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ABSTRACT 

Plant and root growth of bell pepper (Capsicum annuum L.) with 

different mulching treatments was evaluated and studied under high summer 

temperature of Southern Arizona. 

The cultivar 'Yolo Wonder' was mulched with aluminum coated 

polyethylene (PE) and black PE. Both treatments were compared to bare 

soil. The crop response was significantly greater for mulched treatments 

as indicated by fresh and dry weight of tops, roots and potential fruit. 

Peppers on aluminum outperformed those on black PE and bare soil. However, 

roots under the two mulches did not seem to differ in weight; and both 

were shallow and fibrous, while the roots in the bare soil were less 

fibrous and deeper. 

The top/root ratios for the aluminum had the highest value near 

the end of the season. The aluminum mulch definitely increased the poten

tial fruit over the other two treatments. We believe that the increase 

growth from aluminum mulch was caused by more favorable root environment 

and microclimate around the plant. 
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PLANT AND ROOT GROWTH OF PEPPERS (CAPSICUM 

ANNUUM L.) UNDER VARIOUS MULCHES AT HIGH TEMPERATURES 

Introduction 

Mulching 1s of international importance in modern agriculture. 

The covering of the soil surface with crop residues or other materials 

such as plastics has a marked effect on the climate of the soil and 

the microclimate of the crop. Such covers or mulches, are of consid

erable importance to the growth and subsequent yield of a wide range of 

crops. 

Mulches are important in many farming areas. They conserve 

soil moisture by reducing evaporation and modifying the soil temperature, 

by affecting the absorptive capacity of the upper layer of the soil. 

Erosion is also reduced as a result of decreased surface runoff. In 

addition, mulches control weeds and eliminate the need for cultivation 

by retarding weed growth. They also keep fruit off the soil, so less 

attention is needed for cleaning and grading. Moreover, organic 

mulches can be a source of organic matter and nutrients for the plant. 

It is also observed that some types of mulch such as aluminum repell 

insects, especially aphids which are vectors for virus diseases. They 

can also be useful in soil fumigation. 

Summer mulch benefit is attributed to moisture conservation, 

soil cooling, and weed control, whereas the principal benefit of winter 

mulch is an increase of soil temperature. One of the principal 

1 
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drawbacks is disposing of residues after the growing season. The ap

plication of plastic sheets and cost of labor involved are also 

limitations. 

This study was carried out to clarify the effect of plastic 

mulching on the plant including the root development and distribution 

since the mulching showed an increase in plant growth and fruit yield. 

Aluminum mulch is noticed to be superior over other mulches because 

of its characteristic of retaining soil moisture, lowering soil 

temperature and reflecting the light into the plant canopy. 

Bell pepper (Capsicum annuum L.) is considered an important 

salad vegetable. Peppers are also well known as a vitamin A source 

which is one of the most important nutrients in our daily diet. An 

emphasis is needed on field production of this vegetable. 

Success in this experiment would be of great benefit to areas 

like the State of Arizona and the United Arab Emirates. 

Indeed, the water shortage in arid and semi-arid regions is the 

limiting factor for agricultural production; thus, mulches are projected 

as a factor in water conservation. The need for increased production 

in limited space and over longer seasons is another reason for choosing 

mulches. Furthermore, a strong demand for high quality produce, a need 

for non-chemical pest and weed control, a shortage of plant nutrients, 

requiring more-efficient fertilizer use, and finally, sanitation re

quirements for fresh produce by keeping the crop off the soil encouraged 

the researchers to undertake these experiments. 



LITERATURE REVIEW 

It is well known that roots are the site for absorbing water 

and soluble nutrients from the soil. Likewise, the root is the sink 

for storing carbohydrates synthesized by leaves. Another function of 

roots is to convert certain nutrients to available form for assimila

tion in leaves. For example, nitrogen that is absorbed in the form of 

NĤ  by the roots should be converted into NÔ  and transported in the 

xylem to the leaves in the form of NÔ • Also the roots are known to 

be the site for the synthesis of certain growth regulators, such as 

gibberellin-like substances and cytokinins (Carson, 1974). 

• Optimum root growth is influenced by favorable environmental 

factors. One such factor is soil temperature which is affected by the 

air temperature; intensity, duration and quality of incoming radiation; 

precipitation and evaporative nature of the air; thermal quality of the 

soil; physical characteristics and composition of soil. Therefore, it 

is necessary to modify environmental conditions for optimum root and 

plant growth through management practices such as mulching. 

Oebk'er, Harper and Halderman (1973) reported that early pepper 

production in central Arizona seemed to be encouraging, due to high 

market price. However, low yield and poor quality peppers were of 

concern. Slow plant growth, poor fruit set and misshapen fruit made 

many of the peppers unmarketable. Oebker, et al. (1973) used plastic-

paper mulching and drip irrigation to improve yield and fruit quality. 
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They showed that peppers on plastic-paper mulching outperformed plants 

on bare soil. 

