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Performance of the NC-140 Cooperative
Apple Rootstock Planting Il: A 10-Year Summary of
TCA, Yield and Yield Efficiency at 31 Sites
NC-140!

Abstract

In 1984 trees of ‘Starkspur Supreme Delicious’
apple (Malus x domestica Borkh) on 15 root-
stocks were planted at 31 sites in North America
according to guidelines established for coopera-
tive testing by the North Central Regional Co-
operative Project (NC-140). Six midwestern
sites lost 20% or more of the trees over 10 years,
while 13 sites had less than 10% loss. The follow-
ing rootstocks had 60% or higher losses at one or
more sites: MAC.39, P22, M.4, M.26EMLA, P2,
P16, P18, C6. B.9 had the best survival of the
dwarfing rootstocks in this study with no losses
at 14 sites. Sites in KS, GA, IL, CA, VA, MO,
NC, and MI had trees with 39 to 16% larger than
average trunk cross-sectional area (TCA), while
trees in TN, PA, and MEX were 40% smaller
than the average of all sites. Averaged across
rootstocks, sites with the greatest yield efficienc
were MA, CA, OH, and BRC and those witi:
lovcsl/eﬁltcefficiency were KS, TN, MN, NY, AR
an .

1Authors listed in Table 1, page 7, FV] 50(1):1996.

Evaluations of potential apple root-
stock and interstem systems have been
made independently by researchers at
many locations. Lack of common
genetic materials, spacings, and han-
dling procedures have made compari-
son of the results from these inde-
pendent studies difficult. Because of
lack of information, growers have
planted many scion/rootstock combi-
nations at inappropriate spacings for
their soils or that were poorly adapted
to their area. Extension recommenda-
tions often vary widely from region to
region with little understanding among
professional horticulturists for the
differences.
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Cooperative plantings organized by
NC-140 were cfe)zsi ed to solve these
problems and also dramatically shorten
the time required to test new rootstock
candidates. The wide diversity of cli-
matic and soil conditions at NC-140
sites expose scion/rootstock combina-
tions to a wide range of conditions.

Results of earlier NC-140 coopera-
tive plantings have been published (1,
2,3,4,5, 6). The test plantings reported
here were established in 1984 to com-
pare performance of 15 different root-
stocks with a common scion cultivar,
‘Starkspur Supreme Delicious, at 31
sites in North America. Plantings in
%UE and TX were removed prior to
the conclusion of the study.

Materials and Methods

The coldest temperature recorded
was -32.2°C in IA in 1985 (Table 1). IA
had the coldest temperature in 4 of
the 10 years of the trial. Readers are
referred to the paper by Warmund et
al. (7) that describes black-heart and
winter injury symptoms from several
of those trials. The warmest winters
occurred in 1987 and 1992 when mini-
mums at the coldest sites were only
-22°C. Generally the coldest winter
was 1985 when 7 sites had minimums
of -28°C or lower. The maximum tem-
perature over the period of this study
was 44.9°C in CA in 1986. CA had the
highest maximum temperature in 4 of
the 10 years. Severe droughts occurred
in 198g and 1993 in the east and Mid-
‘west, and 19 sites had maximum tem-
peratures above 37°C when normally
only 4-8 sites exceeded this tempera-
ture. The coolest growing season was
1987 when no site exceeded 30°C.

Results and Discussion

The cooperators and sites as well as
the experimental design and data col-
lected were described in the previous
paper (4). The relative performance
among sites will be compared in this
paper. Past studies (2, 3, 6) and grower
experience indicate that survival is a

very important factor in assessing the
potential of a new rootstock. Six mid-
western sites lost 20% or more of the
trees in this study over 10 years, while
13 sites had less than 10% loss (Table
1). Sites in the west and northwest
(CA, OR, WA, UT, BRC) generally
had very low tree losses of 6% or less.
These sites were all irrigated which
may have contributed to improved
tree survival. The following rootstocks
had 60% or higher losses at one or
more sites (MAC.39, P22, M 4, M.26-
EMLA, P2, P16, P18, and C6). Survival
of the following rootstocks was 70% or
greater in all sites: MAC.1, M.TEMLA,
B.490, and A.313. The rootstocks P1,
SDL, and P18 would have fallen into
this desirable classification except for
losses at one site. Of the rootstocks
producing trees of M.26 size or smaller,
B.9 had the best survival with no
losses reported for 14 sites and KS
reﬁ)orted the highest loss of B.9 (50%).
This record is compared to P22, the
rootstock with the greatest losses, hav-
ing no losses at only 5 sites and more
than 50% loss at 8 sites.

