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Potato {Solanum tuberosum L.) is one of the most productive and nutritious food 

crops. Due to its adaptability to cool climates, production in Sri Lanka has been restricted to 

erosion-prone highlands. Vast potential exists for expansion of potato cultivation in the 

lowlands while production areas in the highlands are limited by crop saturation. High soil 

temperatures characteristic of lowland tropical areas strongly limit potato cultivation during 

warmer months. Previous research, however, revealed that soil temperature can be reduced 

by various techniques. Although soil temperature manipulation has been tried successfully, 

the effect of these techniques on potato growth, dry matter partitioning, and tuber yield has 

not been studied. 

Experiment addressing these questions was conducted in two consecutive cropping 

seasons from July to October of 1991 (Yala season) and December to March of 1991-1992 

(Maha season) at the Regional Agricultural Research Center at Bandarawela (6° Sl'N 

latitude, 80° 59' longitude, and 1300 m a. s. 1.), Sri Lanka. The Yala season is warmer 

while the Maha season is cooler. Treatments included various soil temperature suppression 

systems such as rice straw mulching, interplanting, and hilling. 

Rice straw mulch suppressed soil temperature by 1-60C during the day. This system 

hastened emergence and canopy development and increased potato plant height, leaf area 

index (LAI), crop growth rate (CGR), and net assimilation rate (NAR) in both seasons. 



LAI and CGR showed a quadratic relationship with time under rice straw mulch system. 

Interplanting soybean (Glycine max L.), sweet potato (Ipomoea batatas L.) or double rows 

of potato resulted in no appreciable effect on soil temperature suppression, or plant growth 

in either season, except for emergence which improved under potato-soybean. Dry matter 

partitioning to tubers was highest and showed a linear relationship with time under rice 

straw mulch and rice straw-bridge systems while interplanting and hilling treatments did 

not influence these factors substantially. Further, straw mulch improved total dry matter 

(TDM) production, which showed a linear relationship with time. Tuber yield, individual 

tuber weight, harvest index, and percentage of large tubers were improved under rice straw 

mulching systems compared with interplanting and hilling. 
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SOIL TEMPERATURE SUPPRESSION ON GROWTH AND YIELD OF POTATO 

{Solarium tuberosum L.) IN WARM CLIMATES OF SRI LANKA. 

CHAPTER 1 

INTRODUCTION 

Potato (Solanum tuberosum L.) is a high-value crop and has equal acceptance in 

Sri Lanka by both urban and rural population for its culinary qualities. The short growing 

period (3-4 months) fits into existing cropping systems. Hence, potato has become a high 

demand crop in Sri Lanka. 

Traditional areas of potato cultivation in Sri Lanka are the highlands of Nuwara- 

Eliya district (1200-2000 m) and the midlands of Badulla district (900-1200 m). Other 

areas of potato cultivation are Jaffna and Kalpitiya in the lowland dry zone and Kandy and 

Matale in the midlands. The differences in rainfall and temperatures of these areas govern 

the planting and harvesting times and therefore, the availability and market prices of 

potatoes. Agro-ecological zones, soil types, climate, and cropping seasons are shown in 

Fig. 1.1 and Table 1.1. The major potato-growing season in the Nuwara-Eliya district is 

from February through May; the minor season is from September through December. In 

the Badulla district, potato is grown during Yala and Maha seasons, each about four 

months in duration. Yala planting is during May through June and Maha planting occurs 

during November through December. Potato planting is timed to synchronize tuber 

initiation with cooler nights. 

According to Yogaratnam (1988), expansion of cultivation in the highland cropping 

areas in Nuwara-Eliya district is limited due to crop saturation. Expansion is possible in the 



rice fields of Badulla district Vast potential exists for expansion in the northwestern 

regosols, the eastern regosols, the Mahaweli river diversion areas, and the central and 

northern provinces. 

High soil temperature in these areas during March through September limits 

successful cultivation of potatoes. Market values increase due to limited production. Hence, 

there is a need to develop appropriate strategies for sequential potato production to maintain 

a year-round supply of consumable tubers. The nature of the stimulus of soil temperature 

on tuber initiation is unknown. Slater (1963) reported the existence of a balance between 

tuber initiation and tuber enlargement and growth of vegetative tissues. He further states 

that any factor (eg. soil temperature) that favors the growth of one component will retard 

the growth of the other. 

Manrique et al., (1984) state that potato is a crop not normally adapted to high soil 

temperatures. For this reason, potato is generally grown in the tropics at high elevations 

where annual soil temperature is below 22°C (Isothermic or cooler temperature regimes). 

Potato production where the average annual soil temperature exceeds 220C 

(Isohyperthermic temperature regimes) has been considered physiologically and 

economically impractical. However, owing to cultivar differences, the upper limit for 

profitable potato production is not well defined. They further state that continuous 

vegetative growth in the summer and the dominant role of the plant canopy as a sink for 

assimilates delayed tuber initiation, and therefore, crop maturity. Most leaves were still 

photosynthetically active at 120 days and tubers continued to accumulate dry matter. The 

fresh- and dry-matter accumulation rates in tubers during summer, however, reveal 

unexpected potential for potato production in the tropics if soil environmental factors can be 

manipulated to accelerate tuber initiation. Manipulation of soil temperatures and 

microclimate is one plausible solution for maintaining cooler temperature regimes, 

particularly during tuber initiation and bulking during the warm season. 



Metzger (1938) inferred that soil temperatures play an important part in tuber 

production and stated that effects of high temperature could be lessened by cultivation, 

irrigation, and close planting so that vines would shade the ground at tuber initiation. He 

did not, however, show the degree to which these various factors affected soil temperature. 

Previous research demonstrates that the effects of high soil temperature could be avoided 

by the use of heat tolerant varieties (CIP, 1986/87), residue mulching (Maurya and Lai, 

1981; Midmore, 1984b; Midmore et al., 1986; Hoyt and Hargrove, 1986), intercropping 

(Malagamba, 1984; Midmore, 1988; Rhoades and Bebbington, 1990; Batugal et al., 1990; 

Kuruppuarachchi, 1990; Vander Zaag and Demagante, 1990), close planting (Lorenz, 

1950), and modified hilling methods (Hagood, 1959). Thus, planting time could be 

extended beyond the traditional cool season planting period, thereby doubling production 

potential. Consumable potatoes could then be available year-round. 

However, earlier investigators failed to show the degree to which these alternate 

production practices influence soil temperature and subsequent tuberization in a tropical 

environment. In this context, an experiment was conducted over two seasons in a warm 

area of Sri Lanka to study the effects of rice straw-bridge, rice straw mulch, intercropping, 

intercrop architecture, living-mulch, close planting, and hilling on soil temperature 

suppression and subsequent growth and tuber yield of potato. 



Fig. 1.1. Agro-ecological regions of Sri Lanka (Land and Water Use 
Division, Department of Agriculture, Peradeniya, Sri Lanka. 1976) 

Ujxounoy Wet Zone 

1.WU1 
2.WU2 
3.WU3 

Mid-country Wet Zone 

4.WM1 
5.WM2 
6. WM3 

Low-country Wet zone 

7. WL1 
8. WL2 
9. WL3 
10. WL4 

Up-country Intenncdiaie Zone 

11. IU 1 
12. IU2 
13. IU3 

Mid-country Intermediate Zone 

14.IM1 
15.IM2 
16. IM3^ 

Low-country Intermediate Zone 

17. IL1 
18. EL 2 
19. IL 3 

Dry Zone 

20. DL 1 
21.DL2 
22. DL 3 
23.DL4 
24. DL 5 



Table 1.1. The environment of potato growing areas in Sri Lanka 

Area Altitude 
(m) 

Agro- 
ecological 
zone 

Soil type Potato growing 
seasons 

Mean daily 
temp, range 0C 

Min.    Max. 

