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ABSTRACT

Experiments were carried out on plant tissue cultures, seed germination,
seedling development and plants grown on Simulated Lunar Soil to evaluate the
potential of future development of lunar based agriculture.

The studies done to determine the effect of the placement of SLS on tissue
cultures showed no adverse effect of SLS on tissue cultures. Although statistically
insignificant, SLS in suspension showed a comparatively higher growth rate.
Observations indicate that Simulated Lunar Soil, itself cannot support calli growth but
was able to show a positive effect on growth rate of calli when supplemented with MS
salts. This positive effect related to nutritive value of the SLS was found to have
improved at high pH levels, than at the recommended low pH levels for standard
media.

Results from seed germination indicated that there is neither inhibitory, toxicity
nor stimulatory effect of SLS, even though SLS contains high amounts of aluminum
compounds compared to earth soil. Analysis of seedling development and growth data
showed a significant reduction in the growth rate indicating that, SLS was a poor
growth medium for plant life. This was confirmed by the studies done with embryos
and direct plant growth on SLS. Further observations attributed this poor quality of
SLS is due to it's lack of essential mineral elements needed for plant growth.

By changing the pH of the soil, to more basic conditions, the quality of SLS for
plant growth could be improved upto a significant level. Also, it was found that the
quality of SLS could be improved by almost twice, by external supply of major mineral
elements, directly to SLS.
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GROWTH OF PLANT TISSUE CULTURES IN SIMULATED LUNAR SOIL -
IMPLICATIONS FOR A LUNAR BASE CELSS*
(*Controlled Ecological Life Support System)

This final report is a collection of reports, papers and abstracts describing in
detail, the experiments carried out during the period of Feb. 1, 1987 to July 31, 1988
funded by the NASA Grant No: NAG-9-214 from Johnson Space Center, Houston.

In the absence of lunar regolith, simulated lunar soil (SLS) with approximate
chemical composition of the soil obtained through Apollo missions, is the best
substitute in evaluating the lunar soil for its ability to nurture and support plant life.
Initial quantities of SLS were obtained from the Dr. Don Henninger at the Johnson
Space Station in Houston and later from Dr. Paul Wieblen of University of Minnesota,
Minneapolis, Minnesota. These evaluations are of utmost importance for the success
of lunar based agriculture since future long term manned missions to other planets
and interplanetary explorations will be dependant on it for food, landscape and other
physiological aspects.

Since plant tissue cultures are very sensitive, easy to handle and replicate and
with the maximum amount of homogenity, tissue cultures of tobacco, winged bean,
soybean and carrot were used in the initial experiments conducted in gathering some
baseline data. Cultures were grown in the presence of SLS, at different positions,
concentrations and pH levels. These experiments were followed by studies on
germination of seeds of lettuce, corn, tomato, winged bean, strawberry and rice and
growth of seedlings of rice and tomato on agar supplemented with SLS. Finally
seedlings of rice and soybean were grown on SLS in a direct evaluation of SLS of its
ability to support plant life.

These experiments and observations indicate that a nutrient media ample
enough to support plant growth can be obtained by supplementing certain mineral
elements and growth substrates to SLS. Such base line information can be employed
for future development of lunar based agriculture.

All the experiments were carried out at the Plant Tissue Culture Laboratory of
the Department of Biology, University of Houston. The papers and abstrcts publlshed
and presented are attached to this report under seperate subsection.

All the studies done were scaled down due to the limited availability of SLS.
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ABSTRACT

Experiments to determine whether plant tissue cultures can be grown in
the presence of simulated lunar soil (SLS) and the effect of simulated
lunar soil on growth and morphogenesis of such cultures, germination of
seeds and development of seedlings were carried out in this laboratory.

Studies were scaled down to minimum and optimum usage of the small
amounts of SLS which was available.

Our preliminary results on seed germination and seedling growth of Rice
and calli growth of winged bean and soybean indicate that there is no
toxicity or inhibition of SLS at all, even though SLS contains high amounts
of Aluminium compounds compared to earth soil. Also SLS can be used as a
support medium with supplements of certain specific major and micro
elements.



GROWTH OF PLANT TISSUE CULTURES IN SIMULATED LUNAR SOIL -

IMPLICATIONS FOR A LUNAR BASE CONTROLLED ECOLOGICAL LIFE
SUPPORT SYSTEM.

This report will cover the period from February 1, 1987 to July 31, 1987.

1.0 INTRODUCTION

Lunar based agriculture can perform a vital role in providing
food, landscape and other physiological aspects for future manned missions
to the moon and manned interplanetary exploration. Studies on lunar
based agriculture are limited due to unavailability of lunar soil and
~ Simulated Lunar Soil (SLS) is substituted in creating the lunar environment
on earth, for such studies.

The SLS used in the experiments carried out in this laboratory
were supplied by Dr. Don Henninger of Johnson Space Center, NASA,
Houston. A total of 20 grams of highland SLS #3, which had the chemical
composition of the Highland basaltic soil (table 1) of moon were obtained.
Soil was greyish in color and had the appearence of a coarse powder.

Studies carried out to determine the effect of SLS on
germination of seeds, growth and development of seedlings and growth-

and morphogenesis of plant tissue cultures are listed below in subsequent
chapters. '

Table 1.
C ion of Highland | Itic soil.

OXIDE WEIGHT %
MgO 6.1
FeO 4.6
TiO 0.4
CrO 0.1
Al O 27.4
Ca0 15.6
Na O 0.4
KO 0.1

SiO 45.3



2.0, Seed germination in the presence of simulated lunar soil (SLS),
2.1. Rice seed germination: Variety BG379-2:

Seeds of the variety BG 379-2 obtained from Sri Lanka were
used in this experiment. Seeds were treated with 100 mg of simulated
lunar soil, sprinkled on them and the control was subjected to the similar
conditions except for the presence of the SLS (Figure 1). Each treatment
containing 20 randomly selected seeds was replicated two times.

Germination percentage of 85% was observed in both the
control and treatment. Seedling heights were measured 2 weeks into
germination (Figure 2) and are given in table 2.

Table 2.

Length of rice seedlings (in centimeters) of variety BG379-2 after 2 weeks:
CONTROL TREATMENT

Replicate 1. Replicate 2. Replicate 1 Replicate 2
2.9 . 2.6 3.6 4.5
2.7 1.6 4.0 3.3
2.0 ' 2.0 3.4 2.7
2.8 3.0 3.1 . 4.0
2.9 1.5 3.0 3.5
2.0 2.4 2.4 2.9
2.5 2.7 4.0 3.9
2.6 3.0 4.4 T 3.4
3.0 2.2 2.5 _, 3.6
3.3 2.5 3.6 4.0
2.7 2.3 3.0 3.4
2.5 1.5 4.3 3.2
1.8 2.5 2.9 3.6
0.6 1.6 3.0 2.0
2.3 2.1 1.5 1.1
3.2 2.2 2.7 0.1
2.2 2.0 0.1 0.2

Statistical analysis of varience (ANOVA) of data of table 2 is
given in APPENDIX 1. Comparison of the treatment and the control
indicated a significant increase of the seedling length of the rice seedlings
grown in the presence of SLS.
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Fig: 1. Rice seeds germinating on petri dish. T = seeds germinating in the
presence of SLS, C= control, seeds germinating with no SLS.

