Appendix A Characteristics of 60 milled rice samples (collected from domestic
market), Yunnan 1994.

No Varietyname PI ZN P PR AMY HEA GEL CHE ALK GL GW R Dl D2 b DO
1 * 3.00 2598 0390 740 133 909 B84 1 4 641 313 205 0 0 1 2
A 1.90 1822 0127 640 2570 718 66 75 3 632 241 262 0 0 1 3
3 * 200 1792 0154 714 2445 865 63 35 2 602 234 257 ¢ o0 1 3
4 * 1.90 2100 0.072 706 206 653 9% 1 6 58 215 272 0 O 1 3
5 % 260 1982 0352 857 300 715 90 1 4 588 270 218 0 0 1 3
6 % 350 1854 0152 738 246 411 94 1 6 652 204 320 0 0 1 2
7 * 1.80 1377 0112 892 1797 755 89 355 5 564 193 292 0 0 1 2
8 * 190 2125 0.117 680 169 759 9% 1 6 600 217 27 0 0O 1 3
9  Guchao2 240 19.11 0.170 68 2563 816 84 160 5 519 183 284 0 0 1 3
10 * 1.80 2138 0173 740 2094 855 80 20 2 588 214 275 0 0 1 2
11 Diantun 502 240 2044 0109 714 1559 582 48 25 6 736 312 236 0 0 1 3
12 Dianlong 201 230 1939 0103 622 1490 610 69 10 6 738 313 236 0 0 1 3
13 * 195 1826 0.122 634 2534 656 58 55 2 621 242 257 0 0 1 3
14 * 200 21.00 0152 722 2000 875 77 70 4 531 187 284 0 0 1 2
15 Shanyou 63 1.90 18.19 0.152 738 2265 793 100 33 2 594 227 262 0 0 1 3
16 Diyou 63 1.92 1637 0.148 684 2255 585 92 25 p 609 233 261 0 0 1 3
17  Shanyon 63 1.0 1735 0.125 648 2414 640 90 40 2 608 233 261 0 ¢ 1 3
18 Ganyou 12 1.88 1514 0.133 619 2248 502 75 50 2 596 228 261 0 0 1 3
19 Dianrui 456 350 1800 0136 678 1395 650 51 15 6 715 324 221 0 0 1 3
20 791 220 1878 0119 688 2079 929 60 35 7 471 165 285 0 0 1 3
21 Daintun 502 3.60 2251 0.120 625 1299 820 31 15 5 699 297 235 1 0 2 3
22 Thairice 420 1924 0.096 6.19 1977 997 73 0 4 678 329 206 1 0 2 .3
23 Korearice 245 1535 0.126 527 1910 875 80 25 7 480 167 287 1 0 2 1
24 ¢ 260 2080 0.266 756 1996 8%.0 59 1 6 531 18 292 1 0 2 2
25 Dongbei rice 230 1689 0118 556 1879 741 87 50 7 484 163 297 1 0 2 1
26 * 220 1516 0112 541 1688 792 76 O 4 508 170 299 1 0 2 1
27 = 200 1475 0122 672 1780 950 77 50 7 498 174 28 1 0 2 1
28 Thairice 480 1930 0112 720 1869 992 77 5 4 729 333 219 1 0O 2 3
29 * 230 2294 0121 300 403 860 95 1 6 458 143 320 1 0 2 1
30 Dontingrice 250 1861 0.110 841 1494 887 92 15 . 5 868 348 249 1 O 2 3
31 Diantun 502 350 2200 0.166 792 1452 847 46 25 6 730 301 243 1 ¢ 2 3
32 0+ 420 2209 0230 550 200 733 100 1 6 59 228 261 1 0 2 2
33 * 450 2083 0278 750 138 854 100 1 5 65% 270 244 1 O 2 2
34 Chugeng3 220 2041 0.138 643 1623 881 %4 25 6 470 159 29 1 0 2 1
35 6536 216 1760 0117 712 1786 927 84 70 6 515 177 291 1 0 2 1
36 6536 205 2085 0166 687 1651 83.0 8 10 6 477 164 291 1 0 2 1
37 Babaorice 480 2505 0400 982 2028 965 39 1 2 648 287 226 1 O 2 2
38 Hunan 3.80 2452 0176 768 322 90.0 100 1 5 701 2% 242 1 O 2 3
39 Xinan 175 240 1527 0154 720 1628 8%.0 100 30 6 490 162 302 1 0 2 1
40 Xinan 175 230 1398 0142 720 1623 904 100 20 b 520 166 313 1 0 2 1
41 Hexi2 198 1411 0134 738 1594 784 80 25 7 48 168 28 0 1 3 1
42 Dianyu 1 204 14354 0144 710 1627 861 74 30 7 487 173 282 0 1 3 1
43 B7-66 210 1867 0132 678 1583 731 81 85 7 49 162 306 0 1 3 1.
44 Hex 17 204 1583 0.126 613 1721 810 74 60 7 497 163 305 0 1 3 1
45  Dayu 66 2.10 1450 0123 589 1408 893 384 35 7 506 164 309 ¢ 1 3 1
46  You 37 2.00 9.96 0116 659 1568 658 84 25 7 522 18 2% ¢ 1 3 1
47  You37 204 1228 0.126 702 1545 594 79 30 7 516 187 276 0 1 3 1
48 Chugeng 1.82 2332 0166 714 1503 8%4 38 20 6 482 167 28 0 1 3 1
49  Jiamshu rice 240 1822 0155 714 352 97.8 84 1 5 .488 176 277 0 1 3 1
Q0 * 252 1554 0.0% 7.08 142 741 90 1 7 450 154 292 0 1 3 1
51 Dongbei rice 220 1515 0179 558 1677 945 82 35 5 51 171 299 ¢ 1 3 1
52 % 280 19.88 0130 607 1091 849 359 40 7 742 331 224 ¢ 1 3 3
53 Dongbei rice 218 1635 0171 726 1563 924 72 15 7 470 159 296 0 1 3 1
54 Chugeng 200 1824 0.186 684 1515 882 84 40 7 482 158 305 0 1 3 1
55 Hexi2 2.04 1345 0117 564 9.09 735 78 25 7 477 165 28 0 1 3 1
56 * 2.04 1400 0142 6.60 885 69.7 85 70 7 471 158 298 0 1 3 1
57 Hexill 220 1034 0104 569 7.87 83.2 8 10 7 507 171 29 0 1 3 1
58 Hexi66 220 1409 0.094 672 1682 823 T4 40 7 488 169 289 0 1 3 1
59 Hexil7 200 1298 0.118 591 1595 780 77 80 7 48 173 283 0 1 3 1
60  Hunnan 1.94 2414 0.148 791 1546 3803 55 S0 6 509 174 293 0 1 3 1
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Note: PI=price (yuan/kg) of milled rice; ZN=zinc content (mg/kg), P=phosphorus content (%),
PR=protein content (%), AMY=amylose content (%); HE A=percent head rice of total milled rice;
GEL=gel consistency, ALK=alkali spreading value; CHK=chalkiness score (%), GL=grain length (mm),
GW==grain width (mm); R=grain ratio of GL/G.

