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APPERDIX A

Layout of experiment design

REP 1 REP 3
11 21 31 41
SSC-5J5-N50 | CI-NWI-NO CI-NWI-NO | 88§C-8J5-N50
12 22 32 42
SSC-8J5-NO | CI-NWI-N50O CI-NWI-N50 | S5C-8J5-NO
13 23 33 43
SSC-NWI-NOQ CI-8J5-NO CI-5J5-N50 | SSC-NWI-NO
14 24 34 44
SSC-NWI-N&0| CI-8J5-N50 CI-8J5-NO |SSC-NWI-N50
156 25
SSC-5J5-NS0 | CI-NWI-N50 N
16 26
S58C-5J5-NO CI-NWI-NO Note:
17 27 S8C: Saturated soil culture;
SSC-NWI-N50| CI-SJ5-N© CI: Conventional irrigation;
SJS and NWi: Variieties;
1 8 28 NO: Nill N fertilizer;
S5C-NWI-NO | CI-SJ6-N§0 N50: 50 kg/ha N fertilizer.

REP 2
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Table B-1-1 Effects of water regimes and fertilizer nitrogen on the

accumilation of dry matter (kg/ha) by SJ5 and NW1

Erowing stage

Treatment?
va b R RS RS RSS  Rb R7

200 25 38 50 57 84 7 B4
§5C-N0 a4 825 2305 IS8 453 6542 BUS 7407
§5C-N50 351 812 2483 37 A% 4951 BBAT 742
o CI-NO 537 898 M7 W% 472 638 TIZ5 7284
CI-N50 184 950 2310 3975 5685 7398 B 1205

v v Rl R RS RS.S  Rb R7

2 27 32 37 85 53 50 72
536-NO 19 B2 1520 2487 3338 4207 4809 5556
55C-N50 524 963 1453 25% 3308 444 507 6092
" CI-NO W 1101 1431 2539 355 W36 4506 4803
CI-N50 500 1168 1695 2395 343 3955 4459 4B%0

a., S5C: Saturated soil culture; CI: Conventional irrigation; N50: 50 kg/ha
of nitrogen fertilizer; NO: nill nitrogen fertilizer; NW1 and 8J5
are soybean varieties. These are the same in the other parts of the paper.

b. Days after sowing.




70

Table B-1-2. Mean square (MS) and probability (P) of ANOVA for shoot dry matter®

Browing stage

Source Bl v v Rl RHC RS RS 5t R R7

Replciate 2 90,08 ATLLY BWEGLT 922.50.07 11549.5 0,18 183065 050 2001.7 0.7B 1B998.0 6.3
Hater (W) 1 12859 0.06 18953 0.1% 662.10.45 4294 0.43 L8090 (6314 074 1B971.C 0,20 1904B.0 G457
Error (a 2 N2 ALe 2.7 43540 2685.2 11709.5 Fr7ig] a0

Variety (V) 1 1847 0,26 1310.4 013 52734.0 0,00 95A12.0 O.00 200200.0 0,00 417420,0 0,00 7139100 0.00 243510.0 0,02

WY ATt .04 W27 0.B6 14523623 11TE 058 54250 031 209 0.5 16044.0 0,31
Errar {bi 4 16h.4 2.4 1411.4 798.9 2.3 14563.8 7392.3 19548, 5

Starter N (¥} 1 1083013 500,40 48090 4157 046 12101.0 0,00 13618.0 0.04 188300 0.03 1MV GTS
VN U H3.90.00  13L20.55  TM10.82  H1LI 036 182100400 IBR,50.22  HWABOTE LIRS 0.7
Wiy I %I015 070,97 042040 255.60.% 109090 2004077 MBI 018 109,79 0.80
HIVEN 1 1269040 50.9 (.76 3347.4 0,12 20206 G600 M4 GED WBH2 0N O ITLALE BRI0E
Error {c) 8 184 9.1 1104.5 &85.0 880.9 215.6 1996.0 14683.8

a. Data was run in Statistix softwsre; b. DF is the degree of freedom; c. The data
at this stage was R4 for &J5 and R3 for NW1 variety; d. R5.5 indicates the sampling

was taken between RS and R6 stages.