Based on TCA, sites in KS, GA, IL,
CA, VA, MO, NC, and MI had trees 39
to 16% larger than average, while trees
in TN, PA and MEX were 40% smaller
than the average over all sites (Table
3). Trunk cross-sectional area for KS
and GA likely are inflated because
those sites had only a partial planting
and did not include severaf)of the
smaller rootstocks. KS also reported
significant crop loss in 3 years due to
frost which stimulated vegetative
growth. However, these sites also pro-
duced large trees in previous studies
(1). As in previous studies, the CA site
was obviously stressful, either due to
heavy crop loads or high temperatures,
to rootstocks producing small trees
and was very stimulating to such root-
stocks as M.4, P18, A.313 resulting in
large trees. CA, GA, VA, and NC have
relatively long growing seasons and
along with sites in KS and IL have
reported large tree size in previous



Table 1. Yearly maximum and minimum temperatures (°C) at the sites for the 1984 NC-140 apple rootstock trial.

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

max__ min max___ min max__ min max___min max___ min max __ min max _ min max___ min max  min max___ min
AR 400 -22.0 394 -255 430 -180 270 -11.0 380 -250 370 -170 323 - 40 327 -72 327 -111 378 -161
BRC 370 -21.0 365 -230 340 -175 370 -11.0 350 -160 330 -175 370 -260 340 -160 370 -160 33.0 -16.0
CA 367 - 11 422 -22 449 -05 270-40 340-10 306 -50 410 -80 420-50 410 -20 400 - 3.0
CO 350 -220 370 -240 367 -144 340 -170 370 -230 390 -280 380 -270 372 -190 36.0 -200 354 -14.1
GA 322 -172 327 -172 361 -189 260 -100 350 -170 320 -21.0 350 -120 330 -160 320 -140 36.0 -22.0
IL 350 -26.7 339 -31.1 350 -21.1 260 -120 390 -230 --- -290 360 -220 380 -220 351 -21.7 344 -228
IN --- =167 330 -311 340 -220 248 - 94 301 -226 347 -215 341 -297 358 -187 352 -226 320 -22.0
1A 367 -306 383 -322 328 -272 161 -167 389 -300 365 -306 361 -267 367 -278 339 -228 31.7 -284
KS 410 -230 400 -25.0 390 -180 419 -116 350 - 90 407 -312 473 -220 410 -210 356 -161 389 -206
KY 370 -260 340 -270 380 -190 278 -122 394 -170 311 -256 383 -178 383 -127 350 -150 37.8 -16.1
MA 350 -272 311 -222 328 -206 230 -190 370 -300 340 -21.0 330 -180 390 -150 320 -21.0 36.0 -220
ME --- -236 352 -276 337 -242 -180 267 -227 334 -225 362 -204 335 -237 345 -317
MEX ----35 315-110 325 -120 350 -125 310 -89 350 - 89 400 -100 410 - 90 440 - 60 440 - 60
Mmi 322 -250 330 -210 320 -21.0 240 -200 380 -260 330 -220 310 -11.0 330 -160 350 -190 33.0 -20.0
MN 340 -327 380 -32.0 348 -29.7 37.0 -120 400 -280 36.0 -270 290 -290 310 -300 256 -161 300 -27.8
MO 400 -233 356 -26.1 372 -200 256 -156 400 -300 372 -106 372 -178 394 -206 339 -133 350 -194
NC 350 -123 347 -269 360 -190 230 - 70 360 -200 330 - 80 330 -11.0 390 -160 320 -120 36.7 -183
NJ 217 -277 283 -257 356 -133 256 -128 378 -194 350 -150 359 -127 372 - 98 335 -145 373 -17.2
NOS 195 -190 310 -230 315 -21.0 145 -220 330 -235 325 -210 325 -270 370 -236 300 -180 330 -300
NY 328 -238 317 -232 317 -189 333 -250 361 -21.1 317 -244 350 -194 350 -206 290 -190 350 -220
OH 311 -267 356 -283 333 -183 260 -120 400 -210 353 -275 341 -368 365 -191 325 -196 36.1 -200
OR 358 - 84 365 -105 350 -40 105-45 410 -70 340 -140 380 -144 367 - 72 297 - 60 372 -122
ONT --- -42 257 -112 330 -236 350 -235 363 -207 326 -202 319 -181 332 -203 299 -21.0 333 -187
PA 328 -244 350 -272 328 -178 240 -11.0 390 -230 370 -230 330 -200 350 -200 320 -20.0 34.0 -20.0
QUE 305 -20.0 300 -280 290 -27.3 -1560 311 -270 310 -21.0 310 -21.0
TN 330 -240 340 -320 339 -21.7 260 - 90 380 -180 290 - 30 290 -170 350 -230 320 -180 367 -16.7
X 406 -12.7 300 - 50 390 -100 380 -220 380 - 4.0
uTt 372 -222 383 -21.7 410 -120 350 -140 380 -150 390 -143 390 -256 367 -170 383 -156 361 -183
VA 322 -194 322 -220 330 -230 180 -180 360 -190 31.0 -230 330 -140 333 -167 322 -139 340 -16.0
WA 397 -200 394 -21.7 394 -150 190 -130 400 -170 410 -130 410 -290 380 -180 400 -140 370 -21.0
wi 320 -300 320 -300 338 -227 300 -122 372 -239 338 -233 338 -244 338 -250 316 -222 30.0 -21.1
wv 250 - 83 350 -261 36.7 -162 260 -120 400 -21.0 350 -200 370 -150 390 -180 350 -160 39.0 -18.0
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Table 2. Tree loss (%) over 10 years of ‘Starkspur Supreme Delicious’ on 15
rootstocks at 30 sites in the NC-140 planting established in 1984.

