Chapter 4

RESULTS

4.1 Field experiment

Some characters of NL 480 were not determined as emergence was
poor.

4.1.1 Environment conditions

During the development of reproductive organs, e.g. from double
ridge stage (Zadoks 3.0) (beginning reproductive pgrowth) to flowering
stage (Zadoks 6.1 - 6.9), daily mean temperature was stable around
20-259C; and daily air humidity fluctuated slightly between 802 to 80%
(Figure 4a).

Flowering pericd (Zadoks 6.1-6.9) of all genotypes (Figure 4b)
lasted about one month. Anther extruded from the glumes (flowering)

usually between 7:00 and 8:00 a.m.

4_1.2 Vegetative growth‘

No wvisual symptom of B deficienecy had been observed during
vegetative growth (Zadoks 1.0-4.9) in all 10 genotypes at any soil B
supplies. Duration from emergence to double ridge stage (Zadoks 1.0-3.0)

varied little among various soil B for all genotypes (Table 4).
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b. Duration of developing reproductive organs
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Figure 4. a) Daily mean temperature (PC) and air humidity (¥) wag
recorded in the Station of Multiple Cropping Center
during Dec. 1980 - Jan. 18991; and b) duration of
developing reproductive organs.

* Arrows indicating date of 50% ear emergence.
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Table 4. Effects of soil B treatments on days from emergence to
double ridge stage of 9 wheat genotypesl

Eenctype
&l B Bds B Bt
{reatment
W41 BL 1022 o 285 S8 23 Sonalika  Kanthan Sonora 642 KUMR 12 MU 26
2] 2.4 15.5 .3 20,0 2.7 2.5 18.0 2.0 23,7
Bt 2. i7.4 23,0 21.3 20.8 2.7 i7.3 21.8 4.1
i 21.2 16.0 5.0 2.7 20,3 2.5 17.5 2.3 23.8
BT 0.8 17.5 2.0 1.0 211 2.3 i7.5 2.0 3.5
LS0o.on = 1.2 (Bstf)
vy = ..

L. Sewing date was Nov. 16, emergence was Nov. 20,

2. Bl and BT of Sonora &4 were estimated.

Bs: Snil B treatsents; G: genotypes,

B0, B, B2 and B3: 0.09, 0.12, 0.16 and 0.2¢ sg Bkgt soii, respectively.

4.1.3 Development. of anther and pollen

4.1.3.1 Anther length

The anther length responded to soil B in BL 1022, SW 23,
Kanchan, Sonora 64 and KUHR 12 (P<0.08). In these genotypes, the
shortest anther length was found in BO plants (Table 5). There was also

a strong effect (P<0.01) of genotypes on anther length.

4.1.3.2 Pollen reaction to iodine

Pollen staining with KI/I2 solution designates starch deposit in
pollen grain. Pollen positive reaction to iodine among genotypes
significantly differed (P<0.01) at various =oil B {Table 8. In RO
plants of SW 41, BL 1022 and Sonora 64, the percentage of pbllen with
positive reaction to iodine, which was 43.5% for SW 41, 74.0% for BL
1022 and 66.0% for Sonora 64, was markedly lower than that in Bl, B2 and
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B3 plants. In Kanchan and KUHR 12, +there was a trend of the higher soil
B to have the higher percentage of pollen positive reaction to iodine.
CMU 285, SW 23, Sonalika and CMU 26 showed no responses to soil B

supply.

Table 5. Effects of soil B treatments on anther length (cm) of 8
wheat genotypes

fenotype
Spil E Bds fis Bt
treatment
S 41 B H0Z2 CH 283 83 Bonalika Kanchan Sonora 44 EHR 12 WU 25

Bo 3.4 3.3 3.4 3.2 I3 I 3.2 3.4 3
Bi 5 3.5 3.7 34 33 3.9 3.3 1.8 3.2
B2 3.4 Tb 37 1.5 I3 E9:: 3.4 3.9 3.2
B3 3.8 b .8 4 3.4 RN Seb 37 L7

LSDo_oﬁ = 3.3 {BE\*E)
ML = &7

Table 6. Effects of so0il B treatments on the percentage of
positive peollen reaction to iodine of 9 genotypes

Genotype
foil B Bds ‘ Edm Bdt
reataent
B4t B 1027 CHU 283 S 23 Sonalika Kanchan Sonora &4 KRR 12 04 2
Ed 43,3 .4 2.5 8L.5 g2.4 73.3 &0 13.9 23,4
Bt 87.9 5.0 o2 82.4 F3.3 g4.2 Q0,0 2.3 88.9
B2 813 g7.¢ 84,2 £8.2 939 %0.8 87.0 0.4 9{.4
E3 8.2 20,0 8.7 8%.4 53.9 B4.& 87.0 23 0.5

985,00 = 10,8 {BsiB)
Vi = 5.8
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4.1.4 Grain set

4.1.4.1 Basal floret fertility

Basal floret fertility is the average number of grains in the two
basal florets (F1+2) of 10 central spikelets of the wheat ears (Rerkasen
et al., 1891). The results showed the evident effects of soil B on
basal floret fertility (P<0.05) (Figure 5). The lowest basal floret
fertility was recorded in BO plants for SW 41, BL 1022 and Kanchan,
which was 1.26, 1.61 and 1.53, respectively; and the value of the basal
floret fertility approached the maximum value of 2 with increasing soil
B supply. By contrast, CMU 285, SW 23, Sonalika, Sonora 64, KUHR 12,
CMU 26 and RL 480 showed no responses of basal floret fertility to soil

B. The values of basal floret fertility ranged from 1.79 to 1.97.

Number of grains/F{+2
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Figure 5. Effects of soil B on grains in the two basal florets
(F1+2) of 10 ecentral spikelets of ear for 10 wheat
genotypes. )

* Indicating significance (P<0.05) of probability.
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4.1.4.2 Percentage of fertile florets

Percentage of fertile florets is calculated as the ratio of
florets with developed grains to the total florets. A significant
interaction (P<0.01) was detected between soil B and genotype. In some
genotypes, such as Scnora 64, KUHR 12, CMU 26, NL 480, SW 23, Sonalika
and CMU 285, the percentage of fertile florets was all 90% or higher,
with no response to so0il B (Table 7). The most sensitive genotype to B
was SW 41; the percentage of fertile florets was only 51.4% in BO
plants, which was markedly lower than that in higher B levels
(88.0-93.0%). In BL 1022 and Kanchan, there was a trend for the higher

s0il B to have the higher percentage of fertile florets.

