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Abstract: A study on single and combined effect of inorganic and organic soil conditioners 
on growth of sugarcane planted on a Korat soil was carried out at Ban Non Somboon, 
Kritsana subdistrict, Sikhio district, Nakhon Ratchasima province.  The objective of the study 
was to investigate the response of virgin and ratoon canes to the applications of soil 
conditioners such as chicken manure, gypsum and dolomite.  Randomized complete block 
design (RCBD) was employed using 12 treatments with four replications.  Chicken manure 
was applied at three rates; 6.25, 12.5 and 18.75 t/ha while gypsum and dolomite were 
separately added at two rates; 0.625 and 1.25 t/ha.  Combined applications of chicken manure 
and these two inorganic soil conditioners were also tested.  Sugarcane K95-84 variety was 
used for this trial while land preparation and fertilization being done in accordance with 
general recommendation.  Application of gypsum at the rate of 1.25 t/ha tended to give the 
highest virgin cane yield of 101.57 t/ha while combined application of 6.25 t/ha chicken 
manure and 0.625 t/ha dolomite tended to give the greatest ratoon cane yield of 69.25 t/ha.  
Cane yield of ratoon reduced drastically compared to the yield of virgin cane.  Considering 
the application practicality and cost of soil conditioner, based on the total yield of two-year 
experiment, the use of gypsum or dolomite should recommended to improve yield of 
sugarcane grown on a Korat soil. 
 
Introduction: Sugarcane (Saccharum officinarum L.) is an important crop in Thailand.  
Sugarcane is the main raw material for sugar production.  In 2011, Thailand had total 
sugarcane planted area of 1,259,200 hectares and total yields of 9.95 million tonnes.  This 
plant is mostly grown in the area of northeastern region, accounting for 40% of growing area 
of the country.1  However, 80% of soils in the northeast have rather coarse texture.2,3  This is 
because parent material of these soils is sandstone, contributing to low nutrient, high 
leaching, excessively well drained and low water retention features of the soils.  These 
planting areas are often lack of water which can be a major limitation in the case of growing 
sugarcane.4  As a consequence, the average yield of sugarcane grown in this region is lower 
than that in other regions of the country.5  Thus, farmers have to replant sugarcane almost 
every year due to unsatisfactorily low yield of ratoon canes.6  Using soil conditioners can be 
the option that improves soil physical, chemical and biological properties, favouring the 
growth of sugarcane in the areas.7,8  The study on the effect of poultry manures applied at the 
rate of 10 t/ha in degraded soil revealed that the manures decreased soil bulk density, 
increased total porosity, hydraulic conductivity and available water capacity.9  Other study 
indicated that gypsum with fertilization could increase yield of sugarcane by 22%.10  
Addition of dolomite together with applying complete chemical fertilizer (13-13-21) resulted 
in high sugarcane yield of 59.44 t/ha.  This study was conducted with the purpose of 
examining the effect of organic and inorganic soil conditioners on performance of sugarcane 
planted in a Korat soil where ratoon cane yield obtained is usually unpredictable and 
unsatisfactory. 
 