Site SDL P18 A313 B4%0 MACA M4 MIE P11 M26E C6 MAC3I9 BS P2 P16 P22 %loss
AR 0* 0 10 0 0 0 0 0 0 20 0 0 20 16 40 6.6
BRC 0 0 20 0 0 0 0 0 10 30 0 0 30 10 0 6.6
CA 0 0 10 0 0 0 0 0 0 0 10 0 0 10 20 33
CO 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0 0.0
GA 30 - - - 0 50 10 0 20 -- 40 0 -- -- 100 166
1A 0 0 0 0 0 0 0 0 0 0 0 0 30 10 20 4.0
IL 0 0 0 0 0 0 0 0 0 30 60 0 30 50 30 1833
IN 0 0 10 0 0 0 0 0 60 60 70 30 50 90 40 273
KS 0 - - - 0 o 10 10 10 -- 50 50 - -- 70 222
KY 0 -- -- - 10 10 0 20 10 -- 3 30 - -- 60 200
MA 0 10 0 0 0 0 10 0 10 10 0 0 10 20 0 46
ME 0 -- 0 0 0 -- 30 0 0 30 90 0 60 -- 40 208
MEX 0o - - - 20 0 0 40 0 -- 0 40 - -- 50 166
M 10 0 0 0 0 10 0 10 0 50 0 0 20 30 20 100
MN 10 10 0 10 30 60 30 0 3 50 60 30 70 30 50 313
MO 40 -- -- - 10 20 30 20 50 -- 70 30 -- -- 60 366
NC 0 0 10 0 10 10 0 0 30 40 80 10 50 10 40 193
NJ 0 0 0 0 0 0 0 10 0 -- 0 40 - - 70 133
NOS 0 - - - 0 0 0 0 0 0 10 0 0 10 22
NY 0 0 0 0 0 0 10 10 10 10 40 10 50 40 30 140
OH 0 10 0 0 0 0 0 0 0 20 0 0 20 20 10 53
ONT 0 - - - 0 0 0 0 0 -- 0 0 - - 20 1.3
OR 0 0 10 0 0 0 0 0 0 10 0 0 10 10 20 4.0
PA 0 30 20 0 0 10 10 0 0 3 20 20 10 30 0 120
TN 20 - - - 10 10 0 10 50 - 40 30 -- -- 70 266
uTt 0 0 0 0 0 0 0 0 0 20 0 0 10 0 0 20
VA 10 90 30 0 10 0 0 10 0 10 0 0 10 30 10 140
WA 0 0 0 0 0 0 0 0 0 0 0 10 20 10 20 4.0
Wi 10 0 20 0 0 0 0 10 0 20 0 0 40 20 10 86
wv 0 - - - 0 0 0 0 0o -- 88 10 - - 30 7.7
Avg. 43 75 70 1 33 63 36 50 96 205 20.0 11.6 24.0 31.5 30.0

