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Appendix A

Layout of experiment design

Appendix A-1. Layout of field experiment.

B2 | B3 B1 | Bo Rep 2
B1 | B3 E
Bo | B2 = Rep 1
- Sm .
Rep 1
Bo B1 B2 B3
4 5 8 5 5 7 1 8
3 3] 3 (] 6 3 8 8
2 7 4 2 4 8 0 2
1 8 6 0 2 0 7 3
0 9 1 7 1 9 9 4
Rep 2 |
Bo B1 B2 B3
8 0 5 2 6 L2 3 4
1 9 3 6 3 8 7 2
4 8 7 9 1 a4 8 5
2 3 8 1 2 7 1 0
5 7 4 0 0 o) 6
Note:

0 - Sonora 64 5 - CHUM 285

1 - Sonalika 6 — Kanchan

2 - NL 480 7 — BL 1022

3 - SW 41 8 - CMU 26

4 -~ RKUHR 12 g - &8 23
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Appendix A-Z. Layout of pot experiment.

Sowing date 1 Sowing date 2

2

3

80
4 1 2 3 4 SW 41

Rep 1

Rep 2

Rep 3

4 1 2 3 4 Sonora 64

Rep 1

Rep 2

Rep 3

Bt
4 1 2 3 4 SW 41

Rep 1

Rep 2

Rep 3

4 1 2 3 4 Sonora 64

] Rep 1

Rep 2

Rep 3

4 B2 1 2 3 4 SW 41

Rep 1

Rep 2

Rep 3

4 1 2 3 4 Sonora 64

Rep 1

Rep 2

Rep 3

4 1 2 3 4 SW 41

Rep 1

Rep 2

Rep 3

4 1 2 3 4 Sonora 64

Rep 1

Rep 2

Rep 3

Note:
No. 1:
No. Z:
No. 3:
No. 4:

sample for double ridge stage
sample for booting stage

sample for pollen viability testing
sample for vield component counting
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Appendix B

Analysis of variance of field experiment

Appendix B-1. ANOVA for days of reaching double ridge stage of
genotypes (excluding Sonora 64 and HL 480).
Source of DF MS P
variation
Rep (A) 1 0.81000 0.2132
Boron (B) 3 0.83437 0.2305
AXE 3. 0.32625
Genotype (C) 7 485, 03400 0.0000
B*C 21 0.25688 0.8827
AXBXC 28 .31540
Appendix B-2. ANOVA of anther length and percentage of positive
pollen reaction to iodine of 9 genotypes (excluding
NL 480).
Source of The percentage of positive
variation Anther length pollen reaction to iodine
DF MS P MS P
Rep (A) 1 0.013883 0.4354 8.5422 0.5581
Boron (B) 3 0.10185 0.0892 895.73. 0.0054
AXB 3 0.017222 13.734
Genotype (C) 8 0.30545 £0.0000 172.65 0.0000
BxC 24 0.018248 0.3852 91.068 0.0006
AXB*C 32 0.017328 26.464
Appendix B-3. ANOVA of basal floret fertility and the percentage
of fertile florets of 10 genotypes.
Source of Basal floret fertility  Percentage of fertile florets
variation
DF MS P MS P
Rep (A) 1 0.03042 0.1538 49,141 £.3948
Boron (B) 3 0.11343 0.03063 245 .07 0.11724
AP 3 0.008443 50.082
Genotype (C) 9 0.052589 0.0012 142.93 0.0003
B#C 27 0.01808 0.2684 80.582 0.0029
AXBXC 36 0.012946 29.82
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Appendix B-4. ANOVA of vyield and yield components of 10
genotypes.
Source of Spikelets/ear Erains/ear 1000 grain weight® Yield/n2 *
variation
B s P aF M5 P iF M5 F bF HS F

Rep (A} t 682002 0.4521 1 ZL7A7 0 0,408 1 3.80n 0 o433 1 4268 0.2774
foron (B) I 2.8l 0.04%9 I 39412 6,368 3 3,898 0.9203 345 0,232
AiE I LA I ZaB43 I 40,273 I D
Benotype {C} 9 B9 0,0000 9 1964 §,0000 8 85,182 0.000) g 2438 027
i I Z 0.39157  0.95348 T VI R ¥ il 4.362  Q.7917 #1943, 0.4012
BEREE I 7837 36 14,595 32 58,7208 i1

¥ Variation of § nenotvpes {excluding KL 460}

Appendix B-3.