Average annual 
rainfall (mm) 

Nuwara Eliya 1200-2000 IU2I Red-yellow Feb-May 8-12 21-22 
WU22 podzols Sept.-Dec. 10-12 19-20 
WU3 Mountain 

regosols 

Badulla 900-1200 IU3, IU2 Red-yellow May-Aug. 17-18 25-27 
podzols Nov.-Feb. 15-16 22-25 

Non- traditional 

[Low country dry zone) 

Jaffna and Sea level 
Kalpitiya 

DL33 Red-yellow 
latosols, 
regosols 

Nov.-Feb. 22-24 28-29 

2800 

1300 

1200 

1. IU- Upcountry Intermediate 
2. WU- Upcountry Wet 
3. DL- Low country Dry 

Source: Seed Potato from True Seed-Technoguide, 
Department of Agriculture, Peradeniya, Sri Lanka. 1988. 

Ul 



CHAPTER 2 

LITERATURE REVIEW 

INTRODUCTION 

A number of environmental factors such as temperature, moisture, fertility, light 

intensity and duration, and CO2 concentration affect growth and yield of potato. One of the 

important uncontrollable factors is temperature. In many areas of Sri Lanka, yield and 

quality of potatoes are reduced by high temperatures during the growing season. As 

temperature increases, growth rate increases until an optimum value is attained. 

Photosynthetic rates also increase with increasing temperature to an optimum and then 

remains constant or decreases, whereas respiration continues to increase with rising 

temperature. Hence a temperature compensation point is reached beyond which there is 

greater loss through respiration than gain from photosynthesis and net growth decreases. 

INFLUENCE OF SOIL TEMPERATURE ON GROWTH, YIELD, AND QUALITY 

Soil temperature markedly affects potato yields. Jones et al., (1922) found optimum 

yields at 15.0-17.5oC in Wisconsin. Gregory (1954) reported that stem length and top 

weight increased with high soil and low air temperatures. Smith (1968) reported that 

optimum temperature for tuber formation is 15.5-17.50C under long days. Heat stress 

lowers potato tuber yields through reduction in the assimilate available for total plant 

growth and through reduced partitioning of assimilate to tubers (Burton, 1981; Ewing, 

1981). Ewing (1981) reported that high temperatures and affect tuberization similarly. 



Tuber yields are higher at soil temperatures above 50C, but optimum temperature 

varies with nutrient levels. Uptake of N, P, Ca, Mg, and P generally increase with 

increasing temperature to at least 19.40C (Nielsen et al., 1961). Manrique et al., (1984) 

showed that the uptake of N, P, and K by potato are influenced by soil temperature. 

Presence of an adequate level of K promotes CO2 assimilation and translocation of 

carbohydrates from leaves to tubers (Lachover and Amon, 1966). 

A lower soil temperature slows the growth of the epigenous part of the plant and 

decreases starch content of tubers. P and nitrate contents were much lower at 10.0-12.2oC 

than in control plants at 15-20oC. One of the principal causes of nutrient deficiencies of 

potatoes at lower soil temperatures is reduced mineral uptake (Barskaya et al., 1960). 

Cooling soil to 10.0-13.8oC around potato plant roots causes a in rapid reduction in 

P assimilation, which affects the leaf P content within 24 hrs. The effect increases with the 

duration of cold treatment A similar temperature response was found for potatoes in 

hydroponic culture (Korovin et al., 1961). When potatoes were grown at a soil temperature 

of 10,20, or 30oC for three weeks, the dry matter of tubers and the rate of carbohydrate 

storage in roots increased as soil temperature decreased to 10oC (Sekioka, 1964). 

Tuber initiation is induced by plant hormones and has been discussed by Krauss 

(1980). Went (1959) obtained greater tuber initiation at low temperatures and suggested 

that a tuber forming hormone may be present in plants grown at low night temperatures. 

Hormonal stimulus from the parent seed piece may be a factor in tuberization. Abscisic acid 

(ABA) promotes initiation whereas gibberellins (GA) have an adverse effect The ABA/GA 

ratio thus controls tuberization, a high ratio favoring and a low ratio restricting tuber 

initiation. High temperatures mimic effects of gibberellins, and evidence suggests that 

compounds like 2-chloroethyltrimethylammonium chloride (CCC) and ABA might increase 

partitioning of dry matter to tubers during heat stress (Menzel, 1980). 
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The ABA/GA ratio rapidly responds to N-nutrition. A continuous N-supply results 

in a relatively low ABA/GA ratio with "regrowth" of tubers. Interrupting the N-supply 

increases the ABA content, and thus gives rise to tuber initiation.This effect of N is 

sensitive enough to produce chain like tubers .This causes tuber malformations and the 

production of knobby tubers (Krauss and Marschner, 1976). 

Soil and air temperatures above 16.60C retard the growth and tuber yields 

(Bushnell, 1925), although Gaumann and Hafliger (1949) found that optimum yields were 

obtained over a range of 15.0-22.7oC. Plants grown at 20.5oC produced tubers with 

highest starch and sugar content Went (1959) varied day and night temperatures and found 

that optimum tuber production occurred with night temperatures of 10.0-12.8oC and day 

temperatures at 11.6-22.70C; night temperatures were more critical than day temperatures. 

Potatoes are grown in California from January through mid-November under wide 

ranges of temperature and climatic conditions (Lorenz, 1950; Yamaguchi et al., 1959; 

Shadbolt et al., 1962). Earliest emergence and best plant growth occurred when soil 

temperatures were 21.1-23.80C; poorest growth was obtained with soil at 10-12.7oC 

(Yamaguchi et al., 1964 a). Many stolons formed at 10.0-12.7oC; a large number grew six 

inches or more in length with delayed tuber enlargement At intermediate and high 

temperatures, most stolons were short or the tubers were borne sessile to the stem. At soil 

temperatures of 26.6-29.40C, some multiple tuber initiations on single thick stolons 

occurred close to the soil surface. Largest tubers occurred on plants grown in soil 

temperatures of 21.1-23.80C. 

Plants grown at intermediate soil temperatures (15.5-18.30C ; 21.1-23.80C) 

produced higher yields than those at lower and higher temperatures. Yamaguchi et al. 

(1964 a) reported that with the exception of the first harvest of White Rose and second 

harvest of Russet Burbank at 10.0-12.7oC, specific gravity, dry weight, and starch content 

of tubers were higher at intermediate than at lower or higher soil temperatures. 



Total sugar contents of tubers grown at intermediate temperatures (15.5-18.30C and 

21.1-23.8 0C) were lower than those from tubers grown at higher or lower temperatures. 

Highest total sugar content was found in tubers grown at 26.6-29.40C for both varieties. 

Total N also was higher in tubers grown at 26.6-29.40C. Large amounts of phenolic 

compounds occurred in potatoes grown at intermediate temperatures. 

Tuber shape is more uniform between 15.50C and 21.10C than at temperatures 

above or below. Tubers grown at 10.0-12.7oC are more spherical compared with the 

oblong shape of the Russet Burbank and White Rose varieties. Russet Burbank tubers are 

extremely knobby and the White Rose spindle-shaped when grown at 26.6-29.40C. There 

also is some multiple tuber development on single stolons at high temperatures. This is 

often observed in fields with moisture deficient soils at high temperatures (Yamaguchi et 

al., 1964a). 