*0 = no loss, -- = trees not included.

trials (1, 3). As in a previous study (1),
the CA site had the highest absolute
variability relative to the mean as mea-
sured by coefficient of variation (CV).
KY, ME, MN, and MEX had relatively
low C.V. values. Nine of the sites had
relatively low LSD values (less than
20), while 4 sites had LSD values
above 40.

Averaged over all rootstocks, the
CA site had the highest yields and on
rootstocks producing trees larger than
M.7, had yields double or greater than
the averaﬁe over all sites (Table 4). CA
also had high variability as evaluated
by LSD or C.V. OH, VA, GA, and IL

had relatively high average yields l£>er
tree, while the following sites had
relatively low yields compared to the
average over all sites: TN, MN, NY
and AR. Sites with higher yields tended
to have higher variability, while sites
with low yields tended to have low
variabilities. B.9, the dwarfing root-
stock with the best survival, had higher
than average yields in 7 sites, average
yields in 15 sites and below average
yields in 6 sites. Variation across sites
for B.9, as measured by LSD and CV,
was relatively low compared to a num-
ber of the rootstocks producing larger
trees. P18, which showed some yield



Taﬂlg :?1'4;’:'9': cross-sectional area (cm?) after 10 years of ‘Starkspur Supreme Delicious’ on 15 rootstocks in the 1984
- rial.

Site SDL P18 A313 B4%0 MAC1 M4 MJE P11 M26E _ C6  MAC39 B9 P.2 P16 P22  Avg. LSD.0S C.V.
AR 1320 1509 1547 1240 1134 1230 1029 1071 937 887 704 368 257 235 127 906 178 516
BRC 1158 1060 849 1167 1076 1066 580 796 780 748 510 329 415 308 286 742 167 482
CA 2180 2957 2394 2009 1588 2700 810 963 900 384 455 169 184 136 122 1197 391 8438
Cco 137.3 1348 1250 1092 1302 1200 81.8 584 696 465 335 610 388 153

