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Rootstock and Scion Affect Cold Injury 

of Young Pecan Trees 

Michael W. Smith1, Becky S. Cheary and Becky L. Carroll 

Abstract 

An exceptionally early Autumn freeze on 8 and 9 October 2000 injured young pecan trees [Carya 

illinoinensis (Wangenh.) C. Koch]. There was less injury to current season's growth on 'Kanza' than on 

'Mohawk', 'Mount' and 'Creek'. Trees on rootstocks of 'Peruque', 'Giles', 'Colby', 'Apache', and na 

tive seedlings from Stillwater, Okla. and Brunswick, Mo. were among the least injured by the fall freeze. 

Trees on 'Starking Hardy Giant' and natives from Chetopa, Kans. were the most severely injured by the 

freeze. Cold hardiness imparted to the scion by the rootstock was not closely related to the climate at 

Introduction 

Cold injury of pecan is a frequent prob 

lem. One form occurs in the Autumn be 

fore trees have acclimated to cold temper 

atures (3, 9, 14), another form during 

winter usually after trees have met their 

chilling requirement (1, 7,13,16), and an 

other in the spring when damage is done to 

buds or developing shoots (4,5,12). A cul 

tivar or rootstock resistant to one type of 

cold injury is not necessarily resistant to all 

types of cold injury. For instance, 

'Pawnee' is resistant to both fall and mid 

winter cold injury, but is among the first 

cultivars to break bud in the spring, and 

therefore is highly susceptible to spring 

freeze damage. Cultivar and rootstock dra 

matically affect cold injury (1, 2, 3, 7, 11, 

13,16). During a freezing event it is com 

mon to find certain cultivars uninjured 

while others are severely damaged or 

killed (11), and certain rootstocks impart 

sufficient cold hardiness for a cultivar to 

escape injury on one rootstock genotype 

while being killed on another (2). This em 

phasizes the importance of selecting the 

correct cultivars and rootstocks for each 

production area. 

Pecan cold hardiness is largely based on 

the effects of cold on field plantings. Con 

trolled freezing tests have generally been 

unsuccessful (8). Substantial information 

has been amassed on the cold hardiness of 

older cultivars, but little is known about 

recently released cultivars. Also, little in 

formation is available concerning how the 

rootstock affects cold hardiness of the 

scion. Hinrichs (2) reported that cold fall 

temperatures killed 1-year-old 'Stuart's-

cions on certain rootstocks, while similar 

'Stuart' scions on other rootstocks were 

not injured. Low Autumn temperatures 

damaged more 4-year-old 'Wichita' and 

'Choctaw' trees on 'Riverside' rootstock 

1 Regents Professor and research technicians, respectively. Department of Horticulture and Land 
scape Architecture, Oklahoma State University, Stillwater, OK 74078. Approved for publication by 

the Oklahoma Agricultural Experiment Station. 
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than those on 'Apache' rootstock (4). 

An exceptionally early Autumn freeze 

in October 2000 damaged several trees in 

an existing cultivar/rootstock trial. We re 

port cold injury observations on young 

pecan trees with various rootstocks and 

scions. 

Materials and Methods 

The trial included six cultivars and five 

native pecan populations (closely related 

individuals from a native stand, seed from 

at least 10 native trees were pooled) used as 

rootstocks. These included five cultivars 

considered to be northern cultivars, 

'Chetopa', 'Colby', 'Giles', 'Starking 

Hardy Giant' and 'Peruque', and one culti-

var considered southern, 'Apache'; al 

though it is more cold hardy than most 

southern rootstocks (3). The five pecan 

populations were from Brunswick, Mis 

souri; Chetopa, Kansas; Sapulpa, Okla 

homa; Stillwater, Oklahoma; and DeLeon, 

Texas. Container-grown rootstocks were 

planted in October 1993 on a 10.7 m by 

10.7 m spacing. Trees were irrigated annu 

ally as required with a traveling gun, and 

fertilized following Oklahoma Coopera 

tive Extension recommendations (6). A 

weed free strip 1 m wide on each side of the 

trees was maintained with selected herbi 

cides. Rootstocks were grafted to four cul 

tivars beginning in 1998. The cultivars cho 

sen were 'Mohawk', 'Mount', 'Kanza', 

and 'Creek'. There were ten replications of 

each rootstock/scion combination in a ran 

domized complete block design. 

On 8 October 2000 the low temperature 

reached -2°C and on 9 October the low was 

-5°C at the Pecan Research Station near 

Perkins, Okla. This freeze set a new record 

for the earliest fall freeze recorded in Ok 

lahoma. The average date of the first freeze 

(^0°C) is 1 November, and for a killing 

freeze (^-2°C) is 21 November at this site. 