Table B-2-1 Effects of water regimes and fertilizer

nitrogen concentration (%) by SJ5 and NWl

71

nitrogen on

shoot

Treataent

g8C-Ho

§5C-N30
545

CI-Ho

CI-N30

§6C-NO

55C-K50
Nl

CI-NO

CI-N30

Growing stage

¥4 Yé Rl R4 RS RS.5 R6 R7

20 25 38 50 §7 b4 72 B4
3.2 2.87 2.24 2,49 2.91 2.93 2.85 3.8
3.87 3,04 2.4 2,91 2.87 2.83 2.92 3.07
3.64 2,91 2.88 2.84 3.08 2,78 2.70 3.1¢
§.53 .3 2.5 2.69 2.82 2.94 2.73 2.81

v4 Vb Ri R3 RS RS, 5 Ré R7

20 27 32 37 45 53 50 72
3.38 2.74 2.95  -2.82 3.33 2.51 3.06 3.1
3,74 2.93 2.98 .83 3.15 2.94 2,92 3.12
3.68 3.0 3.4 2.78 3.04 288 3.02 2.88
474 3.54 3.20 2.73 3.38 2.74 2.91 2.97
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Table B-2-2. Mean square (MS) and probsbility (P) of ANOVA for shoot
nitrogen concentration
browing stage

Source bF vd V& R! R34 RS Ri.5 RE R7

) F i F 33 P na P H P 5 F B B M 3
Replciate 2016 042 006 037 0.8 0,32 0.03 0.84 0.16 0.4 000 0.7 00l o, 0.02 (.48
Water Wy L 245 0.0 06T 008 081 0.09 000 0.9 Gu 08 604 513 05 03 A5 0
Error (a} 7002 ¢,04 0,09 ¢.06 4.01 0,01 G.03 0,05
Variety  {V} 1 0.00 09 001 0B 2% 0,02 0.02 G2 0,39 000 0,00 092 0.9 003 600 0.&
Wy 1o 695 912 047 0.0 489 0.03 0.3 0.0 632 000 &3 0.8 025 4.0 0.7
Error {3) 4§ 0,12 0.17 Q.45 0.02 .02 0.0 0.02 0,04
tarter B (N) 1 278 0,00 05 008 0.0 431 0.07 0.98 000 0,82 000 090 0.0 .0 006 0.4
ViN o6 07h 000 0B 000 0.6% 0,08 0,45 0.0 0.3 ¢ 049 005 025 404 0%
WiN 0.7 68 03 07 0.2 007 0.5 0.4 0.4 .21 400 0.7 000 D98 0.6 0.
HIVIN Dodd &IF 000 @97 0.2 042 08¢ 07T 419 0,02 &6 013 000 477 005 0.5
Error {c) BoG.0 (.09 0,04 04.06 0.07 0.07 0.03 0.5
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Table B-3-1 Effects of water regimes and starter nitrogen on shoot total

nitrogen content (kg/ha) by SJ5 and NW1

543

LK

Treatsent

§8C-NO

55C-Na0

CI-NO

CI-N5¢

S5C-N0

£5C-N50

LI-NO

CI-N30

Browing stage

v4 Vs Rt R4 RS R5.5  Rb R7
20 25 38 50 57 b4 7 B4
13,50 23,70 SL25 B4 1390 192,40 23247 2356
13,71 2448 BL.50 108.22 157,88 197,53  257.83  229.5
20,77 2.6 TB.AT 10B.60 142,78 176,50 21440 2304
21,95 2.0 59.12  O7.33 140,08 217,35 298.89  203.3

v4 Vs Rt R3 RS 5.5 R R7

2 27 32 37 45 53 60 72

b6 2248 M4 70.27 15T 12284 146,82 1721
16,44 28,41 4374 7299 104.50 13590  186.57  189.5
1628 3301 50.04 0.2 9.4 11320 13570 1391
23.86 42,13 54,21 657 106,73 108,35 129.94 14,3
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Table B-3-2. Mean square (MS) and probability (P) of ANOVA for shoot total
nitrogen
Browing stage

Saurce DF V4 V6 R R: RS R5.5 Rb 87

i P i F 5 f He F 15 g i P s F M5 F
Replciate 2 08 0.1 249 0,17 607 005 4.56 032 19.48 005 1040 046 L 074 W6 038
Kater W1 408 007 459 010 H06 0403 033 067 003 088 4084 057 B4 008 /.30 0F
Error {5 7014 0.57 0.17 2.12 1.4 8.75 2,84 9%
Varipty (V] @ 02 &3 .37 4,15 12,77 000 55,63 .00 10R.7R 000 346,33 G.00 47035 .00 25500 (.04
Wty I 002 679 072 G727 0% G4h 275 0.2 202 (.30 421 G40 000 099 10,90 0.5
Error (b} LI 043 0.44 1.3! 3861 7.14 7.8 .8
Starter 8 (¥} 1 129 G400 1,83 004 0,13 077 099 0.3 49 G0 1119 007 10,83 008 117 0.2
VIN I 69 080 023 0.4 0% 0,58 1,69 0.9 7.007 .03 524 0.8 252 0.5 14,84 0.43
WiN I 60 07 028 037 2,17 o4 325 008 610 6.7 L4 08 497 0.3 &0 0.4
WEVIN 1 003 045 907 0,78 4.47 O 067 039 LB 022 1093 007 0B 070 093 O.BL
Error (c} g 008 0.3t £.37 0,87 1.47 2.45 4.99 4.3
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Table B—4-1 Effects of water regimes and starter nitrogen on nodule dry

