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Table 1. The means of the eight clusters formed by Ward-MLM for agronomic-morphological characters evaluated at AF2008A, Puebla, Mexico.
Sl PH  EH/PH  SE SE/SI SH ED KL KWD KRN YLD  YLD/MO
(Days) (Ratio)  (Days) (Ratio) () (em) (em)  (ton/ha) (Ratio)

] Introduction

The Mexican dent races Tuxpefio, Olotillo, Tepecintle, and Celaya
(Wellhausen et al. 1952) have been used in tropical and subtropical

Cluster

(cm)

Cluster 1 (8)* 88 2663 070 54 0.61 87.3 6.0 24 17.1 45 13 09 11 37877 30134 667.1
maize breeding programs worldwide, |arge|y for their productivity, broad Cluster 2 (175) 90 297.6 0.67 53 0.59 86.5 7.0 2.5 15.9 47 13 1.0 10 35741 27176 662.7
daotati d bini bility. With Cf Mexico's Comisid Cluster 3 (43) 81 39 065 54 0.67 88.3 7.1 24 16.0 45 13 10 10 37642 29551 660.0
adaptation, and combining ability. VWith supportirom VIeXICo's Lomision Cluster 4 (27) 86 2893 068 54 0.63 87.3 6.9 24 165 46 13 1.2 9 38653 30918 685.4
Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO), in 2007 Cluster 5 (26) 97 310.6 0.70 54 0.55 85.6 6.0 26 16.9 4.5 13 1.0 10 3069.2 22750 6278
CIMMYT collected les of whit I d blue dent arain land Cluster 6 (13) 86 2824 066 53 0.62 86.0 6.6 27 15.9 46 12 0.9 12 31687 24724 6044
collectea samples or white, yellow, and blue dent grain landraces Cluster 7 (15) 89 2971 067 53 0.59 85.8 72 25 19.3 46 13 0.9 12 35013 26877 6552
in the Huasteca region of the states of Hidalgo, San Luis Potosi, and Cluster 8 (22) 75 2351 058 51 0.67 86.5 63 29 14.0 46 12 09 13 28403 22052 5236
Veracruzl to fill gap in existing Collections and conserve the diversity from Trail mean 87.38 288.42 0.66 52.93 0.61 86.43 6.81 2.50 16.06 4,62 1.30 1.01 10.66 3.51 272.99 649.63
, . . . . Standarderor 155 2083 0.05 28 0.03 120 3.07 034 1.18 0.22 0.07 0.06 072 54629 5220
the area’s non-equatorial, tropical, and subtropical humid (Hartkamp et LSD 0.05 304 40.82 0.09 4.74 0.06 234 6.02 0.67 231 0.43 0.14 0.13 140 107073 102.32
al. 2000) settings (200-300 masl; 12.5-13.4 hour day-length; 600-2,000 mm v (%) 178 .2 7.05 457 5.28 138 4515 1366 735 an 537 6.39 672 1557 19.12

annual precipitation). The present study reports on analyses of the samples’
phenotypic diversity and efforts to establish a core subset of the materials
for breeding and in situ conservation.

( )* indicates the number of the accessions in the cluster.
SI'=Days tosilking, PH = Plant height, EH/PH = Ratio of ear height and plant height, SE = Ear Leaf senescence, SE/SI = Ratio of ear leaf senescence and days to silking, SL = Stalk lodging,
EQ= Ear quality (1= good, 5 = poor), EL = Ear length, ED = Ear diameter, KL= Kernel length, KWD = Kernel width, KRN = Kernel row number

YLD = Grain yield, YLD/MO = Ratio grain yield and gran moisture % at harvest, ESIM = Selection index.

Table 2. The core subset (11%) of the Huasteca maize germplasm and their performance evaluated at AF2008A, Puebla, Mexico.