All trees were fully foliated when the 

freezing event occurred. Current season's 

shoot growth was rated on 16-18 October 

for visual injury by removing a 3-cm sec 

tion of bark and observing discoloration of 

the vascular and cambial tissue. Three cur 

rent season shoots were rated on each tree. 

A rating of 1 indicated no visible injury, 2 

indicated that brown discoloration was ob 

vious, but the shoot would survive, and a 

rating of 3 indicated extensive tissue 

browning and that the shoot would proba 

bly die. Only trees with 2- to 3-year-old 

scions were included in the evaluation; 

therefore, the number of replications for 

each rootstock/scion combination ranged 

from three to ten, with a harmonic mean 

cell size of 22 for the main effect of root-

stock and 64 for the cultivar main effect. 

Data analysis was by general linear models 

with mean separation by Waller-Duncan 

K-ratio test. 

Results and Discussion 

There were no significant interactions 

among cultivars and rootstocks; therefore, 

only main effects will be discussed. 

'Kanza' had less cold injury than the other 

three cultivars in the trial (Fig. 1 and 2). 

During a previous severe fall freeze 

' Kanza' (USDA 55-11 -11) was not injured 

when several other cultivars were severely 

damaged (11). These tests confirm that 

' Kanza' acclimates rapidly and was among 

the most cold hardy cultivars when ex 

posed to potentially damaging cold tem 

peratures in the fall. 'Kanza' was also 

among the least damaged cultivars when 

exposed to damaging winter temperatures 

Creek Mount Mohawfc 

Fig. 1. Cold injury ratings of current sea 

son's growth for four cultivars following 

an early October freeze. Data are pooled 

over eleven rootstocks. Damage ratings 

are 1 = no injury, 2 = vascular and cambial 

tissue browning, and 3 = extensive vas 

cular and cambial tissue browning with 

shoot death likely. Data bars under the 

same horizontal line are not significant at 

the 5% level by the Waller-Duncan K-ratio 

test. 
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Creek Mount Mohawk Kanza 

Fig. 2. The percentage of trees by cultivar 

that received at least one injury rating of 3 

out of the three injury ratings on each tree. 

A 3 rating indicates that the current sea 

son's shoot is dead. Data are pooled over 

eleven rootstocks. 

(10), and is one of the last cultivars to 

break bud in the spring. There were no sig 

nificant differences in cold injury among 

'Mohawk', 'Mount'and 'Creek'. Fall cold 

hardiness of 'Mohawk', a cultivar that fre 

quently crops excessively, is closely relat 

ed to crop load (11). 'Mohawk' trees that 

had been overloaded were severely dam 

aged by an exceptionally cold Autumn 

freeze, but those with a moderate to small 

crop had little to no freeze injury. 'Creek' 

(USDA 61-6-67) was released by the 

USDA-ARS in 1996 (15), and there is lit 

tle information related to its cold hardi 

ness. It has a strong tendency to overload, 

even more so than 'Mohawk'. 'Creek' had 

more trees with at least one rating of 3 than 

'Mohawk' (Fig. 2) indicating substantial 

shoot dieback. This suggests that bearing 

'Creek' trees may experience frequent and 

severe fall cold injury in Oklahoma and 

similar locations. In an earlier damaging 

Autumn freeze, 'Creek' had damage simi 

lar to 'Tejas' and 'Shoshoni', but more 

than 'Kanza' (11). 'Mount' also had more 

trees with at least one 3 rating than 'Mo 

hawk' and 'Kanza' (Fig. 2), and an injury 

rating similar to 'Mohawk' and 'Creek' 

(Fig. 1). 'Mount' was selected as a native 
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Fig. 3. Cold injury ratings of current season's growth for eleven rootstocks following an early 
October freeze. Data are pooled over 4 cultivars. Damage ratings are 1 = no injury, 2 = vas 
cular and cambial tissue browning, and 3 = extensive vascular and cambial tissue brown 
ing with shoot death likely. Data bars under the same horizontal line are not significant at 
the 5% level by the Waller-Duncan K-ratio test. 
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Fig. 4. The percentage of trees by rootstock that received at least one injury rating of 3 out of 

the three injury ratings on each tree. A 3 rating indicates that the current season's shoot is 

dead. Data are pooled over 4 cultivars. 

seedling from Okmulgee, Okla. Although 

it is native to this area, it has an exception 

ally early budbreak, similar to 'Pawnee', 

and has experienced fall cold injury in the 

past. 