weight (g/plsnt) by SJ5 and NWi

543

K1

Treatasent

55C-NO

£5C-H30

CI-HO

CI-N30

55C-N0

55C-N30

CI-NO

CI-N30

Browing stage

V4 Vo Ri R4 r3 R3.5 fé R?
20 23 I8 a0 a7 b4 12 B4
0.0632  0.1237  0.3128 03817  0.487L  0.4013  0.3775 0.037
0.0397  0.0757  0.2B13  0.5034  0.5955  0.4775  0.3483 0.150
C.0133  0.0600  0.2116 03241  0.2260  0.3948 0.2428 0.040
0.0077  0.0137  0.1380  0.3060  0.2817 0.320F  0.1565 4.029
(5] Vo Rl R3 Ra k3.5 Re R7
20 27 32 37 43 33 &0 72
0.0723  0.1223  0.3047  0.3028  0.4243  0.5%09  0.3013 0.200
0.0067  G.1073  0.3240  0.3222  0.4034  0.4639  0.6347 0,313
¢,0320  0.0713  0.2108  0.2097 0,231  0.2773 0,1068 0.082
0.0423 00290 0,1670  0.0719  0.1846  0.2391  0.1947 0.116
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Table B-4-2. Mean sguare (MS) and probability (P) of ANOVA for nodule dry weight

Growing stage

Source B V4 Vb f1 R34 k3 R3.3 R& R7

Replicate 2 06 X 000 63 13 0 139 449 B8L 001 247 04 B2 05 L2 0.4
BAter W I L& 004 Z4 000 10 0.02 1196 0.0 TLY OO0 BB O0.00 8439 005 T.01 (.4
Error{s) 2 G §.42 .15 1.54 0.13 0,02 2.8 L3

Varirety {¥) 1 0.0 030 012 039 &M 07 735 006 500 006 39 006 108 006 7.7 O.08
) U L0000 088 600 095 000 098 0.3 068 077 0T 288 609 L7 000 186 &1
Error(b} i 0.04 t13 1,08 i.18 &h 0.40 t.16 0.9

Starter N (N} 1 02 0.0C 086 0.00 040 006 087 046 024 0.8 245 0.3 307 000 2, 0.0
VIN 100f G20 000 24 026 08 133 009 23 641 Oi6 08 AT2 600 00 0.2
HIN 1 600 087 002 0.40- 048 000 0463 022 03 05 211 038 LA 002 1.5 0.00
BIvVEH o000 037 0,03 035 0,02 049 0.60 088 0.00 0.9 €12 0.8 (.03 0,05 0.08 0.5
Erraric) g e 0,03 0.12 .36 &N 2.44 0.19 6.17
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Table B-5-1 Effects of water regimes and starter nitrogen on nodule

number (nodules/plant) by SJ5 and NW1

£d3

Ndi

Freataent

55C-R0

§5C-N30

CI-no

CI-Wa¢

55C-NO

£8C-N30

EI-NO

CI-N50

Growing stage

v4 Vb R1 R4 R R3.3 Ré R7
20 23 38 30 a7 b4 12 B4
37.50 3,23 86.72 19.87 83,62 12,19 39.27 4.19
32,10 40.93 88.27 §8.63  104.19 71.34 41.30 16,17
23.07 FSS.?T' 76,08 §9.47 38.09 3.3 29.72 4,36
18.87 23.50 43.41 12,54 61.00 64.11 24.60 1,69
V4 Vb R1 R3 RS #3.3 Rb R7
20 27 32 37 43 a3 £ 12
46.90 71.83 84.20 i13.30 123,01 112,18 65,27 30,11
Jg.8o .13 Bb. b0 fe.40 100,06 96.64 118,09 41.40
29,83 42.77 £3.73 74.87 62.21 59,00 | 21.80 13.00
25.10 3570 57.43 17.97 94,1 54,13 30.70 13.33
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Table B-5-2. Mean 'sqa.ure (MS) and probability (P) of ANOVA for nodule number