GA 2453 2289 2105 1321 1148 783 586 684 1421 504 532
IA 1743 1796 1712 1357 1518 1483 969 1145 841 591 578 332 308 192 125 979 137 613
IL 2061 2036 2028 2013 2029 191.7 1260 1236 1102 653 662 389 319 230 112 1203 437 634
IN 1767 1884 179.7 1578 1467 1412 1001 949 748 506 388 245 242 96 99 945 228 697
KS 2244 2504 296.7 1484 2022 1253 68.7 309 302 1530 413 634
KY 137.2 1326 1410 1077 76.6 1059 850 772 346 998 339 350
MA 1242 1300 1272 1130 1136 915 658 648 395 386 343 248 200 8.2 85 669 195 612
ME 616 900 896 700 505 489 362 276 147 238 166 47 440 132 338
MEX 829 402 554 605 695 644 369 648 275 558 158 316
M 2056 2002 1922 1665 1596 1722 1258 1330 852 774 579 317 244 182 133 1110 235 638
MN 1059 1200 1161 1083 1264 282 793 872 816 852 532 505 647 655 526 817 316 358
MO 1713 1625 1567 810 1324 414 676 864 257 257 1147 442 603
NC 1384 1273 1158 1680 1316 1415 1185 740 871 659 1005 685 450 689 1129 NS 468
NJ 138.0 1364 1182 956 865 711 383 202 92 793 202 689
NOS 118.1 1472 1007 950 912 649 341 305 76 766 126 595
NY 1416 1771 1715 1600 1465 1126 857 559 477 469 390 279 229 109 83 836 205 739
OH 169.0 1555 1573 1354 1360 1199 1048 1036 805 842 565 496 317 182 266 953 221 529
ONT 1439 1212 1203 859 1056 775 552 380 120 844 183 511
OR 1365 1683 1501 1539 1326 1302 950 1180 1032 768 660 436 270 271 164 963 181 526
PA 856 1073 773 797 986 715 641 580 478 375 397 313 180 101 86 557 164 562
TN 735 782 637 728 495 370 407 3441 127 511 181 433
uT 1628 1802 1787 1383 1625 1567 81.0 1324 414 676 864 257 191 151 1641 976 254 656
VA 2107 1471 2029 2017 1872 1858 1270 1032 1154 803 810 439 341 183 183 1171 338 596
WA 1398 1552 1426 1380 1195 1257 995 1055 379 417 343 331 310 119 126 819 190 654
wi 1349 1588 1393 1474 978 1021 741 784 748 629 357 455 278 180 110 806 217 601
wv 15671 1548 1484 1211 1248 1028 59.7 502 356 1061 219 441
Avg. 1524 1640 1558 147.0 1424 1387 1027 983 772 634 547 411 299 201 201

LSD 376 305 336 275 296 291 773 335 202 174 433 302 NS 148 220 938

cv 287 269 269 227 421 431 365 378 314 275 423 395 382 661 449 534
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Taﬂlg 4. ((’:uznrlative yield per tree (Kg) after 10 years of ‘Starkspur Supreme Delicious’ on 15 rootstocks in the 1984
-140 trial.

Site SDL P.18 A313  B4%0 MAC.1H M4 M.7E Pa M.26E C6 MAC39 B9 P.2 R16 P22 Avg. LSD.0s C.v.
AR- 688 980 1357 857 921 1447 1190 986 1367 1370 956 737 764 582 196 96 244 364
BRC 2477 2637 2863 2928 2689 2750 2352 3145 2440 2804 1913 1518 1498 11566 900 227 518 306
CA 5403 7805 6740 5246 4495 8352 4168 3785 3473 1693 2264 835 892 326 526 376 1111 692
co 1676 925 1040 874 818 1465 1146 970 700 876 833 569

GA 354.7 4040 3954 3122 2865 2320 1826 115.1 285 791 360
1A 1403 1741 1868 1492 1773 2386 1988 1737 2160 1640 1537 1301 971 728 320 1583 276 352
iL 289.2 3805 3357 2795 3837 4077 3108 2659 3951 2710 2705 1753 1404 850 578 276 1069 408
IN 3023 3839 3811 3141 3225 4470 3242 3295 2977 2042 1870 1148 983 270 297 250 643 528
KS 86.6 951 1727 1693 1763 1531 67.0 305 310 109 361 550
KY 1544 1942 2260 1818 1797 1857 1791 11841 350 161 505 344
MA 2688 3381 3327 2900 2628 3515 2747 2580 1723 2070 1417 1396 1148 482 392 215 562 472
ME 585 884 964 477 727 1123 671 740 310 681 424 1.8