ANOVA of [B] in tissue of 10 genotypes.

Sruree of Douhle ridoe* Flag leaf Taveioping ear
variziion

aF b F BF K8 F oF H5 F
Rep {A} 1 187533 4,402 1 0079125 08125 i 0.041851  G.B9ts
fioron {5) 3 3337 a.0877 3 18.2t 0,0245 3 1,022 ,1638
L I 3, 0h32 3 1,1667 3 20565
Benotype {C! & $2.435 0,035 g 28303 G, 0601 ? 19291 08,0012
i1 24 2.8203 0,635 i 1.77462 0,000% 27 G.85465  G,0490
ALREC 32 32883 3t 0, 38349 b 047914
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Appendix B-B.

Matrix of correlation among various characters in
BO plants of 9 wheat genotypes.

A B c b E F B i I d K L
g 1.0000
B 4,392 L400
O 04796 00281 10000
Boo0,1676 -0.2221 0,848 L0000
£ -3 0056 Q9L 0ME LOW0
Fooals 00300 01747 01747 00362 10K
§ <0033 -0.3448  0.42BF 07770 0TI 60944 10000
Ho-0,4271  0.4712  0.0082  -0.3482  -0.21EF -0.6493 0.3978 0 10000
I -0.0884 0083  0.8825 0713 O.RE -G4ELE 0.Z6F7 02259 1.0
J 08897 0.%088 -0.1506 -0.2157  -0.377% (L1082 -0.4064 01070 (.287F 10000
¥o-0.154  -0.5423  0,5648  0.4398 03479 0,420 0.1834 -0.1525 090 -0304F 1LOQO00
L2666 -0.1172  0.3083  0.26%  0.2240 -0.0514  0,0082 03131 O.293 0083 4,188 1.0000
Appendix B-7. Matrix of correlation among various characters in
B3 plants of 89 wheat genotypes.
] E £ i E F G H I d : L
A Lo
00,0790 L,000¢
L -0.4812 00861 £.0000
I 0.9 0.0844  -0.09R8 10000
Eo-0.30%2 -0.2395 L3 G7FES 0 L
F o238 0.0055 -0.2088  0.227  0.7%80
B -0.377F 0.6011  0.1988 0.0M4 4.7085 10000
BO-0UUTE QLD <0440 042227 04708 -0LAE02 00052 L0
-0 473 LO7E -0.092F L0888 0UFED -0.0227 0 47808 -0.48HE 14000
I 0,388 -0.2093 -0.0PRd -0.Z5M0 -0n07ES i3 00052 0,110 0.2341 1.0040
£o-0,4954  -0.0B3 04214 0.0NF  GEETL B70 (4426 -0.0B76 01372 0,154 L0000
L0895 65937 017 -0.M83 -0uaARR <0017 -0.E7R0 0397 00380 01345 01448 1.0000
8: days {rop emergence o double ridge stage;
B: anther length;
£1 percentage of positive pollen reaction to indine;
D: number of grainc ger two basal florets;
E: perceptage of fertile florets;
Fi spikelats per sar;
G number of grains per ear;
Hi 1040 graia weighi;
s grain yisld;
d: [E] in whole tops at double ridge:
ki {B] in flag leaf al booting; p-
Lt [E] in developing ear af booting.
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Appendix C