Methodology:  
Study area: Field experiment was conducted in a farmer field at Ban Non Somboon, 
Kritsana subdistrict, Sikhio district, Nakhon Ratchasima province during 2010-2012.  The 
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soil of the experimental area was Korat soil series classified as a Typic Paleustult.  Soil 
properties are shown in Tables 1 and 2.  
Experimental Design and Land Preparation: Randomized complete block design (RCBD) 
with four replication, having 12 treatments including no application of soil conditioner (T1), 
applications of chicken manure at the rates of 6.25, 12.5 and 18.75 t/ha (T2, T3 and T4), 
gypsum at the rates of 0.625 and 1.25 t/ha (T5 and T6), dolomite at the rates of 0.625 and 
1.25 t/ha (T7 and T8), chicken manure together with gypsum at the rate of 6.25 and 0.625 
t/ha (T9), chicken manure together with gypsum at the rate of 6.25 and 1.25 t/ha (T10), 
chicken manure together with dolomite at the rate of  6.25 and 0.625 t/ha (T11), and chicken 
manure together with dolomite at the rate of 6.25 and 1.25 t/ha (T12).  Land preparation was 
done using 3-disc plough followed by 7-disc plough and then ridging.  Sugarcane, K95-84 
variety, was grown using double canes placing on the bottom of the row between ridges and 
buried 2-3 cm thick by top soil materials.  Spacing between ridges was 1.3 m.  Basal 
application of fertilizer (15-15-15) at the rate of 0.125 t/ha before planting and equal split 
application in the form of side dressing with urea (46-0-0) and 13-13-21 complete fertilizer 
each at the rate of 0.25 t/ha at three and five months after planting were done in the first year.  
In the second year, equally split application of urea (46-0-0) and 13-13-21 complete fertilizer 
each at the rate of 0.31 t/ha was implemented at three and five months after virgin cane was 
harvested.  Soil conditioners were applied after ploughing the soil by 7-disc plough in the 
first year and side dressing at the early rainy season in the second year. 
Data Collection: Site characterization of the studied area was carried out according to 
standard field method.11  Laboratory analyses of physico-chemical properties of soils were 
conducted basing on standard methods.12 Virgin cane was harvested at 10 months after 
planting while plant parameters were measured at the same time.  Analysis for statistical 
significance using the analysis of variance (ANOVA) and mean separation by using SPSS 
program version 16.0 was done for differences while Duncan’s multiple range tests at 
(DMRT) at P < 0.05 level of significance being used for comparisons test.13 
 
Results, Discussion and Conclusion: 
Soil Characterization of the Experimental Area: Physic-chemical soil properties are given 
in Tables 1 and 2.  Soil in the experimental area had loamy sand textural class.  Soil pH was 
strongly acid to slightly acid.  Organic matter and available phosphorus contents were low 
while the amounts of total nitrogen and available potassium being very low.  According to 
Soil Taxonomy, this soil can be classified as a Typic Paleustult (Korat Soil Series). 
 
Table 1. Physical properties of the soil (Typic Paleustult) in experimental area. 

Depth  Horizon Bulk density14 Particle size distribution15 Textural Class 

   Sand Silt Clay  
(cm)   (Mg/m3) (------------g/kg------------)   

0-30 Ap 1.78 875 49 76 Loamy sand 
30-50 Bt 1.79 845 83 72 Loamy sand 
50-73 Bgt1 1.83 855 73 72 Loamy sand 
73-101 Bgt2 1.83 841 67 92 Loamy sand 
101-120 Bgt3 1.83 844 80 76 Loamy sand 
120-145 Btg4 1.9 847 89 64 Loamy sand 

Remarks: Core method14 and Pipette method15  
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Table 2. Chemical properties of the soil (Typic Paleustult) in experimental area. 
Depth  Horizon OM16 Total N17 Avail. P18 Avail. K19 Extractable base20 BS 

      
Ca Mg K  Na 

 
(cm)   (-----g/kg-----) (-------mg/kg-------)  (---------cmolc/kg---------) (%) 

0-30 Ap 6.9 0.5 9 9.8 0.14 0.02 0.03 1.01 15.0 
30-50 Bt 1.4 0.4 4.7 3 0.08 0.01 0.01 0.92 18.1 
50-73 Bgt1 4.8 0.3 2.2 12.3 0.04 0.06 0.03 1.14 24.6 
73-101 Bgt2 5.5 0.2 2.2 14.3 0.15 0.16 0.04 0.98 19.2 
101-120 Bgt3 3.4 0.3 0.9 16.5 0.01 0.08 0.04 1.14 21.3 
120-145 Btg4 4.1 0.3 0.9 13.8 0.04 0.05 0.04 1.24 32.9 
Remarks: Walkley and Black,16 Kjeldahl method,17 Bray II,18  
1M NH4OAc pH 7.019 and 1M NH4OAc pH 7.020  

 
Properties of Soil Conditioners: Data given in Table 3 showed that chicken manure clearly 
had very high organic matter content accounting for 40.6% and very high CEC (65.08 
cmolc/kg).  Gypsum was composed of 25.3 g/kg Ca while dolomite comprised very high amounts of 
Ca and Mg (366.6 and 76.9 g/kg, respectively).  These soil conditioners had pH 7 or greater. 
 