Fig. 2. Seedlings two weeks into germination. T = seedlings grown in the
presence of SLS, C= seedlings grown in the absence of SLS.
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The above experiment was duplicated to confirm the positive
effect of SLS on seedling growth observed in the previous study.

A germination percentage of 100% was observed during this -
experiment in both the control and the treatment.

Seedling lengths were measured 14 days into germination and
the data obtained are given in table 3.

Table 3.

Length of rice seedlings (in centimeters) of variety BG379-2 after 2 weeks:
CONTROL, TREATMENT,
Replicate 1 Replicate 2 Replicate 1 Replicate 2
4.8 3.9 3.0 4.2
3.9 3.5 3.0 4.2
3.4 2.6 3.9 3.3
3.6 3.8 2.8 4.2
3.0 3.5 2.1 3.6
2.8 3.7 2.1 3.3
3.0 3.2 3.9 ‘ 2.9
3.2 4.0 2.9 3.8
3.4 2.5 2.8 3.3
3.1 3.5 2.6 2.8
3.0 2.0 3.1 ‘ 2.8
1.5 2.1 3.1 2.5
2.5 2.1 3.2 2.3
2.9 3.0 3.0 2.4
24 2.5 * 3.1 1.0
3.1 1.9 3.1 1.8
1.1 3.2 2.5 1.1
3.2 1.0 1.6 1.6
2.6 0.1 2.5 1.1
3.9 2.5 2.0 0.2

ANOVA for the data of table 3 is given in APPENDIX 2 and no
significant effect of SLS, as observed earlier, was observed on comparison
of the treatment and the control.



2.3 Rice seed germination: Variety BG276-5:

Rice seeds of the variety BG276-5 were also germinated in the
presence of 100 mg of SLS following the same procedure as above.
Germination percentages obtained for the control and treatment, given in
table 4, indicate neither inhibition nor promotion of SLS on germination.

Table 4.

Germination percentages for seeds of rice variety BG276-3:

CONTROL TREATMENT

Replicate 1 Replicate 2 Replicate 1 Replicate 2
65 90 80 85

Again seedling lengths were measured at two weeks of age and
the data are given in table 5.

Table 5.

Length of seedlings (in centimeters) of rice variety BG276-5 at 2 weeks:
Replicate 1. Replicate 2 Replicate 1 Replicate 2
4.1 2.4 4.1 ‘ 5.4

3.7 4.5 4.4 4.5

4.7 4.5 4.6 4.6

4.4 4.2 5.0 4.1

4.1 4.9 4.7 ’ 3.9

4.2 ' 4.8 2.9 , 43

4.3 4.7 3.9 3.9

3.0 43 4.4 3.3

2.2 4.1 3.9 3.9

33 3.5 3.7 3.2

2.9 4.2 2.6 4.5

1.9 4.5 3.6 3.3

0.8 3.4 3.1 3.6

no germination 4.2 1.2 1.4

no germination 2.5 1.4 1.1

no germination 1.4 4.4 2.1

no germination 0.5 no germination 0.2

no germination 0.6 no germination no germination



ANOVA for the table 5 (APPENDIX 3) indicate no significant effect of SLS
on seedling growth compared to control,

2.4. Discussion of results:

One of the primary questions about SLS, that needs to be
answered is, whether lunar soil can be used as a support medium for plant
growth. Ideal support medium should not be toxic or inhibit seed
germination and plant growth and development.

In all of the above studies, the germination percentages of rice
seeds, both in the presence and absence of SLS were similar. This indicates
that the presence of SLS did not effect the seed germination,

ANOVA tests on seedling growth data indicated a significant
positive effect of SLS, in the first experiment but subsequent studies didnot
confirm this observation. Yet, though statistically insignificant, the mean
seedling length of rice seeds, germinated in the presence of SLS, was higher
than that of control (Figures 3, 4 & 5) in all of the above studies.

Fig:3

SEEDLING GROWTH OF VARIETY BG379-2
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3.0 Tissue culture of winged bean (Psophocarpus tetragonolobus L, DC) and
soybean (Glycine max ) in the presence of Simulated Lunar Soil (SLS),

3.1. Effect of the placement of SLSin the medium on calli growth,

The experiment was designed to observe the effect of placement
of SLS, in the medium, on winged bean and soybean callus tissue cultures.

The following three treatments and a control with no SLS, were
set-up in a 'X' petri dish (Figure 6).

(1.) Calli were placed on 100mg of SLS, layered on top of agar.

(2.) The 100mg of SLS sprinkled on top of the calli, on the agar.

(3.)The 100mg of SLS mixed to the agar medium to be 1in the

suspension. )
A agar medium supplemented with Murashige Skoog salts (MS),

1 mg/ | naphthaleneacetic acid (NAA), 2 mg/l 2,4-dichlorophenoxyacetic
acid (2,4-D) with 2.5% sugar and 3 pieces of calli, per replicate were used in
all treatments (Figures 7 & 8). Winged bean and soybean callus tissues for
the experiment were obtained from the cultures maintained in this
laboratory. Each treatment was replicated four times.

Fresh weights of the calli were obtained at the beginning of the
study, by weighing strictly under sterile conditions and the final fresh and
dry weights were measured after one month of culture. The data obtained
for winged bean and soybean are given in tables 6 & 7, respectively.

Fig. 6. X' plate used in the placement test. S = compartment with SLS in
suspension in the medium.



Table 6.

Effect of the placement of SLS on winged bean calli growth:
TREATMENT LEW.* FFW.* ED W * %DW*  GR*
MS salts only 80.5 636.08 26.906 4.23 690.16
MS +SLS layer 81.3 590.08 24.84 4.21 625.8
MS + SLS sprinkled 82.7 613.8 28.787 4.69 642.2
SLS suspension in MS 85.75 738.6 25.629 3.47 761.34

* LF.W. = Initial fresh weight, F.F.W. = Final fresh weight, FD.W. = Final dry
weight, % D.W. = percent of final dry weight/final fresh weight, GR. =
Growth rate measured as a percent of, increase of fresh weight/initial
fresh weight. All weights are given in milligrams.

Table 7.

Effect of the placement of SLS on soybean calli growth:

IREATMENT LEW* FEEW* FEDW* %DW* GR*
MS salts only 143.7 485 30.894 6.37 237.5
MS +SLS layer 125 449.6 24.098 5.36 259.68
MS +SLS sprinkled 106.7 372.7 25.269 6.78 249.29
SLS suspension in MS 126.4 454.75 21.737 4.78 259.77

* LF.W. = Initial fresh weight, FF.W. = Final fresh weight, FD.W. = Final dry
weight, % D.W. = percent of Final dry weight/final fresh weight, GR. =
Growth rate measured as a percent of, increase of fresh weight/initial
fresh weight. All weights are given in milligrams.

