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respond to drying soils. Plants were grown in pots containing 
an inorganic substrate composed of calcined clay and sand in a 
greenhouse on North Carolina State University’s campus. The 
heirloom tomato cultivar Cherokee Purple was used as the scion 
for ‘Beaufort’ and ‘Shield’ rootstocks as well as the self-grafted 
control. These rootstock treatments were assigned either normal 
or reduced irrigation treatments. Plants receiving normal irri-
gation were weighed and watered daily to maintain container 
capacity for one week. Those receiving reduced irrigation had 
all water withheld for one week, at which point strong midday 
wilting became evident. Shoot physiological and morphologi-
cal data as well as root morphological data were collected at 
the end of the study. A constitutive positive effect on relative 
water content, leaf area, stomatal conductance, and net CO2 
assimilation rate was observed with ‘Beaufort’. This rootstock 
had a significantly longer total root system (118.6 m) compared 
to ‘Shield’ (94.9 m) and the self-grafted control (104.2 m). Fur-
thermore, 76.40% of the total root length observed in ‘Beaufort’ 
was composed of very thin diameter roots (< 0.5 mm), which 
was higher than ‘Shield’ (73.67%) and the self-grafted control 
(69.07%). The only significant rootstock irrigation interaction 
observed was for effective quantum yield of photosystem II 
(ϕPSII). At normal irrigation there were no differences among 
the rootstock treatments; however, at reduced irrigation ‘Beau-
fort’ had significantly higher ϕPSII than both ‘Shield’ and the 
self-grafted control. This study represents one of the first to 
compare both root and shoot morphological and physiologi-
cal responses to soil drying in grafted tomatoes. These results 
may explain some of the improved production and water use 
efficiency observed in field trials utilizing ‘Beaufort’ rootstock 
and allow for better screening of rootstocks for improved water 
use efficiency in the future.
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Tomatoes (Solanum lycopersicum) are a warm-season, cold-

sensitive crop that show depression in growth and development 
with temperatures below 18 °C. Improving suboptimal tempera-
ture tolerance would allow for earlier planting of field-grown 
tomatoes as well as a reduction in energy inputs for heating 
greenhouses. Grafting tomatoes onto high-altitude wild Sola-
num habrochaites accessions has proven effective at improving 
scion suboptimal temperature tolerance. The following study 
was conducted to determine whether commercially available 
tomato rootstocks with differing parental backgrounds and root 
system morphologies can improve scion suboptimal temperature 
tolerance. Two controlled environment growth chambers were 
utilized and maintained at either optimal (25 °C day / 20 °C 
night) or suboptimal (15 °C day / 15 °C night) temperatures. 
The cold-sensitive tomato cultivar Moneymaker was used as 
the non-grafted and self-grafted control as well as scion on 
‘Multifort’, ‘Shield’, and S. habrochaites LA 1777 rootstocks. 
We found that ‘Multifort’ rootstock significantly reduced the 
amount of cold-induced leaf area reduction and maintained 
higher levels of CO2 assimilation and photosystem II quantum 
efficiency. ‘Multifort’ maintained significantly longer roots, 
having 42% to 56% more fine root (diameter less than 0.5 mm) 
length compared to the other rootstock treatments. Leaf starch 
concentration was significantly lower in ‘Multifort’-grafted 
plants at suboptimal temperatures. The ability for ‘Multifort’ to 
maintain root growth at suboptimal temperatures may improve 
root system sink strength, thus allowing for proper movement 
of photosynthate from leaf to root even under cold conditions. 
This study represents one of the first attempts to characterize 
whole root system morphology responses in tomato rootstocks 
at suboptimal temperatures. Furthermore, we show that com-
mercially available rootstocks can be selected to improve sub-
optimal temperature tolerance in cold-sensitive scions at early 
stages of plant development.
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In the absence of soil-borne disease, tomatoes grafted to hybrid 
rootstock RST-04-106-T showed minimal yield increase. This 
result indicates the need for more trials of tomato rootstocks that 
meet the need of localized soil conditions in the Midwest, and our 
additional research was designed to address this gap in localized 
roostock performance data. We hypothesized that alternative 
rootstocks would outperform non-grafted plants even without 
the effect of soil-borne disease. Our research objectives were to 
assess marketable yield, fruit quality (soluble solids, titratable 
acids, and firmness), and plant growth characteristics (SPAD, 