Table 7. Effects of soil B treatments on fertile florets of 10
wheat genotypes (%)

Senaiype

il B i

treatpent

Bom fdt

w

SWal BL 1022 ChrZeS S 23 Comalika  Hanchan Somora 64 KUHR i2 CME 26 WL 480

BQ 5.4 g2.5 9.0 7L 94.% LA 97.0 90.40 9.1 8.4
8L 8g.0 911 96,5 932 g.4 934 9.4 92,2 945 91.9
B 7.1 Fa.l .8 3.1 7.5 9.1 9.4 9.1 95.0 L6
B FERY 4.2 FAN 94,0 91,3 92.4 9.7 9.5 953 91,0

L8lo.os = 12,3 (Bgii)
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4.1.5 Yield components

4.1.5.1 Spikelets per ear

The spikelets per ear varied little among soil B treatments for
all genotypes (Table 8). There were significant effects (P<0.01) of
genotyvpes on spikelets.

Table 8. Effects of s0il B treatments on spikelets per ear of 10
wheat genotypes

Benatype
Soil B Bds Edm Bdt
treatment :
SWel BO1022 CMU 285 23 Sonalika  Kanchan Sonora &4 KIHR 12 CHU Z6 ML 440

BC 14,7 12,9 131 154 12.3 15.0 15.9 5.7 14.4 16.2
Bl 4.6 12.4 13.4 4.7 12, 14.4 14,5 §4.3 159 5,8
7 4.3 15,4 i5.1 14.2 12.2 13.5 14.9 i4.9 13,4 15.2
13 i4,6 12.8 4.0 15.1 12,5 14.8 4.7 N 14,7 16,4

{80 0s = 2.4 {BekER)
Y = %

4.1.5.2 Grains per ear

Large effects of so0il . B on grains per ear werse bbserved only in
SW 41. In BO plants, the lowest grains per ear were noticed (17.4)
compared with other higher soil B plants (Table 39). There was a trend
that grains per ear decreased with decreasing soil B supply in BL 1022
aﬁd NL. 4B0. For other genotypes, grains per ear differed little among

various soll B.
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Table 9. Effects of so0il B treatments on grains per ear of 10
wheat genotypes

Benotyns
Snil B Bds Bdm Bdt
treatment
oW 41 BL 1022 CHI 289 SW 23 Senalika  Kanchan Sonora 64 KLHR 12 CMU 26 ML 480
EQ 17.4 237 . 0.2 213 iR 8.4 . 229 3.3
B! 3.9 28,9 2.7 .4 2.1 2.8 .0 A7 3.9 40,2
BZ 2.4 32. 3.2 7.4 2.9 a0 353 4.9 7.9 319
H3 .3 3.3 2.9 2.9 AN 4.3 4.2 .2 iz 43,2
LSBo.0s = 10.4 {Bs3E)
Wi = 127

4.1.5.3 )00 grain weight
The 1000 grain weight varied little among various soil B supplies

in 9 genotypes (Tsbhle 10).

Table 10. Effects of soil B treatments on 1000 grain weight of 9
wheat genotypes (g/1000 grains)

Banotype
fnil B Bds Bdn Rt
treatment
g4t BL 1027 O 283 23 Spnalika  Kanchan Sonora A4 KUHR 12 CHU 26
B 0.8 3.0 2. 26,3 4.0 3.2 26,7 2.1 2.6
Bl n.z M9 %3 4.7 3.5 .0 2.3 353 1.4
: 29.3 31 7.9 28.4 32.7 3.3 2.3 3.2 2.8
B3 28,5 32.8 25,9 5.1 32.B 3B 26.7 354 1.4
L5 0s = B.0 {BiB)
Wi =81
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4.1.6 Grain yield

A marked response to soil B was found only in SW 41, the grain
vield was depressed by 52.4% in BO plants. There was a trend for the
higher soil B to have the higher grain yield in BL 1022, and SW 23
(Table 11). In other genotypes, no differences in grain yield were found

among various soil B.

Table 11. Effects of so0il B treatments on grains vield of 1 m2
field of 9 wheat genotypes (gm—2)

fGenotype
Soil B Bds PBra Bdt
treatpent
W41 B 1022 O 285 B 22 Sonalika  Kanchan Sonora 84 KUHR 12 CH 26

B 11566 185.4 162, 173.0 240,35 168,27 1.3 1%90.8 1%0.2
Lid] 2.5 247.4 2.7 197.7 272, 16,1 -195.4 191.4 182.2
B2 2824 728,27 193.5 721 30,7 210.7 2.8 a07.4 1613
B3 248.7 YLV 248,92 23.4 187.3 8.7 219.9 6.4 2010

