
CHAPTER 4 
 

EFFECT OF TEMPERATURE AND SOIL MOISTURE 
CONTENT ON CUTTING ESTABLISHMENT 

 
4.1 ABSTRACT 
 
Effective rooting is essential for successful crop establishment from cuttings. The objective of 

this study was to determine the effect of temperature and soil water content on root and shoot 

growth during the early establishment of sweet potato cuttings. Root growth and development 

were examined in a phytotron at four temperatures (20, 24, 28 and 32 oC constant) and with four 

types of cuttings (3 node cutting vertically planted, 3 node cutting planted upside down, 3 node 

cutting horizontally planted and 1 node cutting planted horizontally). The cuttings were allowed 

to establish and grow for three weeks. The highest total root length (3.59m per plant) was 

recorded in the 24 oC growth chamber, significantly longer than the roots in the other 

temperature treatments. The highest root dry mass (0.22 g per plant), shoot dry mass (1.7 g per 

plant), leaf area (578 cm2) and total dry mass (2.0 g per plant) were also obtained from the 24 oC 

growth chamber. The three node cuttings planted vertically produced the longest total root length 

of 3.66 m per plant, significantly longer than those of the other cutting types. The highest root 

dry mass, shoot dry mass, leaf area, vine length, leaf number, and total dry mass were also 

obtained from the vertically planted three node cuttings.  

  

A pot experiment was conducted with cuttings sealed in plastic bags containing sandy soil at 

100, 80, 60 and 40% of field water capacity. The cuttings were allowed to establish and grow in 

a plant growth chamber at 28 oC and harvested after 12 and 20 days. The 80% of field capacity 

moisture regime was found to be the optimum soil moisture content for sweet potato root growth. 
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With the soil water content at field capacity and at 40% of field capacity root development was 

somewhat suppressed. The results illustrated the capacity of sweet potato cuttings to establish 

successfully under a range of ambient temperatures and soil moisture contents.  

 
4.2 INTRODUCTION 
 
Establishment of sweet potato cuttings can be quite variable depending on environmental 

conditions. Although sweet potato is grown in the tropical, sub tropical and warm temperate 

regions of the world, it is essentially a warm weather crop (Onwueme, 1978). The thermal 

optimum is reported to be above 24 °C, compared to 25-30 °C for cassava and yam (Kay, 1973). 

Differences in thermal responsiveness would be expected among the wide range of sweet potato 

genotypes. Being a tropical crop, sweet potato is sensitive to low temperatures. Harter & 

Whitney (1962) reported that sweet potato could not survive temperatures of less than 12 °C, at 

15 °C the plants were able to survive but did not grow, above 15 °C growth increased with 

increasing temperature up to 35 °C, and at 38 °C growth was somewhat depressed. Sark (1978) 

reported that sweet potato grown in a 10 to 15 °C greenhouse had much reduced vine growth 

compared to those grown in temperatures of 21 to 25 °C.  

 

Gomes & Carr (2003) studied the effect of water availability and vine harvesting frequency on 

the productivity of sweet potato in Mozambique, and suggested that the water requirement over 

the growing season is between 360 and 800 mm.  Sweet potato is normally propagated from vine 

cuttings, and the development of adventitious roots is expected to be sensitive to soil moisture 

deficits immediately after planting. An adequate moisture supply is probably essential for 

promoting rapid and uniform root development and good stand establishment. During vegetative 

development of plants even minor stresses can reduce the rate of leaf expansion and the leaf area 

 74

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBeelleehhuu,,  TT    ((22000033))  



at later stages of development. Although no published information on the effect of soil moisture 

content on cutting establishment could be found, various publications refer to the negative effect 

of water stress on growth and yield of sweet potato. During vegetative development the leaf area 

index increases with increase in soil moisture (Enyi, 1977; Indira & Ramanujam, 1985; 

Chowdhury & Ravi, 1988). The storage root initiation period is the most sensitive to moisture 

deficit due to its effect on storage root number (Indira & Kabeerathumma, 1988; Nair & Nair, 

1995; Ravi & Indira, 1996).  Moisture deficits during the storage root initiation period induce 

lignification of adventitious root and hampers growth (Ravi & Indira, 1996).        

 

Considering the scarcity of information on factors affecting early root growth and cutting 

establishment, two experiments were conducted to establish to what extent root and shoot 

growth of newly planted cuttings is affected by ambient temperature and soil moisture. 

The objective of this study was to determine the effect of temperature and soil water 

content on the root and shoot growth during the establishment of cuttings. 