SOIL TEMPERATURE SUPPRESSION 

Foliage cover, shading, and irrigation 

Lorenz (1950) compared air and soil temperature by modifying foliage cover, 

shading, and irrigation in potato fields in Kem County, California during the spring 

months of 1945,1946, and 1948. Soil temperature at six inches depth averaged about 

15.50C in early April and 18.30C in June. During April, the soil averaged several degrees 

above that of air, whereas the reverse was true during June. Diurnal temperature 

fluctuations in planted beds often exceeded 11.10C at the three-inch depth, whereas 

comparable fluctuations at the six-inch depth were less than 8.30C, and less than 4.40C at 

the nine-inch depth. Shading the soil by good foliage growth accounted for a cooling of 

about 4.40C, as compared with fallow beds. Irrigated beds were about 2.2 degrees cooler 

than unirrigated beds at the six-inch depth. 
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Another way of cooling the microenvironment is to utilize the shade of associate 

crops. Geiger (1950) showed a significant effect of sunlight on soil temperature at various 

depths on flat bare ground (Fig. 2.1). Shade provided by potato plants after they reach full 

canopy closure and ground cover, would affect this effect. At the same time, little is 

known about the effect of hilling which exposes more soil area to be heated (Hagood, 

1959). Extremely high soil temperatures may be important early in the season before much 

shade is developed and when tuber formation may be more susceptible to stresses. 

Midmore et al., (1983) reported improvement of potato emergence and establishment in 

plots shaded by maize {Zea mays L.)or coconut {Cocos nucifera L.). Artificial shade (34% 

of full sunlight) applied throughout the season in a high radiation environment reduced 

potato yield by 25-40% (Sale, 1976). 

Hagood (1959) stated that soil and air temperatures are influenced differently by 

irrigation frequencies and methods and this difference may influence potato yield and 

quality. Potatoes are best adapted to cool temperatures and long days. The mean 

temperature for the growing season should not exceed 21.10C according to Thome and 

Peterson (1954) who stated that frequent irrigation is often helpful in reducing soil 

temperature during tuber formation. 

Fluker (1958), in studying soil temperatures on bare ground after rainfall, found 

that soil temperatures were affected from 1 to 2 days following the rainfall and to a depth of 

60 cm. Water temperature would undoubtedly influence cooling. Gardner (1955) showed 

that temperature affects soil moisture tension when a constant soil moisture percentage is 

maintained. He concluded that variations in soil moisture tension due to temperature often 

may be too great to ignore in studies of soil relationships. 

Cykler (1946) using sprinkler irrigation in greenhouse studies found that the higher 

the soil moisture content, the greater the plant water consumption. However, he observed 

that this could be due to increased evaporative loss from the soil surface. Measurements 
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made during irrigation demonstrations conducted by the Colombia Basin Sprinkler 

Association show a soil temperature decrease of 60F in fields where light irrigations were 

applied frequently with sprinklers. 

Soil mulching 

Effect of soil mulch: Plant residue placed on soil can significantly alter soil 

temperature. The primary mechanism of this effect is the change in radiant energy balance 

(Van Doren and Allmaras, 1978), but an insulating effect may be involved also, because 

mulched soil normally is warmer than bare soil during cold weather even during day light 

hours (Unger and McCalla, 1980; Unger, 1978b). Radiation balance is influenced by 

heating of air and soil, evaporating of soil water, and reflection of incoming radiation by 

surface residue (Van Doren and Allmaras, 1978). As reflectance increases, soil temperature 

generally decreases. The insulating effect increases as mulch thickness increases (Unger, 

1978b). According to Hoyt and Hargrove (1986), various legume and nonlegume cover 

crops used for strip-till planting of potatoes show an initial reduction of potato emergence 

in cover crop plots as compared with bare cover or cultivated plots (unpublished data). 

Eight days later, residue plots achieved emergence levels as good or better than non residue 

plots. Further, yields from these cover crop, strip-till potato plots were 22% greater than 

yields of no-winter cover, strip-till potato plots. Improved moisture conditions during the 

early growth stages may have enhanced root, tuber, and fohage growth. Reduced soil 

temperatures (4-5 0C) were recorded in residue plots, but not outside the range that would 

promote good root growth. Mulching through reduction of mid-day soil temperature peaks 

has been shown to improve yields of tropical crops (Maurya and Lai, 1981). Monteith 

(1973) reduced in soil heating during the day by increasing the reflectivity of the soil 

surface. 
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Residue factors involved: Residue characteristics involved in the reflectance of 

incoming radiation include residue age, color, geometry (whether standing or matted on the 

surface), distribution, and amount The general condition of the plant residue must be 

considered because aging, which causes yellowing and bleaching, increases reflectance in 

the visible wavelengths, but decreases it in the near infrared wavelengths. Further, aging 

and decomposition of residue (after crop harvest) usually produces gray and darker shades, 

which reduce reflectance over the visible range (Van Doren and Allmaras, 1978). Attempts 

to reduce soil temperature during tuber bulking by a single application of mulch at planting 

have been unsuccessful, since reflective and insulatory characteristics of mulches 

degenerate as the season progresses (Midmore et al., 1986). 

Gausman et al., (1975) compared reflectance from bare soil with that from standing 

or surface-matted sugarcane (Saccharum officinarum L.) after cane was frozen and had 

bleached and yellowed. Reflectance was greater from matted residue than from bare soil, 

but less from standing sugarcane residue than both bare and matted residue at all measured 

wavelengths, apparently because shadows occurred in the standing stubble. 

Gausman et al., (1975), using dried and bleached avocado (Persea americana L.) 

leaves, showed also that maximum reflectance is reached asymptotically as the thickness of 

the leaves increases. For avocado, two leaves (leaf area index of 2) gave near maximum 

reflectance. Under field situations, residue cover is often incomplete because of natural 

distribution or incorporation by tillage; therefore, some reflectance value less than 

maximum would be expected for a given residue condition (Van Doren and Allmaras, 

1978). 

Radiation reflectance approaches a maximum as surface coverage by residue 

approaches 100% (Van Doren and Allmaras, 1978). Thus, excess residue coverage should 

have no effect on soil temperature if radiation reflectance alone is involved. However, 

residue mulches at rates greater than those required for complete surface coverage do affect 
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soil temperatures (McCalla and Duley, 1946; Unger, 1978b), apparently because of an 

insulating effect. Effects of wheat straw mulches at rates from 0-121 ha1 on temperature 

of Pullman clay loam at Bushland, Washington during a hot and cold period were studied. 

The 41 ha-1 rate covered almost 100% of the surface (Unger, 1978b). The mulch rate 

effect on temperature was greatest during the hot period and least during winter. Trends, in 

general, were similar to those reported for residue-mulched soils by Allmaras et al., (1973) 

and Van Doren and Allmaras, (1978). 

Intercropping 

Farmers around the world have created a vast array of multiple cropping patterns 

designed to maximize total production per unit land, minimize risks involving food security 

or pests, and achieve other beneficial goals (William, 1990). Multiple cropping involves the 

growing of one or more species on the same land during a year. Time and space represent 

two basic ecological components that can be manipulated to enhance productivity while 

considering resource management in multiple cropping systems. Interestingly, time and 

space are considered in both monocrop and multiple cropping systems or crop rotations 

worldwide. 

Time describes the period available for crop production or the duration between 

planting and harvesting. In the humid tropics, time usually represents 365 days, but may be 

defined as the mean available growing period when drought or winter weather prevent year- 

round cropping (Menegay et al., 1978). Space represents both the horizontal and vertical 

components of fields or growing areas. Row spacings, plant populations,and planting 

patterns describe the horizontal plane. However, maximum creativity occurs when vertical 

space is considered, both above and below the soil surface. Tree roots, for example, 

explore different vertical horizons in the soil than com or cabbage (Brassica oleracea Var. 

capitata L.). 
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Farmers often combine vertical and horizontal planes by interplanting upright crops like 

com, sugarcane, or onions (Allium sativum Linn.) with broadleaf crops such as legumes, 

sweet potatoes, crucifers, or cucurbits. 