L300.05 = 94.9 (BsiE)
Wi = 19.38

4.1.7 Boron concentration ([B]) in tissue

4.1.7.1 Whole tops at double ridge stage (Zadoks 3.0)

In general, [B] in whole tops at double ridge stage increased as
s0il B increased (P<0.08) (Table 12}. In BO plants, for BL 1022 and
Sonora 84, [B] in whole tops was slightly lower than that in higher soil
B supply plants and it was salso lower than that in other genotypes,
which was 7.6 mg Bkg-1 dry wt for BL 1022 and 7;4 mg Bkg—1 dry wt for
Sonora 64. [B] in SW 41, for all plants from various soil B, were

relatively higher than that in other genotypes.
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Table 1Z2. Effects of so0il B treatments on {B] 1in whole tops at
double ridge of 9 wheat genotypes (mg Bkg-1 dry wt)

Genntype

Snif B Bds Bdn Bd¢
{reateent

W4 BL 1822 [CHU 285 S 23 Somajika  Kanchan Sonora &4 KiHe 12 {26

kG 12.1 7.6 11.5 8.6 10.1 153 7.4 113 1.6

# 12.6 11.5 16,3 0.4 13.4 0.0 10.2 12.2 12.3
B2 4.6 9.4 9.7 11.4 1.6 13,0 10.9 i3 14.2
B 16.2 129 14,2 1.7 ER ] 12.8 13.0 13.8 14,3

[80o.05 = 4.2 (B:¥G)
tvi =158

4.1.7.2 Flag leaf at booting stage (Zadoks 4.5)

A significant interaction (P<0.01) between soil B and genotype was
found (Table 13). In BL 1022, the highest [B] in flag leaf at booting
stage was recorded in B3 plants, which was 7.9 mg Bkg-1 dry wt. In
Sonora 64 and CMU 26, [B] msrkedly higher in B3 plants than that in BQ,
Bl and BZ plants as well as than that in other genotypes. The amount of
[B] in Sonora 64 and CMU 26 was 8.9 mg Bkg- dry wt and 10.2 mg Bkg-1
dry wt, respectively. There was a trend that {B] in flag leaf responded
positively to soil B in SW 23, Kanchan and RUHR 12. In other genotypes,
e.g. BSW 41, CMU 285, Sonalika and NL 4680, effects of soil B on [B]
in flag leaf were inconsistent, which ranged from 4.2 to 6.2 mg Bkg-1

dry wt.

4.1.7.3 Developing ear at booting stage (Zadoks 4.5)
There was a significant interaction (P<0.05) between soil B and

genotype. In BO plants for BL 1022, [B] in developing ear at booting
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stage (3.2 mg Bkg~1 dry wt) was much lower than that in other higher
soil B supply plants (Table 14), and was also the lowest among
genotypes. In KUHR 12, the highest [B] (7.3 mg Bkg-1 dry wt) was found
in B3 plants. A trend was also cbserved for the higher soil B to have
the higher [B] in SW 41, Kanchan, Sonora 64 and NI. 460. In other
Eenotypes, e.g. CMU 285, SW 23, Sonalika and CMU 26, [B] in developing
ear at booting stage showed no response to soil B.

Table 13. Effects of soil B treatments on [B] in flsg leaf at
booting stage of 10 wheat genotypes (mg Bkg—1 dry wt)

Genntype
Soil B Bds Hda Bt
treatment
S 4l B 1027 Oy ES S% 23 Sonalika Kanchan Sonora 64 KURR 12 CNU 26 ML 440
i &7 5.0 4.5 4.7 3.2 4,7 4.5 £.1 5.4 4.6
B 3.8 3.8 3.8 &, 5.2 1.0 L6 h.b& 6.8 .1
B2 4.4 3.7 3.l 4.7 5.7 4.8 3.0 5.7 5.1 3.5
B3 4.9 7.5 5.7 5.9 .2 4.8 8.9 B.Z 14.2 ad
100,08 = 1.7 (E5iB)
vy =12

Table 14. Effects of soil B treatments on {B] in developing ear
at booting of 10 wheat genctypes (mg Bkg-1 dry wt)

Genntype
Snil B Bdg Bdm Bdt
treatment
SW41 B 1022 DMy 283 S 25 GConalika  Kanchan Scnora 64 KUHR §2 CHE 26 M 440
B0 1.1 3.2 4.z 340 3.0 3.7 3.9 3.8 4.2 3.9
B! 4.3 3.8 g4 5.2 b4 3.3 i 4,0 1,4 3.6
52 5.7 3.7 0 3.9 6.2 3.6 6.1 33 3.3 7.3
B3 5.7 3.3 5.8 el 5.8 3,3 4.7 7.3 A b
L500.05 = 1.9 (BsiB}
Vi =128
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4.1.8 Correlations among various characters

Table 15 shows correlations among various characters in BO plants
of 9 wheat genotypes (excluding NL 483). The percentage of positive
pollen reaction to iodine had high correlations with grain set
(Table 13), ie. basal florets fertility (r:0.8488§ and percentage of
fertile florets per ear (r=0.9139), and with grain yield (r=0.8525).
There was a weak correlation (r=0.5648) between the percentage of
positive pollen reaction to iodine and [B] in flag leaf at booting.

Two indexes of grain set, basal floret fertility and percentage of
fertile florets, were consistent (r= 0.9453). The grain vield evidently
related to grain set, basal floret fertility (r=0.7153) and percentage
of fertile florets (xr=0.8281).

A weak correlation (r=0.5831) between grain yield and [B]l in flag
leaf at booting stage was found.