Browing stage

Bource F Y4 V& Ri R R3 R3.5 R& R7
45 P 5 P M I3 e P M5 P 5 P i3] FM F
Replciate 2 M8 0.7 847 040 TS 009 1377.6 027 48429 008 12628 0.97 T03.8  0.A7 7317 0.45
Hater (¥} 1130469 0,01 2346.3 0,03 iS4 0.03 4185.2 0,12 1E732.0 0.0 AS15.9 0.00 92567 Q.10 1318.2 (.17
Error {a) 2 12 85,2 4.8 592.2 174,53 2.3 B3 87.4
Variely (V) 1 304.6 0,19 1521.6 .09 Bé.4 0,36 10B0.F .12 9979 0.1 B8R 0.02 W/ZW.e 0,02 1950 6.8
Y 127 0% 3347 042 250.8 080 59,7 067 900 0,55 7355 0,01 81037 0.0t 3619 G.id
grror (b} & 126.1 23.9 792,60 2718.8 2.3 178.8 204.2 3.4
tarter N (N} 1 178.8 0.07 497.8 Q.02 172.2 0.15 7.4 0.7 A3 075 1502 0.56 1289.6 004 1813 0.74
VIN 1 53 &4 189 0.5 LB 087 707.5 007 720.0 008 6103 €.Z71375.0 0407 24 0.8
HIN &% G680 153 08 104 070 55,4 058 1R 055 L2 0.3 9783 LA MR.4 0.1
BN 2% 670 704 0.2 3BT 0408 231 0.2 MT 0.6 B O0BD XMT.Z 06 RGO 0.87
Error {c} g 19.8 1.2 67.4 186.3 3.6 4774 2.0 101.3
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Table B-6-1 Effects of water regimes and fertilizer nitrogen on nodule

unit weight (mg/nodule) by SJ5 and NW1

545

i1

Browing stage

Treatsent

¥4 ] Ri R4 RS R5.5 Ré R7

20 25 iB 30 37 b4 72 B4
S5C-NO 1.69 2.88 3,63 4.83 4.10 8.33 10.(}'2l 7.35
E5€-N50 1,53 1.93 3,18 3.07 3.74 6.83 .03 10.04
CI-H0 .66 1.66 2.78 4.46 3.98 7.54 7.33 9.64
EI-N30 0.39 0.55 2.08 4.21 .33 £.52 6.3 10,64

v Vs Rt R3 RS RS.3 Rb R?

yii 27 12 7 435 a3 &0 72
55C-N¢ 1591 1.68 2,63 2.63 3.4 4,72 11.4s 7.08
£5C-N50 1.47 t.84 3.28 3.25 4,03 480 5.4 7.34
AEI-NO 1.04 1.67 2,72 .70 3.60 4.48 4,90 6.37
CI-N30 | 0.48 0.82 2.03 2.12 3.02 4,18 b.44 .54
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Table B-6-Z. Mean sqaure (MS) and probability (P) of ANOVA for nodule unit weight

Browing stage

Source OF ¥4 V& it R34 Ra R3.d fth R7

¥5 P o P M P P N P ¥ £

Repleiate 2 0608 07% 043 002 017 044 108 G0 09 M 025 0.42 10,41 0.8 13,09 0.2
Hater Wy 1 492 006 488 0.0 3.6 008 L% 0.3 07 040 L7 0.8 4022 0.3 431 0.8
Error {a) 2 04 .00 ¢34 0.12 7.4 0.19 19.45 0.23

Variety (¥} 1 002 07 040 035 039 020 A7 400 %4 400 MU MK AE LW 6D
LH 1 020 629 0% o7 026 027 0.0 09% 008 G670 007 078 (1% 0.9 L% 0.5
Error {b) 4 013 0.3% 0.5h .17 1.04 0.75 27.24 &R

Starter N (K} I 040 004 2,88 002 053 008 0.00 0.9 L& 002 32 013 129 042 KT 035
VIN 1 000 071 047 Q.19 045 009 000 0.9 L.37 0.2 1.6 02 372 Q66 631 0.9%
WiN 1 615 0.18 649 026 .90 003 lfof 006 231 000 000 0.9F 4.9 0.7 000 059
KEVEN 606 0.37 0.24 642 Q.46 00 080 0% 0.0 09 G482 0% 8.3 0¥ 48 .72
Error {c) 8 007 0.32 0.44 8.1 0.19 110 Ir.91 3,00
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Table B~7~1 Effects of water regimes and starter nitrogen on relative

ureide (%) by 5J5 and NW1l

Growing stage

Treateent
Vb AL Re R RS R R7
2 18 50 57 b 72 B4
55C-N0 1,78 TeJB 7R BLI6  TAB  SB.66  42.9
55C-N50 145 6625 65.69 8346 TR26 676 4120
e £I-N0 30,38 S0 7842 7.9 3691 5547 40.49
CI-H50 2,00 4889 7439 7A.B3 b9 5162 26.66
n Rt R3 RS RS5 - Ré R7
27 2 7 T 53 80 72
S5C-N0 W9 TR 5503 BLE TR0 6006 8.5
S5C-N50 16,9 G173 50.68 7551 6890 6705 669
- A C1-No 24,04 53.49 45,78 3.6 65.52 66,27 42.08

LI-N30 _ .4 38.39 39.94 78.07 6.3 70.81 31,67
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Table B-7-2. Mean square (MS) and probability (P) of ANOVA for relative ureide