MEX 90.8 968 1248 1605 1513 1537 719 1180 260 110 292 398
Mmi 2508 3028 2400 247.7 3129 3453 2565 3211 2709 2600 2087 1931 1321 1270 610 235 531 336
MN 743 987 900 793 800 356 918 885 1368 1113 687 952 470 538 576 80 310 323
MO 185.0 2138 2450 1952 1636 1448 906 1143 170 152 613 459
NC 1150 1443 1390 1216 1445 1380 1594 1276 1448 1306 750 810 388 530 115 364 327
NJ 2768 2708 2829 2868 3013 2664 1444 776 360 215 565 470
NOS 1746 2486 2184 2493 2343 1766 96.7 1145 177 170 373 467
NY 928 1386 1542 933 1058 1502 793 998 638 590 520 608 506 204 16.0 81 304 5741
OH 3703 3850 3556 3024 3561 351.3 369.0 3643 3483 339.7 2648 2146 1555 1052 588 289 633 366
ONT 105.0 1494 1211 1844 1962 19638 1121 1495 608 141 380 326
OR 2169 3427 2558 2743 2336 3015 1503 2955 2308 1771 1496 1526 900 1041 527 201 424 421
PA 1723 1534 1658 1563 1489 1497 1511 1309 11156 845 878 785 405 294 227 112 375 459
TN 457 487 501 782 552 428 531 482 19.0 49 211 3141
uT 2148 2699 2518 2235 2224 2895 2017 3124 1186 1522 1738 1078 644 658 610 181 375 460
VA 3411 3940 4148 3223 3448 4477 3067 3098 3512 2465 2333 1760 1163 592 497 274 624 454
WA 1044 1425 1208 1476 1172 1403 1611 1343 934 952 661 880 677 525 368 104 236 358
Wi 2027 2779 291.7 2767 1759 2500 1975 2275 2390 1893 933 1759 1036 558 388 186 800 432
wv 1633 2282 2283 2235 2616 230.7 1620 12438 594 186 414 346
Avg 201.7 2809 2674 2322 2195 2629 2157 2263 2036 1821 1392 1181 929 678 419 183

LSD 547 768 666 506 517 556 538 713 576 510 706 342 483 494 264 668

CV. 564 563 525 483 310 603 398 313 442 414 332 409 397 456 726 @ ---
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Table 5. Yield efficiency (yield = TCA, kg/cm?) after 10 years of ‘Starkspur Supreme Delicious’ on 15 rootstocks in

the 1984 NC-140 trial.

Site SDL P18 A313 B4SD MAC1 M4 MJ7E  P1  M2E C6 MAC39 B9 P.2 R16 P22 Avg. LSD.OS CV.
AR 52 65 87 69 81 118 114 101 148 155 140 219 363 248 156 142 72 582
BRC 218 248 342 251 260 257 403 400 314 384 369 479 399 387 327 336 59 225
Ca 255 262 286 265 28 310 512 434 416 447 500 492 478 511 424 392 55 260
Cco 49 68 83 80 62 104 179 196 139 150 261 136 146 157

GA 1.51 185 188 237 247 294 319 248 2.34 63 242
IA 82 97 109 110 118 161 207 164 261 285 267 391 311 377 262 213 34 408
IL 137 184 174 140 184 223 238 300 362 408 402 452 441 424 492 304 74 M7
IN 178 205 213 204 221 322 329 352 406 401 476 460 354 280 298 313 107 306
KS .39 .39 60 1.18 980 128 96 1.00 1.02 85 22 373
KY 115 147 163 173 245 179 240 255 174 188 95 256
MA 217 265 280 264 233 398 412 412 447 535 390 554 580 581 440 401 81 315
ME 94 98 1.07 63 143 229 215 268 210 298 255 251

MEX 117 281 226 265 217 242 196 1.83 123 206 45 2789
Mi 126 153 126 156 200 201 206 256 333 358 400 617 563 667 468 322 102 571
MN VA 83 a7 a 63 142 116 100 170 145 128 195 111 106 143 115 39 341
MO 117 106 121 140 227 243 220 177 66 157 NS 392
NC 86 114 264 74 145 100 136 184 213 234 103 204 95 109 147 NS 415
NJ 21 201 240 304 354 369 390 376 364 312 58 242
NOS 1.44 169 217 265 258 273 291 364 237 246 47 266
NY .76 72 89 59 71 133 101 185 129 138 129 225 246 184 181 135 A48 437
OH 221 246 230 207 262 294 351 367 434 405 469 443 461 527 390 353 191 262
ONT 73 124 107 226 192 259 216 443 449 232 96 583
OR 160 205 169 180 177 242 160 250 224 231 229 355 327 376 330 241 47 302
PA 218 144 224 197 157 211 234 228 237 223 232 253 232 297 260 223 NS 167
TN 68 60 78 110 118 114 125 151 167 110 83 329
uT 134 151 139 167 139 18 255 261 295 240 231 419 339 428 367 250 66 405
VA 172 268 202 162 198 243 248 305 308 309 315 402 348 311 262 270 44 249
WA 75 92 8 107 101 113 162 193 321 461 339 271 289 400 332 222 NS 407
Wi 145 169 203 188 175 251 251 287 319 294 251 382 358 325 353 263 53 287
wv 1.09 150 156 189 221 223 275 27 191 198 66 280
Avg 134 168 183 170 161 195 230 248 273 314 276 334 349 467 276 248

