.96) (36.04)
13C 13¢ 1€ 12:
60 £0.01 +001 +0.01 +0.01
(36.84) (43.29) (38.46) (41.86)

Values in the parenthesis indicate percent increastecrease over control
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Table 2 (c): Effect of ultrasound (25 ke Sec™) Treatment on changesin the chlorophyll b content of 3 green gram (vignaradiata L .) cultivars.
(mg gm™ Fr. Wt). (Values arethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS
0.3¢ 0.3t 0.3 0.3C
407 Control £0.02 +0.01 +0.02 +0.04
0.04C 0.4 037 03t
15 £0.02 +0.04 +0.02 +0.01
(11.11) (10.52) (12.12) (10.12)
0.4t 0.4¢ 0.4C 0.3t
30 £0.04 +0.03 +0.01 +0.01
(25) (28.94) (21.21) (16.66)
0.5 0.5¢ 0.4¢ 0.4C
60 £0.03 £0.02 +0.01 +0.04
(38.88) (44.73) (36.36) (33.33)
0.3¢ 0.4C 0.3t 03:
410 Control +0.01 +0.04 +0.03 +0.03
0.4 0.4¢ 0.4C 03t
15 £0.03 +0.03 001 +0.01
(13.15) (15) (14.28) ©.3)
0.4: 05: 0.4 0.3¢
30 £0.04 +0.02 +0.03 +0.04
(26.31) (32.05) (20) (21.87)
0.5 0.5¢ 041 0.4:
60 £0.01 001 +0.04 +0.01
(42.10) (45) (34.28) (34.37)
03 0.3¢ 0.3 031
450 Control +0.03 +0.02 +0.01 +0.02
0.41 0.42 0.9 0.3
15 £0.02 +001 +0.01 +0.02
(10.81) (10.25) (14.70) (19.67)
0.4¢ 0.5C 0.41 0.3¢
30 £0.03 +001 +0.04 +0.04
(24.32) (28.20) ((20.58) (16.12)
051 05 0.4¢ 0.41
60 £0.04 +0.02 001 +0.01
(37.83) (46.15) (35.29) (32.25)

Values in the parenthesis indicate percent increastecrease over control

Table2 (d): Effect of ultrasound (25 ke Sec™) Treatment on changesin the chlorophyll a/b ratiosof 3 green gram (vigna radiata L .) cultivars.
(Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS
25¢ 25: 2.7 2.8
407 Control 001 +0.02 +0.01 +0.03
2907 2.00 30 33
15 £0.01 +0.02 +0.04 +0.03
(15.1) (15.0) (13.23) (17.66)
27 2.6 300 3.2¢
30 £0.04 +0.04 +0.05 +0.04
(5.81) (5.15) (10.21) (15.90)
2.5¢ 2.4 271 3.00
60 £0.04 +0.03 +0.01 +0.04
(-0.77) (-1.19) (1.83) (6.02)
25¢ 241 262 278
410 Control 002 +0.04 +0.02 +0.04
281 2.7¢ 2.9: 3
15 £0.04 +0.04 +0.03 +0.04
(10.19) (11.74) (11.45) (18.18)
262 25 2.00 300
30 +0.01 +0.04 +0.01 +0.04
(2.74) (6.45) (10.6) (16.90)
2.4 2.41 2.7 2.8¢
60 £0.03 +0.04 +0.03 +0.03
(-4.31) (2.42) (3.81) 4.72)
25¢ 2.4 261 2.7
450 Control +0.04 +0.03 +0.03 +0.03
29: 2.8t 2.9 33
15 £0.03 +0.01 +0.04 +0.01
(14.06) (16.12) (10.12) (19.85)
2.6¢ 2.60 298 3
30 £0.04 +0.05 +0.03 +0.01
(5.07) (6.45) (10.48) (17.32)
25¢ 2.4 2.7 2.97
60 £0.04 £0.02 +0.04 +0.04
(-0.78) (-2.01) (2.24) (7.22)