Growing stage

Source bF V6 Rt R34 R3 R3. 3 R k7

Replicaie 2 MNLET Q.26 540 003 4B 0,30 743 046 A0 032 2 0.5 161 0.87
Hater (W 140270 0.06 730,80 0.0 1AB0 059 KT 0% 459.44 027 1642 0GR 132420 0.0B
Error (a} 2 4.8 26,87 41,83 53,46 152.62 7.3 111,94

Variéty vl 1 2.8 0.3 WM (T IBEE 000 19 050 45.827 0.40 H3B.19 000 TR0 0.7
Kty I %71 043 003 0,99 415,17 0.22 1HLB0 0.25 134,58 0.07 281,18 002 %13 0.47
Error (b) § 10,97 gLzl 196,03 63,05 58,78 0.0 373.38 :
Starter N (N} 14227.30 0.00 59940 001 187,38 0.08 BLLZS 022 226 G855 7643 020 2619 059
VIN 1 138.62 008 7149 031 1.4 0.83 255 4.5 498 078 0.2 041 199.6 0.1k
WiN I 1297 0% 489 04 255 078 373 LB B547 02 56T 0% Q.86 093
HEVIN 1 i34 055 8.2 0.3 L7 055 1004 045 0.32 0.9 19,57 050 19545  0.04
error {c} B LA .71 30,64 46,09 .67 3944 BL.19
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Table B-8~1 Effects of water regimes and starter nitrogen on_the

proportion of nitrogen fixed (%) by SJ5 and NW1

Browing stage

Treataent ==

0-¥5 V6-R1 R1-R4 R4-R3 R3-R3.3 R3.0-Ré  Ro-R7

0-25 25-38 38-50 6-37 57-64 64-72 72-84

G§5C-N¢ 24.99 67.77 82.58 B4.93 B5.28 57 b7 45.1%

58C-N50 3.99 40,86 70.18 79.94 B4.84 10.81 47.52

. EI-NO 15.33 13.13 70.82 B4.91 48.78 52.11 39.80
CI-Ka0 0.00 2b.4b b6.27 19.96 70,65 3.2 29.37

0-vé6 V6-RE RI-R3 R3-R3 R3-R5.5 R3.5-R6  R&-R7

0-27 27-32 32-37 37-43 45-33 I3-b0 b60-72

55C-NO 20,34 61.43 bb.41 70,51 84.14 68,00 b4.59

S3C-N30 7. 3;? 41.47 36.19 $2.49 76,36 70,08 48,39

py CI-NO 11.54 40.88 47.70 64.76 79.54 66.89 49.78

LI-N30 0.40 20,53 34,13 36.97 78.34 73.08 7.4b
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Table B-8-Z. HMHean square (MS) and probability (P) of ANOVA for proportion of
nitrogen fixed
Growing stage
Saurce F Vé Rl Ry Ra RE.5 Rb r?
M5 P 3] F 5 P 3] P K P ] P X5 P
Replciate 2 6.6 0,28 685,35 0.07 43280 007 M.E00 086 3976 073 7B 007 5% 0.9
Water B 1 3400 0.05 42000 0,02 119380 0,03 S2.66 025 44077 020 A 0 ROZLEE 6.9
Error {a) 2 19,69 52,17 1.8 - 20L85 127.48 8.4 B2.42
CVariely (V) 0 T 624 A 0.24 ZTED.A0 0 000 19,30 601 3076 0,55 43853 0.04 M99.00 .03
W 1 23 047 2460 0.8 2349 028 T.07 0 043 300,26 0.1 45968 0.0 G5 G896
Error (b} 4 1.1 39.14 1354 .36 71,89 46,23 249,74
Starter N (N) 1 1355.00 0,00 2651.90  0.00 &2.71 000 25292 0.03 2A.W 0.51‘ ¥06 0,17 158 6.3
VIN 1 507 611 4 078 7T 0% 154 0% BB 0% 603 0.4 18048 0,10
WiN I B9 63 |23 04 747 070 03 098 0.9 042 145 0.8 M9 548
HIVIN 1428 0.2 A0.4 (.42 4707 035 007 057 .45 O 403 048 1403 .12
Error (c) 8 63 36,28 £1.71 3.4 41.98 25,35 45,91
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Table B-9-1 Effects of water regimes and fertilizer nitrogen on cuaulative

amounts of nitrogen fixed {kg/ha) by SJ5 and NK1

Treataent

§5C-NO

§5C-N50
543

CI-No

CI-N30

SSE-HO

55C-R30
L)