Comparability between diverse multiple cropping systems has been achieved using 

several indices. The Land Equivalent Ratio (LER) measures productivity of two 

intercropped species compared to monoculture yields. Farmers' management criteria 

involving time and space perspectives have been combined into a Crop Intensity Index 

(Menegay et al., 1978). 

Multiple cropping systems include sequential cropping, intercropping and relay 

cropping. Sequential cropping involves the planting of one crop following another. 

Intercropping and relay systems represent the most diverse and creative designs for 

achieving diverse goals or managing biological interactions (Beets, 1982; William and 

Chiang, 1980). Farmers either interplant two or more crops and relay harvest or they 

interplant with staggered sowing dates. Strategies often include growing relative 

proportions of two or more crops required for family consumption, planting crops 

beneficial to each other, optimizing profit, or possibly maximizing canopy development and 

weed suppression with increased leaf area indices based on maximum use of sunlight. 

Although the concept of intercropping is generally associated with primitive 

agriculture, the complexity of the management decisions has, until recently, isolated the 

practice in terms of research. The series of interactions between decisions on choices of 

species, relative timing of component crops, populations and spatial distribution, coupled 

with economic consideration, attest to this. 

Many detailed reports of the intercropping of cereals with legumes have been 

published in India (Natarajan and Willey, 1980), Africa (Anonymous, 1985b) and South 
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America (Davis and Garcia, 1983). However, there is less published information on the 

intercropping of root or tuber crops with either annual or perennial crops. The available 

information is often only descriptive in nature. 

Intercropping of potato in the tropical highlands is an established farmer practice in 

parts of the Andes (Augstburger, 1985) and in Central and West Africa (Tegera and Vander 

Zaag, 1984) and mostly conforms to traditional advantages. The potential role of 

intercropping in the expansion of potato cultivation to climates hotter than traditional 

production areas by providing shade at different phases of potato growth has been 

described by Midmore (1990). According to him, systems of intercropping potatoes with 

shade crops fall into four categories (Fig. 2.2): (I) relay-cropping into an annual shade crop 

(Fig. 2.2a); (11) intecropping with perennials (Fig. 2.2b); (HI) intercropping with annuals 

(Fig. 2.2c); and (IV) relay-cropping a shade crop into potato (Fig. 2.2. d). These systems 

modify the microclimate (suppress soil and air temperatures) of the potato crop and 

intercept radiation, thereby influence tuberization, photosynthesis and dry matter 

partitioning, and interspecific competition. 

Transplanting potato as an associated crop improved seedling survival under heat 

stress conditions (Malagamba, 1984). The benefit of this system depends on the types of 

crops involved since a proper combination of radiation reduction and duration of crop 

association must be considered. In his experience, relay cropping has proved adequate for 

improved seedling survival in hot-humid areas when true potato seed (TPS) were 

transplanted between rows of mature maize, soybean (Glycine max L.), and sunnhemp 

(Crotolaria juncea L.). Relay cropping (10-30 days) and intercropping with maize provided 



16 

shade which suppressed air and soil temperatures without affecting tuberization and 

photosynthesis in the hot tropics (Midmore et al., 1988). Fisher (1979) reported that yield 

of potato planted three weeks after maize ranged from 25-75% of the yield of potatoes 

planted alone. 

The 1986 / 87 Annual Report of the International Potato Center (CDP) stated that 

intercropping with potatoes has received considerable attention in several countries in the 

warm tropics. A number of potato clones tolerant to shade have been identified in Peru. 

Intercropping potato with maize in the Philippines was successful. Relay-cropping in 

Egypt, where potatoes are planted in the shade of maize has permitted planting of potato at 

a time normally considered to be too hot (CIP, 1986/'87). According to the 1991 CIP 

Report, trials conducted in Egypt showed that potatoes could be planted as an early fall 

(August) crop when intercropped with maize. It further states that maize or sunflower 

(Helianthus annus L.) planted six weeks before potatoes increased potato plant emergence 

and stem number and at 90 days after planting (DAP) while potato yield was significandy 

higher than the control. In Bangladesh, potatoes grew successfully with sugarcane, 

providing almost double the income of other crops intercropped with sugarcane. In Nepal, 

intercropping potatoes and maize is common at lower altitudes (1500-1800 m), while 

monocropping at higher elevations better utilizes the land and reduces risks (Rhoades, 

1985). In Sri Lanka, the use of maize, cowpea (Vigna unguiculata L.) and ipil-ipil 

(Luceana lucocephala L.) as shade crops was successful in manipulating the 

microenvironment to favor potato production in warmer areas (Kuruppuarachchi, 1990). 

Living mulch 

Living mulches include sod interplants in orchards, cover crops, green manures, 

or selected "weeds" that benefit the cropping systems by providing soil cover, improving 

water infiltration, enhancing organic matter, increasing biological interactions, or 
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decreasing pest incidence (William, 1990). Ground covers influence both directly, and 

indirectly, the temperature of the air and the soil (Skroch and Shribs, 1986). Woodbury et 

al., (1917) noted that soil temperature was inversely proportional to the amount of either 

grass herbage or straw mulch in the orchard. Cooper (1973) and Dancer (1964) reported 

that plastic mulches increased soil temperatures while straw mulches and living plants 

shaded and insulated the soil, thereby reducing temperatures. They further stated that plant 

mulch will minimize the severity of daily fluctuation in soil temperature. 



18 

Fig. 2.1. Effect of sunlight on soil temperature at various depths (Geiger, 1950). 
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Fig. 2.2. Systems of intercropping potato with shade crops (Midmore, 1990). 
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CHAPTERS 

MULCHING, INTERPLANTING, AND HILLING ON GROWTH, DRY MATTER 

PARTITIONING AND YIELD OF POTATO {Solarium tuberosum L.) IN WARM 

CLIMATES OF SRI LANKA 

INTRODUCTION 

The potato (Solanwn tuberosum L.) is one of the most productive and nutritious 

food crops. Due to adaptability to cool climates, production has been restricted to the 

erosion-prone highland areas of Sri Lanka. Vast potential exists for expansion of potato 

cultivation in the lowland areas while production areas in the highlands are limited by crop 

saturation (Yogaratnam, 1988). High soil temperatures of lowland tropical areas present 

major problems to potato cultivation (Vander Zaag and Horton,1983; Midmore, 1984). 

Efforts to identify heat tolerant clones are underway (Mendoza and Wissar, 1982). 

Selection criteria for such materials (Mendoza and Estrada, 1979) and selection 

methodologies (Sattelmacher, 1983) are readily available. As an alternative to clonal 

selection, the crop microenvironment could be modified to favor potato growth. Monteith 

(1973) reported temperature suppression during the day by increasing reflectivity from the 

soil surface. Mean day soil temperatures > 25°C delayed plant emergence (Sale, 1979; 

Midmore, 1988a). Midmore et al., (1983) reported improved potato emergence and stand 

establishment by using maize (Zea mays L.) or coconut (Cocos nucifera L.) as shade 

crops. Improvement of potato emergence and establishment was attributed to the reduction 

of soil temperature and conservation of soil moisture by shading. In Egypt, maize or 

sunflower (Helianthus annus L.) planted six weeks before potatoes increased plant 

emergence and stem number (OP, 1991). Shorter-stature living-mulch crops under 

experimentation at the International Institute of Tropical Agriculture in Nigeria 
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(e.g. Centrosema pubescens L.; Anon, (1985b) and at the North Carolina State University 

tropical soils program in Peru {Pueraria sp.; Sanchez et al., 1982) theoretically could 

benefit potato emergence. Mulching favored crop emergence, canopy development, crop 

cover, light interception, and stand of tuber bearing plants at final harvest in hot tropical 

areas (Midmore et al., 1986). 