Table 15. Matrix of correlations (Pearson) among various
characters in BO plants for 9 wheat genotypes.

i & € i E F 4 H
A 1,0000
R ¢.0281 1.0000
g -0.2221 10,8486 1.0008
i -0.152& 10,9139 10, %433 1.0000
£ 0.95331 1),8323 19,7133 #0.B28¢ 1.0060
F 0.3088 -1, 153066 -0.2157  -0,3774 -0.2873 1.360¢
B -0, 3423 10,5648 0.4594 0.3429 ¥0.5938 -¢,3589 19600
H -0,1172 §.3083 0.2632 0.22431 4,794 (.0834 0.1844 £.000¢

¥ r20.3500 {Rejection level: ¢,5500)

A1 anther length;

B: percentage of positive pollen reaction to ipding;
Lt number of grains per two hasal floreis (F1:2)

01 percentage of fertile florets per eary

£: graip yield;

Fr B in whole tops at double ridge stane;

B: {B] in flag leaf at booting stage;

H: {B] in developing ear at booting stage.
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4.2 Pot experiﬁent

Results from two sowing dates, for the most part, were combined
for analysis considering that the results were similar, when errors from
two sowing dates were homogeneous after statistical examination.
However, errors of two séhing dates for mature and late ears per pot
were not  homogeneous (P<0.05). Therefore, effects of =owing dates on
ears per pot were analyzed with One Way ANOVA.

No visual symptoms of two genotypes (SW 41 and Sonora 64) were
detected in various plant B freatments during vegetative growth.

4.2.1 Environmental conditions

During pot study for two sowing dates (from October 24, 1991 tao
April 24, 1992), wmonthly maximum, minimum and mean temperatures are
shown in Table 16. Generally, temperature was stable during the period
of plant growth at sowing date 1 (October, 1931 - February, 1892).
Hoﬁever, temperature Iincreased drastically, especially the maximum
temperature, during the period of plant growth at sowing date 2
(January-April, 1982} .

Table 15. Monthly maximum, minimum and mean air temperature (O0)

recorded in the experimental station of the Multiple
Cropping Center during October, 1881 - April, 1992.

Alr temperature (OC)

Month

(1991-1992) Maximm Minimum Mean
Oct. 32.0 22.1 26.3
Now, 30.2 18.0 23.2
Dec, 29.0 15.2 21.1
Jan. 28.7 12.7 19.8
Feb. 30.8 13.3 20.7
March 35.7 17.86 25.3
Apr. 38.3 222 29.1
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During the development of reproductive organs, e.g. from double
ridge stage (Zadoks 3.0) to flowering stage (Zadoks 8.1-6.9), daily mean
temperature and daily mean air humidity are shown in Figure 6a for
sowing date 1 and in Figure 7a for sowing date 2. Daily mean temperature
was stable, which was 20+20C for sowing date 1 and 25+10C for sowing
date 2. Daily mean air humidity fluctuated slightly and ranged from 80%
to 80% for sowing date 1 and from 50% to B0% for sowing date 2.

Flowering period of both genotypes is shown in Figure 8b for
sowing date 1 and in Figure 7b for sowing date 2. The flowering period
of each genotype lasted about 7 days. The anthers extruding from the

glumes was usually between 7:00 and 8:00 a.m.

4_2.2 Development of anther and pollen

4.2.2.1 Anther Length

Anther lengths ranged‘ from 2.9 to 4.1 cm for Sonora B4 and S¥ 41
at both sowing dates (Table 17). There were no effects of plant B
treatments on anther lengths.

Anther lengths were significantly differeﬁt (P<0.01) among top,
middle and bottom parts of ear. The longest anther was recorded in

-

middle part.
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Figure 6. a) Daily mean temperature (9C) and air humidity (%)
was recorded in the Station of Multiple Cropping
Center during Nov.-Dec., 1991 (sowing date 1); and b)
duration of developing reproductive organs.
* Arrows indicating date of ear emergence.
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a. Temperature and humidity
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Table 17. Effects of plant B treatments on anther lengths (cm)
of two genotypes For both sowing dates

Location in ear

Genotype Plant B* Sowing date 1 Sowing date 2
treatment
Top Middle Bottom Top Middle Bottom

Sonora B4 BO 3.2 4.0 3.8 2.8 3.5 3.3
Bi 3.0 3.8 3.3 3.2 3.8 3.3
B2 3.7 4.1 3.8 3.3 3.6 3.1
B3 3.5 4.0 4.0 3.3 3.8 3.5

SW 41 BO 3.4 3.8 3.4 3.4 3.8 3.2
Bl 3.3 3.6 3.6 3.3 3.7 3.4
B2 3.3 3.6 3.7 3.2 3.8 3.4
B3 3.2 3.9 3.5 3.3 3.9 3.2

* Plant B treatment: 0, 0.001, 0.005 and 0.02 mg B1-1.
LSDo.os = 0.5 (Bp¥GDXL)
CV % = 8.15
Bp:plant B treatment; G:genotype; D:sowing date; L:location in ear.

4.272.2 The number of pollen

The number of pollen per anther did not differ statistically among
plant B treatments for both genotypes at two sowing dates (Table 18).

A marked interaction (P<0.01) was detected between genotype and
sowing date. In top and bottom parts of ear, for Sonora 84, the number
of pollen was considerably greater at sowing date 2 than that at sowing
date 1. The range of values for the number of pollen per anther was
847-1361 at sowing date 1 and 1373-1935 at sowing date 2. For SW 41, no
differences were found between both sowing dates.