S| PH EH/PH SE SE/SI  SH SL EQ EL ED KL KWD KRN YLD YLD/MO
(Days) (cm) (Ratio) (Days) (Ratio) (%) (%) (1-5) (em) (ecm) (cm) (cm) (cm) (ton/ha) (Ratio)

] Materials and methods

The 292 accessions collected from the Huasteca; reference accessions of

ESIM

Race Class

Accession Grain Texture

races Tuxpeno (8), Olotillo (8), Celaya (3), Tepecintle (5), and Vandefio (3); White grain type
. . _ . ) HIDA 260 (4)* & 2856 071 51 059 860 7.1 22 157 48 14 12 9 47 040 7770 Dentado Ancho/Olotillo
tropical gene pools (4); single-cross hybrids (2: CML 247 x CML 254, CML 495 HIDA 272 (4) 86 2899 066 52 060 873 64 25 183 49 14 12 10 46 036 7645 Dentado Tepecintle/Olotillo
X 494); and other populations (5) were grownina performance evaluation HIDA 289 (4) 84 2827 0.6 54 064 884 56 22 16.4 46 13 1.1 9 44 035 7370  Dentado/Cristalino  Olotillo/Ancho
. , ) . . , HIDA 293 (4) 8 257 065 53 061 80 47 25 167 49 14 12 9 46 038 7549 Dentado Olotillo/Ancho
trial at CIMMYT's lowland tropical research station in Mexico (Agua Fria, HIDA 315 (7) 92 315 070 52 057 857 6.4 21 197 48 13 1.0 12 50 038 8337 Dentado Olotillo/Tuxpefio
. . . R ; SNLP311(3) 78 223 065 56 071 890 65 22 167 44 13 10 10 45 035 7416 Dentado Olotillo
Puel?la, 100 mas|, ZO'Z?N/ 97:38W) during 'n.Sp”ng'season'.AFZOOSA.' Th.e SNLP 334 (1) 91 2 065 53 058 87 73 25 167 42 13 09 12 38 031 6747 Dentado Tuxpefio
entries were arranged in a 15 x 22 alpha lattice design, replicated twice in SNLP 363 (7) 88 2561 066 54 061 84 76 21 24 46 13 09 11 46 036 7397 Dentado Tuxpefio/Olotillo
f | ken f ltivari | Ivsi SNLP 372 (6) 8 2559 065 52 061 855 58 25 162 43 11 09 10 38 028 6658 Dentado Olotillo/Tuxpefio
two rows of 5 meters per plot. Data taken for multivariate cluster analysis VERA 745 (6) 8 3212 066 54 061 80 67 25 170 48 13 09 13 37 030 6885 Dentado Tuxpefio/Olotillo
Mean 8696 28615 067 5299 061 8671 631 232 1747 467 132 103 1050 439 035 74129

height (PH), ear height (EH), days to anthesis (AN), days to silking (SI), stalk
lodging (SL), root lodge (RL), ear length (EL), ear width (EW), kernel length