Analysis of variance of pot experiments

Appendix C-1. Analysis over sowing dates

The procedure for ecombining data anaslysis over two sowing dates

(24/10/91 and 15/1/92, respectively) is as follows:

to analyze two sets of datas as a single factorial experiment

involving sowing dates as a main plot factor snd the others,

such as plant B treatments and medium B treatments, as

subplot factors;

to test for homogeneity of wvariance by comparing the mean

square of error for main plot with the mean sguare of

overall error (using F-test):

a)

b

if it is non-significant, the homogeneity of variance
is assumingly valid. The resnlts of this analysis of
variance are used for testing significance of
treatments.

if it is significsnt, the homogenelty of variance is
no longer valid. Thus, thé data from two sowing dates
is separately analyzed, e.g. the effects of treatments
are examined independently for each sowing date. One

Way ANOVA is used for testing effects of sowing dates.
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Combined snalysis for anther length, the number of
pollen and the percentage of pollen positive
reaction to iodine among locations in ear for two
genotypes at two sowing dates

Appendix C-Z2.

Sguree of The percentage of pollen

variation fArther length The number of pollen pocitive reaction to icdine
oF ] P ME g K8 F
Date (A} H {.58574 2408 F1AZ500 0.0295 78.671 0.1243
Rep {B]
AtE 4 £ ZA7610 253402
Boron {1} 3 0.14458 0. 1563 175636 0.2074 82,544 0.0428
Genotype (1) H 0 39043 06,0312 154 0,967 1515 0,0252
iocation {E) 2 2848 40,0006 1273100 0,000 341,45 3.0000
Ail 3 0,174 277330 0.0687 136,067 0.0044
aib i 4013610 0.464 12009060 0,504 13,322 0,3013
At 2 .45 0,042 16391 04,8032 1%.5 4.4071
ik 3 4,129 4, 197% 240260 0.1029 100.2 0.0202
CiE b f.828231 9102 4147 0.9548 24,402 0. 3424
HE i (4.039219 0.4%11 29333 7742 53.17 0.3
A3CeD 3 0.47903 &L 44776 {7614 103,63 RGEDS
RiCHE 5 . 00714 3.9935 LYRPA 07334 .30 3444
AITEE Z G.029154 0,7052 71273 0.7 19.414 {1,527
LRt & 001114 (.98 76894 0.5357 18,109 0.7162
AXCEME & 0.1768%8 60502 128740 0,351 16,428 ¢, 7h13
AEBHCIDIE 52 {.05162 {13810 25432

Appendix C-3.

ANOVA of the pollen germination

at sowing date 1.

for two genotypes

Sourre of

Berminated pollen

Burst pollen

lhgerminated pallen

variation
oF HE P 8 3 3 F

Flant B {A) 3 208,53 0.0053 1015,0 0,000 454,40 0,002
Bengtype (B { 153.24 0,0462 2.0268 120,07 0,235
tedius B (0} ? 9785.9 01,8060 £81.59 SRA] 0. 0000
Rhe{ 1 2 5.5 0,218 18,6k 92,745 0.3340
AiE 73641 0.4539 40,027 48,155 0,63
S0 & 35,489 0.7843 112,55 194,70 {0484
BiC 2 734.5 00077 109.53 36,48 0,047
AREEC 5 72,273 0,7942 155,97 116,77 (2636
RARICID 4 43,794 2.7 13,079
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Appendix C-4. ANOVA of the pollen germination for two genotypes
at sowing date 2.

Source of Germinated pollen Burst pallen tngerminated pollen
variation
oF S P i3] F ] P

Plant B {A) 3 .33 .0444 523,43 1.0034 394,79

Genotype (B} i M.183 ,0808 10332 0. 7442 62.053

Mediva B {C) 5 951,46 0,00 342.2 +.0009 582.48

Rep il i 1.83%01 0.4803 133.77 9.247% 104.22

#tE 3 2.9982 05378 188,18 0.1398 176,54

fial 12 17.423 0.11%% 132,66 0.2747 194,04

BiC 4 28.857 0.0434 220,59 0.0792 R Y

fArgsc iz %. 9004 0.323 BO.&67 (.6201 98,043

ALBECED 3 16,816 97.221 126,96

Appendix C-5. Combined analysis for the pollen germination at M20

and M100 for two genotypes at two sowing dates.