CI-NO

E1-N30

Brawing stage

V6 R Re RS RS.S Kb R7

25 3 se 5 b4 72 B4
5.00 2399 5450 91,59 14493 17246 174,03
0.84 1543 48,39 89.49 124,85  145.89 150,47
333 .80 45.85 7431 98.51 118,72 127.45
0.00 6.8 3B.J5  80.09 12428 13,04 12339

m RI R3 RS RS.5 Rb R7

27 2 37 45 53 60 72
381 17,92 3508 6405 7365 948 106.13
1,56 147 2442 4370 M8 88.03 10538
300 10,2 20,05 3882 491 £5.02  47.40
0.6 272 639 2eh LA 466k 54.9
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Table B-9-2. Mean sqaure (MS) and probability (P) of ANQVA for amount of

nitrogen fixed

frowing stage

Source IF Vh Rl R34 R3 R3.3 fib R

Replciate 2000 0% 0.7 07 L% 0.7 A3 089 [/l 06 182 009 4B 0.0R
Rater W 1 607 012 LB 00 989 0.0 1430 007 4341 007 BT 002 TEF 0.0
Error (a} 2 0.0 0.10 117 0.30 5,70 1.83 5
Variety (V) 1 006 0.8 4,02 0.0 3858 G.00 995,04 000 27290 000 TSH O 000 B4 007
£ 1 6,08 088 008 0.3 083 0,22 080 047 072 0B LEBB 08 057 082
Error (b} § 0K 0.17 0.3 273 10.24 3.82 15,23

Starter N R} 1 0.7 0.0 741 0.0 331 001 2% OB LF OF 070 048 &2 0.20

ViN 100 oM 67 M 047 035 415 006 LI 0% LS 0K 074 4.4

Wil 16 0% 416 036 00K J3 LI 04 AW 037 000 0% 021 0B

WIVEN 00 018 060 027 0060 0.88  0.04 088 1319 009 47% 09 365 032
8

Error {c) 0.6q .43 §.48 L7 38 1.30 3.19
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Table B-10. Mean square (MS) and probsbility (P) of ANOVA for yield and

yield components

Yield components and yield

Saurce ¥ Height Nodes/ Pods/ Seeds/ g/100 Y-measured

{cw} plant niode pod seads kg/ha

Replicate 2 N6 008 063 066 248 030 002 003 MBI 041 439880 004
Rater ® 1 34 672 6B A 04 076 000 010 100,04 0T LA 4]
Error (a) 2 A% 1.22 1.9 0.9 80,79 19483

Variety (¥} ! L0 0.0 BB 000 4374 000 000 0.05 1A2A.00 0,02 959040 0.0F
WV I 847 063 000 L0 000 0% 000 07407700 608 T 094
Error (b) § X5 0.4 0.42 .00 .42 126380

Starter N (§] 1 B8LZ2 42 067 610 0.38 037 0,02 006 67204 005 FHe 0.0
ViN 1 402 031 600 68 006 072 000 0,38 3T 008 WME1 OB
L L 2.8 4B 62 027 08 02 6K 040 672,08 660 T 056
WEVIN o0 046 0200 038 0.2 048 0.0 688 1.4 0.9 147 0%
Error (e} B 5L90 0.20 (.44 0.00 31,82 1062




Table B-11.

Mean

88

square (MS) and probability

(P) of ANOVA for nitrogen balance

Source

Replciate
Water
Error (a)

Varisty
U1
Error (b}

Starter N
VIN

WEN
WIVIN
‘Error (c}

(W)

(Vi

L}

DF

OO0 b b b e

Trial
N-seed N-fixed K-balance
{kg/ha) (%) {kg/ha)

M5 P NS P ns P
0.0403  0.77 0.0833 014  376.94 0.45
0.0004 0.9 0.1247 Q.03 6BR3.10  0.04
0.1326 0.507¢ 304,29
1.48.1 0.02 0.0876  0.60 3179.B0 Q.13
0.0431  0.53 0.¢001  0.70 235,07  0.43
0.0965 0.0006 871.63
0.0043 (.71 0.0198  0.10 4469.80  0.02
0.0008 0.87  0.0084 0.26 26,73 0.82
0.0131 . 0,31 0.0077 0,28 382,00  0.42
0.0104 0.5 ¢.0222 0.08 719.32 070
0.0279 ¢.0057 495.29
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Table B-12. Probability of ANOVA considered time as a factor®

Source bF 't'rialh

SHDH NC TH NDW NUM PROP FN
Repleiates 2 0.54 0.06 0,32 0.19 0.17 0.12 0.09
Water (W} 1 0.59 0.02 0.6 0.02 0.02 0.03 0.02
Error {2}
Variety i 1 G.00 0.02 8.00 0.31 0.00 0.34 0.00
14 i 8.33 0.88 0.35 0.13 0.01 0.71 0.83
Error (b} '}
Starter N (N} 1 0.02 0.04 0.10 .58 .86 4.00 0.02
VIN 1 0,38 .84 0.78 0.81 0.34 0.460 0.32
NIN i 0.35 0.92 0.33 8.1 0.48 0.44 0.50
WIVIN i 0.46 0.12 0.91 0.48 0.75 0.89 0.14
Error (c) 8
Tine (T} 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NtT 7 0.65 0.00 ¢.78 0.03 0.18 0.00 0.94
v 7 0.00 4.00 0.00 0.00 0.5 0.00 0.00
T 7 0.18 0.00 0.01 ¢.00 0.00 0.01 0.00
VINET 7 0.58 0.55 0.43 0.02 ¢.01 0.581 0.79
WINET 7 0.99 0.03 0.%90 0.3 0.32 0.95 0.93
NEVeT 7 0.89 8.77 0.88 0.12 0.05 0.01 .95
NIVINIT 7 0,94 0.47 0.73 0.97 0.83 0.66 0.47
Error {d) 112

a. Time factor is considered as a sub-sub-subplot level in
this split desighn.

