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The Growth Effects of Varying Soil Compositions 

on Carrots 

A Thesis Project by Connor Christensen 

Abstract 

The process of gardening, cultivating, and farming has been on this earth for thousands of years. Records date back to 

the first attempted farms nearly 12,000 years ago [1]. Since that time, humans have sought to produce larger, tastier, and 

effectively growing crops. The composition of the soil plays a key role in in the end products of the crop. Contents such 

as minerals, organic material, and microbes play important roles in plant development [7]. This study seeks to test vary-

ing soil compositions in an arid region of Arizona on carrot growth. Carrots were selected as the choice plant because of 

their ease to grow. Additionally, as a root crop, the size and shape of the carrot can infer characteristics on the quality of 

soil [3]. The testing area comprised of a garden bed separated into six equally sized boxes approximately 2ft by 2ft with 

a soil depth of 8 inches. The various soils comprised of a box of 100% store bought soil additive, home compost with 

natural soil, a 50/50 mix of store bought additive with the addition of chicken manure, a 50/50 mix of store bought addi-

tive and natural soil with out chicken manure, natural soil with chicken manure additive, and one of natural soil. A wa-

tering system was established which watered the plants three times a day for 10 minutes on a regular basis. In total, ap-

proximately 350 seeds were sprinkled in each box. After a growing period of about 4 months, the carrots were harvest-

ed, washed, weighed and measured. Analysis of the data was then performed to compare the samples. The results indi-

cate significant differences in the amount, quality, and consistency of the different samples. The at home compost addi-

tive and the 50/50 mix of store bought additive with the addition of chicken manure performed the best. 

Introduction 

 

This project initially began with the desire to see how 

effective a simple compost pile was compared to a 

store bought soil additive. With the cost of soil addi-

tive being relatively expensive, the questions posed 

was ñCould food scraps be as effective if not more 

than store bought additive?ò. A plan to compare the 

soils was then put into motion. Later, chicken manure 

become a variable to examine as well.  

Due to limits in the amount of compost created build-

ing up to the project, only one box could be set aside 

for this alone. The other experimental plots included a 

plot with 100% Store bought additive( This was Kel-

logs All Natural Soil for Gardens and Vegetables), a 

50/50 mixture of natural local dirt with the store 

bought additive, a 50/50 mix of the store bought addi-

tive with chicken manure,  a plot with just chicken 

manure and dirt, and lastly, a plot containing the natu-

ral dirt from the area where the study took place (Casa 

Grande, Arizona). The chicken manure was collected 

by scooping up with a shovel the contents of the bot-

tom of a chicken coop and fill- 
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ing a five gallon bucket. The contents included straw, 

dirt, chicken manure, and perhaps whatever the chick-

ens might have been eating. This content was added 

by pouring half the bucket into each designated plot 

and mixing it thoroughly. The carrots were then plant-

ed and watered with use of a timer set for ten minutes 

three times a day. During the growing period, the car-

rots were observed and maintained. Pictures were tak-

en  every week and a half approximately to record the 

progress of the plots. After growing, the carrots were 

carefully harvested, washed, and weighed. Many dif-

ferent measurements were taken to then be analyzed. 

Among those tests were chlorophyll measurements.  

The results showed interesting differences among the 

six different soils. Some soils produced much less 

than expected and others grew much more. Further 

investigation would be needed to determine the causa-

tion of the differences. The biggest producers were 

the compost plot and the 50/50 mix with chicken ma-

nure. 



tƘƻǘƻ !Φ ¢Ƙƛǎ ŬƎǳǊŜ ƛǎ ŀ ŘŜǇƛŎǝƻƴ ƻŦ ǘƘŜ Ǉƭŀƴ ŦƻǊ ǘƘŜ 

ƎŀǊŘŜƴ ōŜŘΦ 

Building the Garden 

 

 

 

 

 

 

 

 

A six foot by four foot box was built using recycled 

2x6 boards. From the ground, this gave the garden 

bed only 5.5 inches in depth. An additional 5 inches 

was dug below to allow a deeper garden bed and 

prevent roots from tapping into the dirt below the 

garden. Additional boards were then added in the 

interior of the wood frame to create the 2 x 2 boxes. 