 
 

4.3 MATERIALS AND METHODS 
  

Temperature Experiment  
A pot experiment with four temperature treatments and four types of cuttings was conducted 

during 2000 in the phytotron on the Experimental Farm of the University of Pretoria. Leaves 

were removed from the cuttings before planting. The experiment was carried out in four plant 

growth chambers. The growth chambers were regulated to constant temperatures of 20 oC, 24 oC, 
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28 oC, and 32 °C. The photoperiod was 12hr with an abrupt light/dark change. The four types of 

cuttings were:  

 

N1. Three-node cuttings vertically planted with one node under the soil surface. 

N2. Three-node cuttings planted upside down with one node under the soil surface. 

N3. Three-node cuttings horizontally planted with all the nodes 5-7 cm under the soil  

       surface.   

N4. One-node cuttings planted horizontally.  

 

Pots were filled with fine sifted, heat-sterilized sand and cuttings were planted on 24 October 

2000. There were five replications (pots) of each treatment combination. Within the growth 

chambers the pots were arranged randomly and watered once a day. All pots were harvested 

three weeks after planting. The stem length, leaf number and leaf area were determined. The 

roots were carefully removed from the sand by submerging the pot in water to loosen the sand 

and minimize root breakage. After uprooting the roots were washed to remove the remaining 

sand. Images of the roots were obtained by scanning the roots with an image analyzing computer 

programme. The root length was measured using the “GS Root” programme. Roots and shoots 

were dried in a forced-ventilation oven at 60 °C for 48 hours. Dry matter partitioning was 

determined from the total dry mass of the shoots and the roots.  

 

Treatments were arranged in a randomized complete block design. The experimental data were 

subjected to standard analyses of variance using the General Linear Model (GLM) procedure of 

the Statistical Analysis System (SAS, 1989) to determine the effect of main factors and the 

 76

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBeelleehhuu,,  TT    ((22000033))  



interaction between them. Differences at the P≤0.05 level were used as a test of significance and 

means were separated using Tukey’s t-test. 

 

Moisture Experiment 

A pot experiment with four-soil water content levels was conducted. The four moisture levels 

were field capacity (FC), 80% of field capacity, 60% of field capacity, and 40% of field capacity. 

The four moisture regimes were obtained by adding 70 ml, 56 ml, 42 ml, and 28 ml water 

respectively to 2 kg dry sand in plastic bags. After adding the water the sand in each bag was 

thoroughly mixed to achieve an even distribution of moisture, and sealed in polyethylene bags to 

come to equilibrium. After two days three cuttings of identical fresh mass and length were 

planted vertically through small slits in each bag on 6 September 2000. After planting the 

containers were placed in a growth chamber at a constant temperature of 28 oC and a photoperiod 

of 12 hours. 

  

Two harvests were made, the first harvest was 12 days after planting (12DAP) and the second 

one 20 days after planting (20DAP). At the first harvest three replicates of each treatment were 

sampled, while at the second harvest there were four replications. The harvesting procedure, data 

recorded and statistical procedures were similar to those described for the temperature 

experiment.   
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4.4 RESULTS  
 

Temperature experiment  
 

Effect of temperature   

Root lengths and root dry mass results are presented in Table 4.1. An increase in temperature 

from 20 oC to 24 oC increased the root length and root dry mass per plant. The highest total root 

length of 3.95 m per plant was obtained from plants exposed to a 24 oC growing temperature. As 

the temperature increased from 24 to 32 oC the root length decreased to 1.62 m per plant. The 

highest root dry mass was obtained from the plants exposed to 24 oC growing temperature and 

the lowest from the plants exposed to 20 oC. The largest proportion (13.6%) of the total biomass 

was partitioned to roots in the 32 oC treatment and the lowest (9.5%) at 28 oC.  

 

The effect of temperature on shoot growth is presented in Table 4.2. In general shoot 

characteristics did not differ significantly between the 24oC and 28oC temperatures, but exposure 

to 20o C or 32o C affected shoot growth negatively. The highest vine length of 26.7 cm per plant 

was obtained from the plants exposed to 28 oC growing temperature, and the shortest vine length 

of 14.1 cm per plant was obtained from plants exposed to 20 oC. The highest leaf number (14) 

per plant was obtained from the plants grown at 28 oC, and the lowest temperature of 20 oC 

produced the smallest number of leaves (7) per plant. The highest shoot dry mass of 1.8 g per 

plant was obtained from the plants exposed to 24 oC and the lowest shoot dry mass (0.6 g per 

plant) was from the plants grown at 20 oC. The largest leaf area of 578 cm2 was attained by plants 

grown in the 24 oC growth chamber and the smallest leaf area (188 cm2) was obtained from 

plants grown at 20 oC.  
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Effect of type of cutting 

Results of the effect of type of cutting on root length, root dry mass and fraction of the mass 

partitioned to roots are presented in Table 4.1. The highest root length of 3.66 m per plant was 

obtained from the three node cuttings oriented vertically, and the shortest (2.16 m) from the one 

node cutting oriented horizontally. The three node cuttings planted vertically produced the 

highest root dry mass of 0.22 g per plant, and the one node cutting planted horizontally produced 

the lowest (0.08 g per plant). The three node cuttings planted horizontally partitioned the highest 

fraction of dry mass (12.3%) to the roots while the three-node cuttings planted upside down 

partitioned the lowest.  