b. SHDM: shoot dry matter; NC: nitrogen concentration; TN:
total nitrogen; NDW: nodule dry weight; NOM: nodule number;
PROP: proportion of nitrogen fixed; FN: amount of nitrogen

fixed.
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APPENDIX C

Methods of ureide, nitrate and amino analysis
The analysis of N-solutes in xylem exndates
1 Total ureides

{Reference:Young and Conway, 1842]

1.1 Reagents

A. 0.5 M NaCH
NaOH (analytical grade) 20 g
Distilled water 1L

B. phenylhydrazine hydrochloride
Phenylhydrazine hydrochloride 0.33 g
Distilled water 100 mL
(To be made fresh on each day of analysis. Keep flask containing
stock solution covered with tin-foil once prepared. Store with
desiccant in freezer.)
C. 0.85 M HC1
(32% w/w) concentrated hydrochloric acid 6.5 mL
Diluted with distilled water to 100 mi,
D. Potassium ferricyanide
Potassium ferricynide 0.833 g
Distilled water S0 mL
(To be made fresh on each day of analysis. Keep flask containing
stock solution covered with tin-foil once prepared.)

E. Concentrated hydrochloric acid (32% w/w = 10 M)
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F. Allantoin standards
Prepare freshly for each day’'s analyses a 1 umole/ml. allantoin
stock solution
Allantoin (store with desiceant) 15.8 mg
Distilled water ' 100 ml

Dilute stock—

0.1 al to 10 sl with distilled water (10 naplefal), 2. sl sample for analysis = 25 nmole
0.2 ol to 10 al with distilled water (20 neole/al}, 2.5 el sample for analysis = 50 naole
0.4 sl to 10 ol with distilled water (40 nlule{lL), 2.5 sl sasple for analysis = 100 naole
0.6 al to 10 al with distilled water {40 nmole/al}, 2.5 oL sampie for analysis = 150 nmole

0.8 ol to 10 oL with distilled water (B0 nmole/sL}, 2.5 al sample for analysis = 200 nsole

Note: always include 2.5 mL distilled water blanks with standards
during analysis. Before proceeding with the ureide assay, a
full set of standards should be run through (0-250 nmole) to
check linearity of response.

1.2 Procedure

Since colour development is not stable, it is advisable to

analyze ureides in batches of 20-30 samples including 2 water

blanks and at least 3 ureide standards.

(a) Place 0.2 mL of hot water tissue extract or 0.05-0.1 mlL xylem
exudate sample into each test tube and dilute to 2.5 mlL with
distilled water. (Use 2.5 mL of each ureide standard and 2.5
mi; for water blanks.)

(b) Add 0.5 mL of 0.5 M sodium hydroxide

{c) Mix and place tubes in a boiling water-bath for 10-1% minutes

(d) Remove tubes and cool to room temperature, then add 0.5
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ml. of 0.85 M HC1 and 0.5 mL of phenylhydrazine solution to
each tube.

(e) Mix and place tubes in a boiling water-bath for 2-4 minutes.

(f) Remove from boiling water-bath and immediately plunge tubes
into an ice-bath for 15 minutes. The rapidity of cooling is
an 1important factor in development of final colour. IFf
Qossible an ice-salt mixture should be used. (The reaction
may be left at this stage for a short time if necessary. )

(g) Remove from ice bath and add 2 mlL of concentrated HC1 (also
chilled to 0 C) and 0.5 ml. potassium frriecyanide.

(h) Mix immediately after each addition of potassium ferricya-
nide.

(i) Read optical density (absorbance) at 525 nm on a spectropho-
tometer after 10 minutes at room temperature. The colour
development is not stable, There is a 10-15% fading of
colour intensity by 80 minutes. It is advissble therefore to
only assay as many as samples at one time that can be
comfortably resd within about 20 minutes.

(J) Total ureide contents of sample are determined from the curve
prepared from allantoin standards (the 250 mole standard
should give an optical density reading of between 1.0 and
1.4), and a correction factor used (i.e. if 0.05mL samples
were used, the factor is 1.0/0.05 = %20) to convert sample

nmole determinations to nmole/mL.




2. Total amino acids ninhydrin method

[Reference: Yemm and Cocking, 1955. An adaptation of the

method detailed below is described in Herridge, 1984.]