Yellow grain type

HIDA 240 (2) 84 2970 065 50 060 878 96 24 165 47 12 11 10 44 036 7463 Dentado Olotillo/Tepecintle
. HIDA 255 (3) 80 2449 060 56 071 876 55 22 153 46 13 11 10 44 036 7026  Dentado/Cristalino  Olotillo/Tepecintle
(KL), kernel width (KW), kernel row number (KRN), leaf senescence (SE) HIDA 256 (3) 80 2593 063 54 068 8.1 54 25 159 47 14 10 10 44 036 7178  Dentado/Cristalino  Olotillo/Tepecintle
(days from silking to ear-leaf senescence), grain shelling % (SH), and grain HIDA 291 (2) 9 3016 0.68 53 059 872 75 21 16.4 47 13 1.1 10 46 037 7823  Dentado/Cristalino  Olotillo/Tepecintle
! 0 \ . HIDA313 (2) 91 2779 068 55 061 85 50 22 152 48 14 10 11 44 033 7419 Dentado Olotillo/Tuxpefio
moisture % (MO). The data on ear rot rating (ER), grain yield (YLD), and ear SNLP 299 (1) 84 263 077 54 065 868 6.0 22 16.2 48 14 0.9 13 45 039 7323 Dentado Olotillo/Tepecintle
; ; PR . 2~ RAi SNLP 300 (6) 8 3005 0.6 53 063 881 88 25 155 47 13 09 13 40 031 7030 Dentado Tuxpefio/Olotillo
quality rating (EQ) were taken to make a SE|eFt'0n index (ESIM’ Seron ROJaS. SNLP 305 (1) 81 2150 080 51 063 867 60 2 152 46 13 10 11 43 034 6893 Dentado Olotillo/Tepecintle
et al. 2006). To choose the core subset accessions (11%) with best agronomic  sie32() 8 3083 066 55 066 869 95 25 05 47 13 10 1 44 037 137 Dentado Olotillo/Tuxpefio
SNLP 324 (7 8 2818 067 50 058 83 68 29 183 45 13 10 11 41 031 7027  Dentado/Cristali Olotillo/Tuxped
performance, the Ward-MLM SAS program (Franco and Crossa 2003) SNLP328 Ezi 91 3381 069 53 059 86 65 22 167 47 14 10 1 R e Olo(:illlo(;TelrJ))ngr?t(l)e
was employed to Cluster homogeneous accessions and map phenotyplc SNLP 339 (3) 84 294.5 0.67 51 0.60 88.8 5.2 2.2 16.6 45 13 1.0 10 46 0.37 764.5 Dentado Olotillo/Tepecintle
. k R . SNLP 340 (3) 80 265.4 0.67 53 0.66 89.9 5.1 2.2 155 44 13 1.0 10 47 0.37 7583 Dentado Olotillo/Tepecintle
diversity by canonical analysis. The ESIM was calculated to choose the SNLP 348 (5) 9 302 066 54 0% 81 62 25 197 47 13 10 10 44 03 779 Dentado Tepecintle/Olotillo
0 . . ) SNLP 351 (5) 97 3183 069 56 057 838 76 25 188 46 13 10 10 38 028 7090 Dentado Olotillo/Tepecintle
best 11% of the accessions from each cluster, using the D-method of the SNLP 353 (5) 97 3333 074 55 056 849 44 23 17.1 45 13 1.0 10 37 028 7203 Dentado Olotillo
Samp"ng strategy (Franco et al. 2005). Race classification was performed VERA773(2) 92 3202 063 52 0.56 86.0 84 22 16.5 46 13 1.0 12 45 036 7717 Dentado Tepecintle/Olotillo
. VERA 788 (4) 8 2810 068 53 063 875 66 2 157 50 14 12 9 49 04 7839 Dentado Olotillo/Tepecintle
according to Wellhausen et al. (1952). VERA 817 (4) 8 228 069 55 067 86 72 26 184 48 12 12 9 46 037 7523 Dentado Olotillo/Ancho
VERA 822 (6) 81 2726 065 56 060 874 83 25 147 47 12 09 13 33025 6147 Dentado Olotillo/Tepecintle
R I d d . . Mean 8641 28744 068 5342 062 8717 678 235 1674 466 131 101 1076 432 034 73610
Blue Grain Type
I e S u ts a n I SC u s S I 0 n HIDA 297 (5) 9% 315.0 0.64 53 0.55 83.7 7.2 23 19.1 46 1.1 1.1 10 41 0.29 733.9 Harinoso/Dentado  Tepecintle/Olotillo
. . . . SNLP 337 (1) § 2875 068 54 062 894 59 23 179 46 14 09 11 39 031 6960  Harinoso/Dentado  Olotillo/Tepecintle
The cluster analysis of Ward-MLM using the traits mentioned above formed Mean 9177 30121 066 5369 059 8659 656 227 1847 459 126 101 1026 404 030 7149