Liptay and Tiessen (1970) investigated the effectiveness of 

the polyethylene-coated paper mulches on the soil environment. They 

observed soil temperature changes at 1 inch depth and soil moisture 

levels from 1 to 4 inches under the treatments. Their results showed 

that clear PE paper coating and the black paper mulches had higher soil 

temperatures and higher soil moisture. Since water has higher specific 

heat than any other material, it maintains warmer temperature for longer 

periods of time than bare soil. The enhancement due to prolonged main

tenance of soil moisture resulted in less soil compaction under mulch 

than with bare soil (Edmund, 1929; Magruder, 1930; Smith, 1931; Emmert, 

1957). The Improved soil temperature and soil moisture also affect soil 

pH, thus increasing soluble nitrogen (Waggoner, Miller and DeRoo, 1963; 

Jones, Jones and Ezell, 1977; Guner and Colagkoglu, 1969). Guner and 

Colagoglu (1969) studied soil moisture and available NÔ -N in different 

soil depths. They found a strong correlation between soil moisture 

content and available Knavel and Mohr (1967) found that depth 

of rooting was associated with the use of plastic mulching. Geraldson 

(1970) correlated a favorable ionic environment and soil moisture con

tent with root growth. 

Rylski (1972) found that air and soil temperatures have great 

influence on growth and development of pepper. A soil temperature of 

10°C retarded plant growth but at 17°C the plant resumed its normal 

growth. Plant growth continued as the soil temperature was increased 
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to 30°C. On the other hand, root growth only continued up to 24°C. 

Rylski and Kempler (1972) then studied fruit set due to the effects 

of FG and PVC tunnels as well as tunnels combined with black bitumen 

mulch and PE film. Tunnels and mulch improved fruit set and yield 

due to maintaining higher soil temperature and soil moisture. Deli and 

Tiessen (1969) suggested that combinations of temperature and light 

intensity can be used for management of yield throughout the growing 

period of peppers, low light intensity and low temperature induced 

branching and promoted more flowers later in the season, whereas high 

light Intensity and high soil temperature caused early flowering in 

pepper plants. Takatori and Lippert and Whiting (1964) reported that 

petroleum mulch over the soil surface and clear polyethylene films at 

6 inch widths Increased soil temperature during the day up to 6 inches 

deep. Black PE films retained soil temperature at night better than 

petroleum mulch or clear PE films. Soil temperature increased suffic

iently enough to stimulate early germination. However, petroleum 

mulch hastened the maturity of the crop. El-Motaz et al. (1972) 

studied the effect of mulching. Their findings suggested that mulching 

improved crop yield considerably, but various mulching treatments did 

not affect the length of the growing period of the plants. 

Sheldrake (1963) investigated the influence of mulching. He 

not only found Improvement of the soil tilth, temperature and moisture 

content tut also an increase of Ct̂  level in the plant canopy by which 

he explained the early and total crop yield increase. Carbon dioxide 

concentration in the canopy increased four-fold due to CO2 build up 
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under the continuous films which emitted through the holes made for the 

* 9 
plants. This was referred to as the chimney effect by the author. 

Sheldrake (1963) suggested that this is the major factor contributing to 

the increase in growth and yield. 

Black and Roston (1972) found that an aluminum foil mulch re

duced virus infection of peppers due to reflective properties of alum

inum mulch which distracted aphids; thus, reducing aphid borne viruses. 

However, effectiveness of the aluminum mulch was decreased by shading 

from the growing plant; also effectiveness was diminished by accumulation 

of dirt on the mulch. They pointed out difficulties in laying the film, 

from an increase in mortality of transplants and from poor plant growth 

in cool weather. 

Sumner et al. (1978) reported the influence of film mulches and 

soil pesticides on root diseases and soil borne fungi in vegetables. 

They concluded that soil which was fumigated, mulched with black PE film 

and with trickle irrigation increased considerably the yield of vege

tables. Since root growth was accelerated due to higher soil temperature, 

it was more susceptible to root decay than slower growing roots. This 

situation was also enhanced when plants were subjected to nutrient stress 

or water stress. Geraldson (1970)• pointed out that root distribution of 

plants was different under film mulches than under bare soil. Courter 

and Oebker (1964) found that vegetables under black and brown paper mulch 

and black PG mulch had increased yields of economic significance. They 

stated that a crop response is due to more than soil temperature regulation. 
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Chalfant et al. (1977) studied the effect of aluminum, white 

and blue PE reflective film mulches and brown, paper on the population 

of insects on yellow summer squash. They found that with all film 

mulches water melon virus (WMV) was reduced in both fruits and plants. 

Brown paper mulch increased infectation of picklevorms. And all 

mulches significantly reduced infestations of serpentine leafminers. 

Film mulches did not have an affect on the populations of soil borne 

plant parasites or plant pathogenic fungi. Plants in nonfumigated plots 

but covered with aluminum foil or clear PE mulches had greater yield 

than those plots that were non-fumigated but covered with either blue 

PE film or brown paper mulch. Similarly, loelenstein et al. (1975) 

found that using aluminum foil and plastic mulch repelled the aphids 

and decreased aphid-borne viruses. This correlated well for the first 

3 weeks in the field. Afterwards, aluminum foil started to loose its 

reflectance. Infection by aphid-borne viruses held at 4.5 to 6% on 

mulched plots compared to plants on bare soil which had 45I infection. 