Table 3. Analytical data of soil conditioners. 
Properties Chicken manure  Gypsum  Dolomite  

pH21  7 7.5 8 
CEC22 (cmolc/kg)  65.08 nd  nd  
OM16 (%)  40.6 nd Nd 
Total N17 (g/kg)  4.69 nd  nd  
Total P23,24 (g/kg)  0.76 4.4 2.2 
Total K23,25 (g/kg)  1.76 nd  2.3 
Total Ca23,25 (g/kg)  2.62 25.3 366.6 
Total Mg23,25 (g/kg)  0.32 0.6 76.9 
Total Fe23,25 (mg/kg)  250 0.2 0.84 
Total Zn23,25 (mg/kg)  470 91 91 
Total Cu23,25 (mg/kg)  4 134 120 
Total Mn23,25 (mg/kg)  470 155 58.6 
Remarks: nd = not determined, 1:1 H2O,21 1M NH4OAc pH 7.0,22 digestion mixture (HNO3-H2SO4-
HClO4acid mixture),23 Vanado-molybdate method24  and Atomic absorption spectrophotometer25 
 
Effect of Soil Conditioners on Yield of Sugarcane: Application of either organic or 
inorganic or both soil conditioners showed no statistical difference on both virgin and ratoon 
cane yields (Table 4).  In the case of virgin cane, there are, however, some tendencies, 
indicating some effects on yields of sugarcane grown on this Korat soil.  Sole application of 
gypsum at the rate of 1.25 t/ha (T6) tended to give the highest virgin cane yield of 101.57 t/ha 
while adding dolomite at the same rate (T8) giving the yield of about 10% lower.  In the case 
of applying chicken manure solely, the virgin cane yield did not increase with the increasing 
rate of this organic manure.  The lowest rate of 6.25 t/ha chicken manure seemed to give the 
better yield than those applied with the higher rates with the yield ranging between 58.83-
72.57 t/ha.  The higher the amounts of gypsum and dolomite applied tended to give the higher 
the yield obtained without the application of chicken manure.  When combined these 
inorganic soil conditioners with chicken manure at the rate of 6.25 t/ha, the lower rate of 
gypsum and dolomite were seemingly better in terms of cane yield retrieved.  Combination of 
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gypsum and chicken manure gave the yield varying from 56.33-67.90 t/ha whereas dolomite 
plus chicken manure produced cane yield in the range of 63.92-84.09 t/ha 
 For the first ratoon, cane yield decreased quite drastically, particularly in the case of 
applying gypsum at the rate of 1.25 t/ha.  This yield decreased from 101.57 t/ha to 64.81 t/ha, 
which was approximately 36% reduction.  This is a very important issue because planting 
sugarcane in this coarse-textured soil farmers need to gain a satisfactory yield of ratoon cane 
and in fact more than one ratoon.  Therefore, it remains to be seen that yield of the next 
ratoon would be in this case because the yield retrieved from this treatment (T6) is tentatively 
still among the best ratoon cane yield obtained such as applications of 1.25 t/ha dolomite 
(T8): 63.86 t/ha cane yield, 6.25 t/ha chicken manure plus 0.625 t/ha dolomite (T11): 69.25 
t/ha cane yield, and 6.25 t/ha chicken manure plus 1.25 t/ha dolomite (T11): 67.19 t/ha cane 
yield.  Growing sugarcane without using soil conditioner (T1) tended to give the lowest yield 
in both years of planting with the average yield of 53.75 t/ha/yr. 
Effect of Soil Conditioners on Sugarcane Components: There was no statistical difference 
among treatments in the context of plant components such as leaf weight, number of cane, 
cane length, diameter and number of internodes.  Leaf weight was relatively high when cane 
yield was high, especially in the case of virgin cane but for ratoon leaf weight lowered 
markedly compared to the first year of planting.  Number of virgin cane ranged between 
26,923-36,474 cane/ha with quite accountably less number (23,509-32,308 cane/ha) being 
found for ratoon.  Lengths of cane varied from 1.72-2.20 m for virgin cane and 1.67-2.23 m 
for ratoon.  Diameter of cane, on the average, was similar in both years with the value of 2.82 
cm for the first year and 2.87 for the second year.  Number of internodes ranged between 15-
20 internodes for both virgin and ratoon canes (Table 5).  It can be seen that greater values of 
plant components relatively coincide with better cane yield for both canes. 
 
Table 4. Effect of soil conditioners on virgin cane yield and sugarcane components. 