In SW 41, a strong difference (P<0.01) in the number of pollen per
anther was found among various locations in ear. The largest number of

pollen was recorded in middle part of ear.
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Table 18. Effects of plant B treatments on the number of pollen
per anther of two genotypes for two sowing dates

lLocation in ear

Genotype Plant B Sowing date 1 Sowing date 2
treatment

Top Middle Bottom Top Middle Bottom

Sonora 64 BO 847 1363 965 1406 1804 1748
Bl 1170 1542 1318 1811 2072 1935
B2 1085 1366 1181 1373 1882 1406
B3 1177 1469 1361 1856 1803 1816

SH 41 BO 1338 1206 1323 1506 17272 1582
Bl 1180 1481 1837 140Z 1695 1415
B2 1476 1890 1487 1078 1584 1766
B3 1118 1478 1311 1323 1880 1486

LSDo.os 548  (Bp¥GDXL)

cV % Z22.869

4.2.2.3 Reaction of pollen to iodine

Significant differences (PkU.Oﬁ} in percentage of pollen with
positive reaction in KI/Iz solntion were observed among varicus plant B
treatments only in top and bottom part of ear, Ffor Sonora B4, at
sowing date 1l (Figure 8). The lowest percentage occurred in B0 plant,
which was 64.0% (top) and 79.7% (bottom), respectively. In SW 41, no
effects of plant B treatments appeared at both sowing dates.

The effects (P<0.0l1) of pollen locations on the percentage of
pollen with positive reaction in KI/Iz were detected for both genotypes.

Generally, the greatest percentage was in middle part of ear.
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dates.
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4.2.3 Pollen germination in vitro

4.2.3.1 Effects of B treatments

1). Germinated pollen

a) At sowing date 1

At MO, pollen from all B supply plants gave low percentage of
germinated pollen, ranging 2.2-5.6% for Sonora B4 and SW 41 (Figure 8).
At M20 and M100, there was a strong trend (P<0.01) for pollen from
higher B supply plants to have higher percentage of germinated pollen
for both genotypes. |

In Sonora B4, the percentage of germinated pollen was increased
with increasing medium B (P<0.01) for all B supply plants. In SW 41, the
lowest percentage of pollen was detected at MO; but no differences were

found between M20 and M100, except that in B2 plants.

Percentage of germinated pollen (%)
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Figure 9. Effects of medium B treatments on the percentage of

germinated pollen among various B supply plants for
Sonora B84 and SW 41 at sowing date 1.
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b) At sowing date 2

The percentage of germinated pollen consistently increased
(P<0.01) as medium B increased from 0-20 mgl-1 HaBOs in all B supply
plants (Figure 10a). The percentage of germinated pollen at M100 was
similar to that at M20 (Figure 10b). The line between medium B and the
percentage of germinated pollen is linear so only 0-20 mgl-1 HsBOs media
were considered. The linear regression egquation of two genotypes is well

fitted (P<0.01) as shown following:

Y = 4.7922 + 0.80153 X R2=0.8080
Y: The percentage of pollen germinated (%)

X: Medium B treatments ( 0-Z0 mgl—-21 HaBOa)

The perecentage of germinated pollen varied significantly (P<0.035)
among plant B treatments only in high medium B supply (M20 and M10C for
Sonora 64; M15, M20 and M100 for SW 41) (Table 19). It showed a trend
that the percentage of germinated pollen increased as plant B supply
increased, although the high percentage was observed at M100 in BO plant

for SW 41.
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Table 18. Effects of media B on germinated pollen (%) among
various B supply plants of two genotypes at sowing

date 2
Medium B treatment™
Genotype Plant B
treatment MO M10 M15 M20 M100
Sonora B4 RO 5.0 15.5 12.3 14 .8 22.5
Bl 2.6 12.5 13.8 23.0 27.9
B2 4.3 11.0 14.7 16.5 25.4
B3 3.5 12.8 16.2 28.0 24.8
SW 41 BO 5.6 9.8 17.2 20.8 25.5
Bl 7.5 12.3 17.9 21.8 21.4
B2 6.6 10.0 18.0 20.0 27.0
B3 7.5 11.7 22.5 28.5 23.9

* Medium B treatments: 0, 10, 15, 20 and 100 mgl-1 HaBOa.
LSDo.os = 5.4 (Bp*Bm¥G)
Cv % = 20.3
Bm: medium B treatment.
2). Burst pollen
There were large effects (P<0.01) of medium B supply on the
percentage of burst pollen among various B supply plants at sowing date
Z (Table 20). At MD,.the percentage of burst pollen was markedly greater
in BO plants than that in Bl, BZ and B3 plants for both genotypes. It
was up to B80.6% for Sonora 64 and 61.3% for SW 41. At M10, for Sonora
64, the lowest percentage was recorded in B3 plants (19.7%). At other
media, the percéntage did not differ much among plant B treatments
" (actually, the low percentage was found in BZ plants at MZ0 for SW 41).
In the most plants, regardless of B supply to the plants for both
genotypes, there was a slight trend (P<0.08) that the percentage of
burst pollen depressed as medium B increased. In SW 41, however, the
percentage of burst pollen véried little among medium B treatments in B2

and B3 plants.
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Table 20. Effects of medis B treatments on burst pollen (%)
among various B supply plants of two genotypes at
sowing date 2

Medium B treatment

Genctype Plant B
treatment MO M10 M15 M20 M1i00
Sonora B4 BO 60.5 53.3 29.5 42.8 37.4
Bi 34.3 43.1 23.9 34.7 23.1
B2 45,2 48.5 20.4 43.6 33.7
B3 41.4 19.7 22.3 42 .8 23.8
SW 41 BO 61.3 33.9 421 45.9 37.1
Bl 37.4 38.7 28.3 40.6 23.8
BZ 28.0 34.8 38.3 28.5 30.7
B3 38.0 36.5 37.86 45.0 36.2
L3Do.os 16.3 (Bp¥Bm*G)

11

CV % 28.8

Table 21. Effects of media B treatments on ungerminated pollen
(%) among variocus B supply plants of two genotypes at
sowing date 2

