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ABSTRACT :The primary objective of this study was to determine the
effect of seed quality on some of the processes associated with bean seed
germination and seedling growth of several seed weight classes in a
laboratory study during two seasons (2005 and 2006). The seed lot of bean
(cv. Giza 3) was manually separated into three classes according seed weight
as follows: ungraded class; as a control (37.70-42.85 g 100" seeds; in 2005
season) and (40.02-49.81 g 100'seeds; in 2006 season), light class (33.79-
38.02¢g 100" seeds; in 2005 season) and (34.39-37.13 g 100 seeds; in 2006
season), and heava class (47.20-57.60 g 100" seeds; in 2005 season) and
(48.75-57.13 g 100 seeds; in 2006 season). Germination%, quality index (Ql),
vigor index (Vl), radical length, hypocoty! length, fresh and .dry weights of
embryonic axes were recorded. Also, water uptake%, electrical conductivity
of leaked materials (EC), quality and quantity of materials leaked from each
seed class; Na, K, P, free amino acids, sugars and A°260 and A°280
absorbing materials were measured as indicators of seed quality and
seedling vigor potential. The obtained results indicated that: High-weight
class of bean seeds usually exhibited faster and more uniform rates of
radicle emergence (as an indicator of germination) than low-weight and
control ones. Seedling produced from heavier seeds had greater rates of Ql,
Vi, length of radical hypocotyl and accumulation of fresh and dry weights
than those from light seeds. The water uptake%, EC and the quantity of
materials leached from the seed (Na, K, P, sugars, free amino acids and
A°260 and A°280 absorbing materials) during imbibition were inversely
related to seed weight. It is suggesting that interferences existed during seed
development or deterioration had occurred in the low weight seed. '
Hence, the results obtained suggest that the weight-seed separation of bean
may enable for significantly improved germination and seedling growth.
Also, may be used in breeding and seed-increase programs to select high
quality planting seed for performance evaluations of bean.

Keywords: Bean, Seed quality, germination, vigor

INTRODUCTION

Seed quality is one of the most important factors affecting the
performance and productivity of most agricultural crops (Abdui-Baki- and
Anderson, 1973; Brakke and Gardner, 1987 and Gadallah, 2000). Seeds of
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many horticultural crops have heen separated by size, weight, density and
colour (Smittle et al., 1976 and Smittle, 1982). Separation by seed weight offer
a mean of improving germination, seedling growth and/or yield for many
crops. (Smith and Camper, 1975 and Smittle, 1982). Most research has
indicated that the larger the seed, the better germination and subsequent rate
of growth (Maranville and Clegg, 1977 and Qiu and Mosjidis, 1993). Although
not all the responses are the same between crops, the balance of the
evidence supports the use of the larger (heavier) seed within a given
genotype (Burris et al., 1973).

Therefore, one of the basic problems confronting the seed industry is
being able to separate the high quality seed within a given seed lot. Sufficient
information is not available to accurately define the relationship of plant seed
quality to the resulting bean seedlings. Accordingly, the present study
sought to determine whether seed quality (of several seed lots differing in
seed weight) could be used to improve germinability of bean.

MATERIALS AND METHODS
A laboratory study was conducted over 2 years in Fac. Agric.,
Fayoum Univ., Egypt. Seeds of bean (Phaseolus vulgaris L. cv. Giza 3) used
in this study were produced by Ministry of Agriculture, Egypt. The original
seed lot was manually separated into two seed quality (expressed as seed
weight) classes identified: light and heavy. A portion of the original seed lot
was retained to serve as ungraded class (control). The seed index (g 100™
seeds) was determined for each seed class as a follows: '
1-control (37.70-42.85 g; in 2005 season) and (40.02- 49.81 g; in 2006

season).
2-Light class (33.79-38.02 g; in 2005 season) and (34.39-37.13 g; in 2006
season). .
3- Heavy class (47.20-57.60 g; in 2005 season) and (48.75-57.13 g; in 2006
season).

On 28 February of each season; control, light and heavy seeds were used
in this study to determine the relationship between seed quality and
germinability of bean. The seeds of each class with visibly damaged and
immature seeds were removed.