Values in the parenthesis indicate percent increastecrease over control
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Table 3: Effect of ultrasound (25 ke Sec™) treatment on DCPIP Phato reduction of isolated chlor oplasts of 3 of green gram (Vigna radiata.l)
cultivars. (4 molesof DCPIP reduced mg* Chl hr?) (Valuesarethe mean of 3 replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS
1821 1902 170 1572
407 Control +1.16 +1.19 +1.23 +1.20
1912 205 1852 173,
15 +1.20 +1.26 +1.24 +1.26
(5.05) (7.82) (8.43) (10.46)
197 210 190.1 1792
30 +1.16 +1.29 +1.24 +1.20
(8.45) (10.45) (11.29) (13.99)
204 2077 195 185
60 +1.12 +1.20 +1.24 +1.24
(12.19) (14.18) (14.28) (17.81)
1852 194 178 1601
410 Control +1.17 +1.20 +117 +1.19
1952 20012 189 776
15 +1.25 +1.25 +1.24 +1.27
(5.39) @.77) (6.22) (10.93)
201z 2151 194 1832
30 +1.14 +1.25 +1.25 +1.24
(8.69) (10.76) (8.97) (14.42)
209.1 221 199 189
60 +1.14 +1.22 +122 +1.20
(12.90) (14.00) (11.84) (18.17)
1831 192.1 172 159
450 Control +1.18 +1.19 +1.16 +1.15
1931 207+ 187 175.
15 +1.23 +1.27 +122 +1.21
(5.96) (7.96) 8.71) (10.17)
1992 212+ 102 181
30 +1.13 +122 +122 +1.27
8.79) (10.56) (11.54) (13.88)
2072 2101 197 187+
60 +1.16 +1.27 +1.20 +1.19
(13.16) (14.05) (14.50) (17.65)

Values in the parenthesis indicate percent increastecrease over control

Table 4: Effect of ultrasound (25 ke Sec) treatment on Changesin the Total Protein content of 3 of green gram (Vigna radiata L .) cultivars.
(umolesof reduced mg gm™ dry wt") (Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45 DAS 55 DAS
20.2¢ 24.2( 17.2: 14.2¢
407 Control £0.22 +0.23 +0.27 +0.24
24,6 29.5¢ 203 18.60
15 +0.23 +0.29 +0.33 027
(21.40) (22.27) (23.79) (30.16)
29.4¢ 3450 26.9¢ 22.8¢
30 +0.27 +0.34 +0.38 $0.20
(45.41) (42.56) (56.29) (59.97)
34.6¢ 39.3: 30.2¢ 277
60 £0.32 £0.43 +0.43 +0.34
(17.63) (62.47) (75.73) (93.98)
22.3; 28.2¢ 19.2; 16.3C
410 Control 0.26 +0.25 +0.39 +0.32
2760 32.60 24.3¢ 216:
15 0.28 +0.24 +0.34 +0.29
(22.38) (15.43) (26.41) (32.69)
32.50 375 293, 26.8¢
30 0.2 +0.34 +0.25 +0.24
(45.60) (32.89) (52.41) (64.96)
3857 4121 3530 30.7;
60 0.30 +0.34 032 +0.38
(18.67) (45.92) (83.18) (88.46)
213¢ 26.2; 18.3C 15.3;
450 Control 0.24 +0.27 +0.33 +0.22
25,66 30.6¢ 23.3( 196,
15 +0.22 +031 023 +0.20
(20.62) (16.63) (27.11) (28.39)
30,52 355 2750 24.9;
30 0.24 +031 +0.30 +0.24
(41.35) (35.28) (50.24) (62.66)
36.5¢ 20.2; 32.4 28.8¢
60 0.2 +0.24 +0.26 +0.37
(19.88) (53.10) (76.86) (88.57)

Values in the parenthesis indicate percent incresiskecrease over control

170
Pelagia Research Library



B. Suresh Babu et al Asian J. Plant Sci. Res,, 2012, 2 (2):163-172

Table 5: Effect of ultrasound (25 ke Sec™) treatment on Changesin thelevel of Nitratereductase activity in the leavesof 3 of green gram
(Vignaradiata L .) cultivars. (umolesof Nitrateformed gr™ Fr wt') (Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS
0377 0.38( 0.39; 0.32:
407 Control 0.03 +0.00 +0.00 +0.01
0.392 0.422 0.5 0.34;
15 £0.03 +0.07 +0.04 +0.07
(4.50) (11.57) (35.20) (5.88)
0.39 0.4.3¢ 053¢ 0.35;
30 £0.04 +0.02 +0.03 +0.05
(3.97) (14.47) (37.50) (10.52)
0.401 0.54; 0542 0.36¢
60 £0.03 £0.02 £0.02 +0.08
(6.36) (42.63) (38.72) (13.31)
0.38 0.38¢ 0.442 0.32¢
410 Control 0,09 +0.04 +0.07 +0.08
0.39; 0.43( 053, 0.35]
15 £0.03 +0.06 +0.07 +0.01
(3.14) (11.68) (20.94) (7.59)
0.39¢ 0.47C 0.54; 0.36,
30 +0.07 +0.09 +0.02 +0.03
(4.45) (22.07) (22.07) (11.50)
0417 0.55( 0.55; 0.7z
60 £0.02 +0.03 +0.05 +0.09
(9.16) (42.85) (24.32) (13.06)
0.37¢ 0.38 0.44( 0.32¢
450 Control +0.02 +0.04 +0.08 +0.09
0.39¢ 0.42¢ 053¢ 0.34¢
15 £0.01 £0.03 +0.06 £0.02
(4.22) (11.74) (21.59) (6.46)
0.39% 0.42¢ 0.5 0.35¢
30 £0.02 £0.03 +0.04 +0.01
(3.69) (11.22) (22.72) (10.46)
0.41¢ 0542 0.54¢ 0.36¢
60 +0.06 +0.08 +0.01 +0.08
8.17) (42.03) (24.09) (13.53)