Reduction in infection by viruses was well correlated with the repellance 

of the aphid by the reflective mulches. They found that the grey plastic 

mulch had the repellance capacity of aluminum foil but not the retarding 

of growth of the peppers as bad as with aluminum mulches. 

Porter and Etzel (1979) wanted to reproduce the findings of 

Oebker et al. (1973) under virus free condition to determine whether 

the yield would be different under black P£ film or aluminum painted PE 

mulch. Oebker et al. (1973) suggested that aluminum coated paper mulch 

promoted a better yield than black polyethylene coated paper due to 
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fewer virus symptoms. Porter and Etzel (1979) indicated that aluminum 

painted PE film tended to promote higher yield than black PE film 

mulches. With control of aphid-borne virus diseases, the increase in 

the yield could only be explained by the reflectance and scatterance of 

light within the plant canopy. Aluminum painted PE mulch and black PE 

mulch have both improved marketable yields. 



MATERIALS AND METHODS 

In 1982 a spring planting of bell peppers (Capsicum annuum L.) 

with various treatments was established. The plants were started in 

the greenhouse February 2, 1982, in a medium consisted of 1:1 vermi-

culite-peat. The medium was first moistened, placed in speedling 

trays, and then planted with seeds. The plants were fertilized with 

1 tablespoon of 20:20:20 fertilizer in 2 gallons of water. The plants 

were hardened by withholding the water for a few days before transplant

ing into the field. 

Transplanting into the field started on April 4, 1982 at the 

University of Arizona Marana Experiment Station. The Station is sit

uated in the Avra Valley 39 kilometers northwest of Tucson, on the 

westside of Interstate Highway 10. Its elevation is 600 meters above 

sea level. The climate is characterized by a low annual rainfall of 

250 mm partitioned between summer and winter, a high temperature of 

44°C in summer and a low temperature of -14°C in winter as recorded by 

the U.S. weather station at the University of Arizona in Tucson. The 

dominant soil type is Pima clay loam, however, the soil type at (A-l) 

the site of the experiment is Grabe loam (Fercina, 1971). 

'Yolo Wonder' was the cultivar used. It is characterized by 

fruit setting over a longer picking period and less concentrated in 

position near the crown of the plant when compared to 'California 

Wonder' the usual standard. It is also characterized by its vigorous, 

9 



medium height, heavy dark green foliage, and its high resistance to 

tobacco mosaic virus. Fruits axe pendent, dark, green, blocky and 

heavy. 

Two mulch treatments: black PE and aluminum coated PE were 

compared to bare soil to determine the growth and development of tops 

and roots of the pepper plants. 

Nine pepper plants were transplanted through the mulch in each 

treatment plot.. Treatments were replicated three times in randomized 

complete blocks. Field painting was done April 4, 1982. Plants were 

spaced 45 cm apart and 40 cm between rows (Fig. 1) on beds 100 cm wide 

running north and south. 

Adequate fertilizer of 88 kg of 11-48-O/ha was applied during 

the land preparation. More nitrogen fertilizer was applied during the 

growing season through the drip irrigation system as needed. A starter 

solution made by dissolving 20:20:20 fertilizer was used at the time 

of transplanting. 

The water was applied to the plants through a drip irrigation 

system using Chapin tri-wall tubing. The drip line was placed under 

the surface at a depth of 5 cm in the middle of the bed. The amount 

of water applied to the bare soil was more than the amount applied to 

the mulch treatment plants in an attempt to maintain a moisture level 

close to that under the mulch treatment. The amount of water applied 

is calculated as 20 inches (50.8 cm) for the tnulch and 24 inches (61 

cm) for the bare soil by referring to an estimated consumptive use (CU) 

of water for pepper plants. The main difference in application of 



water occurred at later stages when bare plots became more deficient 

than mulch plots. 

The plants were sampled on June 4, June 23, July 19, and August 

12 in order to record the growth and the development of roots and tops 

(leaves, stems and fruits). 

At each sampling date, paper bags were used for collecting tops 

and roots. The roots were washed, and put in plastic bags to retain 

moisture. The samples were taken to the laboratory where they were 

weighed. They were dried for 72 hrs at 55°C to achieve constant 

weight. Total dry weight was determined. The same procedure was 

followed with the tops (leaves, stems and fruits). At the time of 

the last two samples all fruits were separated from the plant, weighed 

and dried. These figures obtained were used to indicate fruiting capa

city of plants under various treatments. 

To study the roots growth pattern and distribution roots were 

excavated from plants in a separate experiment similar to this experi

ment by digging a cross section of the bed. The roots were washed 

carefully by high pressure water to be exposed and visible. The roots 

were then photographed in their natural position after which they were 

pulled up to determine the number of primary and fibrous roots. 