3.2, Discussion of results:

Statistical analysis of varience (ANOVA) for growth rate data,
obtained for winged bean is given in APPENDIX 4 and APPENDIX §
contains the ANOVA tables for soybean.

Statistical comparison of the treatments indicate no significant
effect on the growth rates of calli, between the treatments and the control,
in both winged bean and soybean.

Even though, a higher weight increase for the calli grown in the
medium with SLS in suspension, was obtained for both, soybean and
winged bean (Figures 9 & 10), dry weight data indicate that this weight
increase is more due to accumilation of water than actual growth.

This study confirms, the lack of toxicity or inhibition of SLS on
plants, observed in the germination experiment.



’

Fig. 7. Winged bean calli growing on 'X' plate in the 'Placement of SLS
study'. T1 = calli on SLS layer, T2 = SLS sprinkled on calli, T3 = calli
growing on medium with SLS in suspension, C=control

Fig, 8. Soybean calli growing on 'X' plate in the 'Placement of SLS study'. Tl
- calli on SLS layer, T2 = SLS sprinkled on calli, T3 = calli growing on
medium with SLS in suspension, C= control
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3.3, Effect of the amount of SLS on growth of calli:

As no toxicity or inhibition of calli growth by SLS, was
observed, during the previous experiments, this study was designed to
determine the effect of SLS, at much higher concentrations and as a
support medium for tissue culture.

Four levels of SLS in suspension were tested against media
with no salts, MS salts and MS salts supplemented with 0.1%
(weight/volume) SLS. The four levels were 0.1%, 0.2%, 0.4% and 0.8% on
weight/volume basis, in suspension in agar in petri dishes. (This range was
selected, as 0.1% SLS would supply the same amount of magnesium, an
essential element of plants, as does the MS salts). Each treatment was
replicated 4 times. All media were supplemented with 1 mg/l NAA and 1
mg/l 2,4-D.

Winged bean and soybean calli were grown for 1 month
(figures 11 & 12) and fresh and dry weights of callus were measured at 7
day intervals. Dry weights for calli were not measured at the beginning of
the study to avoid contamination. Fresh and dry weights obtained for
winged bean are tabulated in tables 8 & 9 respectively. Data for soybean
are given in tables 10 & 11.

WKS MSonly nosalts MSIRSLSQI%BSLS 0.2%SLS 04%SLS 0.8%SLS

0 154.3 148.1 139.1 146.6 162.1 162.8 144.5
1 158 216 256 220 161 248 201

2 248 147 286 143 160 216.5 192

3 355 216.75 348.75 210 237.5 226.25 161.5
4 535 358.25 508 249.75 222.75 239.25 209.75
Table 9.

WKS MSonly nosalts MSI%SLS0I1%SLS 02%SLS 0.4%SLS 0.8%SLS

1 8 6 16 12 10 11 9

2 18 11 29.5 17.5 14.5 19 17.5
3 27.37 15.5 35.75 17.25 19.5 18.75 15.75
4 30.75 17 43.25 25.5 19 22.5 18.75
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Fig. 11. Winged bean calli growing on MS only (T1), no salts (T2), MS +0.1%
SLS (T3), 0.1% SLS (T4), 0.2% SLS (T5), 0.4% SLS (T6) and 0.8% SLS (T7).

Fig. 12, Soybean calli growing on MS only (T1). no salts (T2), MS +0.1% SLS
(T3), 0.1% SLS (T4). 0.2% SLS (T5). 0.4% SL.S (T6) and 0.8% SLS (T7).
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Table 10.
Fresh weights of soybean calli jn milligrams;
WKS MSonly nosalts MS.1%SLS 0.1%SLS 0.2%SLS 0.4%SLS 0.8%SLS

0 219.4 224.9 222.75 227.4 224.5 233.25 223.8
1 275 315 289 307.5 274 247.5 252.3
2 634.3 312.3 585.3 362.3 281.3 309.3 263

3 468 364.7 595.3 348.3 424.7 475.3 365

4 808 352.5 468.3 375 777 387.75 480.25
Table 11.

mxw;ighgsg_fsgybgan calli in milligrams: )
WKS MSonly no salts MS.1%SLS 0.1%SLS 0.2%SLS 04%SLS 0.8%SLS
1

11.5 11.5 18 13 17 14 19.3
2 33.3 16.3 33.3 20 16 29.3 25.3
3 32.6 20.3 37.3 29 27 32.6 31.6
4 42.75 26.5 41.66 24.3 29.5 27.5 32.7

3.4, Discussion of results:

APPENDIX 6 and APPENDIX 7 contains the ANOVA tables
compiled for data on winged bean and soybean, in that order. ‘

Comparison of fresh weights, in ANOVA tables, between
treatments, illustrates a significant drop in weight of calli grown on almost
all levels of SLS, (except for 0.4% SLS level on winged bean and 0.2% SLS
level of soybean) compared to calli grown on MS salts. This indicates that
SLS, itself cannot support a culture system. Also, as no significant deviation
is found between fresh weights of calli grown on MS salts and MS+0.1%
SLS, statistically SLS behaves as a inert material,

Further, as there is no significant difference in fresh weights of
calli grown on all levels of SLS and on media without any nutrient salts,
the above observation is confirmed, for both winged bean and soybean.

Analysis of dry weights of both winged bean and soybean calli
paints a different picture, of the effect of the amount of SLS on calli
growth.

When the dry weights of calli grown on MS salts were
compared with, dry weights obtained for callj grown on SLS only media, no
significant difference could be found at the levels of 0.1% & 0.4% for
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winged bean and 0.4% & 0.8% of soybean. This indicates that the call
grown on SLS too grew, at a similar rate as the calli nurtured by standard
MS salts and that SLS was able to contribute the nutrients for calli growth.

This observation is confirmed by the significant difference of
dry weights, at these level of SLS, when compared with media without any
salts.

Further proof for the fact, that SLS contribute some nutrients
for calli growth could be obtained from the comparison of dry weights for
the calli grown on MS salts and MS + 0.1% SLS. A significant difference is
seen with winged bean and statistically insignificant but higher dry
weights are observed with soybean (figures 13 & 14).

The reason for lack of evidence for above observation, in fresh
weight data could be that, SLS do not provide all the major elements,
needed for plant growth and development. Analysis of the chemical
composition of SLS support this, as SLS lack phophorus and nitrogen, two
major elements needed by plants. Thus, the facts points that, SLS cannot
support a tissue culture system on its own, but could be used as a support
medium with supplements of certain specific major and micro elements.

Experiments to find the major and micro elements, that needs
to be supplemented will be carried out in this lab.

Fig:13. EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF WINGED BEAN
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Fig.14, EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN
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4.0. CONCLUSION:

The rice seedling germination test - initially indicated a
significant effect of SLS on the seedling length, but subsequent
experiments showed no sign of this effect. During all these studies, no sign
of inhibition or toxicity or any other adverse effect of SLS on germination
or on seedling elongation was observed.