Medium B treatment

Genotype Plant B
treatment MO M10 M15 Mz20 M100
Sonora B4 BO 34.5 31.2 58.2 42.7 40.0
Bl 63.1 33.4 B2.3 42.3 438.0
B2 50.4 40.5 64 .9 39.9 40.9
B3 55.1 67.5 B1.5 29.1 51.6
SW 41 BO 33.1 56.3 40.7 33.3 37.4
Bl 55.1 43.0 53.8 37.6 54.7
BZ B5.4 55.2 43.7 51.5 42.3
B3 54 .4 51.8 39.9 28.6 39.8
L8Do.os 18.8 (Bp*Bm¥G)

CV % 23.9
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3). Ungerminated pollen

The relationship between the percentage of ungerminated pollen and
plant B or medium B treatments was not evident at sowing date Z
(Table 21). At MO, for both genotypes, the percentage of ungerminated
pollen was markedly lower in BO plants than that in Bl, B2 and B3 plants
( 34.5% for Sonora B4 and 33.1% for SW 41). In contrast, at M20 for

SW 41, the lowest percentage (28.8%) was detected in B3 plants.

4.2.3_2 Effects of sowing dates

1). Germinated polien

Percentage of germinated pollen was significantly affected
(P<0.01) by sowing dates (Figure 11). At M100, in 8l1 plants of
Sonora B4, the percentage of germinated pollen was pronouncedly greater
at sowing date 1 than that at sowing date 2. For SW 41, the largest
effects of sowing dates were observed in Bl, Bé and B3 plants at M100.
The higher percentage of germinated pollen was recorded at sowing
date 1. At M20, marked effects of sowing date were found only in BZ
plants of Sonora 64 . The percentage was greater at sowing date 1
(36.2%) than that at sowing date 2 (1B.5%). A considerable interaction

(P<0.01) between medium B treatment and sowing date was detected.
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Figure 11. Effects of sowing dates on the percentage of

germinated pollen of two genotypes

2). Burst pollen

Effects of sowing date on the percentage of burst pollen were
gsignificant (P<0.01) (Table 22). At sowing date 1, for Sonora 64, in BO
plants at M20 (82.3%) and in Bl plants at M100 (43.7%), the percentage
of burst pollen was evidently higher than that at sowing date 2, 42.B%
for BO plants at MZ0 and 23.1% for Bl plants at M100. For SW 41, only in
B2 plants at M20, the higher percentage of burst pollen (60.7%) was
cbserved at sowing date 1.

3). Ungerminated pollen

Generally, the percentage of ungerminated pollen was congsistently
lower (P<0.01l) at sowing date 1 than that at sowing date 2 (Table 23),
since the higher percentage of dgerminated and burst pollen was

recorded at sowing date 1.
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Table 22. Effects of s=owing dates on burst pollen (%) of two
genotypes at M20 and M10Q0

Medium B treatment

Genotype Flant B M20 M100
treatment
Date™ 1 Date 2 Date 1 Date 2
Soncra 64 BO 62.3 42.86 90.4 37.4
Bi 49_7 34 .7 43.7 23.1
B2 43.8 43 .6 38.7 33.7
B3 485.9 4z.8 41.3 23.8
SW 41 BO 63.1 45.9 52.4 37.1
Bl 58.1 40.6 36.3 23.8
B2 60.7 28.5 38.7 30.7
B3 43.1 45.0 45.0 38.2

* Sowing date
LSDo.os = 18.8 (BpxBm*GkD)
CV % = 21.9
D: sowing date

Table 23. Effects of sowing dates on ungerminated pollen (%) of
two genotypes at MZ0 and M100

Medium B treatment

Genotype Plant B MZ0 M100
treatment
Date 1 Date 2 Date 1 Date 2
Sonora 64 . BO 12.6 42.7 9.0 40.0
Bl 23.9 472.3 9.3 49.0
B2 20.0 39.9 3.8 40.89
B3 17.7 29.1 6.7 51.8
SW 41 BO 12.6 33.3 16.9 37.4
B1 12.7 37.8 27.8 54.7
B2 12.7 51.5 20.6 42.3
B3 18.1 23.6 13.4 398.8
LSDo.os 20.1 (Bp*Bm¥GxD)

CV % 35.8
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4. 2.3.3 Rffects of tempersture trestments

Effects of temperature on pollen germination were only examined at

sowing date 2.

1). Germinated pollen

A strong interaction (P<0.01) was detected among plant B
treatment, genotype, medium B treatment and temperature treatment. At
M10O, in the field temperature (25+1°C), the percentage of germinated
pollen was 22.5% - 25.5% in both Sonora 64 and SW 41; increasing
temperature to 30°C, . markedly depressed the percentage of germinated
pollen, but thé effect wvaried with génotypes and plant B status
(Fignre 12). In SH 41, the effect of temperature on germinated pollen
was the same in BO ( 12.8%) and B3 (12.8%) plants. In Sonora B4, the
effect of temperature at 30°C was much more severe in BO plants than
that in B3 plants, the percentage of germinated pollen was 10.8% in BO
plants and 18.8% in B3 plants.

At MZ0, the effects of temperature were the same between both
_ genotypes. In B3 plants, the percentage of germinated pollen was
significantly lower (P<0.01) at 309C than that at field temperature, but
no differences were found in BO plants. The effects of high temperature

did not differ between BO and B3 plants.
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2). Burst pollen

The percentage of burst pollen was significantly affected (P<(.01)
by temperature (Figure 13). At 309C, for Sonora B4, the percentage was
considerably higher than that in the field temperature in BG and B3
plants at both media. The percentage, with this temperature, ranged from
41.1% to 62.2%. In SW 41, the largest effects of temperature occurred
only in BO plants at M20; the percentage of burst pollen was up to 65.0%
at 300C. |

The responses to high temperature (30°C) between BO and B3 plants
were similar to that of the percentage of germinated pollen. Differences
in the percentsge of burst pollen were only detected in Sonora 64 at
M100; the higher percentage of burst pollen was recorded in BO plants.