1. Seed quality measurements.

1.1. Germination%.

The suitable seeds (uniform and free from visible damage) were surface-
disinfected for 30 seconds in 0.3% Rizolex-T50 (0-2,6-dichloro-4-methyl
phenyl 0,0-dimethyl phosphorothioate) solution (wiv), then washed
thoroughly with distilled water. Four hundred seeds in eight replicates for
each weight class were allowed to germinate using paper rolls method as
described by the International Rules for Seed Testing (ISTA, 1966) in a
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darkened incubator at a constant temperature of 20°C. The replicates from
each class, were arranged in a complete randomized design. Germination%
was monitored at 24h interval for 144h after sowing. Visible radicle
protrusion was considered as a criterion for germination.

1.2. Quality index (Ql).

Ql was carried out according the rules of ISTA (1966). This index
provides information about the distribution of germination events over time.

1.3. Vigor index (VI).

VI for each class was established by multiplying germination% by length
of the hypocotyl plus radicle at the end of germination period (144h) as
mentioned by Abdul-Baki and Anderson (1973). This index was used as an
indicator for providing information about the strength of seedling growth.

2. Seedling growth measurements.

Seedling growth measurements were recorded after 48, 72, 96, 120 and
144h from sowing. Ten seedlings replicate™ were used for each class. At
each time of the sampling, seedlings were separated into embryonic axes
and cotyledons. The following measurements were carried out.

2.1. Length of seedling. ,

Ten embryonic axes were taken from each replicate for each class to
determine their mean length after 48, 72, 96, 120 and 144h of germination. The
length of both radicle and hypocotyl was also individually recorded for the
144 old seedlings.

2.2. Fresh and dry weights.

Fresh and dry weights of thirty embryonic axes of germinated seeds were
recorded (immediately after sampling) from each replicate for each class.
Fresh weights were determined immediately after sampling. These materials
were dried at 70°C till constant weights were attained, then dry weight was
obtained. The fresh and dry weights of both radicle and hypocotyl were also
individually recorded for the seedlings after 144h. The dry material was
ground in a mill for chemical analysis.

3. Water uptake and solute leakage measurements.

One hundred of uniform seeds and free from visible damage from each
class were selected. The seeds were soaked in 100 ml of distilled water in a
250 mi beaker and allowed to leak for 8h at constant temperature of 20°C.
Temperature was maintained during imbibitional period by immersing
beakers with seeds into a thermo-regulated water bath. The experimental
layout was complete randomized design with five replicates. Samples for
water uptake and leakage analysis were taken at 1h interval up to 8h to
quantity the rate of both water entry and solute efflux from seeds during
imbibition. At each time of sampling (1h), the steep water was decanted from
the seeds for analysis and the seeds were quickly blotted dry on filter paper
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and weighed to determine water uptake (as a percentage increase in initial
fresh weight).

Also, electrical conductivity (EC) of the leakage was estimated (dSm™100™
seeds) using a conductometer model LF-91 (Eijkelkamp Co., The
Netherlands). Sodium and potassium (mg 100" seeds) were quantified wrth
flame photometer (Gallenkamp Co., England). Inorganic phosphate (mg 100
seeds) was determined according to Chen et al., (1956). Total nitrogen {mg
100 'seeds) was measured by micro-kjeldahl procedure (AOAC, 1990). Free
amino acids (mg 100" seeds) were quantified with ninhydrin method (Rosein,
1957), using glycine as a standard. Total sugars (mg 100" seeds) were
estimated according to phenol-sulphoric technique (Dubois et al., 1956),
using glucose as a standard. Measurements of leakage absorbing UV light at
A°260 and A°280 due to protein and nucleic acids were estimated (Duke et
al., 1983).

Statistical analysis.

All obtained data were statistically analyzed according to the design
used; a complete randomized design (Snedecor and Cochran, 1980). The
least significant difference test (LSD) at 0.05 level was used to verify the
difference between treatments mean.

RESULTS AND DISCUSSION:

1. Seed index.

Seed index was significantly varied among the seed classes of bean
(Table 1). The heavy class seeds were the best whereas the light class seeds
were the worst. Thus, a manual separation of bean seeds has strong effect
on seed index.