The studies done to determine the best placement of SLS in the
culture medium showed no difference between treatments, indicating that
SLS could be placed either in contact or in suspension in the medium
without any deleterious effect.

The experiments done to determine whether simulated lunar
soil, itself could support calli growth indicated that, it could not nurture
such a system, but was able to show a positive effect on growth rate of
calli when supplemented with MS salts.

All the above studies were scaled down due to small amounts
of SLS available and no experiments have been done to observe the effect
of SLS in large quantities on seedling and calli growth. These experiments
will be done once such quantities are made available.

In conclusion, Simulated Lunar Soil can be used as s support
medium with supplements of certain specific major and micro elements.



APPENDIX 1
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR RICE SEED
GERMINATION TEST. VARIETY BG 379-2.
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EFFECT OF THE SLS ON RICE SEEDLING GROWTH - VARIETY BG379-2

One Factor ANOVA-Repeated Measures for Xq ... X2

Source: df: Sum of Squares: Mean Square: F-test: P value:
Between subjects 186 13.479 .B42 1.201 .3549
Within subjects 17 11.92 .701
treatments 1 3.305 3.305 6.137 .0248
residual 16 8.615 .538
Total 33 25.399
Reliability Estimates for-  All treatments: .168 Single Treatment: .092

One Factor ANOVA-Repeated Measures for X{ ... X2

Group: Count: Mean: Std. Dev.: Std. Error:
control 17 2.344 .451 109
treaiment 17 2.968 1.085 .263

One Factor ANOVA-Repeated Measures for Xy ... X2

Comparison: Mean Dift.: Fisher PLSD: Scheffe F-test: Dunnett t:

control vs. treatment -.624 .534° 6.137° 2.477

* Significant at 95%
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APPENDIX 2
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR RICE SEED
GERMINATION TEST. VARIETY BG 379-2.
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EFFECT OF THE SLS ON RICE SEEDLING GROWTH - VARIETY BG379-2, 2ND TEST

One Factor AN.OVA-Repeated Measures for X1 ...

X2
Source: df: Sum of Squares: Mean Square: F-test: P value:
Between subjects - 15 7.531 .502 4.478 .0025
Within subjects 16 1.794 112
treatments 1 .013 .013 111 .7434
residual 15 1.781 .119
Total 31 9.325
Reliability Estimates for-  All treatments: .777 Single Treatment: .635
One Factor ANOVA-Repeated Measures for X{ ... X2
Group: Count: Mean: Std. Dev.: Std. Error:
control i6 3.044 .837 .159
treatment i6 3.003 .463 116
One Factor ANOVA-Repeated Measures for Xy ... X2
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
control vs. treatment .041 .28 119 .334
JRIGINAL PAGE I3

OF POOR QUALITY
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APPENDIX 3
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR RICE SEED
GERMINATION TEST. VARIETY BG 276-5.
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EFFECT OF THE SLS ON RICE SEEDLING GROWTH - VARIETY BG276-5

One Factor ANOVA-Repeated Mseasures for Xy ... X2
Source: df: Sum of Squares: Mean Square: F-test: P value:
Between subjects " 17 70.005 4.118 11.291 .0001
Within subjects 18 6.565 .365
treatments 1 .49 .49 1.371 .2578
residual 17 6.075 .357
Total 35 76.57
Reliability Estimates for- Al treatments: .911 Single Treatment: .837
One Factor ANOVA-Repeated Measures for X1 ... X2
Group: Count: Mean: Std. Dev.: Std. Error:
control 18 2.967 1.496 .353
treatment 18 3.2 1.496 .353
One Factor ANOVA-Repsated Measures for Xy ... X2
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
control vs, treatment -.233 .42 1.371 1.171




26

APPENDIX 4
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR STUDY ON THE EFFECT
OF THE PLACEMENT OF SLS ON CALLI GROWTH OF WINGED BEAN.
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EFFECT OF THE PLACEMENT OF SLS ON CALLI GROWTH OF WINGED BEAN

One Factor ANOVA-Repeated Measures for Xi ... X4

Source: df: Sum of Squares: Mean Sguare: F-test: P value:
Between subjects’ 3 127815.497 42605.166 1.439 .2802
Within subjects 12 355352.205 29612.684
treatments 3 82801.337 27600.446 911 .4732
residual 9 272550.868 30283.43
Total 15 483167.702
Reliability Estimates for-  All treatments: .305 Single Treatment. .098

One Factor ANOVA-Repeated Measures for X{ ... X3

Group: Count: Mean: Std. Dev.: Std. Error:

MS ONLY 4 729.5 209.788 104.894
MS + SLS LAYER |4 613.75 117.452 58.726
MS + SLS SPRINK..{ 4 641.75 101.369 50.684
SLS IN SUSPENSI...}1 4 795.364 255.683 127.842

One Factor ANOVA-Repeated Measures for X{ ... X4

Comparison: Mean Diff.: Fisher PLSD: ___Scheffe F-test: Dunnett t:
MS ONLY vs. MS + SLSL... |115.75 278.398 .295 .941
MS ONLY vs. MS + SLS S... [87.75 278.396 A7 .73
MS ONLY vs. SLS IN SUSP...|-65.864 278.396 .096 .535
MS +SLSL...vs. MS + SL...|-28 278.396 .017 .228
MS +SLSL...vs.SLSIN ... |-181.614 278.396 .726 1.476
ORIGNEL 74T
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EFFECT OF THE PLACEMENT OF SLS ON CALLI GROWTH OF WINGED BEAN
One Factor ANOVA-Repeated Measures for X1 ... X3

Comparison:

Mean Diff.:

Fisher PLSD:

Scheffe F-test:

Dunnett t;

MS +SLSS...vs. SLSIN ...

-153.614

278.396

519

1.248
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APPENDIX 5
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR STUDY ON THE EFFECT
OF THE PLACEMENT OF SLS ON CALLI GROWTH OF SOYBEAN.
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EFFECT OF THE PLACEMENT OF SLS ON CALLI GROWTH OF SOYBEAN

One Factor ANOVA-Repeated Measures for X4

. X4
Sourcse: df: Sum of Squares: Mean Square: F-test: P value:
Between subjscts 3 24212.942 8070.981 2.167 .1449
Within subjects 12 44690.553 3724.213
treatments 3 2028.508 676.169 .143 .9318
residual 9 42662.045 4740.227
Total 15 68903.494
Reliability Estimates for- All treatments: .539 Single Treatment: .226
One Factor ANOVA-Repeated Measures for X1 ... X4
Group: Count Mean: Std. Dev.: Std. Error:
MS SALTSONLY |4 232.208 130.545 65.273
MS + SLS LAYER |4 260.49 45.265 22.633
MS + SLS SPRINK..{ 4 249.438 40.527 20.264
SLS IN SUSPENS!...| 4 258.974 39.474 19.737
One Factor ANOVA-Repeated Measures for Xy ... Xg
Comparison: Mean Diff.: Fisher PLSD: __ Scheffe F-test: Dunnett t:
MS SALTS ... vs. MS + SL...|-28.282 110.144 112 .581
MS SALTS ...v8. MS + SL...|-17.23 110.144 .042 .354
MS SALTS ...vs. SLSIN S...|-26.765 110.144 .101 .55
MS + SLSL...vs. MS + SL...|11.052 110.144 017 .227
MS+SLSL...vs.SLSIN ... |1.517 110.144 3.235E-4 .031
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EFFECT OF THE PLACEMENT OF SLS ON CALLI GROWTH OF SOYBEAN
One Factor .ANOVA-Repoatod Measures for X1 ... X3

Comparison:

Mean Diff.:

Fisher PLSD:

Schefte F-test:

Dunnett t:

MS + SLS S...vs. SLSIN ...