Meteorological Conditions 

The distribution and amounts of rainfall at the Marana farm 

(Tucson, AZ) are shown in Fig. 2 in April, May, June, July and August 

1982. 0, .51, 0, 2.29 and 4.32, cm (0, .2, 0, .9 and 1.7 inches) were 

recorded respectively. These months represent the major part of growing 
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season involved. Thus, in the absence of irrigation there was substan

tial water deficiency in the field. 

Mean maximum temperature is reported in Fig. 3. June, July and 

August were the hottest months during the growing season (April to 

August, 1982). 

Computerized statistical analysis of variance (ANOVA) by 

Statistical Package for Social Sciences (SPSS) was done with the 

assistance of the University Agricultural Experiment Station, Quantita

tive Studies Center. Treatment means were compared using the least 

significant difference (LSD) and Student Newman-Keuls (SNK). 
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Mulch 

Figure 1. Pepper plant arrangement on 1 meter bed with 
mulch (cm) with drip irrigation (X) 
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April May June July August 

Mean rainfall distribution at Marana Exp. Station during bell 
pepper's growing season (April—August, 1982). 



15 

\ 

J 1 1 1 L 

A M J J A 

M o n t h  

Figure 3. Mean maximum-minimum temperature of Marana Exp. Station 
during bell pepper's growing season (April-August, 19JB2). 

» 



RESULTS 

The growth of a plant can be considered as the relationship be

tween the sources where CÔ  is fixed and metabolites are synthesized 

or nutrients are absorbed and the sinks where they are utilized in order 

to make up new tissues. In these studies we are looking at both top 

and root growth where these processes take place. 

Top Growth 

The top growth of bell peppers under mulch treatments was more 

advanced than growth in bare soil (Figs. 4a and 4b). Differences in 

the fresh veight for the various treatments were recorded mainly at the 

last three sampling dates (day 80, 107 and 133) from transplanting 

(Fig. 4a). Up to day 60 there was no significant difference in plant 

growth between the three treatments suggesting that the climatic condi

tions were equally favorable up to this time for the growth of all 

plants. Top growth (fresh weight) of aluminum mulch treated plants was 

greater than the top growth on black mulch at day 107 and 133 from 

transplanting. This difference between mulches may have been caused by 

a better soil microclimate along with better light distribution within 

the canopy due to reflection from aluminated surface. Fresh weight of 

tops of the bare treatment was considerably less than either black or 

aluminum mulch treatment. 

Dry weight of the tops did not differ significantly until the 

last two sampling periods (Fig. 4b). Both mulches produced dry 

16 
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Figure 4a. Mean fresh weight of the tops (leaves, steins and fruits) of bell peppers as affected 
by the mulch over the growing season. 
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Figure 4b. Mean dry weight of the tops (leaves, stems and fruits) of bell peppers as affected 
by the mulch over the growing season. 
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weights significantly higher than bare plots. Minimum mulched plants 

had more dry weight than black mulched plants only at the last sampling 

period. Tables 1 and 2 respectively show that there is no significant 

difference between the block due to the uniformity of the soil. There 

was a highly significant difference between the mulch treated plots for 

both the fresh and the dry weights. However, the two way interaction; 

time of observation (T) X mulch (M) shows significant difference. In 

our opinion, better top growth was attained under the aluminum mulch 

treatment because of a better and more uniform maintenance of soil 

temperature and soil moisture. 

Root Growth 

Roots are the site for absorbing water and soluble nutrients 

from the soil. There are several different plant factors affecting the 

root ability for absorbing either water or ions. These factors include: 

root length, surface area, volume and weight. 

In this experiment, root growth (Fig. 5a and 5b; Tables 3 and 4) 

was hastened by both mulch treatments. And, as the plants progressed 

more enhancement was observed for the aluminum PE and black PE. There 

is only slight evidence that the aluminum favored root growth more than 

black mulch; some difference was shown at day 107. 

Root growth under the mulches did not follow the same pattern 

as with top growth. There seems to be little difference between the 

roots produced under the two mulches. However, because there was more 

top growth with aluminum, we are assuming, that, there was more root 
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Table 1. Analysis of variance of fresh weight of the tops (leaves, stems 
and fruits) of bell peppers as affected by the mulch. 

Source of 
Variation DF SS MS F 

Total 35 8512348.600 2770362.60 

Block 2 6029.776 3014.888 0.21157 NS 

Time of observation 3 7444569.401 2481523.134 174.139** 

Mulch 2 440600.908 220300.454 15.459** 

Time x mulch 6 307643.540 51273.923 3.59811* 

Error 22 313504.998 14250.227 

At .05 * Significant 

At .01 ** Highly significant 

NS Not significant 



Table 2. Analysis of variance of dry weight of the tops (leaves, stems 
and fruits) of bell peppers as affected by the mulch. 

Source of 
Variation DF SS MS F 

Total 35 184526.94 58352.646 

Block 2 69.277 34.638 0.139 NS 

Time of observation 3 159205.309 53068.437 212.739** 

Mulch 2 5118.387 2559.194 10.259** 

Time x mulch 6 14645.995 2440.999 9.785* 

Error 22 5487.969 249.453 

At .05 * Significant 

At .01 ** Highly significant 

NS Not significant 
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Figure 5a. Mean fresh weight of the roots of bell peppers as affected by the mulch over the growing 
season. 
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Figure 5b. Mean dry weight of the roots of bell peppers as affected by the mulch over the 
growing season. 
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Table 3. Fresh weight and top/root ratio of harvested plants (gm/plant) under mulch and nonmulch treatments. 

