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A study on the effect of Indole acetic acid, a growth hormone,
on the growth of crop plants, rice (Oryza sativa L) and wheat
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Abstract

A higher food demand, caused by the increased population, sets demands on the food
production. However the lower-than-expected yields caused by climate changes have
increased food prices. Research has been conducted to enable larger yields of food in

order to feed the ever-growing population. Plant hormones have been used in

agriculture and in horticulture for a longer time and research is being done in order to

enlarge the field of plant hormones. This investigation is an attempt to do some further
research in this area, by looking at ‘How will different concentrations of Indole \'3\1[3"-
actetic acid affect the growth of crop plants, rice (Oryza sativa L.) and Wheat

(Triticum species)”.

Rice (Oryza sativa) and Wheat (Triticum species) were grown and treated with different
concentrations of Indole actic acid (IAA). 100 seeds of both species were first soak;and \
then planted into pots (5 plants per pot) containing compost. The 20 pots were then Vel
divided into four groups (1ppm, 10-? ppm, 10-* ppm and control group). The four
groups indicated the concentration of IAA the plants were receiving. The control group
received no treatment of IAA. The plants were sprayed with IAA every other week. The

height, number of leaves and the flowering rate of the plants was then measured for 8

weeks. After 8 weeks the fresh and dry weight of the plants was taken.

The results of the present investigation indicated that a higher concentration of IAA
increased the flowering rate and yield of wheat. For rice a higher concentration of I1AA

decreased the growth and a relatively low concentration of IAA stimulated rice growth.
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Chapter 1

Introduction

United Nations has reported that our world is facing dangerously low food production
and high prices, which can lead to a feared food crisis. There is a rising demand for
food and because of the lower-than- expected yields, stocks of some grains have fallen
sharply and hence increased the food prices, almost to that level seen in 2007- 2008,
when a food crisis struck the world (Rudolf, 2010). An estimated cause for the low
production in the wheat-producing countries is due to changes in the climate, like the
Russian heat wave and the floods in Pakistan. Rice and wheat being the “two most
important agricultural commodities for global food security” (Blas, 2011), and changes
in production and hence in the price will have a big impact on the global food security.
The price of rice is relatively stable compared to wheat. It is also feared that the prices
will keep on rising due to climate changes, causing low harvest (Blas, 2011) and an
estimated production of wheat would have to increase by 3.5 percent, in order to avoid

further increase in price. (Rudolf, 2010)

“Plant hormones have long been used in horticulture application for plant propagation
and fruiting control, as well as in agriculture for weed and fungus control. Researchers
are now looking at plant hormones to provide the next advances in improved crop
growth and yield” (Hager, 2008). If improved crop growth and yield would succeed
then the food crisis would slow down, and it would prevent it from occurring again, at
least in a significant manner. Therefore this investigation will look at ‘How will
different concentrations of Indole actetic acid affect the growth of crop plants,

rice (Oryza sativa L.) and Wheat (Triticum species)? “.

b
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Plant hormones are naturally produced in plants to regulate growth and

adaptation to changes in the environment. There are different types of plant hormones

such as auxins, abscisic acids, cytokinins and gibberellins, and they take part in various

functions of the plant.

Table 1 showing the functions of various plant hormones

Plant Hormone

Example

Functions

Auxin

Indole acetic acid
(TAA)

Cell division

In seedless fruits: regulate the development of
the fruit.

Delaying fruit drop

Promote root growth

Control weed. (Schmitz, 2001)

Abscisic acid

Referred to as
ABA

Stimulates the stomata to close

Gives rise to seeds to synthesis storage protein
and gene transcription

Restrain the shoot growth

(Plant-hormones.info, 2011)

Cytokinin Zeatin e Stimulate cell division, leaf enlargement, and
growth of lateral buds.
e Insome species: may support the opening of
stomata. (Plant-hormones.info, 2011)
Gibberellins GA3 e Stimulates stem elongation, flowering in long

day plants and enzymes production
Can cause seedless fruits to develop and delay

the deterioration of leaves in citrus fruits.
(Plant-hormones.info, 2011)

Research has currently been done mostly on crop plants such as wheat, corn and

soybeans as in various types of hormones. Furthermore there could be conflicts within

N~

people wanting to eat modified plants. However the advantages of using hormones that

already exist in the plant is that no new foreign genes need to be introduced into the

plant, but only manipulation of the already existing ones (Hager, 2008).