Dummy variables: D1=1 standard for Kunming, D2=1 standard for Dali, Xishuangbanna is base area
which D1, D2 equal to zero, D=1, 2, 3 standard for Xishuangbanna, Kunming, and Dali, D0=1, 2, 3
standard for irrigated japonica rice, upland rice, and irrigated indica rice, respectively.

*Name of variety is unknown,
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+Zn -Zn Trt.

Appendix b-1 Layout of Field Experiment.
Treatment, -Zn and +Zn: 0, 5 kg Zn /ha; P1, P2, P3: 60, 150, 200 kg
P,O, /ha; V1, V2, V3: Xunza 29, Hexi 35; and Yungeng 34, respectively.

— 27\ spacing of plant
VYV YV V
YV VYV YV V
sub-sub plot 4.0 \V \V \V \V :[9 cm
I vV V V V._
VvV VY]
VvV V V
{ [ |

12cm 20cm 12 CIIII

Appendix b-2 Diagram size of per experimental unit and spacing of plant
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Appendix C Field Experimental Results

Appendix c-1 Effects of Zn and P application on plant development™® with three rice

varieties.
-Zn +Zn
Treatment**
P1 P2 P3 Pl P2 P3

Panicle shooting

Xunza 29 133 129 129 129 130 128

Hexi 35 131 130 131 131 129 130

Yungeng, 34 - 135 135 135 134 133 130
Flowering,

Xunza 29 142 139 140 139 138 138

Hexi 35 142 139 141 138 138 139

Yungeng, 34 144 141 141 141 142 139
Maturity®

Xunza 29 198 196 196 196 194 194

Hexi 35 198 196 195 197 195 195

Yungeng 34 201 200 198 199 198 198

* The days after sowing. Sowing date was March 21, recorded as 0.
** _7n, +Zn: 0, 5 kg Zn /ha, respectively.
P1, P2, P3: 60, 150, 200 kg P,O; /ha, respectively.
a Maturity, indicating that all the grains turned yellow except one or two green grains at the bottom.