High soil temperatures late in the potato growing season were detrimental to tuber 

yields particularly when haulm lodging exposed the soil to sunlight (Midmore, 1988a). 

High soil temperature inhibits the conversion of sucrose to starch in tubers during bulking 

(Krauss and Marschner, 1984). Heat stress lowers potato yields both through a reduction 

in assimilate available for total plant growth and through reduced assimilate partitioning to 

tubers (Burton, 1981; Ewing, 1981). Beneficial effects of soil mulch on soil moisture 

conservation and day time reduction of soil temperature in tropical areas were greatest in 

high irradiance environments with low natural reflectivity (Midmore et al., 1986). 

Mulching, through suppression of soil temperatures, has been shown to improve yields of 

tropical crops (Maurya and Lai, 1981). Midmore (1984b) reported that reduction in soil 

temperature during late bulking in warm conditions through the use of soil reflectants 

increased potato yield up to 50%. Potato can be planted simultaneously with a companion 

crop which intercepts radiation in excess of the needs of potato crop and simultaneously 

reduces soil and air temperatures thereby favoring growth and yield of potato (Midmore, 

1988b). However, Fisher(1977) reported that yields of potato planted three weeks after 

maize ranged from 25-75% of the yields of potato alone. 

Although soil temperature manipulation has been used successfully, the 

effects of these techniques on the extent of soil temperature suppression and subsequent 

growth, dry matter partitioning and tuber yields of potato have not been studied. In this 

report, suppression of soil temperature in a warm climatic area of Sri Lanka was effected 
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under field conditions using rice straw-bridge, rice straw mulch, intercropping, intercrop 

architecture, close planting, living-mulch and hilling. Effects on growth, dry matter 

partitioning, and tuber yields are discussed. 

MATERIALS AND METHODS 

An experiment was conducted in two consecutive cropping seasons during July to 

October of 1991 (Yala season) and December to March of 1991-1992 (Maha season) at the 

Regional Agricultural Research Center at Bandarawela (6° Sl'N latitude, 80° 59'E longitude 

and 1300 m a.s.L), Sri Lanka. The Yala season is warmer while the Maha season is cooler. 

The average annual precipitation is about 1600 mm of which approximately 980 mm is 

distributed in the wet months of October through January and March through April. Mean 

minimum air temperatures range from 17-180C during May through August and 15-160C 

during November through February. Soil is classified as an Ultisol (De Alwis and 

Panabokke, 1973) with pH 5.2, organic matter 2.3%, total N 0.145%, available P 

(Olsen's) 21.2 ppm, and exchangeable K 0.28 me lOO-ig at the experimental site. The 

rainfall distribution and soil temperatures of the Center are presented in Fig. A.l. and A.2., 

respectively while air temperatures are presented in Fig. A.3. 

The experiment consisted of the following temperature suppression treatments: 

1. Control (ambient temperature, i.e. without temperature control) 

2. "Rice straw bridge"-shading of irrigation furrows with rice straw / 

bamboo bridge (control for prostrate intercrop) 

3. Rice straw mulch (8 tha-1) on soil surface (control for rice straw bridge) 

4. Synchronous planting of potato and prostrate intercrop-sweet potato 

(Ipomoea batatas L.) cultivar CARI-9 



23 

5. Synchronous planting of potato and erect intercrop soybean 

(Glycine max) cultivar Pb-1 

6. Weeds as living mulch 

7. Close planting (30 cm x 25 cm) 

8. No hilling 

9. Hilling 

During the Yala season, rice-straw-bridge and hilling treatments were hilled at 

planting while others were hilled one month after planting. In the Maha season, all 

treatments except the control were hilled at planting. 

One month prior to planting potato, both experimental sites were plowed and 

amended by incorporating 11 ha -1 of dolomite. Cattle manure at the rate of 101 ha-1 was 

added to the planting furrow aand covered with a layer of soil. This formed a continuous 

porous column undreneath the seed tubers. A Japanese research paper described soil 

oxygen was enhanced, rather than the assumed fertility in which tomatoes (possibly 

potatoes) required 25% soil oxygen, whereas egg plant required only 15% oxygen within 

the soil rooting zone. Presprouted "Krushi" tubers (<37.5mm in diameter) were planted 5 

cm deep and spaced 60 cm between rows and 25 cm within rows in all treatments except 

for the close planting treatment, where the row spacing was 30 cm. Seed tubers were 

planted on July 15,1991 in Yala and on December 06,1991 in the Maha. Each 

experimental plot measured 3.6 m x 2.5 m. Treatments were arranged in a randomized 

complete block design with four replications.The experiment was irrigated using overhead 

hose when tensiometer measured 50 centibars. Fertilizers were applied at rates of 150 kg 

N, 200 kg P205, and 100 kg K2O ha1 in the form of urea, triple super phosphate, and 

muriate of potash, respectively. Onethird of the N was applied at planting and two-thirds 

side-dressed 30 days after planting. 
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Rice straw mulch was applied at 6-8 t ha-1 to the soil surface in the mulching 

treatment and on bamboo-bridges over irrigation furrows immediately after potato 

planting. The mulching treatment during Yala was not hilled but was hilled at planting 

during Maha. 

In the intercropping treatments, potatoes were planted simultaneously with sweet 

potato and soybean. One row of sweet potato was planted between potato rows using 

terminal cuttings at a spacing of 25 cm within row. One row of soybean also was sown at a 

spacing of 10 cm within the inter-row. Neither intercrop was fertilized. 

Weeds grown in situ were maintained as the living mulch treatment between the 

potato rows. Weed height was maintained at 5-10 cm throughout the experimental period 

by shearing at 2-week intervals. 

Standard management practices were used for potatoes, sweet potato, and soybean. 

Calendar spraying of recommended chemicals for common pests of potato (Phytophthora 

infestans, Alternaria solani, Tetranychus spp., and Euxoa spp.) was followed. 

Soil temperatures at 5 cm and 20 cm depths were recorded daily at 06.30 hrs and 

13.00 hrs throughout the study using soil thermometers. Data on potato emergence were 

collected from 15 days after planting (DAP) up to 25 DAP. Soil coverage by the canopy 

was determined as outlined by Burstall and Harris (1983) using a grid with 100 squares 

every week on two sets of four plants per treatment throughout the growing season. 

Data for growth analysis and dry matter partitioning were collected from two plants 

selected randomly per plot at 30,45, 60,75, and 90 DAP. All samples were separated and 

weighed as leaves, stems, roots, and tubers. The leaf area was estimated by the disk 

method (Bremner and Taha, 1966). Sub-samples of each component were dried in an oven 

at 98 0C for 24 hrs and weighed. At final harvest, ten plants were sampled per plot. Tuber 

fresh-weight, number of tubers plant-i and individual tuber weights were measured. 
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Subsequently tubers were sorted into large (>50 mm), medium (37.5-50 mm), small 

(<37.5 mm) and very small tubers. Soil density of each experimental plot was measured 

using a penetrometer. 

Gop growth rate (CGR), leaf are index (LAI), net assimilation rate (NAR), and 

harvest index were calculated as follows: 

1. CGR = W2-W1 /T2-T1, where W2 and Wi are dry weights of plant 

at times T2 and Tj. 

2. LAI = Leaf / Land area. 

3. NAR = (W2- WO (Log L2-L1) / (T2-T!) (L2-L1) (Gregory, 1926). 

W2 and Wi are dry weights and L2 and Li are leaf areas per plant at times T2 and 

Ti, respectively. 