Source of

Zerpinated polien

variation

i it g S E 3 E
Date {A} 1 2793 0,404 2348 0.004% 16717 {.G005
AR b 16,819 1Z.67 5.817%
Piant B {C] 3 23,32 13,0043 37459 0.40107 160,84 (.19
Beantyne (B 34,149 0, 3487 1.5563 9.893 20,826 4,6452
Hediug B {E} H 1255.9 {1,8000 198246 9.0002 16,841 4.4793
fit 3 b7, 289 02008 80.18 0,4294 23,159 0,867%
AtD 40,353 4,7345 8,01 4.829 95,957 0,239
AtE 1 457 .41 ¢.0018 9.29431 9,9533 484887 8.0373
k1) 3 4,5072 9.9536 18,38 {.89%¢8 27,554 0.8384
(¥ it 33,474 0,789 7308 .B442 52,018 4,594
DiE 1 101 .88 .1254 0007205 09927 100,463 03156
ALCID 3 .38 0.5223 M7 {i,7401 48,919 {.:808
ALCIE 3 18,045 8.7257 104.17 0345 i7L.5 4.1731
(i1 1 13,101 G.B1iL 103,52 0.3477 91,347 0.431
AEEE 1 79.3683 0.8041 45,745 0.4575 147.77 0,287
AITEREE 3 71,323 0.6717 70,53 . 4854 23,787 G.8533
ASBRCEOEE 3 40,951 84,494 9.6
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Appendix C-6. ANOVA of pollen germination  between field
temperature and 300C at MZ0 and M100 at sowing date

2.
Source of Berainated pollen burst pollen Ungerainated pollen
variation — W -
BF sl f st P 5 F
Piant B (A i 108,78 .00 33474 2.073 &3 0.4699
Genptype (B) 1 17,741 2,173 2.7903 {1, 7488 a3.303 0. 4864
Tegperature {€) i 593.78 §.0000 0628 0.0003 6383 462
fedivg B (D} i G 2812 0, 4467 .00 8.0073 751,75 G.0171
Ren (£} i 21120 §,1368% £1.328 0.4727 10,463 8. 7342
43 1 38.72 {0515 51.75 10,4659 ,94531 {,9253
AEC 1 12,003 G, 2571 35,915 ¢, 4477 119.74 0,3047
A%D i 15,159 (i. 2058 5413 04,4089 144,93 0,7377
Ril 1 G125 {1,5059 87.4455 4.3397 28.33 0, 3478
BED 1 2,32 {0.682% 1,575 .8974 27.193 0.6577
Cib 1 5.78 0.4254 0,0073123 0.5928 §.8A53 8,8461
ARID 1 3.0017 {1, 5644 10878 0.5148 0,3233¢ {,9443
b H N i 78013 0,3373 1%9.0 (i, 1415 129.2 02841
BECID i 24,151 0,545 12.525 {7162 1.1 3.4277
ARRECED 2 38.831 0. 0095 9. 7478 £.9001 54.268 {.5945
RERINIDEF 15 B 2477 91.988 104,47
Appendix C-7. ANOVA of pollen tube length at MZ0 and M100 for two
genotypes at sowing date 1.

Source of DF MS P
variation

Plant B (A) 3 2754 .6 0.0000

Genotype (B) 1 1854 .4 0.0000

Medium B (C) 1 387.81 0.0114

Rep (D) 1 686.445 (.2446

AXB 3 587.53 0.0002

AxC 3 157.51 0.0485

BxC 1 4.0813 0.772

AXB*C 3 581.56 £2.0002

LKBRCKD 15 46 658
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fAppendix C-8. Combined analysis of pollen tube length at M100 for
two genotypes at two sowing dates.