Appendix c-2 Effects of Zn and P application on grain yield t/ha of three rice varieties.

-Zn +Zn
Treatment
Pl P2 P3 P1 P2 P3
Xunza 29 8.13 7.62 7.42 783 833 092
Hexi 35 842 8383 10.10 833 11.33 11.83
Yungeng 34 8.17 10.08 10.17 ' 9.58 10.08 10.88

Appendix ¢-3 Effects of Zn and P application on panicle weight g/plant of three rice

varieties.
~Zn +Zn
- Treatment '
Pi P2 P3 P1 P2 P3
Xunza 29 215 224 221 204 234 207
Hexi 35 227 242 270 234 251 299
Yungeng34 236 265 27.0 231 252 281
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Appendix c-4 Effects of Zn and P application on g/1000-grain-weight of three rice

varieties.
-Zn +Zn
Treatment
Pi P2 P3 Pl P2 P3
Xunza 29 2484 2558 2540 2554 2438 25,25
Hexi 35 2675 26.93 2621 2730 26.92 27.38
Yungeng 34 3020 2946 31.09 30.76 30.96 31.2¢

Appendix c-5 Effects of Zn and P application on filled grain % of total grain with
three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 84.7 823 83.7 89.0 843 83.7
Hexi 35 85.7 87.3 - 897 93.0 91.0 %943
Yungeng 34 79.3 80.3 80.3 84.3 78.3 79.7

Appendix c-6 Effects of Zn and P application on numbers of productive tiller/piant
with three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 P1 - P2 P3
Xunza 29 5.6 5.8 6.2 6.0 6.0 58
Hexi 35 5.0 4.7 5.8 47 4.3 5.4
Yungeng 34 4.3 40 4.6 4.5 4.6 4.6

Appendix c-7 Effects of Zn and P application on total grain numbers/panicle with
three rice varieties.

-Zn +Zn
Treatment '
Pl P2 P3 P1 P2 P3
Xunza 29 1729 1951 184.5 179.5 176.7 1819
Hexd 35 199.1 197.6 184.1 190.0 1957 1952
Yungeng 34 20609 218.7 221.2 217.7 2412 2580
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Appendix c-8 Effects of Zn and P application on total biomass t/ha of three rice

varieties.
-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 . 17.3 15.6 16.2 15.3 17.3 15.4
Hexi 35 16.0 16.8 19.0 15.7 209 213
Yungeng, 34 17.4 20.7 204 20.0 20.4 21.8

Appendix ¢-9 Effects of Zn and P application on harvest index (HI) of three rice

varieties.
-Zn +Zn
Treatment
Pl P2 P3 Pi P2 P3
Xunza 29 0.47 0.49 0.46 0.51 0.48 0.45
Hexi 35 0.53 0.54 0.53 0.53 0.54 0.56
Yungeng 34 047 0.49 0.50 0.48 0.50 0.50

Appendix b-10 Effects of Zn and P application plant height cm with

three rice varieties.
-Zn +Zn
Treatment
P1 P2 P3 P1 P2 P3
Xunza 29 85.0 83.9 89.3 800 835 81.5
Hexi 35 9%.0 993 101.9 916 941 94.9
Yungeng 34 1094 1094 1091 1045 106.8 107.8

Appendix c-11 Effects of Zn and P application on Zn content mg/kg of stem with
three rice varieties (at final harvest stage).

-Zn +Zn
Treatment
P1 P2 P3 P1 P2 P3
Xunza 29 39.05 4534 4528 4492 4602 40.18
Hexi 35 21.84 2036 2098 2576 2024 2403
Yungeng 34 25.64 2481 31.16 36.30 3262 30.78
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Appendix c-12 Effects of Zn and P application on Zn content mg/kg of leaf blade with
three rice varieties (at final harvest stage).

-Zn +Zn
Treatment
Pi P2 P3 Pl P2 P3
Xunza 29 18.34 1799 18.63 18.39 1955 17.69
Hexi 35 20.48 14.32 16.49 1596 16.47 21.07
Yungeng 34 19.08 16.68 19.90 21.02  21.44 20.85

Appendix c-13 Effects of Zn and P application on Zn content mg/kg of graiﬁ* with
three rice varieties (at final harvest stage). ‘

-Zn +7n
Treatment
Pl P2 P3 Pl P2 P3
Xunza 29 13.85 15.00 16.83 16.65 15.16 16.46
Hexi 35 1401 12.82 13.72 15.15 15.52 12.10
Yungeng 34 13.02 12.16 13.63 15.10 12.94 13.00

*brown rice (at 14% of grain moisture), Zn contents were measured by applying atom absorption.