-9.535

110.144

.013

.196




APPENDIX 6
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR STUDY ON THE EFFECT
OF THE AMOUNT OF SLS ON CALLI GROWTH OF WINGED BEAN.
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF WINGED BEAN - FRESH WEIGHT

One Factor ANOVA-Repeated Measures for X1 ... X7

Source: df:

Sum of Squares: Msan Square: F-test: P value:
Between subjects 4 129080.239 32270.06 5.558 .0018
Within subjects 30 174190.916 5806.364
treatments 6 76192.53 12698.755 3.1 .0213
residual 24 97998.387 4083.266
Total 34 303271.156
Reliability Estimates for-  All treatments: .82 Single Treatment: .394
One Factor ANOVA-Repeated Measures for X{ ... X7
Group: Count: Mean: Std. Dev.: Std. Error:
MS ONLY 5 290.06 159.572 71.363
NO SALTS 5 217.22 86.023 38.471
MS+SLS 5 307.57 135.439 60.57
SLS0.1 5 193.87 47.137 21.08
SLS 0.2 5 188.687 38.208 17.087
One Factor ANOVA-Repeated Measures for Xg ... X7
Group: Count: Mean: Std. Dev.. Std. _Error:
SLS 0.4 5 218.56 33.419 14.945
SLS 0.8 5 181.75 27.646 12.364
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One Factor ANOVA-Repeated Measures for X1 ... X7

Comparison:

Mean Diff.: Fisher PLSD: Scheffe _F-test: Dunnett t:
MS ONLY vs. NO SALTS 72.84 83.42 .541 1.802
MS ONLY vs. MS+SLS -17.51 83.42 031 .433
MS ONLY vs. SLS0.1 96.19 83.42* 944 2.38
MS ONLY vs. SLS 0.2 101.39 83.42* 1.049 2.509
MS ONLY vs. SLS 0.4 71.5 83.42 522 1.769
* Significant at 95%
One Factor ANOVA-Repeated Measures for X1 . X7
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. SLS 0.8 108.31 83.42* 1.197 2.68
NO SALTS vs. MS+SLS -90.35 83.42* .833 2.236
NO SALTS vs. SLS0.1 23.35 83.42 .056 .578
NO SALTS vs. SLS 0.2 28.55 83.42 .083 .706
NO SALTS vs. SLS 0.4 -1.34 83.42 1.832E-4 .033
* Significant at 95%
One Factor ANOVA-Repeated Measures for X{ ... X7
Comparison: Mean Diff.: F PLSO: __Scheffe F-test: Dunnett t:-
NO SALTS vs. SLS 0.8 35.47 83.42 .128 .878
MS+SLS vs. SLSO0.1 113.7 83.42° 1.319 2.813
MS+SLS vs. SLS 0.2 118.9 83.42° 1.443 2.942
MS+SLS vs. SLS 0.4 89.01 83.42° .808 2.202
MS+SLS vs. SLS 0.8 125.82 83.42° 1.615 3.113

* Significant at 95%
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF WINGED BEAN - FRESH WEIGHT

One Factor ANOVA-Repeated Measures for X1 ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLS0.1 vs. SLS 0.2 5.2 83.42 .003 129
SLS0.1 vs. SLS 0.4 -24.69 83.42 .062 .611
SLS0.1 vs. SLS 0.8 12.12 83.42 .015 .3

SLS 0.2 vs. SLS 0.4 -29.89 83.42 .091 74

SLS 0.2 vs. SLS 0.8 6.92 83.42 .005 471

One Factor ANOVA-Repeated Measures for X1 ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett {:
SLS 0.4 vs. SLS 0.8 36.81 83.42 .138 911
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF WINGED BEAN - DRY WEIGHT

One Factor ANOVA-Repeated Measures for Xi ... X7

Source: df: Sum of Squares: Mean Square: F-test: P value:
Between subjects’ 3 849.355 283.118 6.156 .003
Within subjects 24 1103.686 45.987
treatments 6 886.311 147.719 12.232 .0001
residual 18 217.375 12.076
Total 27 1953.041
Reliability Estimates for- All treatments: .838 Single Treatment: .424

One Factor ANOVA-Repeated Measures for X1 ... X7

Group: Count: Mean: Std. Dev.: Std. Error:
MS ONLY 4 21.03 10.225 5.112
NO SALTS 4 12.375 4.956 2.478
MS+SLS 4 31.125 11.544 5.772
SLSO0.1 4 18.062 5.569 2.785
SLs0.2 4 16.75 4.444 2.222

One Factor ANOVA-Rspeated Measures for X1 ... X7

Group: Count: Mean: Std. Dev.: Std. Error:
SLS0.4 4 17.812 4.854 2.427

SLS0.8 4 15.25 4.345 2.172
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EFFECT OF THE AMOUNT OF SL:S ON CALLI GROWTH OF WINGED BEAN - DRY WEIGHT

One Factor ANOVA-Repeated Measures for X{ ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. NO SALTS 8.655 5.163* 2.068 3.522
MS ONLY vs. MS+SLS -10.095 5.163* 2.813* 4.108
MS ONLY vs. SLSO0.1 2.968 5.163 .243 1.208
MS ONLY vs. SLS0.2 5.28 5.163* 77 2.149
MS ONLY vs. SLS0.4 3.218 5.163 .286 1.309

* Significant at 95%

One Factor ANOVA-Repeated Measures for X ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. SLS0.8 5.78 5.163°* .922 2.352
NO SALTS vs. MS+SLS -18.75 5.163"* 9.704"* 7.63
NO SALTS vs. SLSO0.1 -5.688 5.163" .893 2.315
NO SALTS vs. SLS0.2 -3.375 5.163 .314 1.373
NO SALTS vs. 51.80.4 -5.438 5.163"* .816 2.213

* Significant at 95%

One Factor ANOVA-Repeated Measures for X4y ... X7

Comparison: Mean Diff.: Fisher PLSD: __Scheffe F-test: Dunnett t:
NO SALTS vs. SLS0.8 -2.875 5.163 228 1.17
MS+SLS vs. SLS0.1 13.062 5.163° 4.71° 5.316
MS+SLS vs. SLS0.2 15.375 5.163° 6.525° 6.257
MS+SLS vs. SLS0.4 13.312 5.163° 4.892° 5.418
MS+SLS vs. SLS0.8 15.875 5.163° 6.956" 6.46