4. Harvest index (HI) = Tuber dry weight / total plant dry weight. 

RESULTS AND DISCUSSION 

Introduction 

Hypotheses originally focused on modifying intercrop architecture, shade, and 

temperature during potato production to improve yields. Specific treatments of interest 

involved vertical and horizontal crop architecture. To compare results, a rice straw-bridge 

was designed to simulate a horizontal crop architecture. Soil mulching with rice straw was 

included in the study as a standard control treatment (Midmore et al., 1986; Hoyt and 

Hargrove, 1986). Hilling was included since little is known about this practice which 

exposes more soil area for heating during the day (Hagood, 1959). 

Results, however, began to suggest that original hypotheses required a different 

approach to analysis and interpretation. For instance, the growth, DM partitioning, and 
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yield response of potato to both the rice straw-bridge and rice straw mulch was similar. 

Hence, these treatments are grouped under "rice straw mulching system" for discussion 

purposes. Similarly, responses of most parameters were similar for intrercropping, 

intercrop architecture, living-mulch, and close planting in both seasons and, therefore, 

were grouped under "interplanting system". "Hilling" also is discussed separately for the 

same reason. 

Rice straw mulching system 

Emergence rate was significantly greater under the rice straw-bridge and rice straw 

mulch than under the interplanting and hilling systems in Yala (Table 3.1). At 20 DAP, 

emergence was 60% and 75% in Yala and Maha, respectively, with the rice straw mulching 

system. The improved emergence rates could be attributed to soil temperature suppression 

at the 20 cm depth during the day (Fig. 3.1 & 3.2), possibly due to the reflectivity of the 

rice straw-bridge and rice straw mulch. Sale (1979) and Midmore (1988a) observed 

improved potato emergence under mulch due to soil temperature reduction during the day 

and soil moisture conservation in tropical areas with high irradiance and low natural 

reflectivity. Treatments that reduced soil temperatures hastened emergence while soil 

heating delayed emergence (Midmore, 1984b). 

Canopy coverage (Table 3.2) and plant height (Table 3.3) were improved under 

the rice straw mulching systems, compared to interplanting and hilling systems in both 

seasons Canopy coverage of the soil never reached more than 69% in Yala and 64% in 

Maha. Midmore et al., (1986) reported that mulch favored crop emergence, canopy 

development, crop cover, light interception, and stand of tuber bearing plants at final 

harvest in a tropical environment Treatments that reduced soil temperatures hastened 
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foliage development and canopy coverage (Midmore, 1984b). In studies reported here, rice 

straw bridge and rice straw mulch had no influence on stem number plant-1 which remained 

unchanged throughout the cropping cycle in both seasons (Table 3.4). 

LAI with maximum values at 75 DAP (Fig. 3.3 & 3.4), CGR with maximum 

values at 45-60 DAP in Maha (Fig. 3.6) and NAR (Table 3.5) were improved by the rice 

straw-bridge and rice straw mulch in both seasons. A quadratic relationship between LAI 

and time (Fig. 3.7) and CGR and time (Fig. 3.8) were also observed in both seasons. An 

improvement in CGR under rice straw-bridge with maximum values at 60-75 DAP was 

evident in Yala (Fig. 3.5). Improvement in LAI, CGR, and NAR could be attributed to 

soil temperature suppression under these systems which might enhance canopy 

development in potato. This advantage of LAI may contribute to high DM production and 

growth rate. Midmore (1984a) reported a faster rate of increase in leaf area in cooler soil 

conditions than under warmer soil conditions. Increases in LAI through mulching were 

largely due to increase in stem, branch, and leaf numbers (Midmore et al., 1986). In Maha, 

CGR improvement under rice straw mulch may be due to hilling at planting. Advancement 

of maximum CGR values in the Maha season (45-60 DAP) may be due to cooler 

temperatures regime and greater cloud cover compared to Yala season. 

Total DM production increased with time up to 90 DAP under rice straw-bridge and 

rice straw mulch systems (Fig. 3. 9 & 3.10) showing a significant linear relationship with 

time (Fig. 3.11) as compared with that under interplanting and hilling systems in both 

seasons. This may be due to high LAI available for photosynthesis under these systems. 

The amount of DM distributed to tubers was improved under these systems (Fig. 3.12 & 

3.13) and the relationship between DM distribution and time was linear (Fig. 3.14) in both 

seasons. This could be attributed to increased assimilate partitioning to tubers under 
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reduced soil temperatures associated with these systems. The dominant feature of DM 

distribution was the increase in the proportion of DM in tubers with time. This pattern of 

DM distribution was similar to that reported earlier (Gunasena and Harris, 1968). 

Final tuber yields (Table 3.6.) and individual tuber weight (Table 3.7) were 

increased under rice straw-bridge and rice straw mulch systems in both seasons. Yield 

improvement under these systems may possibly be due to reductions in both soil 

temperature (Fig. 3.1 & 3.2) and bulk density (Table 3.8). Maurya and Lai (1981) reported 

that mulching, through soil temperature reduction in the day, improved yields of tropical 

crops. Reduction in soil temperature during late bulking in warm conditions through the 

use of soil reflectants resulted in potato yield increases up to 50% (Midmore, 1984b). 

Monteith (1973) reported reduction in soil heating during the day by increasing the 

reflectivity of the soil surface. Increased tuber size could be attributed to high DM 

partitioning to tubers because of soil cooling created by the rice straw mulch system. 

Tuber number plant -1 at final harvest was greater under rice straw-bridge and rice 

straw mulch systems than under other treatments in Yala but not in Maha (Table 3.9). The 

harvest index under the rice straw bridge treatment was greater than that under potato- 

soybean and close planting systems in Yala while none of the treatments influenced harvest 

index in Maha (Table 3.10). High HI could be attributed to high DM accumulation and 

partitioning to tubers under the cool soil regimes created under the rice straw-bridge 

system. The percentage of large tubers was greater under the rice straw-bridge and rice 

straw mulch systems than under other systems in both seasons (Fig. 3.15 & 3.16), 

possibly due to high DM distribution to tubers under cool soil regimes. 

Interplanting system 

Interplanting systems in general did not appreciably improve potato emergence 

(Table 3.1), canopy coverage (Table 3.2), plant height (Table 3.3), or stem number 
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plant-i (Table 3.4), except that emergence was improved by the potato-soybean 

synchronous planting system. Improved emergence under potato-soybean could be 

attributed to quick emergence of soybean seedlings, which may have created better ground 

cover than other interplanting systems. The failure to improve emergence, coverage, plant 

height and stem number plant-i under the interplanting systems may be attributed to lack of 

shading for the first 25 DAP and, thereby, failure to suppress soil temperature 

(Fig.3.17 & 3.18). Vander Zaag and Demagante (1990) observed similar effects in 

synchronous planting of potato with maize. 

LAI (Fig. 3.3 & 3.4), CGR (Fig. 3.5 & 3.6), and NAR (Table 3.5)) were lower 

in the interplanting systems than in the rice straw mulch system. This may be due to 

competition between interplants and potato for water and nutrients, because the interplants 

were not fertilized separately. Also, lack of soil temperature suppression 

(Fig. 3.17 & 3.18) during the early part of the potato season may be another reason. 

Cumulative effects of these factors may have resulted in poor canopy development and 

reduced growth rates, due to limited photosynthetic leaf area. 

Total DM (Fig. 3.7) and DM distribution to the tubers (Fig.3.19,3.20, 3.21. & 

3.22) were not improved under interplanting systems compared with other systems in both 

seasons possibly due to poor potato plant growth. Poor growth could be attributed to lack 

of soil temperature suppression and competition between interplants and potatoes, resulting 

in reduced potato photosynthetic leaf area. Heat stress lowers potato yields both through 

reduction in assimilate available for total plant growth and through reduction in assimilate 

partitioning to tubers (Burton, 1981: Ewing, 1981). 