Appendix c-14 Effects of Zn and P application on total amount of Zn content g/ha of

gram with three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 112.5 114.0 1249 1304  126.1 113.6
Hexi 35 118.0 113.4 137.9 1259 1757 143.0
Yungeng 34 108.2 122.9 138.2 1452  130.5 141.3
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Appendix c-15 Effects of Zn and P application on total amount of Zn uptake g/ha of
plant three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 377.2 3656 4079 3692 42238 357.1
Hexi 35 276.9 2547 3075 278.2  351.3 355.0
Yungeng 34 316.2 3430 3972 4427 4081 421.7

Appendix c-16 Effects of Zn and P application on Zn proportion* in stem, blade leaf,
grain with three rice varieties.

-Zn +Zn

Treatment

F1 P2 P3 Pl P2 P3
Stem '
Kunza 29 0.48 049 049 0.46 049 047
Hexi 35 0.29 031 03¢ 034 027 032
Yungeng 34 038 038 0.39 042 040 040
Leaf
Xunza 29 022 0.19 020 0.19 020 021
Hexi 35 0.28 022 024 021 0.22 0.28
Yungeng 34 0.28 026 0.26 025 027 027
Grain
Xunza 29 0.30 031 0.31 035 030 032
Hexi 35 043 046 046 045 050 040
Yungeng 34 034 036 035 033 032 034

Appendix ¢c-17 Effects of Zn and P application on P content % of stem with
three rice varieties (at final harvest stage). '

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 0.079 0.090 0.099 0065 0.100 0128
Hexi 35 0.061 0.075 0.070 0.052 0.056 0.098
Yungeng 34 0.057 0.080 0.101 0.059 0.083 0.089

116



Appendix ¢-18 Effects of Zn and P application on P content % of leaf blade with

three rice varieties (at final harvest stage).

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 0.106 0.143  0.121 0.111 0.127 0.162
Hexi 35 0.097 0,130 0.118 0.098 0.120 0.117
Yungeng 34 0.089 0.092 (118 0.090 0117 0.119

Appendix c-19 Effects of Zn and P application on % P content of grain with three rice

varieties.
-Zn +Zn
Treatment
Pi P2 P3 Pl P2 P3
Xunza 29 0.124 0.119 0.146 0122  0.126 0.130
Hexi 35 0.123 0123 0.124 0.120 0130 0.121
Yungeng 34 0.144 0.106  0.132 0116  0.121  0.115

Appendix ¢-20 Effects of Zn and P application on the total amount P kg/ha of grain

with three rice varieties,

-Zn +Zn
Treatment
P1 P2 P3 P1 P2 P3
Xunza 29 10.1 9.1 10.8 9.6 10.5 9.0
Hexi 35 104 108 12.5 10.0 14.7 14.3
Yungeng 34 11.8 107 13.4 11.1 12.1 12.5

Appendix ¢-21 Effects of Zn and P application on the total amount of P uptake kg/ha
of plant with three rice varieties.

~Zn +Zn
Treatment i
Pl P2 P3 Pl P2 P3
Xunza 29 18.6 18.3 20.6 16.1 20.7 213
Hexi. 35 16.3 18.7 211 15.5 23.1 245
Yungeng 34 18.4 19.8 248 18.9 223 238
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Appendix ¢-22 Effects of Zn and P application on P proportion* in stem, blade leaf,
grain of three rice varieties.

-Zn +Zn
Treatment
Pl P2 P3 Pl P2 P3

Stem :

Xunza 29 0.20 020 0.21 015 021 025
Hexi 35 0.14 @15 Q.15 0.12 0.12 019
Yungeng 34 0.14 021 021 0.16 0.18 020
Leaf

Xunza 29 026 031 0206 026 028 0.32
Hexi 35 0.23 0.27 0.25 0.23 025 023
Yungeng 34 022 025 024 0.25 026 027
Grain

Xunza 29 054 049 0.52 0.59 0.51 042
Hexi 35 0.64 058 0.60 065 0.63 0538
Yungeng 34 0.64 054 054 0.59 0.55 0.52

Appendix c-23 Effects of Zn and P application on length (mm) of grain with three rice

varieties.
-Zn +Zn
Treatment
Pl P2 P3 Pl P2 P3
Xunza 29 4.66 471 4.69 475 4,74 4.72
Hexi 33 477 4.72 4.74 4.76 4.81 4.75
Yungeng 34 5.33 5.23 5.21 5.27 5.21 527

Appendix c-24 Effects of Zn and P application on ratio of grain length to grain width
(L/W) with three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 P1 P2 P3
Xunza 29 1.63 1.59 1.60 1.64 1.63 1.64
Hexi 35 1.58 1.56 1.60 - 1.57 1.60 1.61
Yungeng 34 1.82 1.79 1.77 1.77 1.81 1.82
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Appendix c-25 Effects of Zn and P application on degree of grain chalkiness with
three rice varieties.