3). Ungerminated pollen |

The percentage of ungerminated pollen was insignificantly
different between field temperature and 309C (Table 24). The‘differences
between BO and B3 plants, at 300C, were not observed at both B media for
both genotypes.

Table Z4. Effect of temperature on ungerminated pollen (UG%Z) of
two genotypes at sowing date 2

Temperature treatment

Genotype Plant B Field temperature 30cC
treatment.
M20 M1C0 MZ20 M100
Sonora B4 BO 42 .7 40.0 26.1 27.9
B3 29.1 51.6 29.4 39.1
S 41 BO 33.3 37.5 18.3 37.7
B3 28.6 39.8 28.4 40.7

LSDo.os = 21.0 (BpkBmk&kT )
cvaz = 32.0
T: temperature.
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4.2.4 Pollen tube growth

4.2.4.1 Effects of B treatments

The pollen tube length strongly responded (P<0.01) to plant B
treatments, but effects depended on genotypes and medium B at sowing
date 1 (Figure 14). In Sonoras 864, at MZ0, there were no effects of plant
B treatments; at M100, the pollen tube length increased from 80 ym in BO
plants to over 120 ym in B3 plants. In SW 41, the pollen tube length
increased as plant B supply increased at M20 and M100. The increase in
the pollen tube length in B3 plants was almost twice as much as that in
B0 plants.

Generally, the tube length was markedly longer (P<0.05) at M100
than that at M20. In SW 41, whereas, the longest tube was noticed at M20

in Bl plants.

4 2.4 2 Effects of sowing dates

Effects of sowing dates on pollen tube length were examined only
at M100. There was a significant interaction (P<0.01) among plant B
treatment, genotype and sowing date (Figure 15). For SW 41, the tube
length was markedly longer in BO, B2 aﬁd B3 plants at sowing date 1 than
that at sowing date 2; in Bl plants, no difference was found. In B3
plants, for Sonora 64, the longer tube length (122 pym) was recorded at
sowing date 1; however, the tube length was longer at sowing date 2 in

B0 and B2 plants than that at sowing date 1.
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Figure 14. Effects of plant B treatments on pollen tube growth
for two genotypes at M20 and M100 at sowing date 1.
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4.2.4_3 Effects of temperature treatwents

The tube length was significantly shorter (P<0.01) at 30°C than
that at the field temperature in BO and B3 plants for both genotypes at
M20 and M100 at sowing date 2 (Figure 16). At high temperature (30°9C),
the effects on pollen tube length varied with genotypes and plant B
status. In Sonora 64, no differences were observed between BO and B3
plants. In SW 41, the tube length was markedly shorter in BO plants

(61 pm) than that in B3 plants (76 um).
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Figure 18. Effects of temperature on pollen tube growth for both
genotypes at M20 and M100 at sowing date 2.

53




4.2.5 Grain set

4_.2.5.1 Basal floret fertility

The differences between SW 41 and Sonora 64 in response to B were
significant (P<0.05). For Sonora B4, the wvalue of basal floret
fertility, ranging from 1.87 te 1.99, did not differ significantly among
plant B treatments at both sowing dates (Figure 17). In SW 41, the value
of basal floret fertility was the lowest in BO plants, which was 1.25
for sowing date 1 and 1.63 for sowing date 2, and increased with

increasing plant B supply at both sowing dates.

4.2.5.2 Percentage of fertile florets

Effects of B on percentage of fertile florets for both genotypes
at both sowing dates were similar to that of basal floret fertility
(Figure 18). In SW 41, the percentage of fertile florets consistently
increased as plant B supply increased at both sowing dates. For
Sonora B4, the percentage of fertile florets varied little among plant B
treatments at both sowing dates; they ranged from 85.3% to 91.9%4. A
significant interaction (P<0.01) between plant B treatment and genotype
was detected.

CGenerally, the greater percentage of fertile florets was observed
at sowing date 2 (P<0.01). In BO plants, for ©SW 41, percentage of
fertile florets was markedly higher at sowing date 2 (87.2%) than that

at sowing date 1 (48.9%).
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4_ 2.6 Yield components

4.2.6.1 Spikelets per ear

Significant effects (P<0.05) of plant B treatments on spikelets
(including superfluous spikelets) per ear were detected only at sowing
date 1 for both genotypes (Table 25). There was a trend for the lower
plant B supply to have the higher spikelets per ear in Sonora 64. For
oW 41, spikelets was pronouncedly lower in B3 plants than those in other
plants. At sowing date 2, spikelets per ear differed little among plants
B treatments for both genotypes.

The spikelets per ear were consistently lower (P<0.01) at sowing
date 2 than that at sowing date 1 for both genotypes. A high interaction

(P<0.05) was observed among plant B treatment, sowing date and genotype.

Table 25. Effects of plant B treatments on spikelets per ear of
two genotypes at both sowing dates

Genctype
Sonora 64 SW 41

Plant B
treatment Sowing date 1 Sowing date 2 Sowing date 1 Sowing date 2

BO 19.5 15.7 20.4 18.0

B1 17.8 16.2 18.7 17.7

B2 18.3 15.8 20.3 17.8

B3 18.5 16.1 17.5 18.2
LSDo.as = 1.2 (BpkGkD)
Cv % = 4.01
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4_2_6.2 Grains per ear

Grains per ear is highly correlated with basal floret fertility
and percentage of fertile florets. No differences were found in
Sonora B4 at both sowing dates; +he values ranged form 39.9 to 48.9
(Figure 19). In SW 41, at sowing date 1, grains per ear were markedly
lower (P<0.05) in BO plants (30.9) than that in Bl, B2 and B3 plants
(ranged 45.8 — 50.5). At sowing date 2, there was a trend for the higher
plant B supply to have the higher grains per ear. There was a
significant interaction (P<0.05) between plant B treatment and genotype.