Interplanting systems failed to improve tuber yields (Table 3.6), individual tuber 

weight (Table 3.9), tuber number plant-i (Table 3.8), HI (Table 3.10), or the percentage of 

large tubers (Fig. 3.15 & 3.16). All were significantly lower than that under rice straw 

systems. The reduction in yield could be attributed to lack of temperature suppression 
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(Fig. 3.17 & 3.18) and competition between interplants and potato for water and nutrients. 

Fisher (1977) reported that yields of potato planted three weeks after maize ranged from 

25-75% of the yields of a potato monocrop.Vander Zaag and Demagante (1990) reported 

that low levels of shade from interplants did not improve per plant tuber yield. 

Hilling 

In hilling treatment, potato plant emergence (Table 3.1), canopy coverage (Table 

3.2), and plant height (Table 3.3) were not improved but the number of stems plant-i 

increased with hilling (Table 3.4). LAI (Fig. 3.3 & 3.4), CGR (Fig. 3.5 & 3.6), and NAR 

(Table 3.5) were not improved by hilling in either season. 

Hilling was similar to interplanting with respect to total DM production 

(Fig. 3.9 & 3.10) and DM partitioning to tubers (Fig. 3.23), which were lower than under 

rice straw systems in both seasons. The poor growth performance, low total DM 

production and DM partitioning to tubers may be attributed to lack of soil temperature 

suppression in the day at 20 cm depth, under this system (Fig. 3.17 & 3.18).Also this 

method exposes more soil area for heating during the day (Hagood, 1959). 

Hilling was similar to interplanting with respect to tuber yield (Table 3.6), tuber 

number plant-i (Table 3.9), individual tuber weight (Table 3.9), HI (Table 3.10) and tuber 

size (Fig. 3.15 & 3.16) which were lower than under the rice straw mulch system at final 

harvest. Higher tuber yields in Maha season than in Yala season may possibly be due to 

greater DM partitioning to tubers in cooler Maha season than in warmer Yala season. 

CONCLUSIONS AND DIRECTIONS 

This study suggests that rice straw, which is available in abundance in the rice 

growing tracts of lowland Sri Lanka, has potential for use in off-season potato production 
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in the lowlands. Currently it is used mainly as animal feed or as raw material for paper 

manufacturing. But there are areas where rice straw is burned in the fields. In such areas, 

rice straw can be used in off-season potato production. Some examples of other materials 

which can be used as mulch include rice hulls, dried grass leaves, and sawdust. 

Investigations addressing the renewal of organic mulch materials during the cropping 

season are needed. A single application of mulch at planting results in decomposition and 

reduced reflectivity and insulatory characteristics over time. 

Intercropping potato and soybean resulted in better potato emergence. The influence 

of intercrop architecture on soil temperature suppression and subsequent growth and yield 

of potato could not be realized in this study since sweet potato and soybean are similar in 

stature. Also, since these intercrops were not fertilized separately, their competition with 

potato for nutrients and water might have resulted in reduced growth and yield of potato. In 

addition, synchronous planting of intercrops and potato resulted in the failure of the 

intercrops to cover the soil during the early part of the potato crop. These deficiencies 

necessitate an investigation into intercrop architecture and systems of intercropping such as 

relay-cropping with pigeon-pea (Cajanus cajan L.) or maize to provide early season shade 

and soil temperature reduction. Fertilizer treatments should be included to determine 

whether intercrops interfered with potato nutrition. 

The main objective of this study is to determine the feasibility of producing potatoes 

during warmer months of March through September in the lowlands of Sri Lanka by 

modifying the crop microenvironment to maintain a year-round supply of consumable 

potatoes. Soil temperature suppression of 1-60C under the rice straw mulch system in this 

study reveals that farmers in the lowland Mahaweli, northern, and northwestern areas of 

the country with irrigation facilities can utilize this technique for off-season potato 

production during warmer months, provided rice straw is not limiting.Warm weather 

production of potatoes a will result in year-round supply of consumable potatoes. 
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Fig. 3.1. Mean weekly soil temperatures at 20 cm depth at 13 hrs. 
under rice straw-bridge and control during the experimental 
period in Yala and Maha seasons. 
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Fig. 3.2. Mean weekly soil temperatures at 20 era depth at 13 hrs. 
under rice straw mulch and control during the experimental 
period in Yala and Maha seasons. 
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Fig. 3.3. Leaf area index (LAI) of potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under various "systems" during Yala season. 
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Fig. 3.4. Leaf area index (LAI) of potato at 30, 45, 60, 75, & 90 days after 
planting under various "systems" during Maha season. 
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Fig. 3.5. Crop growth rate (CGR) of potato at 30-45, 45-60, 60-75, &75-90 
days after planting (DAP) under various "systems" during Yala season. 
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Fig. 3.6. Crop growth rate (CGR) of potato at 30-45, 45-60, 60-75, & 75-90 
days after planting (DAP) under various "systems" during Maha season. 
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Fig. 3.7. Relationship between leaf area index of potato and time under rice straw- 
bridge, rice straw mulch, and control during Yala and Maha seasons. 
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Fig. 3.8. Relationship between potato crop growth rate and time under rice straw- 
bridge, rice straw mulch, and control during Yala and Maha seasons. 
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Fig. 3.9. Total dry matter (DM) production in potato at 30,45, 60, 75, & 90 
days after planting (DAP) under various "systems" during Yala season. 
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Fig. 3.10. Total dry matter production in potato at 30, 45, 60, 75, & 90 days 
after planting (DAP) under various "systems" during Maha season. 
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Fig. 3.11. Relationship between total dry matter production in potato and time 
under rice straw-bridge, rice straw mulch, and control during Yala and 
Maha seasons. 
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Fig. 3.12. Dry matter partitioning in potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under rice straw-bridge during Yala and Maha seasons. 
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Fig. 3.13. Dry matter partitioning in potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under rice straw mulch during Yala and Maha seasons. 
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Fig. 3.14. Relationship between dry matter partitioning to potato tubers and 
time under rice straw-bridge, rice straw mulch, and control during 
Yala and Maha seasons. 
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Fig. 3.15. Percentage of different potato tuber sizes under various "systems" 
during Yala season. 
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Fig.3.16 Percentage of different potato tuber sizes under various "systems" 
during Maha season. 
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Fig. 3.17. Mean weekly soil temperatures at 20 cm depth at 13 hrs. under 
interplanting, hilling, and control systems during the experimental 
period in YaJa season. 
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Fig. 3.18. Mean weekly soil temperatures at 20 cm depth at 13 hrs. under 
interplanting, hilling, and control systems during the experimental 
period in Maha season. 
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Fig. 3.19. Dry matter partitioning in potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under potato-sweet potato system during Yala and Maha 
seasons. 
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Fig. 3.20. Dry matter partitioning in potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under potato-soybean system during Yala and Maha 
seasons. 
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Fig. 3.21. Dry matter partitioning in potato at 30,45, 60, 75, & 90 days after 
planting (DAP) under living-mulch system during Yala and Miaha seasons. 
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Fig. 3. 22. Dry matter partitioning in potato at 30, 45, 60, 75, & 90 days after 
planting (DAP) under close planting system during Yala and Maha seasons. 
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Fig.3.23. Dry matter partitioning in potato at 30,45,60,75, & 90 days 
after planting (DAP) under hilling system during Yala and Maha 
seasons. 