The amount of cold injury associated 

with the various rootstocks was rather sur 

prising. First, 'Apache' was among the 

group of rootstocks with the least cold in 

jury (Fig. 3 and 4). 'Apache' is considered 

a southern rootstock, and we expected de 

layed acclimation of scions on this root-

stock and therefore greater fall cold injury, 

but this was not the case. Trees on 

'Apache' were reported to be substantially 

more cold hardy than on 'Riverside' (3); 

however, trees on 'Riverside' typically 

lack sufficient cold hardiness to survive in 

Oklahoma. Therefore, a comparison of 

'Riverside' and 'Apache' was of little 

value when assessing 'Apache' cold hardi 

ness in a harsh environment. Another sur 

prise was the severe injury of trees on na 

tives from Chetopa, Kans. and on Starking 

Hardy Giant (native selection near 

Brunswick, Mo.). We expected cold hardi 

ness of trees on rootstocks derived from 

native seed to be closely related to the typ 

ical climate of the seed's origin. If this 

were the case, then cold hardiness of root-

stock populations should rank Brunswick 

> Chetopa > Stiilwater ^ Sapulpa > 

DeLeon. However, cold injury did not fol 

low this pattern, indicating that individual 

cultivars or selections must be tested since 

cold hardiness is not necessarily highly 

predictable based on the climate of the 

seed's origin. 

'Giles' and 'Peruque' are recommended 

rootstocks for Oklahoma. Both rootstocks 

were among the group with the least injury 

(Fig.3). 'Colby' also had little injury, but is 

not recommended as a rootstock because 

of its slow growth rate compared to 'Pe 

ruque' or 'Giles' (12). 'Apache' has typi 

cally been recommended only for southern 

Oklahoma. If it proves to be cold hardy in 

future injurious freezing events, recom-
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mendations for its use will be extended 

further north. 

Literature Cited 

1. Cochran, G. W. 1930. Winter injury of 

pecans. National Pecan Assn. 29:78-83. 

2. Hinrichs, H. A. 1965. Pecan investigations in 

Oklahoma. Northern Nut Growers' Assn. 

Proc. 56:44-51. 

3. Madden, G. 1978. Effect of variety, rootstock 

and soil on winter injury of pecan nursery 

trees. Pecan Quarterly 12(1): 17. 

4. Madden, G. 1980. Late spring freeze in a 

pecan nursery as a function of variety. Pecan 

Quarterly 14(4): 11. 

5. Malstrom, H. L., J. R. Jones and T.D. Riley. 

1982. Influence of freeze damage on fruit-

fulness of the pecan. Pecan Quarterly 

6. McCraw, B. D., G. V. Johnson and M. W. 

Smith. 1994. Fertilizing pecan and fruit trees. 

Okla. Coop. Ext. Serv., F-6232. 

7. Payne, J. A. and D. Sparks. 1978. Winter in 

jury of pecan varieties in the nursery. Pecan 

South 5:118-119. 

8. Rajashekar, C. B. and W. Reid. 1989. Deep 

supercooling in stem and bud tissue of pecan. 

HortScience 24:348-350. 

9. Sharpe, R. H., G. H. Blackmon and N. Gam 

mon, Jr. 1952. Relation of potash and phos 

phate fertilization to cold injury of Moore 

pecans. Proc. SE Pecan Growers' Assn. 

45:81-85. 

10. Smith, M.W. 2000. Cultivar and mulch affect 

cold injury of young pecan trees. J. Amer. 

Pomological Soc. 54:29-33 

11. Smith, M. W.} J. A. Anderson and B. S. Park 

er. 1993. Cultivar and crop load influence 

cold damage of pecan. Fruit Varieties J. 

47:214-218. 

12. Smith, M. W, B. S. Cheary and B. L. Carroll. 

1999. Growth characteristics of selected 

pecan rootstocks prior to grafting. Fruit Vari 

eties J. 53:40-48. 

13. Smith, M.W. and G. Couch. 1984. Early fall 

or late spring freezes pose threat of injury to 

pecan trees. Pecan South 18(5): 11-14. 

14. Sullivan, D. T. and E. Herrerea. 1981. A fol 

low-up of 1976 winter injury to Western Sch-

ley and Wichita pecan trees. Pecan South 

15:11-14. 

15. Thompson, T. E., W. D. Goff, M. L. Nesbitt, 

R. D. O'Barr and B. W. Wood. 1997. 'Creek' 

pecan. HortScience 32:141-143. 

16. Wood, B. W. 1986. Cold injury susceptibili 

ty of pecan as influenced by cultivar, carbo 

hydrates, and crop load. HortScience 

21:285-286. 

WITH 

Adams County Nursery, Inc. 

P.O. Box 108 • 26 Nursery Road 

Aspers, PA 17304 

(717) 677-8105 • (717) 677-4124 fax 
ww.acnursery.com • Email acn@cvn.net 