Studies have been conducted in order to gain more information about the different
plant hormones. Pavlista (2008) used gibberellins in order to see if the early growth of
winter wheat could be improved with the help of plant hormones. He applied small
amounts of gibberellins, GA3, to wheat seeds, and found that the treated seeds grew
taller and faster. Since the earlier 1900t century plant physiologist have found that
auxins , IAA, could be used to modify flowering and growth in crop plants. “Thimann
and Lane (1938) obtained better vegetative growth accompanied by slight hastening of
flowering with IAA on oat and wheat”. In 1949 Thimann and Leopod found that “both
flowering and growth being promoted by relatively low concentrations and inhibited
by higher concentrations of auxins”. H'\léeéy and Greogyr (1954) observed the effect of
auxin, NAA, and found an increased HUI;;’I\[—JéI‘ on flower primordial in Winter barley but
found no effect on Petkus rye. In 1955 Bhardwaj and Rao used IAA and NAA on wheat
and observed a higher vegetative growth and grain yield with IAA and lower with NAA.
Only a small number of studies have been done on the effect of plant hormones in
rice.(Mitra & Gupta, 1945) However the Agronomy department at Yangzhou in China
demonstrated that negative phototropism of rice roots were results of an unequal
lateral distribution of IAA in root tips (Yi-wei et g!., 2004). Based on these earlier done
studies it can be believed that the effect of IAA on crop plants wheat and rice can be
tested, using different concentrations of IAA. Therefore a hypothesis can be proposed
based on the earlier findings by other scientist as discussed, that a higher vegetative )
growth and grain yield would be produced by lower concentration of auxins. With the
help of this experiment, and its findings it could in a small way provide some useful
information that then could be used for future research in enhancing growth of crop

/

plants.
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Chapter 2

Materials and Methods

Materials used:

1) Rice (Oryza sativa L.)- the seeds were obtained from India and supplied by
the supervisor.

2) Wheat (Triticum species)- the seeds were obtained from India and supplied
by the supervisor.

3) The hormone Indole acetic acid was bought from Sigma-Aldrich, Siﬁgapore.
It was used in three different concentrations 1 ppm, 10-? ppm and 10-* ppm
(parts per million).

4) Compost soil and flowerpots (12 dm?3) were brought from a florist in
Singapore.

5) Other materials used, were those that are found in a normal biology lab.
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Method:

1) Bags of compost were purchased from the nursery and measured amounts (8 dm3)

were placed in pots.

2) Seeds of Rice and wheat were soaked in water before planting, and kept indoors in

classroom conditions.

Figure 1. Figure 2.
Seeds of rice Seedlings of
atan early wheat ready
stage of to be
soaking, planted.

3) After 1-1 % weeks a total number of 100 seeds, respectively, were planted in the
pots containing compost. 100 seedlings of rice were placed in 20 pots, five plants in
each pot, and a similar number of wheat seeds were placed in an additional 20 pots.
The pots were kept outdoors, at a balcony, in order for the plants to receive natural

sunlight and rain. Hence the plants were also exposed to tropical winds.

4) The 40 pots of both rice and wheat, were then divided into four groups, each

containing 5 pots. Each group of pots was then labeled with the concentration of IAA

that the seedlings were sprayed with. One group of pots made up the control group.

10



Figure 4.

Figure 3. Growth of

Alabeled £ wheat after a

wheat pot few days,
and rice at
an early
stage

5) When the seedlings were two or three leaves then the seedlings were sprayed with

the concentration of [AA.

6) The plants received IAA treatment every two weeks, during the 8 weeks that the

plants were grown.

7) Measurements of the height, using a ruler (* 0.01cm) of the plants and the number

of leaves was taken once a week.

8) At the end of 8 weeks the wheat stem were separated from the wheat head. The
plants were uprooted, the soil washed away from the roots and then the fresh weight
was taken, using a electrical balance (+0.01g). The rice plants were also treated in a
similar manner. The plants were appropriately labeled, wrapped in aluminum foil and
put in the oven at 50°C (+0.2°C) for a week or until a constant weight was reached. The

' dry weights of the plants were taken.

11



Figure 5.

The wheat being

packed inside the
aluminum foil, in
order to be put in
the oven.

The average measurement for each treatment is provided in the next chapter and the

raw data is provided in the appendix A.

12



Chapter 3

Results
The results of the investigation are given below.