Days from Bare (check) Aluminum Black 
Transplanting Tops Roots Top/Root Tops Roots Top/Root Tops Roots Top/Root 

60 43.26 8.26 5.24 67.64 8.78 7.70 59.34 10.47 5.67 

80 117.04 15.73 7.44 217.74 25.04 8.70 216.81 22.08 9.82 

107 391.99 34.70 4.30 728.83 55.73 13.08 669.45 45.14 14.83 

133 908.45 51.58 17.61 1501.53 68.00 22.08 1258.12 67.17 18.73 
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Table 4. Dry weight of the harvested plants (gm/plant). 

Days from Bare (Check) Aluminum Black 
Transplanting Tops Roots . Tops Roots Tops Roots 

60 17.27 2,80 15.92 2.44 14.89 2.44 

80 66.41 3.61 36.72 5.13 38.43 4.81 

107 91.03 12.85 146.69 16.01 145.37 14.44 

133 135.63 17.14 223.01 19.75 196.38 20.79 
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Table 5. Analysis of variance for fresh weight roots of the bell peppers as 
affected by the mulch. 

Source of 
Variation DF SS MS F 

Total 35 17317.639 5702.304 

Block 2 57.003 28.502 1.134 NS 

Time of Observation 3 15387.206 5129.069 204.166** 

Mulch 2 898.462 449.231 17.882** 

Time x Mulch 6 422.284 70.380 2.802* 

Error 22 552.684 25.122 

At .05 * Significant 

At .01 ** Highly significant 

NS Not significant 



Table 6. Analysis of variance of dry weight roots of bell peppers 
as affected by the mulch. 

Source of 
Variation DF SS MS F 

Total 35 1778, .794 587, .106 

Block 2 3, .978 1 .  .989 1.870 NS 

Time of observation 3 1711, .196 570, .400 536. 277** 

Mulch 2 21, .411 10. ,706 10. 065** 

Time x mulch 6 18. .809 2. ,947 2. 947* 

Error 22 23. ,400 1 .  ,064 

At .05 * Significant 

At ,01 ** Highly significant 

MS Not significant 
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activity under this mulch. Probably the microenvironment produced by 

the aluminum mulch is more favorable for root metabolism. 

From the analysis of variance of the fresh and the dry weight 

of the roots (Tables 5 and 6, respectively) we can add that there is no 

significant difference between the blocks due to the uniformity of the 

soil. There was a highly significant difference between the treatments 

for both the fresh and dry weights. However, the two way interaction; 

time of observation (T) X mulch (M) shows significant difference. 

The LSD at (.05) for root weights shows that the aluminum mulch 

and the black overlap as if they constitute the same population, whereas 

the bare soil shows that it constitutes a different population. 

The SNK at (.05) confirms our findings presented below: 

(1) Black (2) Aluminum (3) Bare 

Root Distribution 

Under mulch treatments, the roots were more fibrous. They grew 

in a lateral position in case of aluminum mulching (Fig. 5c) with the 

primary (fleshy) root counts ranging from 4 to 6 roots. Roots in case 

of bare soil seem to be less fibrous and have 5 to 7 primary (fleshy) 

roots which were observed to go deeper and more vertically in the soil. 

The drying of the soil near the surface of bare plots may have 

had an affect on the deeper root distribution (Fig. 5e). 

The root distribution under black PE treatment was similar to 

that under aluminum (Fig. 5d). 

« 



Figure 5c. The lateral and the fibrous roots 
the aluminum mulch at Marana, Az. 

as affected by 
1982. 

Figure 5d. Lateral and the fibrous roots as affected by the 
black mulch, Marana, Az. 1982. 



Figure 5e. Deep primary roots as affected by nonmulch 
treatment at Marana, Arizona 1982. 



Dry Weight/Fresh Weight 

The difference of top and root yield between mulch treated 

plants is shown in Table 7. In case of the bare soil the top and root 

yield consistantly showed the higher percentage ratio, whereas alum

inum mulch treated plant top and root yield show the lowest percentage 

after day 80. However, black mulch plants were the lowest at day 60 

meaning, soil conditions and environment at this stage was more favor

able than bare soil and aluminum mulch treatment. Later in the season, 

the percentage change of black mulch treated plants was not significantly 

different from aluminum mulch treated plants. Table 7 indicates that 

plants grown on bare soil were exposed to drought conditions more than 

mulch treated plants due to lower soil moisture fluctuation of evapotran-

spiration. The highest percentage of 40% and 57% in the consecutive two 

harvests at day 60 and day 80 under bare soil treatment is probably 

because of poor growth. 