LSD .38 80 106 137 37 40 A4 .73 67 218 128 77 102 NS 129 g

CVv. 440 421 431 518 491 416 442 421 343 372 469 379 373 853 441 -
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advantages among the rootstocks pro-
ducing seedling-sized trees, had better
than average yields in 5 sites, average
yields in 6 sites, and below average in
T sites.

Averaged over all rootstocks, the
sites with the greatest yield efficiency
(yield ~ TCA) were MA, CA, OH,
BRC, and those with lowest efficienc
were KS, MN, TN, NY, AR, and N
(Table 5). It is noteworthy that CA
had large tree size and stiﬁl had high
yield efficiency, while the other sites
with high efficiency had more moder-
ate tree size. Of the six rootstocks that
produced seedling-sized trees, yield
efficiency of trees on A.313 and B.490
rootstocks were more variable than
the others as measured by LSD value.
A comparison of LSD values across
trees on M.26EMLA and smaller root-
stocks indicated that M.26EMLA and
B.9 were less variable than the others.

Results ]presented in this paper should
prove helpful to growers considering
some of these rootstock options. Identi-
fication of a trial site with similar

Fruit Varieties Journal 50(1):18-24 1996

climatic conditions to specific produc-
tion areas should be helpful in predict-
ing the potential performance of these
rootstocks.

Literature Cited

1. NC-140. 1990. Early performance of ‘Stark-
spur Supreme Delicious’ on 16 rootstocks in
the NC-14é)3(5:ooperative planting. Fruit Var. J.

44((31):225- .

2. NC-140. 1992. Performance of ‘Starkspur
Supreme Delicious’ on 9 rootstocks at 27 sites
over 10 years. Fruit Var. J. 45(4):200-208.

3. NC-140. 1991. Performance of ‘Starkspur

Supreme Delicious’ apples on 9 rootstocks

over 10 years in the NC-140 cooperative

g}antin . Fruit Var. J. 45(4):192-199.

C-140. 1995. Performance of ‘Starkspur
Supreme Delicious’ apple on 15 rootstocks
over 10 years in the NC-140 cooperative
planting. Fruit Var. J. 49( ): in (Press.
5. Olien, W.C., D.C. Ferree and B.L. Bishop.

1991. Long-term performance potential and

stability across 10 environments for nine apple

rootstocks tested in the 1980-81 NC-140 trial.

Fruit Var. J. 45&:1!) :208-212.

6. Simons, R., R. Hayden, P Domoto, F. Morris,
W. Lord, R. Perry, M. Warmund, D. Ferree
and E. Stang. 1986. NC-140 1976 co4(3>erative
ilritserstem plantings. Fruit Var. J. 40(4):108-

7. Warmund.

Horticultural Characteristics of
‘Starkspur Supreme Delicious’ Apple on
15 Rootstocks at 24 Sites
NC-140

Abstract

A rootstock trial of ‘Starkspur Supreme Deli-
cious’ trees on 15 rootstocks was established in
1984 by the NC-140 regional cooperative project.
Horticulturists who have worked with and man-
aged this trial subjectively rated various horti-
cultural characteristics o{ the scion and root-
stocks of these trees in 1994. Characteristics
related to branching, anchorage, pruning and
training, and root suckering were among those
rated. The potential of each rootstock for slender
spindle or central leader type management was
also rated.

1Authors listed in Table 1.

Field trials of apple rootstocks with
various scions have been done for
many years and large amounts of
quantitative data have been published
regarding the performance of trees in
these trials. Quantitative data regarding
survivability, growth, and yield of
‘Starkspur Supreme Delicious’ trees
on 15 rootstocks in the NC-140 trial
established in 1984 are contained in
other sections of this volume (1, 2).
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