eight distinct clusters. According to agronomic performance based on the Reference entries
.. (ML247xCML254(8) 77 2113 0.60 56 073 864 55 22 140 49 14 10 13 47 035 7204 Dentado/Cemicristalino Hibrido
selection indexes, cluster 4 was best (Table 1). To form the core subset, CML495xCML494(8) 76 2419 0.2 55 073 846 65 22 149 47 13 09 12 47 036 7293 Dentado/Semicristalino  Hibrido
11% of the accessions were chosen according to selection indexes within GUDWhEy © o 0P ® ap G 4 B W 4 B @ ¢ & &) ow  wmmh e
clusters (Table 2). The core subset included white dent (11), yellow dent (21),  aisa00) 8 2710 069 55 066 869 83 24 163 43 13 11 9 39 031 6795 Dentado Olotillo
. . . SNLP 104 (3) 77 485 064 57 074 885 53 29 151 44 13 10 10 30 02 6415 Dentado Tuxpefio/Olotillo
and blue colored dent (2) accessions. The core subset is characterized by VERA 39 (6) & 2910 066 53 061 86 97 27 159 46 13 09 12 29 02 5833 Dentado Tuxpeiio
Iateness ta”ness |Ong ears fewer kernel rows hlgh root and Stalk |Odg|ng VERA 193 (2) 94 276.3 0.67 53 0.57 85.9 4.9 3.1 15.0 47 13 0.9 13 2.7 0.20 559.4  Dentado/Semicristalino Tepecintle/Tuxpefio
' ! ' ) ' i ! Mean 8079 24873 062 5539 069 8626 642 257 1516 465 128 095 1223 369 028 64286
as compared with the hybrid checks, which grouped in cluster 8. In the Trial mean §738 28842 066 5293 061 8643 681 250 1606 462 130 101 1066 351 27299 64963
phenotypic diversity of the core subset (Figure 1), Huasteca accessions plot  ig° e w705 4 s 13 405 Bes 7B 4N Sy 6w 6n 15 wn
within the range of variation of Tuxpeno, Olotillo, and Tepecintle reference () indicate the cluster in which it is grouped.
i H . H SI="Days to silking, PH = Plant height, EH/PH = Ratio of ear and plant height, SE = Ear leaf senecence, SE/SI = Ratio of senecence and days to silking, SL = Stalk lodging,
accessions (Vera 39’ Chis 440’ SNLP1 04’ Vera 1 93’ Table 2) The hybrlds EQ= Ear quality (1= good, 5 = poor), EL = Ear length, ED = Ear Diameter, KL= Grain length, KD = Kernel width, KRN = Kernel row number,
and gene pOOlS are cIearIy separated from core accessions. Based on our YLD = Grain yield, YLD/MO = Ratio of grain yield and grain moisture %, ESIM = Selection index, Race class = Observed race(s) at harvest.
results, the Huastaca maize germplasm is predominantly of races Tuxpeno,
Olotillo, and Tepecintle, with possible intervention by other races (Ancho,
Tabloncillo, Celaya, or others; Table 2).
e FTeble2) S s b gt © o Acknowledgement

The average plant and ear height of the core subset was about 70 cm more
than those of single-cross hybrid CML 247 x CML 254. Subset accessions
silked about 9-10 days later than the hybrid; ears were long and cylindrical
and had fewer kernel rows; ear and plant height ratio (EH/PH) was generally
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and some accessions had deep orange-yellow dent gain type. Given the
excellent yield potential of Huastaca maize, more studies would be in order
on its relationship with other maize races in the America, as well as its
combining ability and nutritional quality.
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Figure 1. The patterns of the phenotypic diversity of the core subset (11%) and six reference
entries (two single cross hybrids and improved gene pools and the reference race accessions)

plotted by the canonical variables (Can 1 and Can 2).
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