-Zn +Zn
Treatment
Pl P2 P3 P1 P2 P3
Xunza 29 35 3.8 3.8 5.2 6.3 3.6
Hexi 35 438 1.7 2.8 2.0 2.7 2.3
Yungeng 34 12.2 14.6 15.0 13.9 10.0 13.0

Appendix c-26 Effects of Zn and P application on degree of grain hardness™ with tree

rice varieties.
-Zn +Zn
Treatment
Pl P2 P3 ] Pl P2 P3
Xunza 29 538 50.3 485 398 40.8 40.9
Hexi 35 60.3 50.1 588 472 40.8 48.0
Yungeng 34 47.0 50,0 535 39.7 39.5 46.0

*Ind_icating stress which just made grain cracked. Measured by device,
namely KQ-1, and the stress expressed as Newton/grain.

Appendix c-27 Effects of Zn and P application on of brown rice (%) with three rice

varieties.
-Zn +Zn
Treatment
Pl P2 P3 Pl P2 P3
Xunza 29 843 84.4 838 83.8 838 83.9
Hexi 35 83.8 853 854 §3.8 834 87.1
Yungeng 34 83.2 33.9 84.2 83.6 363  86.7

Appendix c-28 Effects of Zn and P application on milled rice (%) with three rice

varieties.
-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 76.9 76.5 76.5 76.1 76.2 76.4
Hexi 35 76.6 77.1 7718 75.5 755° 194
Yungeng 34 74.9 74.6 75.0 74.4 773 774

119



| Appendix ¢-29 Effects of Zn and P application on head rice recovery? (%) with
three rice varieties.

-Zn +Zn
Treatment
P! P2 P3 P1 P2 P3
Xunza 29 066.5 66.4 64.6 66.3 68.9 68.1
Hexi 35 67.9 68.9 71.1 65.2 67.7 70.4
Yungeng 34 66.3 69.3 69.1 64.3 66.2 68.0

Appendix c-30 Effects of Zn and P application on protein content (%) of brown rice
with three rice varieties.

-Zn +Zn
Treatment
P1 P2 P3 Pl P2 P3
Xunza 29 912 10.02 10.65 8.79 9.96 9.50
Hexi 35 9.08 8.98 9.76 8.52 8.31 8.50
Yungeng, 34 9.30 9.56 10.11 8.51 3.90 8.57

Appendix c-31 Effects of Zn and P application on total amount of protein (kg/ha) of
brown rice with three rice varieties.

-Zn +Zn
Treatment
Pl P2 P3 P1 P2 P3
Xunza 29 74.1 76.1 78.9 638.7 828 658
Hexi 35 76.4 79.4 98.3 70.9 942 100.5
Yungeng 34 75.7 96.3 1025 814 90.0 928

Appendix c-32 Effects of Zn and P application on amylose content (%) of milled rice
with three rice varieties.

-Zn +Zn
Treatment
Pl P2 P3 Pl P2 P3
Xunza 29 19.63 20.45 19.04 2166 20.16 21.54
Hexi 35 16.78  17.37 17.22 1772 17.28 17.66
Yungeng 34 18.01 18.52 18.90 19727 19.21 19.30
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Appendix D Analysis of Variance (ANOVA) of the Field Experiment

Appendix d-1 ANOVA for date of Panicle emergency, Flowering, and Maturity (the
days after sowing).

Panicle emergency Flowering stage Maturity stage
Source of variance DF

MS P MS P MS P
Replication 2 4.574 0.269 8.685 0.108 6.241 0.053
Zinc (A) 1 29.630 0.052 42 667 0.024 44 463 0.008
Error 2 1.685 1.056 0.352
Phosphorus (B) 2 13.019 0.073 8.963 0.272 11.241 0.097
Error 4 2.407 4,880 2.546
AxB 2 3.574 0.405 12.667 0.018 10.019 0.053
Error 4 3.130 0.972 1.491
Genotype (C) 2 §3.019 0.000 23.463 0.000 25.796 0.000
AxC 2 3.574 0315 2.167 0.420 4.463 0.149
BxC 4 2.685 0.473 4.741 0.132 4.519 0.114
AxBxC 4 5.185 0.170 0.833 0.844 1.185 0.703
Error 24 2944 2.407 2.167

Appendix d-2 ANOVA for Grain yield, 1000-grain-weight, and Panicle weight.