Top/Root Growth 

Tops and roots together constitute the entire higher plant 

structure; thus, tops/roots ratio on fresh weight basis is plotted to 

the age of plant in bell peppers. The top/ratio for all treatments was 

quite similar until the last harvest sample where the aluminum mulch 

treatment produced ratio definitely higher than either the black mulch 

or bare soil (Fig. 6). The response on aluminum was, probably, due to 

the higher fruit production (Fig. 7a). It appears that the higher the 

ratio indicates that more favorable root environment. 



Table 7. Percent change in ratio of dry weight to fresh weight for tops 
and roots yield under different mulches. 

Days from Bare (check) Aluminum Black 
transplanting % Tops % Roots % Tops % Roots % Tops % Roots 

60 40 34 24 28 25 23 

80 57 23 17 20 18 22 

107 23 37 20 29 22 32 

133 15 33 15 29 16 31 

% Dry weight/fresh weight « Dry weight inf) 

Fresh weight X 
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Figure 6. Mean top/root ratio (fresh weight basis) of bell peppers as affected bv the mulch 
over the growing season. 
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Fruit Growth 

Aluminum and black mulch increased the potential fruit yield in 

bell pepper (Figs. 7a and 7b; Tables 8 and 9). Fruit yield from alum

inum mulch treated plants was superior to black mulch and bare soil 

treated plants. It is obvious that aluminum mulch provided conditions 

more favorable to fruit production. Although we did not observe the 

marketability of these fruits, we feel that aluminum mulch produced 

a micro-environment under high temperatures more favorable than that 

produced by black mulch or bare soil. 

Again, the analysis of variance of the fresh and the dry weight 

of the fruit (Tables 10 and 11, respectively) we can see that there is 

no significant difference between the blocks due to the uniformity of 

the soil. There was a highly significant difference between the treat

ments for both fresh and dry weights of the fruits. However, the two 

way interaction; time of observation (T) x mulch (M) shows significant 

difference. 

Tables 8 and 9 show fresh weight and dry weight of fruit under 

different treatments as well as the fruit yield ratio. Fruit yield 

ratio is defined, on both fresh and dry weight basis as the ratio of 

fruit yield of mulch treated plants over the fruit yield of bare soil. 

Aluminum mulch treated plant ratios are as much as three times the bare 

soil treatment, and the ratios of the black mulch treated plants are two 

and a half times more than the bare soil treatment on a fresh weight 

basis. Fruit yield ratio of aluminum treated plants is two times more 

than the bare soil treatment and fruit yield ratio of black mulch treated 
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Table 8. Fresh weight of the fruits (gms/plant) and fruit yield ratio (fruit yield of aluminum 
and black mulch treated plants over the fruit yield of bare soil treated plants) of the 
plants. 

Days from Bare (Check) Aluminium Black 
Transplanting Yield Ratio Yield Ratio Yield Ratio 

107 86.08+ 22.30 1 254.43+ 39.61 2.96 225.66+51.30 2.62 

133 308.75 + 117.19 1 789.52 + 211.57 2.56 638.72 + 9.17 2.07 

Fruit vield ratio - Fresh weight of mulched plants fruit yield 
r C Fresh weight of bare soil's fruit yield 



Table 9. Dry weight of the fruits yield (gms/plant) and fruit yield ratio (dry fruit yield of aluminum 
and black mulch treated plants over the fruit yield of bare soil treated plants) of the plant. 

Days from Bare (Check) Aluminium Black 
Transplanting Yield Ratio Yield Ratio Yield Ratio 

107 14.17 + 1.69 1 27.29 + 3.90 1.97 26.37 + 4.62 1.86 

133 35.09 + 8.31 1 80.01 + 12.99 2.28 64.27 + 1.61 1.83 

Fruit yield ratio = Dry weight of mulched plants fruit yield 
Dry weight of bare soil's plants fruit yield 

OJ 
oo 
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Table 10. Analysis of variance of fresh weights of the fruits of bell 
peppers as affected by the mulch. 

Source of 
Variation Df SS MS F 

Total 17 1223363.72 908744.10 

Block 2 12441.861 6220.930 .545NS 

Time of observation 1 685413.639 685413.639 60.065** 

Mulch 2 337026.699 168513.340 14.767** 

Time x mulch 2 74370.068 37185.034 3.259* 

Error 10 114111.457 11411.146 

At .10* Significant 
At ,01**Highly significant 
NS Not significant 
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Table 11 . Analysis of variance oi." dry weight of the fruits of bell 
peppers as affected by the mulch. 

Source of 
Variation Df SS MS F 

Total 17 10213. ,77 8006. .068 

Block 2 37. ,966 18. ,983 4 ,363NS 

Time of observation 1 6217. ,240 6217. ,240 118. ,734** 

Mulch 2 2676. ,570 1338. .298 25. .558** 

Time x mulch 2 758. ,369 379. .184 7. ,242* 

Error 10 523. ,626 52. .363 

At .05* Significant 
At .01** Highly significant 
NS Not significant 

i 



plants are 1.85 times more than the bare soil treatment on a dry weight 

basis. The difference in these ratios on fresh weight or dry weight 

bases implies that the plants from aluminum mulch produced more dry 

matter than either black mulch or bare soil treated plants. 