* Significant at 95%
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One Factor ANOVA-Repeated Measures tor X{ ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheftfe F-test: Dunnett t:
SLS0.1 vs. §LS0.2 2.312 5.163 .148 .941
SLS0.1 vs. SLS0.4 .25 5.163 .002 .102
SLS0.1 vs. SLS0.8 2.812 5.163 218 1.145
SLS0.2 vs. SLS0.4 -2.062 5.163 117 .839
SLS0.2 vs. SLS0.8 .5 5.163 .007 .203
One Factor ANOVA-Repeated Measures for Xq{ ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLS0.4 vs. SLS0.8 2.562 5.163 181 1.043
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APPENDIX 7
ANALYSIS OF VARIENCE FOR DATA OBTAINED FOR STUDY ON THE EFFECT
OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN.
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN - FRESH WEIGHT

One Factor ANOVA-Repeated Measures for X4 ... X7

Source: df: Sum of Squares: Mean Square: F-test: P valus:
Between subjects” 4 396469.299 99117.325 7.27 .0003
Within subjects 30 409034.11 13634.47
treatments 6 132455.7 22075.95 1.816 .1193
residual 24 276578.41 11524 .1
Total 34 805503.409
Reliability Estimates for- All treatments: .862 Single Treatment: .472

One Factor ANOVA-Repeated Measures for X1 ... X7

Group: Count: Mean: Std. Dev.: Std. Error:
MS ONLY 5 480.94 245.698 109.879
NO SALTS 5 313.88 54.762 24 .49
MS+SLS 5 432.13 170.088 76.068
SLSO0.1 5 324.1 59.712 26.704
SLS0.2 5 396.4 225.731 100.95

One Factor ANOVA-Repeated Measures for Xq ... X7

Group: Count: Mean: Std. Dev.: Std. Error:
SLS0.4 5 330.62 101.292 45.299

SLS0.8 5 316.87 105.762 47.298
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN - FRESH WEIGHT

One Factor ANOVA-Repeated Measures for Xy .

. X7
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. NO SALTS 167.06 140.142° 1.009 2.461
MS ONLY vs. MS+SLS 48.81 140.142 .086 719
MS ONLY vs. SLS0.1 156.84 140.142* .889 2.31
MS ONLY vs. SL.S0.2 84.54 140.142 .258 1.245
MS ONLY vs, SLS0.4 150.32 140.142" .817 2.214
* Significant at 95%
One Factor ANOVA-Repeated Measures for X1 ... X7
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. SLS0.8 164.07 140.142° .973 2.417
NO SALTS vs. MS+SLS -118.25 140.142 .506 1.742
NO SALTS vs. SLSO0.1 -10.22 140.142 .004 .151
NO SALTS vs. SLS0.2 -82.52 140.142 .246 1.215
NO SALTS vs. SLS0.4 -16.74 140,142 .01 247

* Significant at 95%

One Factor ANOVA-Repeated Measures for X1y ... X7

Comparison:

Mean Diff.: Fisher PLSD: heffe F-test: Dunnett t: ,
NO SALTS vs. SLS0.8 -2.99 140.142 3.232E-4 .044
MS+SLS vs. SLSO0.1 108.03 140.142 422 1.591
MS+SLS vs. SLS0.2 35.73 140.142 .046 .526
MS+SLS vs. SLS0.4 101.51 140.142 .373 1.495
MS+SLS vs. SLS0.8 115.26 140.142 .48 1.698
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN - FRESH WEIGHT

One Factor ANOVA-Repeated Measures for X{ ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLS0.1 vs. SLS0.2 -72.3 140.142 .189 1.065
SLSO0.1 vs. SLS0.4 -6.52 140.142 .002 .096
SLS0.1 vs. SLS0.8 7.23 140.142 .002 .106
SLS0.2 vs. SLS0.4 65.78 140.142 .156 .969
SLS0.2 vs. SLS0.8 79.53 140.142 .229 1.171

One Factor ANOVA-Repeated Measures ftor X4 ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLS0.4 vs. SLS0.8 13.75 140.142 .007 .203
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EFFECT OF THE AMOUNT OF SLS ON CALL! GROWTH OF SOYBEAN - DRY WEIGHT

One Factor A.NOVA-Hepeated Measures tor X1 ... X7

Source: df: Sum of Squares: Mean Square: F-test: P value;
Between subjects- 3 1243.801 414.6 11.088 .0001
Within subjects 24 897.435 37.393
treatments 6 582.928 97.155 5.56 .0021
residual 18 314,507 17.473
Total 27 2141.235
- Reliability Estimates for- Al treatments: .91 Single Treatment!: .59

One Factor ANOVA-Repeated Measures for Xq .o X7

- Group: Count: Mean: Std. Dev.: Std. Error:
MS ONLY 4 30.038 13.197 6.598

—_ NO SALTS 4 18.65 6.351 3.175
MS+SLS 4 32.565 10.293 5.148

- SLS0.1 4 21.575 6.796 3.398
SLSs0.2 4 22.375 6.872 3.436

- One Factor ANOVA-Repeated Measurss for Xy ... X7

Group: Count: Mean: Std. Dev.: Std. _Error:
- SLS0.4 4 25.85 8.177 4.089

SLSs0.8 4 27.238 6.223 3.111
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One Factor ANOVA-Repeated Measures for X4 ... X7

Comparison:

Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. NO SALTS 11.387 6.21* 2.474 3.853
MS ONLY vs. MS+SLS -2.527 6.21 122 .855
MS ONLY vs. SLS0.1 8.462 6.21* 1.366 2.863
MS ONLY vs. SLS0.2 7.663 6.21" 1.12 2.592
MS ONLY vs. SLS0.4 4.187 6.21 .335 1.417
* Significant at 95%
One Factor ANOVA-Repeated Measures for X1 ... X7
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
MS ONLY vs. SLS0.8 2.8 6.21 .15 .947
NO SALTS vs. MS+SLS -13.915 6.21° 3.694° 4.708
NO SALTS vs. SLS0.1 -2.925 6.21 .163 .99
NO SALTS vs. SLS0.2 -3.725 6.21 .265 1.26
NO SALTS vs. SLS0.4 -7.2 6.21* .989 2.436
* Significant at 95%
One Factor ANOVA-Repeated Measures for X4 ... X7
Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
NO SALTS vs. SLS0.8 -8.587 6.21° 1.407 2.905
MS+SLS vs. SLS0.1 10.99 6.21* 2.304 3.718
MS+SLS vs. SLS0.2 10.19 6.21* 1.981 3.448
MS+SLS vs. SLS0.4 6.715 6.21* .86 2.272
MS+SLS vs. SLS0.8 5.327 6.21 .541 1.802

* Significant al 95%
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EFFECT OF THE AMOUNT OF SLS ON CALLI GROWTH OF SOYBEAN - DRY WEIGHT