Rebar posts were then placed at each of the four cor-

ners. Chicken wire (25ft x 2ft) was then stretched 

around the perimeter of the garden. Each type of 

sample was then designated an area A-E. as follows: 

 

 

tƘƻǘƻ /Φ tƛŎǘǳǊŜ ƻŦ ǘƘŜ aŜƭƴŀǊ ŦƻǳǊ ǿŀȅ ǿŀǘŜǊƛƴƎ 

ǝƳŜǊΦ 

 Each plot then received their respective dirt sam-

ples. At the beginning, each plot received 40 identi-

cally spaced seeds. However, after concerns that this 

might result in insufficient data, 350 seeds were add-

ed to each plot at the time of planting.  

The Watering System 

A drip system was then installed using a melnar four 

way timer. Attached to it is a rainbird  25psi water  

pressure regulator followed by a 1/2 inch dripline 

adaptor. Attached to the adapter was a 50ft polyeth-

ylene drip irrigation line that ran to the garden. At 

the garden, four emitter lines were placed equidistant 

from the walls, and each other (approximately 8 

inches in spacing). After making sure there was  the 

same number of emitters per box to prevent unequal 

water distribution, the emitter lines were then pinned 

into place. The emitters themselves were spaced eve-

ry six inches apart and were 1/4 inch in diameter. 

 

 

 

 

 

 

 

 

 

 

The timer was set to water three times a day for ten 

minutes each. The times are as follows, 8:00am, 

1:00pm, and 6:00pm.  

Soil Samples 

Soil samples were taken from each of the plots to 

test out the soil content levels. For each plot, approx-

imately three cups of soil were taken and placed into 

a mason jar. The jar was then filled to just shy of the 

brim. The mason jar was the shaken vigorously to 

suspend the sample. It was then left to rest for 30 

minutes to an hour to allow the particles to settle. 

Once to layers settled, the mason jar was then digi-

Materials and Methods 

tƘƻǘƻ .Φ 5ŜǇƛŎǘǎ ǘƘŜ Ǉƭƻǘ ŀƴŘ ǘȅǇŜΦ bƻǘŜΥ ¢Ƙƛǎ ƛǎ 

ǘƘŜ ǘǊǳŜ ŘŜǇƛŎǝƻƴ ƻŦ !-9 ǊŀǘƘŜǊ ǘƘŀƴ ƛƴ ǇƘƻǘƻ !Φ 
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tƘƻǘƻ 9Φ ¢Ƙƛǎ ǎƘƻǿǎ ŀ ŦŜǿ ǎǇǊƻǳǘǎΦ !ǎ ŦŀǊ ŀǎ ǎǇǊƻǳǘǎ ƎƻΣ 

ǘƘŜǎŜ ŀǊŜ ǎǝƭƭ ǊŀǘƘŜǊ ōƛƎΣ Ƴŀƴȅ ǿŜǊŜ ŜǾŜƴ ǎƳŀƭƭŜǊΦ 

Ř 

tƘƻǘƻ 5Φ ¢Ƙƛǎ ƛǎ ŀ ŘŜǇƛŎǝƻƴ ƻŦ ŀ ǎŀƳǇƭŜ ǿƛǘƘ ǘƘŜ ǎŜǇπ

ŀǊŀǘŜŘ ǎƻƛƭ ƭŀȅŜǊǎΦ LƳŀƎŜ W Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ 

ŜŀŎƘ ōŀƴŘΦ  

tally photographed. The images were then uploaded 

to imageJ software for precise measurements to be 

gathered. 

 

 

 

 

 

 

 

 

The layers that separate out include, starting from 

the top, silt, clay, and sand. This processes was done 

for each plot to determine the characteristics of the 

soil. Each layer was divided against the sum of the 

three layer including the organic layer. However the 

organic layer was not apart of the dividing sum to 

create a proportion of organic to total soil ratio. 

The CarrotsðGrowing, Harvesting and Measuring 

The carrots that were used for the experiment were 

Burpeeôs short and sweet carrots. This variety was 

chosen in hopes that the carrots would not dig down 

below to designated soil depth. Initially 40 carrots 

were planted in each box and assigned a label. After 

consideration, many more seeds were added to in-

crease the yield and determine the output of the soil 

to itôs maximum capacity. The signs were removed. 