HEIGT OF WHEAT AFTER TREATMENT WITH IAA

Table 2 showing average height, in wheat, treated with different
concentrations of IAA

Average height of | Week 1 | Week 2 | Week 3 | Week 4 | Week 5 | Week 6 | Week 7 | Week 8
wheat plants, per
week (£0.01¢m),
and standard  /
deviation ¥
1 ppm 28.2 30.3 36.5 41.1 46.1 46.3 46.7 44 .8
+4.26 +3.82 +7.94 +8.70 £ 7.26 +7.32 +7.35 +7.42
107 ppm 27.3 29.6 31.8 37.9 43.0 433 422 431
+5.85 +4.96 +6.20 +6.64 +9.20 +8.72 +10.89 +8.55
10° ppm 285 30.0 34.8 38.7 445 46.1 44.4 447
+4.96 +6.30 +4.16 +8.73 +8.13 +7.44 +8.97 +8.72
Conirol 28.0 293 347 394 450 44.4 459 445
+5.73 +6.68 +5.82 +7.92 +7.44 +7.34 +6.88 +7.07
Figure 6.
Graph showing the average height, of wheat, treated with
different concentrations of IAA
50 -
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From the above graph, it is possible to see the growth rate of wheat. A general growth

curve can be identified for all the wheat regardless of treatment. There is a constant

growth, between weeks 1-8.

Figure 7.

Graph showing the average height and standard
deviation, of wheat treated with 1ppm

E48"
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0 1 2 3 4 5 6 7 8 9
Time (weeks)

The results indicate that IAA did not have any significant effect on the height of plants. ~

Wheat treated with 1ppm of IAA grew the tallest up to week 5 with and average of 57.6
cm but this growth could not be maintained due to heavy tropical rains flooding the
pots and seriously affecting the growth of seedlings of all treatments. By the time of
harvest of the wheat in the 8t week, the height of plants ranged from 43.1 cm to 44.8
cm for all treatments indicating that 1AA did not have any significant effect on the

height of wheat. Above graphs (Figure 7) supports this claims. /
v
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NUMBER OF LEAVES

Table 3 showing the average number of leaves, for wheat, treated with

different concentrations of IAA

Average number | Week1 | Week 2 | Week 3 | Week 4 | Week 5 | Week 6 | Week 7 | Week 8
of leaves, for
wheat plants, per
week (£0.01cm),
and standard
deviation
1 ppm 4.83 8.0 10.6 10.61 10.6 10.2 9.18 8.66
+1.10 +2.86 £3.91 +4.32 +4.35 +4.04 +4.20 +3.90
107 ppm 4.74 6.76 8.67 8.24 7.94 7.77 7.40 7.06
+1.04 +2.31 +2.48 +1.79 +2.80 +2.92 +2.40 +2.41
10” ppm 532 8.34 10.8 10.87 10.7 10.3 9.87 8.16
+1.47 +2.74 +3.96 +4.51 +4.55 +5.15 +5.96 +5.46
Control 4.97 7.37 9.1+ 8.87 8.6+ 8.07 7.03 6.63
+1.20 +2.31 2.25 +2.20 2.81 +2.54 +2.01 +1.63
Figure 8.
Graph showing the average number of leaves, for wheat,
treated with different concentrations of IAA
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Hormone treatment did not significantly affect the number of leaves produced by
wheat seedlings. For the first 3 weeks, seedling in all treatments produced about 7-10
leaves and at the time of harvest, the number of leaves still remained almost the same,
once again indicating that IAA does not have any effect on the number of leaves

produced by wheat plants.

16



FLOWERING

Table 4 showing the total number of wheat heads, for wheat treated
with different concentrations of IAA.

Total Week 1 | Week 2 | Week 3 | Week 4 | Week 5 | Week 6 | Week 7 | Week 8
number of
wheat heads,
per week
1 ppm 0 0 0 10 24 34 35 33
107 ppm 0 0 0 3 20 28 27 30
10 ppm 0 0 0 2 20 20 23 26
Figure 9.
Graph showing the flowering rate of wheat, treated with
different concentrations of IAA
36

2 24 .
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The flowering of the wheat was monitored closely and there were signs that the

different concentrations of 1AA, slightly affected flowering. Table 4 shows that wheat

treated with 1ppm of IAA flowered earliest with 10 flowering heads while plants

treated with more dilute solutions had only 2 or 3 flowering heads produced.

4

Surprisingly the control group plants had 8 flowering heads. At the time of harvest the

flowering heads ranged from 33 heads in plants treated with 1 ppm to 26 heads in

17




those treated with 10 -* ppm. It is possible that heavy rain and heavy winds during the

growth period affected the final outcome of the treatment. Higher concentrations of

hormone if used could possibly increase flowering in wheat as 1 ppm generally had

more flowering heads than other treatments. But further research should be conducted

for more accurate readings.

Fa

The number of seedling initially planned varied for the different groups of

concentrations. Therefore it is important to identify the number wheat stems that

initially flowered.

J

Table 5 showing the percentage of wheat heads compared to the

number of stems.
1ppm 102 ppm 104 ppm Control
Total number | 41 35 34 30
of wheat stems
Total number | 35 30 24 25
of wheat heads
Percentage of | 85% 85% 70% 83%
wheat stems
that flowered

Graph showing the percentage of wheat

heads compared to the number of stems.