Values in the parenthesis indicate percent increastecrease over control

Table 6: Effect of ultrasound (25 kc Sec™) treatment on Changesin the Nitritereductase activity in the leaves of 3 of green gram of (Vigna
radiata L .) cultivars. (u molesof N,O reduced gr *Fr.wt. hr %) (Valuesarethe mean of 3replications+ SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS
3.20: 3.230 3.340 3.33(
407 Control +0.04 +0.02 +0.03 +0.07
3.30; 331 334 3.34(0
15 £0.07 +0.18 +0.04 +0.09
(3.12) (2.47) (0.14) (0.30)
331 332 3.35 334
30 £0.02 +0.04 +0.01 +0.02
(3.49) (2.78) (0.35) (051)
332 341¢ 3540 351
60 0.03 +0.09 +0.04 +0.02
(3.74) (5.85) (5.98) (5.40)
3210 323, 3340 333t
410 Control 0.05 +0.06 +0.04 0.09
3.30¢ 331t 334t 3.34¢
15 £0.04 +0.07 +0.07 +0.09
(3.05) (2.50) (0.14) (0.29)
331t 332t 3.35¢ 3.34¢
30 +0.01 +0.02 +0.06 +0.04
(3.36) (2.81) (0.38) (0.41)
3.331 342 3.54¢ 351
60 £0.02 +0.08 +0.02 +0.08
(3.76) (5.74) (6.16) (5.36)
3.290 323 3.341 3.33:
450 Control +0.07 +0.07 +0.01 +0.04
3.30 331t 3.34¢ 3.34:
15 £0.08 +0.09 +0.08 +0.07
(2.96) (2.47) (0.14) (0.30)
3.31¢ 332 3350 334t
30 £0.04 +0.03 +0.09 +0.08
(3.33) (2.81) (0.35) (1.98)
3.32¢ 342 354 351
60 £0.00 +0.04 +0.07 +0.02
(3.73) (5.71) (6.04) (5.40)

Values in the parenthesis indicate percent increase control
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Table 7: Effect of ultrasound (25 ke Sec™) treatment on changesin the Glutamine Synthetase activity in the leaves of 3 green gram (Vigna

radiata L .) cultivars. (u moles of a glutamyl hydr oxmate for med mg™ protein) (Valuesarethe mean of 3replications + SE.)

Variety Duration of Treatment in minutes 25DAS 35DAS 45DAS 55 DAS

0.42C 0.5 0.62: 0.42¢

407 Control £0.02 +0.04 +0.01 +0.06

0.43¢ 053¢ 0.64C 0.43;

15 £0.05 001 +0.02 +0.08

(357) (2.69) @2.72) (L.64)

0.45¢ 0.54¢ 0.65: 0.44¢

30 £0.05 +0.09 +0.07 +0.01

(7.14) (5.57) (4.81) (5.64)

0.472 057 0.721 0.46¢

60 £0.03 +0.07 +0.05 +0.04

(12.38) (10.12) (15.73) 8.23)

0.42¢ 0.52¢ 0.62¢ 0.42,

410 Control 0.07 +0.08 +0.04 +0.09

0.44 0.54C 0.65¢ 0.43¢

15 £0.04 +0.06 +0.05 +0.07

(3.27) (2.07) (3.33) (2.10)

0.45¢ 0.55¢ 0.66( 0.45¢

30 £0.07 +0.06 +0.03 +0.03

(7.00) (5.48) (4.92) (6.55)

0.48¢ 0.58( 0.73( 0.46,

60 £0.03 +0.07 +0.03 +0.01

(12.14) (9.64) (16.73) (9.36)

0.422 052 0.62¢ 0.42

450 Control +0.08 +0.01 +0.06 +0.04

0.43¢ 0.53¢ 0.64¢ 0.43¢

15 £0.07 +0.03 +0.02 +0.09

(354) (2.68) (2.88) (2.60)

0.45 0.55: 0.65¢ 0.451

30 £0.00 +001 +0.08 +0.04

(6.85) (5.93) (4.81) (6.61)

0.472 057 0.72¢ 0.46¢

60 £0.02 +0.03 +0.04 +0.03

(12.05) (10.15) (15.84) (9.45)

Values in the parenthesis indicate percent increase control
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