The carrots were allowed to grow for approximately 

four months. (Planted the last week in November 

and harvested first week in April.)  

The carrots were harvested carefully to preserve the 

both the storage root and the stems with all itôs 

leaves. Every carrot no matter how small was col-

lected. The carrots were then washed and set out to 

dry. Where the carrots were thoroughly dry, each 

carrot that met parameters was measured. Many car-

rots were so small, it was impossible to get accurate 

measurements. The parameters were 4 cm in length 

and 2 cm in width. The carrots had to meet both pa-

rameters to count. Otherwise if they did not meet 

parameters, they were designated as sprouts. The 

sprouts still were included in the overall mass meas-

urements.  

 

 

 

 

 

 

 

The measurements on the carrots that did meet param-

eters included to following. Length of carrot, circum-

ference of carrot at the widest point, length of stems to 

the tips of the leaves, number of stems, total mass, and 

carrot mass. The measurements were done using a soft 

tape measure and weighed using a Mainstays slimline 

scale. The data was then analyzed to produce the final 

results.  

Chlorophyll Count 

A chlorophyll count was taken to further investigate 

the overall health of the plant. To do this, four samples 

from each of the plots were taken in a somewhat ran-

dom order (Not random in that samples of the same 

age of leaves were taken). After the samples were col-

lected they were each dried and weighed. Following 

this, they were placed in 2ml tubes that had 5-7 sili-

cone beads in them. The samples were then froze via 

submergence in liquid nitrogen. They were then 

placed in a disrupter machine for four minutes to be-

come powderized. The samples were then placed in 

ice and 1 ml of cold 80% acetone was added. They 

were then vigorously vortexed then centrifuged at 

maximum speed in a chilled centrifuge for 10 minutes. 

The supernatant was then removed and placed into a 

clean collecting tube and another 1ml of cold 80% ac-

etone was added to begin the process again. In total, 

this process was performed three times with the last 

process using 2ml of acetone instead of 1. Following 

this 200ml of the sample was then placed into a cu-

vette and diluted to a 1/5X with the addition of 800ml 

of acetone. Absorbance of chlorophyll a and b were 

measured at wavelengths of 645nm and 663nm using 

a microvolume UV-vis spectrophotometer. Arnon cal-

culations were then used to get the concentration of 

the measured sample in ng/ml. To get the concentra-

tion of the non-diluted sample, the results from the 

Arnon calculations were multiplied by 5 (as it was di-

luted by 1/5th). These numbers were then multiplied  
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by 4 as the non diluted samples had a volume of 

4ml. This gave the total amount of nano grams for 

one sampled leaf. The ng measurements were then 

divided by the gram measurements of the leaves to 

give the final result of ng of chlorophyll per gram of 

leaf. 

 

 

Soil Composition 

 

 

 

 

 

 

 

 

 

 

 

Results 

tƘƻǘƻǎ CϧD {Ƙƻǿ 

ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ 

ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ ŀŎŜπ

ǘƻƴŜό Cύ ŀƴŘ ǘƘŜ 

ǇǊŜǇŀǊŀǝƻƴ ƻŦ ŀ 

ŎǳǾŜǧŜ όDύΦ 

/ . 

5 
9 

C 

¢Ƙƛǎ ƎǊŀǇƘ ǎƘƻǿǎ ǘƘŜ ƭƻŎŀǝƻƴǎ ƻŦ ǘƘŜ ǎƻƛƭ ǎŀƳǇƭŜǎ 

ƻƴ ŀ ǎƻƛƭ ŎƻƳǇƻǎƛǝƻƴ ŎƘŀǊǘΦ ¢ƘŜ ǎŀƳǇƭŜǎ Ŏƻƴǎƛǎǘǎ 

ƻŦ /ƭŀȅ [ƻŀƳ ŀƴŘ {ŀƴŘȅ /ƭŀȅ [ƻŀƳΦ !ƴŜŎŘƻǘŀƭ 

ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎ ǎŀƴŘȅ ƭƻŀƳ ǎƻƛƭ ƛǎ ōŜǎǘ ŦƻǊ ŎŀǊπ

Ǌƻǘǎ ώоϐΦ 
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This page shows the progression 

of the carrots growth. Each pic-

ture was taken about every week 

and a half. The progression is 

read from left to right. 
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