2. Germination%.

Data in Table (1) show that germination% increased gradually as
germination proceeded for different seed classes of bean. Germination%
sighificantly differed among seed classes. It is also clear that during
germination period, the highest percentage of germination was recorded by
the heavy seeds class as compared to that of control and light classes. Thus,
the heavy seeds showed an increase in the germination% by 27.59%, 15.66%,
9.62%, 8.64% and 9.41% above that of control seeds class and by 76.19%,
77.78%, 47.41%, 12.82% and 17.72% above that of light seeds class after 48,
72, 96, 120 and 144h of germination in the first season, respectively. In the
second season, the increases were: 21.31%, 27.78%, 5.06%, 5.41% and
13.20% above that of control seeds class and by 117.65%, 168.83%, 35.51%,
25.36% and 22.93% above that of light seeds class after 48, 72, 96, 120 and
144h of germination, respectively. These data strongly suggest that
separation of bean seed by weight is desirable for maximizing germination.
This result may be due to that nutrient reserves are greater for the heaviest
seed and would support germination to better extent. In this respect, heavy
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seed showed a high germination% and early vigorous seedling growth as
compared with light seeds (Gray and Steckel, 1986; Naylor, 1993 and
Bredemeier et al. 2001). The obtained results are in agreement with those of
King and Lamkin (1979); Qiu and Mosjidis (1993) and Gadailah (2000).

3. Quality and Vigor indices.

Quality index (Ql) and vigor index (VI} were higher for heavy seeds class
than the others (Table 1). At the end of germination period 144h, the QI of
heavy seeds increased over the control and light ones by 11.20% and 38.13
% respectively, in the first season while in the second one, the increases
were : 12.74% and 52.43%, respectively. Data in Table (1) also indicate that,
heavy seeds recorded significant increases in VI as compared to that of
control and light ones. The increases reached: 93.16% and 216.46% in the
first season, respectively, while in the second one, the increases were:
78.60% and 197.83%, respectively. This means that the heavy seeds of bean
are considered the best quality seed lot, while the light seeds are
considered the worst one. Thus, the reduction of vigor in light seeds (as
expressed by quality and vigor indices) may be associated with decline in
respiration and synthesis of proteins and carbohydrates (Abdul-Baki and
Anderson, 1973).

Table (1): Seed index, germination%, quality index (Ql) and vigor index (V1) of
bean seeds as affected by seed quality class in both seasons.

Seed . Germination time (h) q
class Seed index Germination % Q | wvi
48 72 ] 96 | 120 | 144 144 |
1% season
| Control 37.70-42.85 | 14.50 | 41.50 78.00 81.00 85.00 71.45 450.12
Light 33.79- 38.02 10.50 | 27.00 58.00 78.00 79.00 57.52 274.75
Heavy 47.20-57.60 | 18.50 | 48.00 85.50 88.00 93.00 79.45 869.47
LSDy.05) 3N 5.02 5.7 2.92 4.07 6.44 68.14
2" season B
Control 40.02 — 49.81 15.25 | 40.50 79.00 83.25 85.25 71.74 | 462.40
Light 34.39-37.13 8.50 19.25 61.25 70.00 78.50 53.06 277.29
Heavy 48.75~-5713 | 1850 | 51.75 83.00 87.75 96.50 §0.88 82584 |
LSDo.05) 2.72 4.32 2.81 3.09 531 7.19 58.42 ]

4. Radicle length, hypocotyl length and fresh and dry weights of

embryonic axes.

The effects of different seed weight classes on a radicle length, hypocoty!
length as well as fresh and dry weights of embryonic axes of bean seedlings
were significant (Table 2). At any seed class, increasing the germination
period from 72 to 144h, were associated with progressive increases in the
length of radicle. It is obvious that, decreasing the seed weight class was
accompanied with reductions in length of radicle and hypocotyl as well (after
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144h of germination) fresh and dry weight. These unsatisfactory resuits of
light seed class may be related to loss of vigor and perhaps undesirable
metabolic changes in their axes, which was considered the site of vigor, had
occurred (Abdul-Baki and Anderson, 1973). A similar result had been found
by Sayed et al. (1990) and Gadallah (2000).

Table (2): Radical length (cm), hypocotyl length {cm) and embryonic axes
fresh and dry weights (g10™ axes) of bean seedling as affected by
seed quality class in both seasons.