1000-grain-weight (g) Panicle - weight Grain yield t/ha)

(g/pl.)
Source of variance DF
MS P MS P MS P

Replication 2 0.599 0.540 0.743 0.589 8.28 0.907
Zinc (A) 1 2.241 0.216 0918 0.451 638.60 0.107
Error 2 0.702 1.066 ; 81.32
Phosphorus (B) 2 0.522 0.421 52.073 0.001  683.50 0.030
Error 4 0.482 0844 71.11

AxB 2 0.339 0.817 1.537 0.613 59.36 0.547
Error 4 1.600 2,771 84.17

Genotype (O) 2 142 .66 0.000 84.245 0.000 267030  0.000
AxC 2 0.897 0232 5.536 . 0.119 223.63 0.022
BxC 4 0.582 0.423 13.818 0.002 463.56 0.000
AxBxC 4 1.164 0.125 2.845 0.338 171.27 0.024
Error 24 0.577 2.376 49,99
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Appendix d-3 ANOVA for Filled grain, Grain numbers, Productive tiller numbers.

Filled grain (%) No. of grain /panicle No. of prod. tller /pl.

Source of variance DF
MS P MS P MS P

Replication 2 0.00035 0.825 142670 0.198 0.1973 0.867
* Zinc (A) 1 0.00987 0.134 15.23 0.350 0.0504 0.862

Error 2 0.00164 351.67 1.2901

Phosphorus (B) 2 0.00194 0.425 576.25 0.667 0.9156 0.0894

Eiror 4 0.00181 1284.25 0.1952

AxB - 2 0.00275 0214 274.25 0.735 0.3951 0.530

Error 4 0.00118 824.54 0.5291

Genotype (C) 2 0.04239 0.000 10047.0  0.001 9.6210 0.000

AxC 2 0.00234 0.288 102390 0.361 0.2673 0.400

BxC 4 0.00141 0.543 401.65 0.795 0.2827 0.423

AxBxC 4 0.00029 0.957 139.44 0.938 0.0645 0919

Error 24

0.00178 964.08 0.2806

Appendix d-4 ANOVA for Plant height, Total biomass, and Harvest index (HI).

Plant height (cm) Total biomass (t/ha)  Harvest index (HD)
Source of variance DF

MS MS P MS P
Replication 2 27.445 0.124 175.75 0.732 0.00147 0347
Zinc (A) 1 276.260 0.014 1195,90 0.256 0.00157 0.347
Error 2 3891 480.96 0.00078
Phosphorus (B) 2 32,118 0.402 2185.50  0.044 0.00032 0.700
Error 4 27.797 290.69 0.00080
AxB 2 10.555 0.176 332.42 0..450 0.00031 0.779
Error . 4 3.819 338.09 0.00120
Genotype (C) 2 2591.200  0.000 6828.30 0.000 0.01919  Q.000
AxC 2 12.035 0.305 642,11 0.185 0.00004 0.971
BxC 4 2.036 0.930 898.30 0.067 0.00174 0.243
AxBxC 4 8.319 0.500 637.54 0.162 0.00048 0.803
Error 24 9.633 354.67 0.00118
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Appendix d-5 ANOVA for zinc (Zn) content of stem, leaf blade, and grain (mg/kg).

Zn content of stem Zn content of leaf Zn content of grain
Source of variance DF

MS P MS P MS P
Replication 2 87.38 0.125 0.757 0.946 5.424 0.173
Zinc (A) 1 115.93 0.093 13.447 0.360 8.252 0.114
Error 2 12.49 13.30 1.133
Phosphorus (B) 2 227 0.953 9.605 0.469 2.184 0.276
Error 4 46.51 10.436 1.207 '
AxB 2 65.48 0.03 15.522 0.138 10.009 0.040
Error 4 8.00 4.600 1,243
Genotype (C) 2 2027.4 0.000 25.402 0.003 26.956 0.000
AxC 2 36.02 0.019 6.716 0.158 0.022 0.982
BxC 4 2479 0.029 6.771 0.125 5.096 0.010
AxBxC 4 17.85 0.084 12.984 0.015 2.157 0.168
Error - 24 7.62 3.362 1.219

Appendix d-6 ANOVA for total amount of Zn in grain (g/ha), and total amount of Zn

uptake of plant (g/ha).

