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INTRODUCTION 
 

During the summer months when the weather 

is hot and dry, many plants try to conserve 

energy and water by reducing photosynthesis 

and growth. Cucurbita foetidissima, or the 

buffalo gourd, is notably different in that it 

keeps growing rapidly throughout the 

summer. Despite this apparent absence of 

water, it produces a huge taproot. The 

hypothesis of this study is that C. foetidissima 

will exhibit a correlation between root size 

and photosynthesis rates. This is because 

water is needed for photosynthesis, and a 

plant with a large root will be able to store 

more water and therefore have a greater 

photosynthetic rate. Potential genetic 

variation among populations of buffalo gourd 

will also be examined for the purposes of data 

analysis. 
 

 

BACKGROUND TERMS AND 

CONCEPTS 
 

 

Form Fits Function 
 

That form fits function is a fundamental 

axiom of biology. Form is considered a 

characteristic of an organism, while a function 

is the role filled by form. This experiment 

explores the hypothesis that the large taproot 

of the buffalo gourd fulfills the function of 

storing water for use in photosynthesis. 

Research on this topic is warranted because of 

the peculiar drought-resistant nature of C. 

foetidissima. Because it behaves differently 

than other plants, there must exist some 

mechanism that allows it to do so.  A 

correlation between high photosynthesis rates 

and large root size is expected to explain this 

phenomenon, particularly if there does not 

appear to be genetic variation among the 

samples. This would show that the persistent 

growth of this plant in drought conditions is 

connected to its ability to grow a large tap 

root. 
 

C. foetidissima 
 

Cucurbita foetidissima is a gourd from the 

squash genus of the cucumber family 

distributed across the United States and 

Mexico. It has many colloquial names, 

including the buffalo squash and the Missouri 

squash (USDA National Plant Data Center). 

C. foetidissima, a drought-resistant perennial 

plant, has been known to live for upwards of 

forty years. The roots are large, pale taproots 

with distinctive ridges and have been known 

to reach 70 kilograms in weight. These roots 

are interesting not only because of their size, 

but also because they only grow a few feet 

into the soil then turn sharply to run parallel 

to the surface. The plants regularly exhibit 

these traits, even in areas where the ground 

below three or four feet has the same 

consistency as above. This indicates a 

hereditary influence in the distinctive shaping 

of these roots. Indeed, these traits affect the 

drought-resistant qualities of C. foetidissima. 

Though their roots do not reach deep enough 

to take advantage of underground water 

tables, the extensive root system nearer to the 

surface takes advantage of water from rainfall 

and runoff (Knapp and Fahnestock 1990, 

Dittmer and Talley 2011). 
 

RELATED RESEARCH 
 

Research covering biomass allocation or 

genetic variation of C. foetidissima 

populations specifically is not readily 

available. However, trait variation in plant 

populations is a well-founded researched 

topic. Photosynthetic rates, transpiration rates, 

and biomass allocation are common variables 

in inquiries relating to genetic variability 



within a species. In a 2001 article by Diane L. 

Rowland, gas exchange rates were one of the 

factors used in examining genetic variation 

across populations of North American 

riparian cottonwood. The rates were similar, 

but consistent differences were found. More 

conclusively was a study by Geber and 

Dawson (2011) in which photosynthetic rates 

were correlated to other traits (stomatal 

conductance in particular) in order to 

demonstrate significant differences between 

populations of Polygonum arenastrum. The 

importance of considering genetic variation in 

this research comes from in the fact that C. 

foetidissima is found in many regions with 

dry but varied environments. If the presence 

of large tap roots relates to high 

photosynthetic rates, will this be consistent 

across all populations and show little genetic 

diversity in that trait? 
 

Photosynthesis and Transpiration 
 

Photosynthesis is the process by which plants 

and other organisms convert water and carbon 

dioxide into sugar while releasing oxygen 

with the use of sunlight. This sugar is used as 

building material for the plant so that it may 

grow. This reaction takes place inside the 

plant’s chloroplasts, which are organelles and 

give plants their green color. Water is 

obtained from the ground through the plant’s 

roots while carbon dioxide must be obtained 

from the atmosphere. Small pores, usually on 

the undersides of leaves, called stomata are 

responsible for this. As the pores open, they 

are able to intake carbon dioxide for 

photosynthesis. However, a trade-off must be 

made. As the pores open and allow carbon 

dioxide to come in, they are also allowing 

water to escape. This process of water loss is 

called transpiration. The less water that 

escapes while bringing in carbon dioxide, the 

more water use efficient the plant is said to 

be. Higher water use efficiency means better 

water retention per carbon dioxide unit 

acquired, which makes for a more drought-

tolerant plant. 
 