Figure 10.

i "\féf\
“ S
W

This graph proves that [AA did not affect

the flowering of wheat stems in a great

“1ppm
“10-2 ppm

10-4 ppm
“ Control

manner.

¥

Vi

18



FRESH AND DRY WEIGHT OF WHEAT HEADS

Table 6 showing the average weight of wheat heads, treated with
different concentrations of IAA

1ppm 102 ppm 10-4ppm Control

Average fresh 0.149 £0.134 | 0.143 £0.127 | 0.132 +0.098 | 0.116 £0.069
weight (£0.01g),
and standard
deviation

Average dry weight | 0.121 +0.084 0.106 £0.076 0.094 +0.058 0.103 £0.0522
(£0.01g), and
standard deviation

Figure 11.

Graph showing the average fresh and dry weight, of wheat
heads, treated with different concentration of IAA

Ippm 10-2 ppm 10-4 ppm Control
Concentration of IAA

i Average fresh weight (£0.01g) w Average dry weight (£0.01g)

This graph again shows the weight of the wheat heads, both fresh and dry. The greatest
average weight was for wheat plants treated with IAA of 1ppm as the weight rose to
0.149 g for the fresh wheat heads and to 0.121 for the dry wheat heads. The lowest
fresh weight indicated was for the control group, with an average weight of 0.116 g and

the lowest average dry weight of 0.094 was found for wheat treated with a

19
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concentration of 10-4 ppm of [AA. These results indicate that the more concentrated the
solution the heavier the wheat head, both for fresh and for dry wheat heads. However
this different is not significant as can be seen in graph (Figure 11.) as the standard

deviation is overlapping for the treatments. /

However a similar pattern could not be seen in the fresh and dry weight of the wheat

stems observed in Table 7 given below.

Table 7 showing the average weight of wheat stems, treated with
different concentrations of IAA

1ppm 102 ppm 104 ppm Control

Average fresh 0.854 +0.857 | 0.6150.328 | 0.730 £0.632 | 0.923 +0.529
weight (£0.01g),
and standard
deviation

Average dry weight | 0.351 £0.230 | 0.375+0.165 | 0.436+0.318 | 0.328 +0.148
(£0.01g), and
standard deviation

Figure 12,

Average fresh and dry weight, of wheat stems, treated with
different concentrations of IAA

-
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1 ppm 10-2 ppm 10-4 ppm Control
Concentartion of IAA

w Average fresh weight (£0.01g) & Average dry weight (+0.01g)
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RICE: GROWTH

Table 8 showing the average height of rice plants treated with

different concentrations of [AA

Average height of Week1 | Week 2 Week3 | Week4 | Week 5 Week 6
rice plants, per week
(£0.01cm), and
standard deviation
1 ppm 11.4+£3.17 | 6.62+4.05 1.53 +1.1 1464061 | 2+0 0+0
1[}‘2 ppm 10.243.72 | 10.4+£2.34 10.9+43.93 | 3.7543.78 | 6.6 +4.41 1.7 £0.95
10 ppm 9.97 +4.47 | 10.94+4.13 | 10.9+4.98 | 9.38+6.47 | 10.7+5.88 | 1.63+0.82
Control 8.79+3.46 | 8.4+2.57 7.87+4.10 | 9.34+3.61 | 9.9+3.28 1.83 £0.40
Figure 13.
Graph showing the average growth, in height, for rice
treated with different concentrations of IAA
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* (The growth is only plotted for 5 weeks, because the average height was under 5 cm during weeks 6, so the data

would have interfered with the obtained from the other weeks and given an invalid graph)

This graph shows the growth of the rice for a period of 5 weeks. In the methodology it

was stated that the plants would be grown for 8 weeks, however due to the fact that
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the rice died earlier the experiment had to be cut short. There is no clear growth curve
for all of the rice plants, like the one seen for wheat, and this is due to the many limiting
factors. Heavy rains killed some of the seedlings and later on a large numbers of plants.
Also a lot of birds eat the rice, by ripping the whole plant from the pot or biting it, so
that only a few centimeter high plants were left behind. However it can be seen that the
height for both the control group and the plants treated with a concentration of 10-#
ppm show a small increase in height. The tallest average height of rice plants was seen
for the plants receiving treatment with a concentration of 10 ppm, and the average
height at week 5 for these plants were 10.7 cm, and the highest individual height was
23.7 ecm. However when looking closely at the graph the greatest increase in average
height was for the control group, as their height increased about a total of 1cm, but due
to the fact that they were shorter when treatment began their height never exceeded
that of 10-4 ppm. To try to keep the rice growing for as long as possible, fertilizer was
given to all the plants on week 4, however no definite impact on the growth of the rice
due to the fertilizer can be seen. The plants treated with a concentration of 1 ppm of
IAA suffered the most from the environmental factors and had therefore the lowest

average height of all the plants.
/
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NUMBER LEAVES