Total amount of Zn Total amount of Zn

in grain (g/ha) uptake by plant (g/ha)
Source of variance DE

MS P MS P
Replication 2 4.687 0.311 18916 0.535
Zinc (A) 1 3.337 0.058 21.588 0.088
Error 2 2.116 21.764
Phosphorus (B) 2 4.565 0.159 43.363 0.483
Error 4 1.514 49.456
AxB 2 9.942 0.119 48.860 0.204
Error 4 2.619 20.155
Genotype (C) 2 1.127 0.010 40.259 0.000
AxC 2 3.989 0.158 61.175 0.064
BxC 4 3.798 0.144 13.611 0.613
AxBxC 4 7.135 0.020 34.542 0.178
Error 24 2.001 20.021
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Appendix d-7 ANOVA for Zn proportion (%) in stem, leaf , and grain.

Stem Leaf Grain
Source of variance DF
MS P MS P MS P

Replication 2 0.00261 0.197 0.00246 0.643 0.00353 0.350
Zinc (A) 1 0.00051 0.467 0.00058 0.752 0.00000 0975
Error 2 0.00064 0.00444 0.00190
Phosphorus (B) 2 0.00000 0.978 0.006079 0.437 0.00106  0.647
Error 4 0.001e61 0.00077 0.00218

AxB 2 0.00115 0.299 0.00548 0.058 0.00187 0.268
Error 4 0.00009 0.00087 0.00101
Genotype (C) 2 0.13650 0.000 0.01664  0.000 (0.0938 0.000
AxC 2 0.00155 0.200 0.00007 0913 0.00175 0.387
BxC 4 0.00082 0.471 0.00065 0.543 0.00225 0.308
AxBxC 4 0.00123 0.273 0.00054 0.626 0.00187 0.400
Error 24 0.0009¢ 0.00083 0.00177

Appendix d-83 ANOVA for phosphorus (P) content(%) of stem, leaf blade, and grain.

P content of stem P content of leaf P content of grain

Source of variance DF
MS P MS P M3 P

Replication 2 0.00027 0.521 0.0004 0.557 0.00027 0.748
Zinc (A) 1 0.00007 0.636 0.0004 0.475 0.00028 0.613
Error 2 0.00059 0.0005 0.00081
Phosphorus (B) 2 0.01120 0.068 0.0039 0.019 0.00026 0056
Error 4 0.00396 0.0003 0.00004
AxB 2 0.00120 0.424 0.0003 0.232 0.00069  0.206
Error 4 0.00220 0.0001 0.00029
Genotype (C) 2 0.00570 0.000 0.0027 0.000 0.00015 0.342
AxC 2 0.00027 0.550 $.0002 0.233 0.00013 0.397
BxC 4 0.00049 0.697 0.0002 0.270 0.00035  0.066
AxBxC 4 0.00230 0.067 0.0007 0.010 0.00016  0.349
Error 24 0.00530 0.0002 0.00014
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Appendix d-9 ANOVA for total amount of P in grain (kg/ha), and total amount of P

uptake of plant (kg/ha).

Total amount of P Total amount of P

in grain (kg/ha) uptake by plant (kg/ha)
Source of variance DF

MS P MS P
Replication 2 24.0.6 0.847 15.536 0.849
Zinc (A) 1 27.678 0.693 149.30 0.321
Error 2 133.14 87.332
Phosphorus (B) 2 118.37 0.0503 1313.2 0.134
Error 4 17.117 85.895
AxB 2 112.34 0.0700 180.41 0.034
Error 4 20.208 20.483
Genotype (C) 2 291.98 0.000 198.73 0.070
AxC 2 61.891 0.079 58.815 0.428
BxC 4 53.059 0.076 63.932 0.449
AxBxC 4 13.79 0,647 33.141 0.739
Error 24 21.945 66.833

Appendix d-10 ANOVA for P proportion (%) in stem, leaf , and grain.

Stem Leaf Grain
Source of variance DF
MS P MS P MS P

Replication 2 0.00004 0.982 0.00184 0.603 0.00243 0.805
Zinc (A) 1 0.60003 0.912 0.00063  0.682 0.00036  0.866
Error 2 0.00233 0.00280 0.01000
Phosphorus (B) 2 0.01171 0.113 0.00408  0.0455 0.02638  0.059
Error 4 0.00297 0.00055 0.00425

AxB 2 0.00247 0.404 0.00121  0.485 0.00658 0.334
Error 4 0.00216 0.00139 0.00451
Genotype (C) 2 0.01644 0.000 0.00832  0.003 0.04423  0.000
AxC 2 0.00014 0.862 0.00134 0.302 0.00133 0.589
BxC 4 0.00079 0.502 0.00035 0.858 0.00098 0.808
AxBxC 4 0.00195 0.109 0.00120 0.366 0.00293  0.339
Error 24 0.00092 0.00107 0.002435
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Appendix d-11 ANOVA for Length (L), width (W) 6f grain and Ratio of L/W.