A considerable interaction (P<0.01) between plant B treatment and
sowing date was detected only in BO plants for SW 41. The grains per ear
were much lower at sowing date 1 (30.8) than that aft sowing date 2

(42.8).
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Figure 19. Effects of plant B treatments on grains per ear for
two genotypes at both sowing dates.
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4.2.6.3 1000 grain weight

Effects (P<0.01) of plant B treatments on 1000 grain weight were
evident (Figure 20). For Sonora 64, at sowing date 1, the lowest weight
of 1000 grains was recorded in B3 plants; at sowing date 2, the 1000
grain weight varied little among various B supply plants. For GSW 41, at
both sowing dates, the 1000 grain weight was obviously higher in BO and
Bl plants than that in B2 and B3 plants.

The 1000 grain weight was higher (P<0.01) at sowing date 1 than

that at sowing date 2 in all B supply plants of both genotypes.

4 2.6.4 Ears per pot

With failure of tillers to set grain, the plants were found to
produce next generation of tillers (late ear), however, these also
became sterile.

Total ears (mature and late ears) per pot show in Figure 21.
Mature ears (set grains) differed little among plant B treatments either
at sowing date 1 or at sowing date Z.

However, effects of plant B treatments on late ears were
significant. At sowing date 1, large effects were found only in SW 41
(P<0.05). Late ears drastically depressed as plant B supply increased.
At sowing date 2, for Sonora 84, late ears were markedly higher (P<0.01)
in B0 and Bl plants than that in B2 and B3 plants; in SW 41, the highest
{P<0.01) léte ears were in BO plants.

At sowing date 1, plants consistently produced more mature ears
per pot as well as more late ears than that at sowing date 2 (P<0.03)

(One Way ANOVA).
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4.2.7 Boron concentration {[B]) in tissue

4.2.7.1 Whole tops at tillering stage (Zadoks 2.0)

There was a significant interaction (P<0.05) among plant B
treatment, genotype and sowing date. In SW 41, there was a strong trend
that [B] in whole tops at tillering stage responded to plant B supply at
both sowing dates (Figure 22). For Sonora 64, at sowing date 1, [B] was
markedly lower in BO and Bl plants than that in B2 and B3 plants; at
sowing date 2, a slight trend was observed for the higher plant B supply
to have thé higher [B] in whole tops, although [B] was lower in B2
plants than that in Bl plants.

[B] in whole tops at tillering stage varied little between two

sowing dates for both genotypes.

4.2.7.2 Whole tops at double ridge stage (Zadoks 3.0)

Effects of plant B.treatments on [B] in whole tops were apparent
(P<0.01) at double ridge stage. At sowing date 1, for Sonora 64, [B]
was evidently lower in BO and Bl plants than that in B2 and B3 plants;
in SW 41, the highest wvalue of [B] was recorded in B3 plants
(8.57 mg Bkg-1 dry wt) (Figure 23). At sowing date 2, the largest
effects were only for SW 41; [B] in whole tops was relatively higher in
B3 plants than that in BO, Bl and BZ plants.

. In SW 41, {B] in whole tops was evidently higher (P<0.05) at
sowing date 1 than that at sowing date 2 for all B supply plants. For
Sonora B4, the largest effects were only for B3 plants; [B] was much

higher at sowing date 1 than that at sowing date 2.
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Figure 22. Effects of plant B treatments on [B] in whole tops at
tillering for two genotypes at both sowing dates.
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Figure 23. Effects of plant B treatments on [B] in whole tops at
double ridge for two genotypes at both sowing dates.
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4.2.7.3 Flag leaf at booting stage (Zadoks 4.95)

Effects of plant B treatments on [B] in flag leaf at booting stage
(P<0.01) were the same for both genotypes, but they varied with sowing
dates (Figure 24). At sowing date 1, [B] in flag leaf was relatively
lower in BO and Bl plants than that in B2 and B3 plants. At sowing date
2, there was a strong trend that [B] in flag leaf responded to plant B
treatments.

In general, [B] in flag leaf was significantly higher (P<0.01) at
sowing date 1 than that at sowing date 2. The effects of sowing dates
were detected in zall B supply plants of Sonora 64. For SW 41, the

effects were found only in Bl, BZ and B3 plants.

4.2.7.4 Flag leaf at booting stage (Zadoks 4.5)

Effects of plant B treatments on [B] in developing ear at booting
stage were evident (P<0.01) (Figure 25). At sowing date 1, the largest
effects were for SW 41; ([B] in developing ear was significantly higher
in B3 plants (5.60 mg Bkg-1 dry wt) than that in BO, Bl and BZ plants.
At sowing date 2, [B] of both genotypes responded to plant B treatments.
The highest [B] in developing ear at booting stage was recorded in B3
plants for both genotypes, which was 6.57 hg Bkg-1 dry wt for Sonora 64
and 8.41 mg Bkg-1 dry wt for SW 41.

[B] in developing ear at booting stage was higher (FP<0.05) at
sowing date 2 than that at sowing date 1 only in B3 plants for Sonora 64
and in B2 plants for SW 41. It did not differ in BO and Bl plants

between both sowing dates for both genotypes.
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Figure 24. Effects of plant B treatments on (B] 1in flag leaf at
booting stage for two genotypes at both sowing dates.
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Figure 25. Effects of plant B treatments on [B] in developing ear
at booting for two genotypes at both sowing dates.
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