Table 9 showing the average number of leaves, per rice plant,
treated with different concentrations of IAA

Average number of | Week1 | Week2 | Week3 | Weekd4 | Week5 | Week 6
leaves, per rice
plant (and standard
deviation)
107 ppm 243+0.76 | 246+0.72 | 2.78+£0.71 | 1.79+1.10 | 2.38+0.87 | 1.14+0.53
107 ppm 2.71+£0.83 | 2.75+0.64 |2.98+1.03 [ 2.65+1.50 | 3.44+1.25 | 1.430.53
Control 2.37+0.64 | 235+0.72 | 2.39+0.77 | 2.63+0.83 | 3+1.0 1.14 £0.37
Figure 14.
Graph showing the average number of leaves, for rice,
treated with different concentrations of IAA
4
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According to my results, the number of leaves would be greatest, when using the
lowest concentration of 10-4 ppm. As can be seen from the graph the average number
of leaves at its greatest was at week 5, namely 3.44, for the rice treated with the
concentration of 10-4 ppm. When comparing the height of the rice as well as the

number of leaves, the rice treated with a concentration of 10-4 ppm gave the best




results overall. The rice sprayed with the concentration of 1ppm gave the shortest
plants and least leaves; hence this rice was most affected by the rain as well as the

birds.

The results form this investigation indicate that for wheat more concentrated solutions

—_

of IAA could enhance the size of the wheat head, the number of leaves and the height of
wheat. For rice no correlation between stronger IAA concentrations and growth can be
seen, indicating that stronger 1AA does not have a positive effect on the growth of rice

plants.
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Chapter 4

Discussion and Conclusion

The @ffect of IAA on wheat had a positive correlation for growth (in height). Figure.6
shows the growth curve of wheat according to height (cm) and it can be seen that the (1;;)4 VU\':*; ‘\aa\,\%
highest concentration of 1ppm caused the greatest growth in height. It also shows that il(?rt EWL\;}?
the height for the plants treated with 1ppm had the greatest height throughout the
whole experiment. Plant hormones and specially Gibberellins have been used in a
number of studies. Braas et al, (2010) conducted a study using Gibberellins and they
found that overall a higher dose of hormones gave a greater growth. When they gave a
low dose of Gibberellins the plants stem height reached on average of 11.3 cm ina
week whereas with a larger dose of Gibberellins the stem height was 20.9 cm. The
control group gave a Eiig_rliﬁcan_tlzjower height of only 7.9cm. When comparing Braas
(2010) results with the present investigation the results are very similar, as the wheat
treated with IAA of 1 ppm gave a height of 28.2 cm (see Appendix Al.) after one week.
Steven (2009) also had similar findings, however he only used Gibberellins and not
other hormones like Braas and his plants treated with hormones grew 88cm during the
first week and the control group only 64cm in height. Even though both Braas and
Steven.G studies were done using peas, Patium Sativa, and this investigation was on

wheat, it only indicates that overall plant hormones enhanced growth and that plants

overall can be treated with external hormones to enhance their growth.

In Figure 9. It can be seen that the application of IAA did not affect the flowering of the
wheat compared to the number of stems in a significant manner, and this can be v
supported by Misra & Sahu'’s findings in 1958, when they applied IAA on rice, Oryza
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sativa and found no effect on grain yield or component of yield. However their findings
would indicate that a lower concentration of IAA would speed up the days it takes for
rice to grow from a stage from soaking to ear emergent. In average it took up to 113.13
days for the control plants, 112. 99 days for plants treated with IAA of 500 ppm, 112.29
days when treated with 250 ppm and 112.19 days when treated with 100ppm. When
in my case it can clearly be seen in figure 9. that a higher concentration of 1AA gives a
faster flowering rat for wheat, but as seen in figure 13, my results are in some ways
similar to Misra & Sahu'’s, with greater growth for rice plants treated with a lower
concentration of IAA. However Misra & Sahu'’s findings are supported for instant by
Thimann & Leopod’s (1949), who in Winter Barley observed ” both flowering and
growth being promoted by relatively low concentrations and inhibited by higher
concentrations of auxins.” According to figure. 11 the wheat heads would weigh more,
as the concentration of IAA increases, indicating a greater yield, which is also in

contradiction with Misra & Sahu’s (1958) findings.