Treatment Yield Leaves Cane Cane length Diameter Internodes 
 t/ha t/ha No./ha m cm No./plant 

T1 61.32 15.03 28,974 1.82 2.74 15 
T2 72.57 15.99 29,167 2.05 2.80 18 
T3 58.83 8.09 28,205 1.77 2.86 16 
T4 64.74 9.88 28,960 1.92 2.76 16 
T5 65.24 7.21 30,192 1.73 2.83 16 
T6 101.57 20.74 36,474 2.20 2.90 18 
T7 66.90 11.9 28,333 1.81 3.00 18 
T8 89.65 6.94 36,282 1.85 2.99 17 
T9 67.90 12.58 33,397 1.72 2.81 17 
T10 56.33 12.95 26,923 1.80 2.69 17 
T11 84.09 22.74 34,551 1.95 2.81 17 
T12 63.92 5.94 27,949 1.89 2.64 20 

F-Test ns ns ns ns ns Ns 
%CV 29.46 35.28 17.16 14.97 7.68 16.78 

Remarks: ns: non significant 
 T1: no application of soil conditioner, T2, T3, T4: chicken manure 6.25, 12.5, 18.75 t/ha, T5, T6: gypsum 0.625, 1.25 t/ha,  T7, 

T8: dolomite 0.625, 1.25 t/ha, T9: chicken manure 6.25 t/ha with gypsum 0.625 t/ha, T10: chicken manure 6.25 t/ha with gypsum 
1.25 t/ha, T11: chicken manure 6.25 t/ha with dolomite 0.625 t/ha, T12 chicken manure 6.25 t/ha with dolomite 1.25 t/ha 
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Table 5. Effect of soil conditioners on ratoon cane yield and sugarcane components. 
Treatment Yield Leaves Cane Cane length Diameter Internodes 

 t/ha t/ha No./ha m cm No./plant 
T1 46.17 2.39 25,449 1.80 2.72 16 
T2 59.60 3.53 30,128 1.89 2.90 16 
T3 51.21 1.58 27,115 1.74 2.79 16 
T4 56.96 5.40 25,577 1.76 2.84 15 
T5 52.40 3.41 26,667 1.64 2.88 16 
T6 64.81 8.41 27,436 2.06 2.73 16 
T7 53.83 0.50 24,038 1.67 2.96 17 
T8 63.86 1.86 29,679 1.73 3.00 16 
T9 43.38 7.68 23,509 2.01 2.98 18 
T10 53.14 8.59 26,026 1.83 2.81 16 
T11 69.25 4.07 32,308 2.23 2.83 20 
T12 67.19 3.04 26,218 2.08 2.97 20 

F-Test ns ns ns ns ns Ns 
%CV 34.05 31.85 23.13 22.11 8.10 16.63 

Remarks: ns: non significant, 
 T1: no application of soil conditioner, T2, T3, T4: chicken manure 6.25, 12.5, 18.75 t/ha, T5, T6: gypsum 0.625, 1.25 t/ha,  T7, 

T8: dolomite 0.625, 1.25 t/ha, T9: chicken manure 6.25 t/ha with gypsum 0.625 t/ha, T10: chicken manure 6.25 t/ha with gypsum 

1.25 t/ha, T11: chicken manure 6.25 t/ha with dolomite 0.625 t/ha, T12 chicken manure 6.25 t/ha with dolomite 1.25 t/ha 

 
 In conclusions, Soil conditioners tended to improve the yield of virgin and ratoon 
canes.  Applications of 1.25 t/ha gypsum and 6.25 t/ha chicken manure plus 0.625 t/ha 
dolomite tended to give the highest yield of virgin and ratoon canes, respectively.  
Considering the total yield in two years, growing sugarcane on the Korat soil without using 
soil conditioner tended to give the lowest yield.  Using only chicken manure can hardly 
improve canes yield satisfactorily and moreover the practice is quite impractical due to a 
difficulty in terms of spreading the manure and substantial costs of labour and the manure 
itself.  Present recommendation of using soil conditioner, basing on the result retrieved from 
this experiment, for soil improvement in the context of growing sugarcane on this coarse-
textured soil is to use gypsum at the rate of 1.25 t/ha or dolomite at the same rate to amend 
the soil, depending upon the cost of each soil conditioner.  Few more years of continuous 
experiment would be done to investigate further the effect of these soil conditioners on 
second and third rations. 
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