Source of DF MS F
variation

Date (A) 1 B897.82 0.0611
Rep (B)

AXB 2 50.293

Plant B (C 3 1349.8 0.0000
Genotype (D) 1 51.258 0.3127
BXC 3 829.54 0.0002
AxD 1 2728.8 0.0000
CxD 3 212.5 0.02
AXCKD 3 399.86 0.0018
AKCXDKE 14 46,731

Appendix C-9. ANOVA of pollen tube under temperature treatments
at M100 for two genotypes at sowing date 2

Source of DF MS P
variation

Plant B (A) 1 443.1 0.0001
Genotype (B) 1 1145.8 0.0000
Temperature (C) 1 Z2128.8 G.0000
Rep (D) 1 2.1025 0.86089
LB 1 184 .96 0.0015
AxC 1 5.29 0.4238
BxC 1 316.84 0.0003
AxBxC 1 7.0225 0.3604
AXBARCHD 7 7.3325
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Appendix C-10. Combined analysis of basal floret fertility and
the percentage of fertile . florets for two
genotypes at two sowing dates.

Source of The percentade of
variation Basal floret fertility fertile florets
DF M3 P MS P

Date (A) 1 0.034133 0.2875 474 .27 0.0485
Rep (B)

AXxB 4 0.022721 58.513

Plant B (C) 3 0.18023 0.0014 541.78 0.0006
Genotype (D) 1 0.56333 0.0001 2363.8 0.0000
AXC 3 0.048672 0.1627 47.934 0.5593
AXD 1 0.010208 0.53%4 79.156 0.2911
CxD 3 0.10478 0.0173 481.77 £.0011
AFCKD 3 0.016669 0.8015 18.294 0.8482
AXBACKD 28 0.026445 68.364

Appendix C-11. Combined snalysis of yield and yield components
for two genotypes at two sowing dates.

Sporre of Spikelets/mar Erains/aar 1000 grain weight
variation

i M5 F H5 F HE) F
late {4} H .2 ERELTE 0,125 0983 21254 4.0000
Rep {B}
AR 3 0, 25187 12,031 2132
Plant B (L) 3 1.6442 40393 145,73 0.0204 92.96% 0.0604
Benatype (B} i .13 IREEEY SV .40%5 199,19 64,6000
Axl 3 2.9458 0.0034 7.6754 4.8938 3293 {6785
Aip 1 2.7582 G.0287 311,87 0.0078 49.167 G097
Lin 3 1.26%8 {1,841 11646 4, 0439 1.231 0.3574
HHR G 3 1.9803 0.0213 49,083 4,2508 7.173 0.3563
ASRECED 28 0.5478 37905 £.366
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Appendix C-12.

Combined analysis of [B] in tissue for Lwo
genotypes at two sowing dates.

Source of Tillering stage Bouble ridge Flag leaf Beveloping sar
variation
3 ] P HS F 8 P s ¢

Nate {f} i 0.08627 G.1368 9.7921 00104 30.048 £4.0005 1340 (0.0637
Rep (B
Atk 4 0.19423 .47148 0.27562 Wl
Plant B {0} I 1,77 0,0000 £,2805 0 1.2299 ,0000 3764 3,000
gepotype (4 1 5951 4,0017 00095333 G,B4D4 4,923 {0,0945 i.52 G.0137
AfC 3 0.B533 0,058 (.84745 5.0227 0.47833 0,2232 0,545 4,138
iH] 1 1, (73408 §,7639 T AV 4, 0003 1.9543 RO 1.9441 4.4137
CiD K 1.G349 0.0317 0. 6591 13,0547 ,14839 (.5979 027537 G.4107
RECED 3 1.0 §.0313 0 37958 {,2057 4.05283 2,549 052007 01059
ALRECED 28 0.30528 0,23315 (. 30834 0.27748