  

Results of the effect of type of cutting on vine length, leaf number, shoot dry mass production 

and partitioning and leaf area are presented in Table 4.2. The vine length, leaf number and shoot 

dry mass from the three node cuttings were similar, whether planted vertically, horizontally or 

even up side down. The leaf area from the three node cuttings was similar, whether planted 

horizontally or vertically. It is interesting that even when planted upside down sweet potato 

cuttings retain the ability to establish vigorous root and shoot growth.  

       

Temperature x type of cutting interactions  

The temperature x type of cutting interactions were only significant for root length and leaf area. 

Vertically oriented three node cuttings exposed to 24 oC growing temperature resulted in a much 

longer root length (6.4 m) than any of the other treatment combinations (Figure 4.1). The one 

node cutting produced less root growth (1.2 m) than the other cuttings at 28 oC, but had similar 

root growth at 20, 24 and 32 oC. In Figure 4.2 the temperature x type of cutting interaction for 
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leaf area shows that vertically planted three node cuttings had a larger leaf area (877 cm2) at 24 

oC than the other cuttings, while at 20o, 28o and 32 oC the leaf areas were similar except for the 

small leaf area of the one node cuttings at 20 oC. Similarity between Figures 4.1 and 4.2 is 

interesting and may be an indication of the reliability of the data, but an explanation for the 

interactions is not obvious.      

 

Moisture experiment 

The effect of soil water content 12 days after planting on root development is summarized in 

Table 4.3. The longest total root length (3.46 m) was obtained from cuttings grown in soils at 

80% of field capacity. As the soil water content decreased from 80 to 40% of field capacity the 

root length decreased to 1.5 m per plant. Differences in shoot and total dry mass per plant and 

percentage dry matter partitioned to the shoot were significant. The largest proportion (86.5%) of 

the total biomass was partitioned to stems, the highest shoot dry mass of 0.09 gram per plant, and 

the highest total dry mass of 0.11 gram per plant were recorded from plants grown at 80% of 

field capacity, and the lowest at 40% of field capacity.  

 

Results of the effect of soil water content 20 days after planting on root development is 

summarized in Table 4.4. Differences in root length and root dry mass were not statistically 

significant, although roots in the 80% of field capacity treatment tended to be the longest. 

Differences in shoot dry mass per plant were not significant, but the soil moisture regimes 

showed significant differences in dry matter partitioned to the shoots and total dry mass 

produced per plant. The largest proportion (90.9%) of the total biomass was partitioned to the 
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stems, and a highest total dry mass of 0.146 g per plant, was recorded from plants grown at 80% 

of field capacity.  

 

In this study the 80% of field capacity moisture regime was found to be the optimum soil 

moisture content for root and shoot development. Lower or higher moisture regimes resulted in 

less root growth, but it is interesting to note that even at an initial moisture content of 40% of 

field capacity, substantial root development occurred. This is an indication that soil water content 

is not critical during the establishment of cuttings, provided that the soil is neither too wet nor 

too dry.    

 

 

4.5 DISCUSSION AND CONCLUSION 

The increase in root length and root dry mass per plant with increasing temperature from 20 to 24 

oC, and a decrease in root length and root dry mass with increase in temperature from 28 to 32 oC 

suggests that 24 oC was the optimum temperature for root growth and development. The increase 

in leaf number and vine length per plant with increasing temperature from 20 to 28 oC, and 

decrease in vine length and leaf number with increase in temperature from 28 to 32 oC, indicate 

that the optimum temperature for shoot growth was approximately 28 oC. The results suggest that 

temperature ranging from 24 to 28 °C is the most suitable for early root and shoot growth. 

According to Spence & Humphries (1971) leaf cuttings planted in sand and exposed to root 

temperatures of 35, 30, 25, 15, and 10 oC indicated that at 15 oC no roots developed into storage 

roots but there were more fibrous roots than at 25 and 30 oC.  
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Despite the relative large coefficient of variation a reasonably clear picture emerged from the 

experiments regarding the effect of temperature and soil moisture content on early root 

development. Better root growth was achieved 12 and 20 days after planting from cuttings 

planted at 80% of field capacity. Lower or higher moisture regimes resulted in less root growth, 

but it is interesting to note that even at an initial moisture content of 40% of field capacity, 

substantial root development occurred. This is an indication that soil water content is not critical 

during the establishment of cuttings, provided that the soil is not too wet (field capacity or 

wetter) nor too dry (less than 40% of field capacity). Using two sweet potato cultivars Bok 

(1998) conducted a pot experiment where cuttings were planted in soil at 100%, 70%, 50%, and 

30% of field capacity. He reported that the cultivars performed similarly under different soil 

water regimes, with respect to root length and root dry mass production. The 70% of field 

capacity moisture regime was found to be the optimum for root development of the cultivars. 