GENERAL DISCUSSION AND CONCLUSION 

Bell peppers growing under aluminum IE, black PE and bare 

soil conditions showed different responses under the hot desert 

Arizona climate. Mulched peppers outperformed nonmulched peppers in 

all cases. Generally, aluminum coated PE mulch was more effective 

than the black PE mulch. With the aluminum, both top growth and 

fruit yield showed substantial increases. However, root growth was 

only slightly different between mulches. 

The reasons often given for improved growth of aluminum 

mulched peppers are: (1) improved modification of soil temperature, 

(2) more light distribution in the plant canopy, (3) increase utiliza

tion of C02> (A) conservation of soil moisture and (5) increased soil 

microbiology activity. Indeed, it seems probable that some of these 

reasons apply to our situation. 

Because this experiment was carried out at high temperature, 

it is very likely that the reflection of solar energy by aluminum 

prevented the soil from becoming too hot for good plant growth and 

root activity. The black PE absorbs heat and transmits it to the soil 

and causes unfavorable conditions for root growth. This observation is 

supported by earlier research by Oebker et al. (1973). 

Sometimes the pocket of air under the black PE mulch helps 

retain soil heat, especially at night, resulting in an unfavorable 

root environment. 

42 
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The reflective characteristic of aluminum is important for 

redistributing the light into the plant canopy. Certainly, some of 

our increase in growth and yield can be attributed to this factor. 

Similar results were obtained by Giddens (1964) . He observed better 

light distribution in the canopy from aluminated surface. 

Another factor that may increase growth with aluminum mulch 

is the possible CĈ  increase around the plants. This situation would 

also occur with other mulches. Sheldrake (1963) believes that 

builds up under continuous films and is emitted at the holes made up 

in the plastic for plants in a manner referred to as "chimney effect". 

This gas is produced as a result of .microorganism's activity in the 

soil with CC>2 as an end product. 

It is well recognized that one of the contributions of mulches, 

whether aluminum or black, is the conservation of soil moisture by 

reducing the evaporation. We feel that this aspect is important in 

explaining, partially, the difference in growth between mulch and 

bare soil. Under this experiment the soil moisture was more consis

tent and more uniform under PE mulches than the bare soil. PE mulches 

act as a barrier, so the more moisture is retained underneath the mulch 

treatments when compared to bare soil. Under the mulch a high moisture 

level is maintained resulting in development of shallow and fibrous 

roots. It is also reasonable to assume adequate supply of water and 

nutrients available for plant and root growth. Soil jnoisture level may 

also influence nitrification. 

We think that the conditions under mulch seem to promote 

•microbial action, which in turn, may help to provide a more favorable 
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climate for root activity. Micro-organisms influence plant growth by 

affecting metabolism or by influencing plant properties important in 

nutrient uptake. The root surface and rhizosphere microflora in

fluence not only root growth, but also they can alter the metabolism 

of the plant resulting in an increase in uptake and translocation such 

as phosphate ions (Whittington, 1969). This would contribute to a 

greater yield. Under aluminum mulch it is believed that the condi

tions are more favorable for micro-organisms activity; hence, aluminum 

PE produced greater yield than black PE, Micro-organisms also play an 

effective role in the soil by producing CC>2 as their end product. 

This increase of CO2 level around the plant favors photosynthetic ac

tivities. 

The moisture-temperature interrelationship under aluminum 

favors microbial activity in soil moisture level under the mulch may 

also influence the nitrification. 

Several of the above factors certainly are interrelated in 

affecting photosynthesis. >It is known that photosynthesis is a series 

of integrated processes that can be stated in the following abbreviated 

form: 

12 H20 + 6 C02 + "f % - C6H1206 + CO, + 6H20 

chlorophyll 

Under aluminum PE, higher soil moisture, higher CĈ  level around the 

plant, in addition to redistribution of light in the plant canopy make 

the situation more favorable for photosynthesis. 
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Our results with top/root ratio indicate that the higher the 

ratio, the better the growth and yield. Any factors that increase 

this ratio, certainly, increase potential yield. Similar results were 

found by Evans and Dunstone (1970). They stated that higher top/root 

ratio is accompanied with high yielding in cereals as the growth 

progressed. Photosynthesizing leaves and nutrient and water absorbing 

roots are the source, and newly growing tissues are the sink. The 

coordination of top and root growth is compatible with the maintenance 

of a constant source and sink relationship during the period of plant 

growth (Brouwer and DeWit, 1962 and Brouwer, 1962). Partitioning the 

dry natter between roots and shoots is affected by the environment with

in the canopy and in the soil (Walker, 1969; Davidson, 1969a and 1969b, 

and Brouwer, 1965). It was found in my experiment that aluminum and 

black PE mulching resulted in higher top/root ratio than bare soil at 

final harvest. However, aluminum mulching was superior than black PE. 

One reason why the black PE did not do as good as aluminum PE could 

be because of the adverse condition due to the greenhouse effect caused 

by black PE. Black PE absorbs light energy and gets hot depending upon 

specific heat capacity, then, excess absorbed energy will be emitted 

from black PE mulch to the soil. 