Even though the study could not be fully continued to the end for the rice, there are
still some findings that are similar to does done by other researchers. According to
Radi & Maeda (1986) a higher concentration of IAA decreased the growth of rice roots
and a relatively low concentration of IAA stimulated root growth. In their study, Oryza
sativa was used, and a concentration of 107 ppm gave a root length of 369 cm and for a
concentration of 10-5 ppm a length of only 296 cm, showing a gradual difference. As
there is a strong relationship between the growth of rice roots and the body of a rice
plant, which relates to the yield. (Abe & Morita, 1994) According to this and the
present results for the rice growth in height, figure.13, a similar phenomena can be
seen, as the plants that received the highest concentration of IAA grew least in height
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compared to the lower concentrations of IAA. The specific height of rice plants can be
seen in the Appendix B. Figure 14. shows the same results when it comes to the

number of leaves.

This study clearly shows how different concentrations of IAA have affected the wheat
and rice grown. According to the present results a higher concentration of IAA would
increase the flowering rate and increase the yields for wheat, however these findings
were not supported by other researchers. Then again the findings of increased height
due to higher concentrations of IAA and the fact that the flowering itself was not
affected by the different concentrations of IAA was supported by other scientists.w,.
However it has to be taken into account that the nature played its role, especially when
it came to growing the rice plants. Itis also needed to keep in mind that a tropical

climate might not be the best conditions for growing wheat, which is often grown in

colder and dryer places.
v

This investigation could have yielded better results if it would have been possible to
grow the plants for a longer time and in conditions not affected by the heavy tropical
rains or being attacked by birds. In the future, it is advisable to investigate the effect of
other hormones on crop plants and also on vegetables such as peas, potatoes, carrots
(;etc:)lf such research yielded positive results, it would help in solving the problem with

scarcity of food for the growing population.
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Appendix
A. Raw Data of the height of wheat.

Al Table showing the height of wheat plants (1ppm)

Date 20.2.2011 7.02001 14.3.2011 21.3.2011 28.3.2011 4.4.201 142011 84,2011

Helght of wheat {em) 23 a2 a8 ar5 4 4.5 “s 45
26 385 315 305 38.3 54 55 506
21 23 355 125 ) % 36 383
25 35 30 58 6.4 42 422 385

23 3t 37 05 45 375 535 59
I 37 n 41 429 80 376 422
28 27 a2 285 &0 46 46 ase

215 a0 475 47 &2 50.7 505 53

23 an 308 42 427 .2 475 49

24 az 3 a0 8.8 50 36 a2

28 275 255 835 50.5 38 515 %

24 a0 6 305 51 53.5 87 55.6
275 285 42 47 3.2 M5 545 537
34 27 28 443 485 51.2 345 385

27 3 £ a0 545 46.5 505 51

2B 305 a4.4 257 343 36.5 36 a8

255 20 n\s ars 53 48.2 347 52
33 245 384 48.5 495 46 535 303

. az 315 27 48 155 3 185 6
25 27 275 28 16 53 M5 35
215 36.5 385 0.5 375 ar.2 a7s 373
28 305 az 4 525 485 375 343
265 s 28 475 35 53 a6 365
315 Y 28 a2 156 M7 492 519
3 28.5 ar 345 413 48.2 54 413

375 32 387 a55 555 53 M2 56
a0 3 335 3 85 0.7 556 465
: 1| 33 415 44.5 472 55.7 182 473
9.5 345 0.5 50 825 a7 1.8 47
26 275 3¢ 475 198 .2 87 535

a0 S 445 803 536 49.4 Ba.1 55
235 3.5 45.5 425 554 454 841 429
" 325 a w 445 496 539 515 642
fat 30.5 az 34 525 386 55.2 495 534
30 235 435 445 56 55 455 54