Appendix C-13. ANOVA of ears (mature and 1late) per pot of two

genotypes for each sowing date '
Source of Hature gars Late ears
variation
Spuing date 1 Sowing date 2 Sowing dete 1 Sowing date 2
oF fS F 5 F ¥ F i P

Flant B {8} 3 8,778 £ 1183 30417 0,8427 3554 G.0014
Ganptype () H B, 3 G,1971 77.042 43,0194 26,047 80000
Rep (D} Z 497,12 0.0001 B.&ALT 4784 24578 o,2492
A4R 3 2 0.9633 5.9304 LeAAT 18115 09,7454
figsl 14 4,792 11.048 2047

Appendix C-14. One way ANOVA of sowing dates for ears (mature

and late) per pot.
Source of Mature ears Late ears
variation
DF M3 P MS P
Between sowing dates 1 1074 0 1180 0.0002
Within sowing dates 46 40.43 TL.7T

a6




Appendix D
Analysis of [B] in tissue
Creat care must be taken in sampling (see chapter 3), preparation
of sample and analysis, in order to avoid contaminstion. Plant samples

are oven dried at 80°C for 48 hours and ground.

1. Extraction

Dry-ashing technique is used to extract B from plant sample. Weigh
approximately 300 mg oven-dried ground material into tall crucible and
place in cold furnace. Sample of standard reference materialand blanks
are included with esch batch of samples.

Remove crucibles from furnace to electrie frying pans. Rinse
orucible wall down with 2 ml HC1l ¢ 1:1 conc. HCl as to deionized (D.I.)
water).

Adjust frying pan temperature to 350¢C and heat gently for

approximately half an hour.

Cool and transfer solution from crucible to 10 ml graduated
polystyrene vial with small washes of D.I. water. Dilute to 10 ml

volume. Cap vial and shake well.

Allow to settle by standing overnight or centrifuge at 2,500-3,000

rpm for 4 minutes.
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2 Boron determination
The azomethine-H method is used to determine boron eontent in
extracted solution.
2.1 Reagent
1) Buffer-masking reagent
Dissolve 140 g ammonium acetate
10 g potassium acetate
10 g tetra sodium salt of DETA
4 g nitrilotriacetic acid
in 200 ml of D.I. water.
After contents are completely dissolved, slowly add 63 ml conc.
acetic acid.
Dilute solution to 1 litres.
Stand overnight at room temperature
Filter through a #1 filter paper.
2) Azomethine-H reagent (Prepare 24 hours before being used)
Digeolve 2 g of fresh azomethine-H (Merk) and 5 g
ascorbic acid in 120 ml D.I. water.
Dilute solution to 250 ml.
Store in polypropylean bottle wrapped in aluminum foil
and place in & refrigerator.
This reagent is useable for 14 days.
3) N Hydrochloric ascid

Dilute 97 ml of cone. HC1 (A.R. grasde) to 1 1litre with D.I.

water.
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4% Boron solution (100 ppm)

Dissolve 0.5716 g boric acid (A.R. grade) in 1 litre D.I.
water.

This solution is used to prepare a series of boron standards in
N HC1 (0, 1, 2, 3,4, and 5 ml of the 100 ppm boron
standard, respectively, to 100 ml).

5).Mixed reagent

Mixed two parts (by volume) of the buffer-masking resgent with

one part of the azomethine-H reagent.

This reagéﬁt must be used within 4 hours.

2.2 Procedure
Pipette i ml of the extracted solution (a) into a vial. Add 3 ml

of the mixed resgent in a strong jet with a eppendorf to mixed well with

sample.

Stand for 1 hour before boron content is  determined

colorimetrically at 420 nm.
Sample readings are compared with a series of boron standards (0O,

1, 2, 3, 4 and 5 ppm) prepared at the same time and treated in the same

way as sample solutions.
2.3 Cleaning

All of plastic containers are cleaned with D.I. water left in 20 %

cone. HC1 overnight, rinsed with D.I. water and air-dried.

g3
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