IRGA (Infrared Gas Analyzer) 
 

The infrared gas analyzer is a device that 

measures the carbon dioxide intake of a 

particular leaf of a plant as well as that leaf’s 

output of water (transpiration). The model 

used was a closed path IRGA LI 6400 from 

the company Li-Cor. The equipment has two 

main components: a handheld clamp called 

the sensor head and an attached computer. 

The clamp is designed to hold the live leaf 

between two cushioned plates that form a 

chamber but do not damage it. A 

predetermined concentration of carbon 

dioxide gas is pumped into the chamber, and 

infrared sensors in the clamp detect the 

change in concentration as the remaining gas 

is pumped out. The change in carbon dioxide 

concentration indicates the rate of 

photosynthesis, which is calculated by the 

attached computer component. In addition, 

the device also detects the amount of water 

released by the plant, yielding data on the 

plant’s water efficiency. (The IRGA removes 

atmospheric water in the air before pumping it 

into the chamber in order to take 

measurements from a controlled starting 

point.)  

 

 

 



 
 

Fig. 1: A photograph of a sensor head similar to the one used in the experiment. 

The padded chamber where the leaf is placed can be seen.  Image from Licor.com 

 

 
 

Fig. 2: A simplified drawing of the sensor head of the infrared gas analyzer. 

This demonstrates the flow of gas to be analyzed. 



 

Biomass Allocation 
 

Biomass allocation refers to the where the 

growth of an organism occurs. The growth of 

C. foetidissima was partitioned into two main 

categories for this experiment: the shoots and 

the roots. The shoots consisted of the above 

ground, green portions of the plants, including 

the leaves and vines. The roots are the below 

ground portion where water and starch are 

stored. Examining the shoot mass to root 

mass ratio gives insight into how the plants 

are utilizing their energy. Are they focusing 

on building up reserves in their roots (ratio 

<1), constructing more leaves to increase 

photosynthesis and reproduction (ratio >1), or 

spending their energy equally between the 

two (ratio = 1)?  If there are differences 

among the individual plants, is there a 

correlation between high photosynthetic rates 

and growth either above ground or below? 
 

METHODS OF DATA ANALYSIS 
 

Set-up 
 

Several specimens of C. foetidissima were 

collected from locations in Utah, Arizona, and 

California. They were planted in two plots in 

a common garden in the California State 

University Stanislaus Biology Field Site. The 

purpose of a common garden is to rule out 

environmental factors in the development of 

plants, leaving variations among them to 

genetic sources (Moloney et al.). Eight of the 

plants were analyzed, four from each plot. 

Plot B had plants from Riverside, CA and 

Waterford, CA, while Plot A had plants from 

Utah, Arizona, and other places in California. 

In order to check if the plots are consistent 

with each other, the data collected from each 

plot will be compared using ANOVA 

(‘analysis of variance’, a type of statistical 

analysis). This will account for variables such 

as differences in soil consistency. The gourds 

were not watered over the summer of 2011 in 

order to simulate drought conditions. 

Watering resumed in the fall of 2011. 
 

Photosynthesis and Transpiration 

Measurements 
 

Two types of leaf were analyzed per plant, 

and the data was averaged. One leaf was an 

older one nearer to the root, and the other was 

a newer leaf towards the end of a vine. Leaves 

with dried patches of dead cells were avoided, 

as well as leaves too small to fill the chamber. 

Measurements were taken over the summer of 

2011 during drought conditions as well as in 

the fall when the plants were watered. 
 

Biomass Allocation 
 

The shoots and roots of the eight plants were 

collected. The shoots were clipped from the 

roots and stored in labeled paper sacks. Care 

was taken not to crush and therefore lose 

portions of the drier leaves. Once the shoots 

were clipped away, the number of branches 

protruding from the roots were counted and 

recorded on the paper bags. Next, the roots 

were excavated. Again, care was taken not to 

break the finer fibers in order to retrieve as 

much of the root as possible. The roots were 

also stored in labeled paper bags. The masses 

of the roots were taken before being dried. 

This measurement is recorded so that when 

the roots are dried again, the amount of water 

stored in them can be determined.  
 

PROJECTED RESULTS 
 

Because the buffalo gourd is a very drought-

resistant plant, I am expecting that a 

significant portion of the weight in the roots 

will be from wet mass (water weight) as 

opposed to dry mass (plant matter). From 

what I saw of the plants when digging them 

up, there did not seem to be much distinction 

between the plants in the two plots. However, 

there was variation among all of the plants in 

root size. Lengths of the roots ranged from 

less than a foot to over a yard, and it is yet to 

be seen if there is a correlation between root 

size, photosynthesis rates, or point of origin.
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