One Factor ANOVA-Repeated Measures for X{ ... X7

Comparison:

Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLSO0.1 vs. SLSO.2 -.8 6.21 012 271
SLS0.1 vs. SLS0.4 -4.275 6.21 .349 1.446
SLS0.1 vs. SLS0.8 -5.663 6.21 .612 1.916
SLS0.2 vs. SLS0.4 -3.475 6.21 .23 1.176
SLS0.2 vs. SLS0.8 -4.863 6.21 .451 1.645

One Factor ANOVA-Repeated Measures for Xq1 ... X7

Comparison: Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t:
SLS0.4 vs. SLS0.8 -1.387 6.21 .037 .469
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ABSTRACT

Studies on seed germination, seedling development, embryo culture and
direct growth of plants on simulated lunar soil-SLS were carried out, to
determine the suitability of SLS to support and nourish plant life. ,
Results from seed germination indicated that there is neither inhibitory,
toxicity nor stimulatory effect of SLS. But when seedling development and
growth data were analysed, a significant reduction in the growth rate was
observed indicating that, SLS to be a poor growth medium for plant life.
This was confirmed by the studies done with embryos and direct plant
growth on SLS. Further observations provided evidence to the fact that
this poor quality of SLS is due to it's lack of essential mineral elements
needed for plant growth. By changing the pH of the soil, to more basic
conditions, the quality of SLS for plant growth could be improved upto a
significant level. Also, it was found that the quality of SLS could be

improved by almost twice, by external supply of major mineral elements,
directly to SLS.
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SECOND SEMI ANNUAL REPORT ON NASA PROJECT

This reports cover the period from August 1, 1987 to 31 December, 1988
and experiments on seed germination, seedling development, embryo
culture, effect of pH of the media supplemented with Simulated Lunar Soil
- SLS on calli growth, and growth and development of soybean and rice
directly on SLS were carried out during this period.

1. SEED GERMINATION EXERCISE:

This exercise was conducted to evaluate the effect of SLS towards seed
germination and growth of plants. Seeds of Tomato, lettuce, corn, rice, .
strawberry and winged bean were first surfaced sterilised and then were
transferred to a sterile 0.8% agar medium supplimented with 4 grams/liter
of SLS and 2 mg/liter of Gibberalic Acid. The germination data were
compared with a control of agar medium supplimented with Murashige
Skoog - MS salts(widely used tissue culture salts). The experiment was
done with two replicates with number of seeds depending on the size of
the seed. The data for Seed germination are given in table 1 and figure 1.

TABLE 1.

GERMINATION PERCENTAGES OF SEEDS ON AGAR SUPPLEMENTED WITH
SLS.

variety number of seeds Mean Germination % after

per replicate 2 weeks

in SLS ' in QONTROL

lettuce 25 99 99
Tomato 15 08 99
Corn 04 100 . 100
Rice 06 100 100
Strawberry 30 0 ' 0
winged bean 04 87.5 75

Except for tomato, we were unable to continue this experiment for another
two weeks, to evaluate the ability of SLS to support growth of seedlings in
Rice and lettuce, due to heavy contamination brought out by seeds in the
control medium. The contaminations in the SLS media were less severe and
their growth and multiplication were observed to be very slow. No effort
was made to evaluate the growth response, from germination upto two
weeks, for lettuce, tomato and rice and of corn and winged bean, during
the whole exercise, due to supply of nutrients by endosperm/cotyledons,
for growth during the period of experiment.
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FIGURE 1.

GERMINATION OF SEEDS ON AGAR MEDIA SUPPLEMENTED WITH SLS AND
MS.
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Heights of tomato seedlings (only the stem upto apex) grown on agar
media supplemented with SLS were measured after 3 weeks and 4 weeks
in culture. These observations were compared with a control of seedlings

grown on MS salts and the data are given in table 2 and illustrated in
figure 2.

TABLE 2.
MEAN HEIGHT OF TOMATO SEEDLINGS GROWN ON AGAR MEDIA
SUPPLEMETED WITH SLS AND MS, ’
AGE MEAN HEIGHT IN c.m.
IN SLS IN MS
3 weeks 2.56 +0.33 3.16 +0.15
4 weeks 2.82 +0.22 4.12 +£0.132

1.1 DISCUSSION OF RESULTS:

Germination percentages of the seeds of the above crop species do not
show any significant deviation from the control. This indicates that SLS
significantly neither inhibits nor stimulate germination.

The observation of contamination in SLS culture medium to lesser extent
could be due to many reasons, Viz.



FIGURE 2.

TOMATO SEEDLING GROWTH ON AGAR MEDIA SUPPLEMENTED WITH SLS
COMPARED TQ SEEDLING GROWTH ON MS

TOMATO SEEDLING GROWTH

4.5

E s HEIGHT AT 3RD WEEK

7] -9 7

> 3.0

- 2.5 2 ... [J HEIGHT AT 4TH WEEK

= 2.0

S 1.5 3

e 1.0

T 057 .
0.0 o

SLS ONLY MS ONLY
GROWTH MEDIA SUPPLEMENT

1. An inhibitory or toxic effect of SLS on microorganisms. This
feature of lunar soil has been reported earlier.

2. Lack of nutrients or essential elements in SLS.
A study conducted later to evaluate the toxicity of SLS on Pseudomonas
spp. provided no indication of this fact on that organjsm.
Growth response of tomato seedlings indicate a significant reduction in the
seedlings grown in the SLS medium. This reduction in growth could be
related to lack of essential elements in sufficient quantities for plant
growth in SLS. '

2. EMBRYO CULTURE IN THE PRESENCE OF SLS:

As it was observed that there is no toxcity or inhibition by SLS on seed
germination, this experiment was carried out to evaluate the effect of SLS
on embryo growth and development.

Application of biotechnology under lunar environment depends greatly on
the ability of SLS to provide the necessary growth conditions for culture of
embryos as one of the major pathways for plant propagation in tissue
culture is through embryogenesis.

Therefore it is important to look into the effect of SLS on embryo growth
and development. Excised embryos (Isolated embryo will not be able to
obtain nutrients from the cotyledons, but only from the culture medium)



of soybean were grown in an agar medium supplemented only with SLS
(0.4% level) and the data obtained during the two week period for 14
embryos are presented in table 3 and figure 3.

TABLE 3.
AﬂAﬁEEMB&Y_QLEMLEmIAENAIMQMI_E&NT VALS
1/14 1/16 1/18 1/20 1/22 1/24 1/26 4

1.1940.12 3.32+0.67 577+1.08 6.06+1.05 6.25+ 00 7.13+0.96 7.46+1.44

FIGURE 3.
SOYBEAN EMBRYO GROWTH AND DEVELOPMENT ON SLS -
SOYBEAN EMBRYO CULTURE IN SLS
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2.1 DISCUSSION OF RESULTS.