This result is similar to my data, which indicated that the 80% of field capacity moisture regime 

was the most favorable for root development. An explanation for the somewhat depressed root 

growth at field capacity reported by Bok (1998), and observed in this experiment, is not clear. 

The possibility of partly anaerobic conditions in the polyethylene bags containing the sandy 

substrate cannot be excluded, and should be investigated.  
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The results confirm the capacity of sweet potato cuttings to successfully establish under a range 

of soil moisture conditions and ambient temperatures. This is one of the features of sweet potato 

cuttings contributing to its suitability as propagating material, even under relatively unfavorable 

environmental conditions.  
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Table 4.1 Effect of temperature and orientation of cuttings on sweet potato root 
development 
 
 
Treatment  Per plant 

  Root length 
(m) 

Root dry 
mass (g) 

% dry mass 
partitioned to root 

Temperature 20 oC 2.51 0.08 10.9 
 24 oC 3.95 0.22 11.0 
 28 oC 2.92 0.17 9.5 
 32 oC 1.62 0.15 13.6 
 LSDT 0.75 0.05 1.6 
     

Cutting type N1 3.66 0.22 12.0 
 N2 2.32 0.13 9.7 
 N3 2.86 0.18 12.3 
 N4 2.16 0.08 11.0 
 LSDT 0.75 0.05 1.6 
     

Mean  2.75 0.16 11.3 
CV%  43.2 55.0 22.2 

 
 
  
 
 
Table 4.2 Effect of temperature and orientation of cuttings on sweet potato shoot 
development 
 

Treatment  Vine 
length cm 

Leaf 
number 

Leaf area 
cm2

Shoot dry 
mass g/plt

Total dry 
mass g/plt 

Temperature 20 oC 14.1 7.2 187.5 0.61 0.7 
 24 oC 25.6 13.7 578.2 1.75 2.0 
 28 oC 26.7 14.4 519.0 1.50 1.7 
 32 oC 20.9 11.7 246.5 1.00 1.1 
 LSDT 3.2 2.3 107.3 0.4 0.4 
       

Cutting type N1 24.1 13.8 510.4 1.59 1.8 
 N2 22.7 12.7 375.8 1.21 1.3 
 N3 22.9 12.8 425.3 1.34 1.5 
 N4 17.6 7.7 219.7 0.70 0.8 
 LSDT 3.2 2.3 107.3 0.4 0.4 
       

Mean  21.8 11.8 382.8 1.21 1.35 
CV%  23.1 30.6 44.3 47.6 47.8 
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Figure 4.1 Interaction between temperature and orientation of cutting on root 
length
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Figure 4.2 Interaction between temperature and orientation of cutting on 
leaf area per plant
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Table 4.3 Effect of soil water content on the shoot and root growth of sweet potato 12 
days after planting  
 
 
 

Soil water 
content 
(%FC) 

Root length 
 in (m) 

Root dry 
  mass g/plant 

Shoot dry 
 mass  
g/plant 

Total dry  
mass g/plant 

% DM 
partitioned to 
 shoot 

100 2.10 0.011 0.067 0.078 85.47 

80 3.46 0.015 0.093 0.108 86.53 

60 2.46 0.013 0.050 0.063 78.26 

40 1.53 0.010 0.034 0.044 75.35 

LSDT 1.86 0.010 0.044 0.053 10.51 

Mean 2.39 0.0123 0.061 0.073 81.40 

C.V. (%) 41.37 41.53 38.31 38.10 6.86 

 
 
 
  
  
 
Table 4.4 Effect of soil water content on the shoot and root growth of sweet potato 20 
days after planting   
         
 

Soil water 
content 
(%FC) 

Root length 
 in (m) 

Root dry 
  mass 
g/plant. 

Shoot dry 
 mass g/plant 

Total dry 
 mass 
g/plant 

%DM 
partitioned 
to shoot 

100 2.40 0.009 0.086 0.095 90.26 

80 3.80 0.012 0.118 0.146 90.92 

60 3.21 0.010 0.094 0.103 90.83 

40 3.02 0.015 0.083 0.098 85.27 

LSDT 1.66 0.006 0.040 0.039 3.72 

Mean 3.11 0.012 0.095 0.111 89.32 

C.V. (%) 37.72 32.61 27.24 23.10 2.70 
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