[ Germination time (h)
Seed Embryonic axes
class Radical length Hypocotyi Fresh Dry
{cm) length (cm) weight (g) weight
72 T 96 [ 120 | 144 144 144
1% season ST
[ Control [ 130 | 488 | 6.28 [ 10.28 5.28 1 951 244
Light 110 | 3.40 | 5.42 8.88 3.50 1 7.92 0.75
Heavy '1.88 | 5.75 | B.68 14.57 9.01 10,39 3.15
LSDg.0s) | 0.11 | 0.60 | 0.61 | 1.08 112 0.80 0.62
2" season
Control 145 | 4.94 | 6.68 10.56 544 11.88 3.05
Light 1.31 | 2.80 | 4.83 7.68 3.51 9.90 1.00
Heavy 194 | 608 | 8.18 | 13.29 8.88 12.99 389 |
| LSDpos) | 0.39 ) 069 | 1.19 1.83 0.94 0.59 0.47

4. Water uptake and solute leakage.

4.1 Water uptake.

Table (3) clearly shows that, an increase in water uptake was observed
during all the time of imbibition (up 8h) for the seeds of the different seed
weight classes, although differential rates of water uptake had developed in
response to the seed weight class. It is evident that decrease in seed weight
caused a significant decrease in water uptake of seeds. These results can be
explained on the basis that deteriorative changes in membrane systems of
the low seed weight class may have occurred. In this respect, Krieg and
Bartee (1974) mentioned that, low seed weight class absorbed relatively less
water than those of high ones.
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Table (3): Water uptake% of the initial bean seed fresh wéight as affected by
seed quality class in both seasons.

Seed Imbibition time (h) T
class 1573 4 [ 5 [ 6 | 7 [ @
1% season
Control 29.00 | 43.30 | 67.14 | 81.65 | 89.32 | 90.20 | 108.37 | 121.34
Light 21.72 | 39.87 | 56.58 | 72.27 | 84.95 | 87.04 | 92.82 | 105.87
Heavy | 38.95 | 50.20 | 77.49 | 83.32 | 97.20 | 108.54 | 127.88 | 147.48
LSDyo.05) 517 | 3.03 | 789 | 172 | 337 1.31 13.01 | 11.10
2" season
Control | 29.78 | 46.11 | 67.10 | 78.77 | 89.61 | 90.19 [ 108.27 | 134.41
Light 20.95 | 37.57 | 58.09 | 72.18 [ 83.90 [ 86.00 | 93.88 | 104.82 |
Heavy | 36.11 | 50.49 | 78.77 | 81.65 | 95.13 | 114.81 | 131.01 | 150.57 |
LSDposy | 5.13 3.37 | 618 | 4.01 3.10 2.71 8.19 1317 |

4.2. Conductivity of electrolyte leakage.

Data in Table (4) exhibited that conductivity of electrolytes leakage was
significantly and inversely correlated with the seed weight class. In addition,
loss of electrolytes from all seed weight classes increased with increasing
imbibition time up to 8h. Increasing leakage of light seed weight class may
be attributed to enhancement of permeability of cell membrane. It is
interesting to note that, the electrical conductivity of electrolyte leakage from
seeds was hegatively correlated with their vigor, since, the seeds which gave
high conductivity were low in vigor and vice versa. Similar results were

documented by Bartee and Krieg (1974) and Gadallah (2000).

Table {4): Conductivity of electrolytes leakage (EC, dsm™ 100" seeds) from
imbibition bean seeds as affected by seed quality class in both

seasons.
imbibition time (h)
Seed
class EC (dsm™ 100 seeds) _
1 2 3 1 4 | 5 [ 6 | 7 | 8
1" season
Controi 0.275 0.363 0.575 0.775 1.050 1.125 1.300 1.361
Light 0.328 0.560 0.640 0.830 1125 1.263 1.331 1.392
Heavy 0.205 0.330 0.405 0.675 0.830 0.940 1.000 1.050 |
LSDoos) 0.061 0.021 0.127 0.087 0.189 0.108 0.022 0.020 |
2" geason
Control 0.275 0.540 0.645 0.872 1.063 1.103 1.200 1.300 ‘
Light 0.322 0.575 0.675 0.900 1.111 1.200 1.275 1.370
Heavy 0.210 0.384 0.452 0.753 0.813 0.908 0.985 1.022
J——LSD(O,GSJ | 0.038 0.027 0.029 0.022 0.039 0.078 0.061 0.053
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5. Compositional changes of leaked solutes.

5.1. Leakage of inorganic solutes.

The influence of seed weight class on inorganic leaked solutes of sodium
(Na), potassium (K) and inorganic phosphorus (P;) was significant during all
times of imbibition period of the three tested seed classes; control, light and
heavy (Table 5). Light seed weight class, gave the greatest amounts of
inorganic solutes; Na, K and P, while, the heavy seed class attained the least
one. Moreover, progressive increases in inorganic leaked solutes of Na, K
and P, were recorded as the imbibition increased up to 8h. The increased
leakage of inorganic solutes with decreasing seed weight class suggests a
cellular degradation or increased membrane permeability allowing for rapid
efflux the soluble Na, K and P, salts.