2.1 Reagents

A. 0.2 citrate buffer

Citric acid 21 g
NaOH (analytical grade) 8 g
Distilled water 500 mL

Check pH and adjust if necessary to pH 5.0.
B. Ninhydrin reagent
0.01 Y potassium cyanide (65 mg in
100 mlL distilled water) (stable 3

months at 20 C, do not pipette by

monith) 10 mL
Methoxy-ethanol (anslytical grade) 580 mL
ninhydrin S5g

The ninhydrin reagent should be prepared at least 24 hour before
use. The reagent is very light-sensitive and should be stored
away from light in a brown-glass bottle. Stable for only 2 weeks
at room temperature. Stsbility can prolonged by storage at 4°C.
C. Amino acid standards |

Prepare freshly for each day’s analyses a 2.5 umole/ml, 50:50
asparagine:glutamine (most common amino compounds in xylem sap)

stock solution.

Asparagine (store with desicecant) 16.5 mg
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Glutamine (store with desiccant) 18.2 mg
Distilled water 100 mL

Dilute stock—

0.1 ol to 10 sl with distilled water (25 nsole/al) 0.5 sl sample for analysis = 12.5 nmole
0.2 al to 10 aL with distilled water (50 nmole/sl] 0.5 sl sample for analysis = 25 naole

0.4 aL to 10 aL with distilled water (100 nmole/aL) 0.5 sl sample for analysis = 50 pmole
0.8 al to 10 sl with distilled water {200 nmole/sl) 0.5 aL sasple for analysis = 100 nmole

1.2 al to 10 L with distilled water {300 nsole/sL} 0.5 sl sasple for analysis = 150 amole

Note: Always include 0.5 mL distilled water blanks with
standards during analysis.

2.2 Procedure

(a) Place 0.5 mL sample (20-50 ul xylem sap +450-480 ul distilled
water) in each test-tube..(For preparation of amino standard
curve use 0.5 mL of each amino acid standard and duplicate
0.5 ml: water blanks

(b) Add 1.0 mL, 0.2 M citrate buffer (pH 5.0), and

(e) add 1.2 ml, ninhydrin reagent.

(d) Mix well and place in a boiling water-bath for 10-15 minutes.

(e) Remove from water-bath and cool to room temperature.

(f) Read optical density (absorbance) at 570nm on a
spectrophotometer.

(g) Total amino acid content of samples is determined from =a
curve prepared from amino acid standards (the 250 nmole
standard should give an optical density reading around 1.2),
and a correction factor used to convert sample nmole

determinations of nmole/mL.




3. Salicylic acid method for determination
[Reference: Cataldo et al, 1975. Suitable for all legume
xylem sap samples tested to date except pigeonpea, with
requires a metal reduction procedure such as described by
Herridge (1984) for a accurate nitrate determinations.]

3.1 Reagents

A. Salieylic acid (5% w/v)
Salicylic acid S5g
Concentrated sulphuric acid 100 mL

It is best if the salicylic acid resgent is prepared a few days

before use. Once prepared it should be stable for several weeks.

B. 2 M NaOH
NaOH (analytical grade) 40 g
Distilled water 500 mlL

3. Nitrate standards
Prepare a 25 umole/ml potassium nitrate stock solution
KNO3 0.253 g
Distilled water 100 =L
(sodium nitrate may be used if KNO3 not available)
Dilute stock—
0.3 sl to 10 sL with distilied water (1.25 unole/st), 0.05 sL sasple for analysis = 0,06 umole
1 al to 10 ol with distilied water (2.5 umole/sl), 0.05 sl saaple for analysis = (,12% usole
f.0 oL to 10 sl with distilled water {3.75 umple/sl), 0.05 al sample for analysis = 0,19 umsle
2 al to 10 al with distilied water {5 umole/slL), 0.05 st sample for analysis = 0.23 umole

2.5 ol to 10 al with distilled water (6.25 saole/al}, 0.05 al sample for analysis = .31 usole

Note: Always include 0.05 mlL distilled water blanks with standards
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during analysis.

3.2 Procedure

(a) Place 0.05 pL sample of xylem exudate or hot water tissue
extract in each test-tube. (For preparation of nitrate
standard curve use 0.05 mL of each nitrate standard plus
duplicate 0.05 mlL water blanks.)

(b) Add 0.2 mL 5% salicylic acid and mix.

(c) Stand at room temperature For 20 minutes, then add 4.75 mL 2
M NaOH (to raise pH>12).

(d> Cool to room temperature and read optical density
(absorbance) at 410 nm on a spéctrophotometer.

(e)_Nitrate contents of samples are determined from the curve
prepared from nitrate standards (the 1 umole standard should
give an optical density reading of around 1.2), and =a
corfection factor used (1.0/0.05 = % 20) to convert sample

umcle determinations to umole/mlL.
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