Embryo growth during the first 6 days was rapid as expected and after that
it went down at a considerable rate. By the 12th day the embryos showed
signs of deficiency and stunted growth and more than 50% of the embryos
were dead by the 16 th day. None of the embryos survived after 20th day
and we were unable to transfer them to SLS for further growth. This
observation could be due to the fact that SLS lacked certain essential mineral
elements in sufficient quantities to support the growth of embryos.

This experiment was a preliminary study and the embryo growth was not
compared with a control to determine exactly when the effect of SLS become
evident and now a detail study is underway to find the solution to it.



3. EFFECT OF pH OF THE MEDIA SUPPLEMENTED WITH SLS ON THE CALLUS
GROWTH,

One of the major factors influencing the availability of mineral elements in
soil for plant growth and development is the pH. Major plant nutrients such
as Nitrogen, Potassium, Phosphorus and calcium are available to plants only
at higher pH conditions while metals such as Aluminium and Iron become
soluble and available to plants in acidic conditions. '
SLS is abundent with Aluminium and is deficient with Potassium, Nitrogeh
and Phosphorus and when the pH of SLS becomes acidic more Aluminium
will be available (Al will be toxic to plants after a critical level in soil) than
the plant needs and the much needed major mineral elements will be
further precipitated thus depriving the plant. Therefore raising the pH of
SLS could be thought to avoid Aluminium toxicity and make available what
ever the small quantities of major elements in SLS to plants. :
Therefore this study was done to find whether there is any effect of pH in
improving the condition of SLS suitable for plant growth and development.
Agar medium supplemented with 0.4% SLS with pH corrected to 5.5, 7.0, 8.5
and 10 was used in this study. The medium was poured to petri dishes and 4
pieces of winged bean calli were inoculated on each plate. Growth
measurements (final wt-initial wt/initial wt) were taken at intervals of 1
week for 4 weeks and they were compared with a control having pH
adjusted to 5.5 and supplemented with MS salts. These data were compared
with another set of media supplemented with MS and pH corrected to the
above range to find whether there is shift in optimum pH between MS and
SLS.

Data are given in tables 4 and 5. The interpretation of data is given in
figures 4 and 5.

TABLE 4.

GRQ![IHRAIEDATAE)BMEDBEANCALHGRQMIHAGARMEDIA
WMMMEM&L

Age WKS CONTROL  pH3S pH1 pH 8.5 pH 10
2 0.192 0.011 0.024 0.163 0.303
3 0.242 0.019 0.032 0.267 0.232
4 0.411 0.008 0.057 0.162 0.19

5 0.319 0.005 0.059 0.199 0.209



TABLE 5.

GROWTH RATE DATA EFOR WINGED BEAN CALLI GROWN ON MS MEDIA
CORRECTED TO DIFFERENT pHs,

AGE WKS pH 2.5 pH 4.0 pH 5.5 pH 7.0 pH 8.5
1 -0.11 -0.11 0.26 0.29 0.24
2 -0.13 -0.07 0.34 0.39 0.27 *
3 -0.11 -0.11 0.73 0.70 0.39

4 -0.12 -0.07 2.41 3.55 0.41
FIGURE 4.

GROWTH QF CALLI IN MEDIA WITH DIFFERENT pHs SUPPLEMENTED WITH
SLS ‘

pH vs calli growth in SLS
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3.1 DISCUSSION OF RESULTS.

The recommended pH range for normal culture media using MS salts is 5.2
to 6.0 and this is based on the pH requirement to make all the minerals in
the media available to plants. This is confirmed by the data obtained and as
seen in figure 5. In the figure 5 the optimum pH range from 55to 7 and a
decrease in the growth rate is seen when the pH is increased to 8.5. When
the data for SLS is considered it shows that the optimum pH range from 8.5
to 10 than the neutral pH which shows a decrease in the growth rate.
Eventhough this pH range is not as good as the control which is a culture



medium supplemented with MS salts with pH adjusted to 5.5, this 1s an
improvement in the ability of SLS to support plant growth. This shows that
SLS could be a better culture medium at basic conditions than the acidic
conditions that promote availability of toxic heavy metals to plants.

FIGURE 3.
GROWTH OF CALLI VS pH IN MEDIA SUPPLEMENTED WITH MS SALTS.

pH vs calli growth in MS salts
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4. GROWTH OF PLANTS DIRECTLY ON SLS.

The ultimate aim of this project is to grow plants sucessfully on SLS and the
most direct method to study, is to grow them on SLS alone. The knowledge
obtained from the previous studies indicated many facts.

1. SLS do not show any toxic or inhibitory effectson seed germination,
seedling growth and development and plant growth.

2. SLS can be used as a source to support plant life but does not supply all
the nutrients needed by plants for vigorous growth and development.
Armed with these facts, this study was designed to find the ability of SLS to
support seed germination, seedling growth and development.

Seeds of soybean and rice were grown in 4 inch pots with

1. SLS alone with only double distilled water provided as supply of water.

2. SLS supplemented with external Nitrogen (as NH4NO3) and potassium and
Phosphorus (as KH2PO4) sources at recommended levels (ratios used in
Hoagland solution).

Plant height, number of leaves, color of leaves and other characteristics were



noted every week and are still being analysed. At 4 weeks of age rice
seedlings grown only with water externally supplied showed signs of
chlorosis compared to plants grown with external supply of N, P and K and
soybean plants didnot show any visual symptoms as such.

As the chlorophyll content is directly related to photosynthetic ability of
plants and also relate to the mineral nutrition of soil, the chlorophyll was
extracted with ethnaol from the plants and their absorbance was measured.
The data for the absorbance are given in table 6. The illustration of data ih
bar graph is given in figures 6 and 7.

TABLE. 6

ABSORBANCE DATA FOR CHLOROPHYLL EXTRACTED FROM RICE AND
SOYBEAN PLANTS GROWN WITH WATER AND WATER + N, P. AND K, -

RAN WYY SURAMIERE W Lo g e e e

WAVE RICE PLANTS GROWN WITH  SOYBEAN PLANTS GROWN WITH

LENGTH nm WATER WATER+N,P,K WATER WATER+N,P.K
430 0.9 2 1.8 3

550 0.135 0.21 0.23 0.42

670 0.42 0.85 0.9 1.28

FIGURE 6.

CHLOROPHYLI, QONTENT OF RICE PLANTS GROWN DIRECTLY ON SLS
SUPPLIED EXTERNALLY ONLY WITH WATER AND WATER :+ N, P. AND K.
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FIGURE 7.
CHLOROPHYLL, CONTENT OF SOYBEAN PLANTS GROWN DIRECTLY ON SLS

SUPPLIED EXTERNALLY ONLY WITH WATER AND WATER + N, P, AND K.
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4.1 DISCUSSION OF RESULTS:

Statistical analysis of the above data show that the treatment of SLS with N, -
P, and K externally increased the chlorophyll content of both rice and
soybean plants by as much as twice compared to plants grown in SLS alone.
This observation support the fact that the SLS lack certain mineral elements
needed for plant growth and development and that this could be corrected
with external supply of nutritions.