34 % 40 50.7 a2 523 56 454

3 30 56.5 545 43.5 49

35 452 135 552 52

Baa
Average haight 282 0.3 3.5 a4 6.1 183 87 448
& (+4- 0. 1cm)
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A2, Table showing the height of wheat plants (m" ppim)
Date |28.2.2011 7.3.2011 14.3.2011 21.3.2011 28.3.2011 442011 11.4.20114 184201
Height of Wheat (cm) 19 275 285 28 275 45 34 33.7
26.5 325 315 a6 485 32 46 49
26.5 26 26 30 355 455 48 3586
26.5 26 a1 29.2 Nz 395 3 28.5
25 255 26 297 42 357 393 38
25 22 23 43 51 B3 355 45,1
215 a 255 401 424 49 ns 46.9
33 25.5 295 486 ar7 315 45.1 418
30 b} 40 315 34 327 45.7 a7
315 41 s 273 33 4l a2 n
a3 325 3 34 n 425 357 328
345 27 24 335 48.2 50.5 50 41.5
2 35 23 47 295 42 3956 42
36.5 23 35 27 63.4 48 336 51
24 36,5 325 445 405 31.5 456 N5
22 25 24.5 463 53 A41.5 63 81
305 3 30 45 52 83 31 422
245 32 23 a2 336 525 42 51
18 305 365 46 525 333 53 51
225 a3 44.5 405 615 53 535 a1
315 27 36 a3 49 53 333 53
30 37 27 a5 462 49 53 61
225 285 315 48 54 435 46.2 48
36.5 285 a55 45 46.5 46.5 45 45
26 32 46 43 45 449 515 53
30.5 30 41 36.2 51.4 54 46.4 514
29 23 32 41 43 815 54 45
a3 33.5 38.5 355 376 615 49.5 47.8
34 215 29 32 425 20.5 62 43
16 33 29.5 39 43.5 42 429 38
31 a3 5 415 3565 442 38 432
AN 34 32 40 445 379 432 434
27 305 235 az.2 204 42,9 30 a0
33 185 345 429 442 A4.1
13 a5 299 43.2 30.5
30.5
Average height 27.3 296 s 379 43.0 43.3 42.2 431
{+/- 0.1em)
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A3. Table showing the height of wheat plants (10 ppm)
Date 2822011  7.3.2011 1432011 2132011 2832011 44201 11.4.2011 18.4.201
Height of wheat (cm) 24 32 355 40.3 48.2 59.6 48.7 54
305 29 398 471 486 46.2 48 A9
28 355 38 39 533 56 56 53
32 30 355 3e 40 62.7 53 445
205 3 33 ar 56 48,2 609 59
42 305 33 415 52 50.5 51.6 51
225 337 34 37 43 38 42.4 417
225 28.7 45 34 40 52 39.9 40
21 26.3 327 515 54.5 40 51 35
27 24 37 31.3 513 108 29 50.5
27 35 315 46.7 35 51.6 445 55
34 23.5 36.5 a6.4 37 50.2 40.4 285
31.5 295 37 47.5 534 376 52.8 46
32 3 41 3056 552 46.6 552 - a6.6
26 29 30 46.5 54.4 54 46.7 50
18.5 335 37 3685 502 40.8 36.2 54.3
285 22 31.5 41 A5 55.4 50.5 55.2
24.5 a1 34 38 424 36 251 532
n 26.5 355 325 32 348 39 532
305 33 31.5 31.5 50.1 445 35 405
36 385 36.5 26 335 43 32 34
205 36 36 40 a25 526 41 325
E 355 28 3 35 505 52 33
305 30 39.5 424 34 335 33 40
n 32 28 445 44 38 44 39
24 33 37 43 43 42 &1 N
28 KE 26 a4 81,7 52 53 50
28 535 315 33 522 49 52 a2
29 28 a7 32 33 33 51
35 26 26 49 53 49.5 a3
28 23.5 36.5 48
34 51
16
Average height 285 30.0 348 .7 44, 461 A4.4 47
(+/- 0.1em)
[
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Tabie showng the height of wheat piants [control)

Date
Height of wheat [cm)

Average height
[+/- DACm])

2822011
22
Ns
335
385
az2s
385

265
29
165
275

2B.0

7.3.2011
235
30
3as
34
335
3z5

ns
25

355
275
218
285

2B.5
335
2.7
235
35
37
315
255
285
215
24

283

14.3.2011

405
32
22

365

455

ars
44.5
365
345
355
305
285

34.7

L_f

21.3.2011
"y
&7.4

40
23
473
43.5
3|5
384
287
467
305
M
432
413
3Te
L1
233
333
a6
)
435
a3
§23
355
285

3B.2
40.5

42

384

28.3.2011
48
55
§3.5

'EEEREEREEREE-

w w
(=] ~
ﬁiﬂigin.n

-
=

33.56
SB.S

a6
545
47

46

51
45

480

4.4.2011
52
288
49
4B
48
36.1

343

& 8 &

45.5
48

3a

333

96

50.1

442

465

3%
4B.5

444

4d4.4

11.4.2011
48
]

475
344
36.1

425
§1.5
335

a9
343
SB.5

a7
505

19
a1
§25
4.5
46

458

18.4.20M1

43
Q27

55.6
50.5
a7
s
I55

325
45
475

49.5
q1.5
6.5
335

ars
50.8
453
57
6
40.7
a7

44.5
445

44.5
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B. Raw Data of height of Rice

B1. Table showing the height of rice plants (1ppm)

Date 30.3.2011 64.2011 13.4.2011 20.4.2011 27.4.2011
Height of rice (cm) 13 13 4 1.5 2
73 6.6 2.8 2.8 2