5.2. Leakage of organic solutes.

Relative leakage of organic solutes; free amino acids, sugar, and A°260
and A°280 absorbing materials (esp. proteins and nucleic acids) from the
different seed classes is shown in Tables (6&7). The results indicate that the
leakage of organic solutes was significantly influenced with seed weight
class during all times of imbibition for the tested seed classes (control, light
and heavy). It was obvious that leakage of amino acids and sugars was
inversely proportional to seed weight class indicating that the lower the seed
weight class, the higher the leakage of the free amino acids and sugars. This
result may be as a result of membrane dysfunction with decreasing in seed
density class (Krieg and Bratee, 1974). Measurements of A°260 and A°280
absorbing materials (esp. proteins nucleic acids) in the imbibiting medium
(Table 7), show that there was a linear rate of loss occurred throughout the
period of imbibition for all seed classes. The light seeds showing much
greater rate of leakage than the other two classes, heavy and control. These
results are in accordance with those of Gadallah (2000).

Collectively, these results indicate that the quantity of material available
for leaching from the seed was significantly influenced by seed weight. Seed
coat and cellular integrity are apparently much less in the low weight (light)
seed compared with the higher weight seed (heavy). Thus, the high quantity
of soluble compounds leaked from the low weight seeds should prowde an
ideal media for a rapid growth microorganism.

Finally, based on the consistent results in this study, it is our OpInIOI’I that
weight-grading (separation) of bean seed can be used to improve low quality
commercial seed. In addition, it is likely that farmers will obtain a good
germination and seedling growth by sowing bean seeds high weight (heavy).
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Table (5): Time course of leaked inorganic solutes of sodium (Na), potassium (K), and inorganic phosphorus

_(P1) (mloo seeds) as affected by bean seed quality class in both seasons.

Seed

|mb|b|t|on time (h)

class

1

2

3

Na

K| P

Na] K| P

Na| K | P,

Na | KTPn

NaT K 1 P,

Na rKsj P

7
Na| K [P

8
Na]K[P

—

1* season

IControl

3.1%

11.27

.245

93|

12.21 0.29;! 4.07

4.42

14.0@20

4.74

Q2.5;’0.363

23.080.48;!5.0224.82]0.548] 7.27

26.000.678 9.50

P7.9ﬂ07770

Light

4.06

12.9

.3314.7

4.85

[~

4.99

o

25.73&).575 5.86

26.1 8’0.697

5.92127.93

,756| 8.42

28.090.83312.63

30.11+J.923

Heavy

3.00

8.54

0.139|S.GQ

3.73

3.94

&1.670.3014.09

22.4;[0.361

14.34123.110.426

6.70

24.510.472 8.11

25.1 30.561

LS 0(0_95) .

1.61

0.083}0.23

0.17

1.01 ’0.05 0.37

0.51

0.07;{ 0.22

0.42 0.035

0.43 0.81 10.093

0.31

0.910.080{1.01

1.11 [0.090)

-

season

Control

3.97]

14.08

0.215

4.91

15.26]0.26?] 5.08

e

8. ZZF) 30_9’5 93

QE{O.39;]?—.28]31.020.404

9.08

32.500.55411.37

.910.688

ilight

4.29116.22

0.303!5.95119.3*.381 6.06

28. 32%‘4‘ 6.23

31.94*0.51% 7.33

32. 73‘0 55%7 4034.91‘0.611

10.52

35.11

I
0.78815.78

37.660.867

Heavy

3.50

10.67|

0.116147.42

13.0610.131

4.66

16.25‘0.187 4.92

20.07/0.268 5.11

24, OEIO.

331

5.43127.88/0.381

8.37

30.63?.419]9.13

31.400.509

2.07

LSD(.W)BN

0.062

0.20)

2.0410.0710.072

0.17

p.ossPom

0.43

.031%.041

0.42

0.071?.05

0.400.012

0.02

1.12 10.062

0.061/0.01 1]1 .03 J
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Table (6): Time course of leaked organic solutes of free amino acids (FAA) and sugars (mg 100 'seeds) as
affected by bean seed quality class in both seasons.