Grain length (mm) Grain width (mm) Ratio of L/W
Source of variance DF '

MS P MS P MS P
Replication 2 0.0063 0.355 0.0030 0.654 0.0004 0.947
Zinc (A) 1 0.0083 0.261 0.0002 0.873 0.0074 0.399
Error 2 0.0035 0.0057 0.0065
Phosphorus (B) 2 0.0039 0.375 0.0019 0.536 0.0008 0.824
Error 4 0.0031 0.0026 0.0038
AxB 2 0.0014 0.705 0.0027 0.518 0.0019 0.081
Error 4 0.0037 0.0035 0.0004
Genotype (C) 2 1.6370 0.000 0.0570 0.000 0.2420 0.000
AxC 2 0.0033 0.598 0.0011 0.706 0.0009 0.574
BxC 4 0.0037 0.674 0.0011 0.844 0.0009 0.684
AxBxC 4 0.0048 0.561 0.0017 0.730 0.0007 0.763
Error 24 0.0063 0.0032 0.0015

Appendix d-12 ANOVA for Output of brown rice, Milled rice recovery, and Head
rice recovery (%).

Output of brown rice Milled rice recovery  Head rice recovery

Source of variance DF
MS P MS P MS P

Replication 2 1.562 0.660 1.207 0.413 0.650 0.306
Zinc (A) 1 2,622 0.451 0.759 0.445 4167 0.062
Error 2 3.035 0.852 0.287
Phosphorus (B) 2 9.465 0.238 8.397 0.334 29.708 0.045
Error 4 4.511 5.755 4,021

AxB 2 3.251 0.091 5.072 0.091 5.351 0.763
Error 4 0.703 1.093 18.441

Genot_ype (9] 2 2.896 0374 3.836 0.062 15.104 0.163
AxC 2 6.001 0.142 5.481 0.166 21.657 0.080
BxC 4 4.079 0.250 3.821 0.280 8.853 0.358
AxBxC - 4 2.025 (0.589 2.026 0.589 1.630 0.930
Error 24 2826 2.829 7.712

126



Appendix E Summary of Agronomic and Quality Characteristics of Rice Varieties

Appendix e-1 Plant development, yield and yield components, and agronomic

characteristics of three varieties.

Characteristics Xunza 29 , Hexi 35 Yungeng 34
Panicle emergency (day) 129.7 130.2 133.6
Flowering (day) 139.4 139.6 141.5
Maturity (day) 195.4 1959 197.7
Grain yield (t/ha) 7.70 9.80 9.83
Panicle weight (g/plant) 21.8 25.4 25.6
1000-grain-weight (g) 25.1 26.9 30.6
No. of productive tiller/plant 5.9 5.0 4.4
No. of grain/panicle 181.7 193.6 227.3
Plant height (cm) 83.9 96.6 107.8
Total biomass (t/ha) 16.2 18.3 20.1
Harvest index (HI) 0.48 0.49 0.54

Appendix e-2 Zn and P uptake and distribution in plant of three varieties {at maturity).

Characteristics

Yungeng 34

Xunza 29 Hexi 35

Zn content in stem (mg/kg) 43.5 22.2 30.2
n whole leaf 18.4 17.5 19.8

in whole kemel 15.7 13.9 133

Total Zn in grain (g/ha) 120.2 131.1 135.7
Total uptake Zn (g/ha) 3833 303.9 388.2
P content in stem (%) 0.094 0.067 0.078
in whole leaf 0.128 0.113 0.104
in whole kemel 0.127 0.124 0.122

Total P in grain (kg/ha) 9.3 12.3 11.9
Total uptake P (kg/ha) 19.3 19.9 21.3

Appendix e-3 Grain physical and chemical quality characteristics of three varieties.

Characteristics Xunza 29 Hexi 35 Yungeng 34
Grain Jength (ram) 471 4.76 5.26
Grain width (mm) 291 3.01 291
Chalkiness score (%) 4.4 2.7 13.1
Hardness (Newton/grain) 45.7 50.9 45.9
Yield of brown rice (%) 84.0 84.3 84.6
Miiled rice recovery (%) 76.4 77.0 75.6
Head rice recovery (%) 66.8  68.5 67.2
Protein content (%) 9.7 3.9 9.2
Total protein (kg/ha) 74.4 86.6 89.8
Amylose content (%) 20.5 17.3 18.9
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