- e TRELE L S S

1

| 1.8
1 T2
1 1.4
1

1

1

.-r..‘.ﬂ..l
tn
’Y

Ve il
-
-~
w

12.2 14.6

Average height 1.4 1.53 1.46
(#/-0.1 cm)
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B2. Table showing the height of rice plants (107 ppm)
Date 30.3.2011  6.4.201 1342011 2042011 27.4.2011  4.5.2011
Helght of rice (cm) 121 10.4 53 7.6 54 1.3
10 96 16.8 5 7.6 1
" 8 10 1.3 2.9 1
13.2 6.3 9 1.1 15.1 3.2
13.2 9.4 15.1 1.2 3 1.5
1.1 10 12 4 4.9 3.4
15 7.5 4.6 1.1 1 28
" " 17.1 0.9 2 2
105 5.9 14.7 6.5 4.2 2.8
14 15.4 13.3 1.4 13.5 1
13 9 12.8 7.5 12 1
10 125 136 3 8 1
| 138 " 75 13.5 6.8 1
| 139 9.8 8.5 12.9 0.7
[ 108 9 15 25
| 65 12.5 1.4 3.9
| 103 133 135 2
[ 12 11 133 1.1
[ 104 13 9.2 1.1
| 127 8.7 5 0.5
| s 8.7 1.7 1.2
| 96 15 1.5 05
| 13 125 14 1.7
| 132 6.9 13.4 4.3
| 9 9.5 13 1.2
| 77 7.6 152 2
| na 13 7.5 2.3
| 121 13 10.4
15 126 4
13 114 2.1
12.4 9
109
5.9
14
"7
13.6
2
125
13
23 '
3 V
1
5
3
Average height 10.2 10.4 10.9 3.75 8.6 1.7
(+/- 0.1cm)
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B3. Table showing the height of rice plants (10 ppm)
Date 30.3.2011  6.4.2011 13.4.2011  20.4.2011  27.4.2011  4.5.2011
Height of rice (cm) 13.8 7.9 17.1 23 16 1.8
7 112 149 1 4 0.7
14.2 126 8.7 16 16.1 1.3
6 203 12 4 12.4 3.2
10.5 6.7 16.6 16.2 23.7 1.1
14 5.4 5 232 8 2
11.2 16.3 "7 38 13 1.3
12 12.3 11.5 4.4 2.1
9.4 5.4 12.5 19.7 12
224 10 159 13.5 6.1
12 3.5 22.3 4.6 8.8
154 1" 4.5 2.5 58
4.2 13.2 3.7 6.1 135
3 8 16.2 116 13.2
13.6 13.4 13.7 14 19.5
125 1" 6.2 93 4.6
7.2 8.2 135 121 12
134 16.7 19.8 12.5 8
16.3 18.9 12 13.6
18.5 7 14.1 5.6
125 19 13.9 1
1" 126 6
1" 10 12
135 7.9 12.5
7.3 1 17.1
105 4.6 2.5
6 15.2 6
5 7.3 23
3.5 9.7 12.1
1.2 1" i 25
10.6 13.4 8
1.7 156 10.2
1.2 13.6 115
6.2 10 6.1
9.2 9 7.6
7.7 B9 4. /
5 7.1 /
10.5 /
9
| J
10.5
12
Average height 9.97 10.94 10.9 9.38 10.7 1.63
(+/- 0.1cm)
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B4.

Table showing the height of rice plants {control)

\ Date
Height of rice (cm)

Average height
(+/- 0.1cm)

30.3.2011  6.4.2011

8.5
5.5
9.5
13.5
1
10
6.4
13.2
11.6
9
75
142
134

8.5
75
104
10
12.4
14.5
14
6.4
4.5

11.5
3.4
25
6.5
113
12.4
T
9.5
7.5
7.2
2.5

103
9.1
8.7
10.5
13.1
1"

8.79

9.5
8.5
n
10.4
12.5
4.5
6.8
6
7.4
8
8.5
A7
5.6
1
10.6
13.2
7.9
5.5
6.3

1
6.2
6.5

3.4
79
Vi?
9.4
125
1.3
6.5
9.8
7.2

6.5
9.5

8.4

13.4.2011
13.5
105
14
8.4
1.9
10.1
5.5
2.2

7.87

20.4.2011
14
4

141
10.8
5.6
10.3
8.8
12,2
146
B4
9.5
4.5
2
1.1
13
B5
10
106
7.5

9.34

27.4.2011
13
6.7
104
143
11
13.4
43
9
3.8
145
6.8
8
13
11.2
82
10
108

9.9

4.5.2011
24
14

2

18
2.1
21
1.8
16
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