Imbibition time (h)
L
1 ‘ 2 3 4 5 6 7 8
Seed class
FAA Sugars] FAAJSugarﬁ FAA §ugar§i FAAJ;ugars FAAJSugarS} FAA ugarﬂ FAA Sugars| FAA Suga
mg 100 'seeds
1*' season
iControl 46.71 9.26 {50.401 21.74 §9.06 32.21 k6.13 40.74 ‘;5.80 44.44 106.63) 50.03 1115.08| 59.13 126.0% 68.18
Light 53.60, 14.07 57.49 26.11 [66.76) 37.03 [70.83 46.29 *971.89 51.84 120.13 60.11 [125.65 78.09 135.06r91.31
_Heavy 40.88 6.67 [45.99 11.85 #53.41 20.74 FS.GT 33.33 75.52 38.88 |88.11] 43.21 | 92.52| 52.17 [103.56] 59.15
LSD0.05 411 1.45 |3.73| 3.15 |4.38| 4.92 |3.82| 4.13 |5.59| 5.48 |11.89| 6.21 | 8.39 | 417 [ 7.70 | 519
2" season
Control 38.93 7.04 42.00 15.63 [;9.22 21.76 55.11| 38.11 69.83 43.51 |88.86 | 52.17 |95.91| 61.02 [105.05 70.37
&ht 144.66] 13.33 |47.91| 21.48 55.63] 33.33 159.03) 44.43 76.58 53.69 [100.11| 64.05 [104.71| 76.47 112.55‘ 96.22
Heavy [34.07k5.11' 38.23 8.01 44.08 17.77 47.89 29.99 161.93/ 38.88 |73.42| 46.00 | 77.10| 51.84 |86.30| 62.41
—
L LSDposy {2.37) 1.13 2.71J 5.01 }3.92 2,81 {3.57| 511 |4.27] 3.62 (913 | 617 | 419 | 4.02 | 6.15 | 5.02
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Table (7): Time course of leaked A°260 and A°280 absorbing materials (mg 100" seeds) as affected by
uality class in both seasons.

Imbibition time (h)
Seed class 1 2 3 4 5 6 7 8
A°260 | A°280 | A°260 | A°280 | A°260 | A°280 | A°260 | A°280 | A°260 [ A°280 | A°260 [ A°280 | A°260 | A°280 | A°260 | A°280
| 1" season ‘
Control 0.150 | 0.134 FO.247 0.151 1 0.320 | 0.226 { 0.395 | 0.291 | 0.471 | 0.316 | 0.585 | 0.481 | 0.675 | 0.551 | 0.754 | 0.635
Light 0.247 { 0.191 | 0.395 | 0.241 | 0.440 | 0.306 | 0.505 | 0.371 | 0.610 | 0.539 | 0.745 | 0.661 | 0.870 | 0,747 | 0.940 | 0.851
Heavy 0.110 | 0.074 | 0.140 | 0.109 | 0.225 | 0.161 | 0.365 | 0.190 | 0.401 | 0.261 | 0.452 | 0.391 | 0.525 | 0.471 | 0.623 | 0.501
—
LSD(n,os)J 0.031 | 0.053 { 0.111 | 0.035 | 0.076 | 0.063 | 0.011 | 0.086 | 0.053 | 0.042 | 0.115 | 0.065 { 0.0.133 | 0.062 | 0.120 | 0.113
2™ season

Control 0.190 ( 0.119 | 0.260 | 0.143 | 0.340 | 0.241 | 0.415 | 0.241 | 0.558 | 0.295 | 0.611 | 0.371 | 0.715 | 0.476 ) 0.825 | 0.551
Light 0.303 | 0.183 | 0.410 | 0.226 | 0.558 | 0.289 | 0.628 | 0.323 | 0.765 | 0.403 | 0.805 | 0.501 | 0.900 | 0.661 | 0.953 | 0.750
Heavy 0.131 | 0.077 | 0.205 | 0.415 | 0.247 | 0.150 | 0.376 | 0.150 | 0.409 | 0.189 | 0.525 | 0.241 | 0.623 | 0.390 | 0.675 | 0.460
LSDy0.05) 0.051 { 0.032 | 0.037 | 0.019 | 0.087 { 0.079 | 0.038 | 0.073 | 0.103 | 0.092 | 0.077 | 0.129 | 0.083 | 0.075 | 0.132 | 0.085
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