When the plastic film is placed on the soil, air movement 

underneath the plastic is restricted and a film of .moisture condenses 

on the lower side of plastic and the condensed moisture accelerates 

the greenhouse effect. 
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In this work shallow and fibrous roots were observed under 

mulch treatments. We think the uniformally high moisture content 

under the mulch promoted this type of root system. Root distribution 

was extensive and shallow (lateral) within the upper surface. However, 

the lateral and fibrous root were more extensive under aluminum PE 

than black PE. Bare soil treated plant roots were less extensive and 

had more primary type roots. Lateral roots can be branched and could 

be numerous depending upon soil microclimate. However, under bare 

soil, the roots go deeper than with mulches. We believe that as the 

soil dries, the movement of water through the soil is too slow to be 

an important factor for supplying the requirements of rapid transpir

ing plants. Thus, roots continue to permeate unexploited zones 

throughout the season to absorb most effectively water stored in the 

soil to compensate the rate of evapotranspiration. 

In conclusion, we can speculate that in a hot Arizona summer 

season, superiority of aluminum mulching treatment to top growth and 

potential fruit yield can be correlated to the pattern of root dis

tribution and activity. 

Plastic will play an important part in this type of production 

in the future; even though, its introduction to developing countries 

will face some difficulties. Studies need to be continued on new 

types of plastic mulches reasonable in price and easy to dispose 

from the field. 

As far as research is concerned, growth regulators such as cyto-

kinins, which influence cell division in roots resulting in better 
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support to the tops, should be studied. Experiments should be carried 

out to clarify the effect of these natural growth regulators in the 

promotion of better plant growth for crop production. 



SUMMARY 

Research was undertaken to determine the effects of mulching on 

bell peppers (Capsicum annuum L.) under high temperature conditions. 

This work was done at the University of Arizona, Marana Experiment 

Station in the summer of 1982; cv. 'Yolo Wonder' was used. Aluminum 

coated polyethylene and black PE mulches were compared to bare soil 

treatments. Fresh and dry weight of the plants were taken at 4 sampling 

periods during the growing season. The following results were obtained: 

(1) The response of peppers on the mulched treatments was significantly 

greater than for peppers with no mulch (bare soil) as indicated by fresh 

and dry weights of tops, roots and potential fruit. 

(2) Aluminum mulch showed better top growth than black PE, especially, 

at the end of the season. However, the root growth for both mulch 

treatments was quite similar. 

(3) The roots under the mulches were much more shallow and fibrous than 

those with bare soil. Where no mulch was used, the roots tended to 

be less fibrous and deeper. 

(4) The top/root ratios for all treatments were similar throughout the 

season except at the end when the ratio for aluminum mulch was much 

greater than either black PE or bare soil. 

(5) The aluminum mulch produced significantly more potential fruit than 

black PE or bare ground treatments. 

48 
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It appears that the aluminum mulch provides a more favorable 

environment under high temperature conditions like those that occur in 

Arizona during the summer season. 

We believe that aluminum mulch contributes to increased growth 

and production by modifying the soil temperature, conserving soil mois

ture, redistributing the light in the plant canopy and favoring micro

bial activity. 

Our studies indicated that using mulch similar to aluminum 

would aid crop production under high temperature conditions. 



APPENDIX A 

ADDITIONAL INFORMATION OF 

PLANT TREATMENTS 
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Table A.l. x fresh weight of the tops (pm/plant). 

51 

Days from Bare 
Transplanting Control Aluminum Black 

60 43.26+ 14.10 67.64+ 22.38 59.34+20.81 

80 117.04+33.49 217.74+98.76 216.81+47.07 

107 391.99+ 83.77 728.83+ 87.11 669.45+51.49 

133 908.45+173.27 1503.53+311.51 1256.12+15.64 
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Table A.2. x dry weight of the tops (gm/plant). 

Days from Bare 
Transplanting Control Aluminum Black 

60 17.27+ 3.22 15.92+ 2.43 14.89+ 2.22 

80 66.41+14.80 36.72+14.59 38.43+ 9.44 

107 91.03+10.26 146.69+ 8.07 145.37+19.50 

133 135.63+17.95 223.01+36.36 196.38+ 6.46 
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Table A.3. x fresh weight of the roots (^m/plant). 

Days from Bare 
Transplanting Control Aluminum Black 

60 8.26+2.16 8.78+ 2.13 10.47+1.98 

80 15.73+ .44 25.04+ 3.94 22.08+ 3.97 

107 34.70+3.24 55.73+10.29 45.14+4.55 

133 51.58+4.14 68.0 + 9.32 67.17+ 4.39 



Table A.4. x dry weight of the roots (gm/plant) 
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Days from Bare 
Transplanting Control Aluminum Black 

60 2.80+ .38 2.44+ .30 2.44+ .46 

80 3.61+ .28 5.13+ .90 4.18+ .77 

107 12.85+ .79 16.01+1.16 14.44+ .59 

133 17.14+1.6 19.75+2.35 20.79+1.15 
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