a 

a 
E 
>. u a 

50 60 70 

Days after planting 

80 90 

70 

c 
a 

60 - 

50- 

40- 

30 

20- 

10 - 

0 

0 Tuber 
Stem 
Leaf 

b. Maha season 

50 60 70 

Days after planting 



Table 3.1. Potato emergence (%) at 20, 25, & 30 days after planting 
(DAP) under various   "systems" during Yala and Maha seasons 

Temperature suppression systems 
Y2 

20 DAP i 25 
Y 

DAP 
M Y 

30 DAP 
M 

Control (without temp. control)   . . . 38 a 54 ab 87 bed 64 a 93 b 65 a 

Rice straw-bridge 68 b 73 ab 96 d 81 a 97 b 85 a 

Rice straw mulch 60 b 75 b 92 cd 87 a 94 b 89 a 

Potato-sweet potato 24 a 59 ab 79abc 76 a 88 b 80 a 

Potato-soybean 61 b 54 ab 94 d 75 a 94 b 79 a 

Living-mulch 37 a 53 ab 88 bed 61 a 90 b 68 a 

Close planting 24 a 49 a 69 a 67 a 73 a 72 a 

No-hilling 38 a 69 ab 84 bed 74 a 88 b 77 a 

Hilling 21 a . 68 ab 77 ab 79 a 86 ab 83 a 

Column means within categories separated by LSD test (P=0.05) 
1 = Days After Planting. 

2 = Yala season (Julyl5,1991-Octoberl5,1991). 
3 = Maha season (December 06,1991^March 06,1992). 

00 



59 

Table 3.2. Potato canopy cover (%) at 45 and 60 days after planting 
under various "systems" during Yala and Maha seasons 

Temperature suppression systems 45 DAP 
Y          M 

60 DAP 
Y        M 

Control (without temp. control) 34 ab 48 b 45 a 47 be 

Rice straw-bridge 50 c 57 b 62 b 56 cd 

Rice straw mulch 45 be 53 b 69 b 64d 

Potato-sweet potato 31 ab 48 b 36 a 27 a 

Potato-soybean 29 a 54 b 41a 34 ab 

Living-mulch 39 abc 44 b 41a 35 ab 

Close planting 27 a 24 a 32^ 21a 

No-hilling 30 ab 54 b 39 a 35 ab 

Hilling 26 a 52 b 31a 42 abc 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.3. Potato plant height (cm) at 60 days after planting under 
various "systems" during yala and Maha seasons 

Temperature suppression systems Yala Maha 

Control (without tern perature control j 35.4 ;i 29.9 a 

Rice straw-bridge 48.X   c 43.5 b 

Rice straw mulch 42.6  be 41.8 b 

Potato-sweet potato 34.7 a 37.1 ab 

Potato-soybean 34.4 a 32.9 ab 

Living-mulch 38.1 ab 32.2 ab 

Close planting 38.1 ab 39.5 ab 

No-hilling 31.8 a 36.5 "ab 

Hilling 35.4 a 37.2 ab 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.4. Potato stem number plant-1 under various "systems" during 
Yala and Maha seasons. 

Temperature suppres sion systems Yala Maha 

Control (without tern perature control) 3.3 a 2.0 a 

Rice straw-bridge 3.0 a 3.0 abc 

Rice straw mulch 3.8 a 3.2 ab 

Potato-sweet potato 3.0 a 3.6 be 

Potato-soybean 2.0 a 2.5 abc 

Living-mulch 2.6 a 3.0 abc 

Close planting 3.1 a 3.0 abc 

No-hilling 2.8 a 3.5 c 

Hilling 2.6 a 2.5 abc 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.5. Net assimilation rate (mg cm-2 day-i) of potato under 
various "systems" during Yala and Maha seasons 

Temperature suppression systems Yala Maha 

Control (without tern iperature control) 1.0 .6 

Rice straw-bridge 1.2 1.2 

Rice straw mulch 1.0 I.I 

Potato-sweet potato .9 .8 

Living-mulch .7 .7 

Close planting .6 .5 

No-hilling .8 .8 

Hilling .7 .6 
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Table 3.6. Potato tuber yield (t ha-1) under various "systems' 
at final harvest during Yala and Maha seasons 

Temperature suppression systems Yala Maha 

Control (without temperature control) 7.2 ab 7.3 a 

Rice straw-bridge 13.1c 12.1b 

Rice straw mulch 11.0 be 12.3 b 

Potato-sweet potato 5.5 a 7.9 a 

Potato-soybean 6.2 a 7.2 a 

Living-mulch 8.0 ab 6.6 a 

Close planting 5.9 a 8.6 ab 

No-hilling 8.1 ab 7.6 a 

Hilling 5.9 a 10.2 ab 

Column means within categories separated by LSD test (P=0.05) 

Season x Treatment interaction not significant at P=0.05 
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Table3.7. Individual potato tuber weight (g) under various 
"systems" at final harvest during Yala and Maha seasons 

Temperature suppression systems Yala Maha 

Control (without temperature control) 20.7 be 21.7 ab 

Rice straw-bridge 26.7 c 30.6 b 

Rice straw mulch 23.5 c 46.8 c 

Potato-sweet potato 16.0 ab 25.2 ab 

Potato-soybean 15.3 ab 18.4 a 

Living-mulch 21.2 be 18.5 a 

Close planting 16.9 ab 21.0 ab 

No-hilling 16.0 ab 24.0 ab 

Hilling 13.8 a 27.7 ab 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.8. Penetrometer reading of the soil (kg cm2) under various 
"systems" at final harvest during Yala and Maha seasons 

Temperature suppression systems Yala Maha 

Control (without temperature control) 1.1 a 1.3 a 

Rice straw bridge 1.1 a 1.2 a 

Rice straw mulch 1.2 ab 1.3 a 

Potato-sweet potato 1.4 ab 1.2 a 

Potato-soybean 1.3 ab 1.4 a 

Living-mulch 1.7 b 1.3 a 

Close planting 1.5 ab 1.5 a 

No-hilling 1.7 b 1.3 a 

Hilling 1.2 ab 1.3 a 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.9. Potato tuber number plant-' under various "systems" 
during Yala and Maha seasons. 

Temperature suppression systems Yala Maha 

Control (without tern perature control) 5.5 abc 5.4 a 

Rice straw-bridge 7.4   c 6.2 a 

Rice straw mulch 7.1   be 6.1 a 

Potato-sweet potato 5.1 ab 5.0 a 

Potato-soybean 6.3 abc 5.9 a 

Living-mulch 5.7 abc 5.4 a 

Close planting 5.0 a 6.3 a 

No-hilling 5.9 abc 5.1 a 

Hilling 5.3 ab 4.1 a 

Column means within categories separated by LSD test (P=0.05) 
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Table 3.10. Harvest index (HI) of potato under various "systems' 
at final harvest during Yala and Maha seasons. 

Temperature suppression systems Yala Maha 

Control (without temperature control) .40 ab .45 a 

Rice straw-bridge .47 b .57 a 

Rice straw mulch .42 ab .60 a 

Potato-sweet potato .40 ab .47 a 

Potato-soybean .30 a .50 a 

Living-mulch .40 ab .46 a 

Close planting .32 a .50 a 

No-hilling .35 ab .48 a 

Hilling .40 ab .43 a 

Column means separated by LSD test (P=0.05) 
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Fig. A. 1. Weekly rainfall during the experimental period at the 
Experiment Station in Yala and Maha seasons. 
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Hg. A. 2. Mean weekly soil temperatures at 5 8c 20 cm depth at 06 8c 13 hrs 
during the experimental period at the Experiment Station in Yala and 
Maha seasons. Soil temperatures at 06 & 13 hrs at 20 cm depth remained 
same throughout the experimental period 
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Fig. A. 3. Mean weekly minimum & maximum air temperatures during the 
experimental period at the Experimental Station in Yala and Maha 
seasons. 
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