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Volcanic ash soils (Andisols) cover 25 percent of the sugar cane
production area in Guatemala. These soils are rich in allophane min-
erals, which give them special abilities to accumulate organic car-
bon (C) and fix plant-available forms of phosphorus (P) and sulphur
(S). Therefore, nutrient fixation is perhaps the main chemical con-
straint of Andisols, which demand special crop management prac-
tices in sugar cane.

Sugar Cane Response to Nitrogen,
Phosphorus and Potassium
Application in Andisol Soils
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Guatemala’s sugar cane region is located on its southern coast and
includes both the volcanic lowland (piedmont) and coastal valleys that extend
from sea level to 800 m above. The total area producing sugar cane is approx-
imately 180,000 ha, with potential for production on 320,000 ha.

Fertilization of Sugar Cane in Guatemala
Amounts, sources and method of fertilizer application vary accord-

ing to the sugar factory policy and demand for
their product. However, to date, sugar cane
fertilization in Guatemala is largely concen-
trated on nitrogen (N). Phosphorus is applied
only once every 5 to 6 years when plantations
are renovated or when new fields are estab-
lished. Potassium (K) application in this region
is even less frequent. Within each sugar facto-
ry (Ingenio) field, generalized fertilizer recom-
mendations are used for all soils and planta-
tions.

In 1993-94, the Guatemalan Center for Research and Training on
Sugar Cane (Centro Guatemalteco de Investigacion y Capacitacion de
la Caña de Azucar, CENGICAÑA), initiated a series of field studies
aiming to obtain detailed information on N, P and K. The specific
objectives were to (1) determine the relative importance of N, P and K
in Andisols; (2) determine the best rates of N, P and K for high yield
sugar cane; (3) determine the magnitude of the effect of residual P and
K on sugar and sugar cane yields in the second growing cycle; and (4)
determine the effect of splitting 50 percent of the recommended P and
K rates between the first and second crop cycles.

Research was conducted for 4 years in
the fields of four sugar cane companies; ‘El
Baul’, ‘Madre Tierra’, ‘Concepción’ and
‘Pantaleón’. Soils at each site were Typic
Hapluand Medial or Pachic Melanudand
with pH values ranging from 5.8 to 6.1 and
organic matter levels ranging from 7.3 to 11.9
percent. Extractable soil P and K levels were
less than 2.7 mg/kg and 0.27 to 1.40 meq/100 g,
respectively. Twelve treatments were arranged using 4 levels of N (50,
100, 150, and 200 kg/ha) and 4 levels of P2O5 and K2O (0, 50, 100 and
150 kg/ha). Four additional treatments were tested to evaluate the
effect of splitting P and K applications. The study also included zero N
(0-100-100) and control (0-0-0) treatments. Nitrogen was banded and
covered in both years. Split N applications were made 30 and 90 days
after sowing or after the first harvest. Phosphorus and K were applied
at the bottom of the furrow before planting.

Table 1. Main effects of N, P and K for the first and second years of sugar cane in four Andisols in 
Guatemala.

El Baul Madre Tierra Concepción Pantaleón
(var. CP 722086) (var. CP 722086) (var. Mex 68P23) (var. Mex 68P23)

t/ha t/ha t/ha t/ha
Nutrient kg/ha Year 1 Year 2 Year 1 Year2 Year 1 Year 2 Year 1 Year 2

N 0 137.2 116.8 143.2 121.1 159.5 150.2 178.6 123.6
50 139.8 118.0 147.2 125.8 163.7 167.9 175.0 122.3

100 — 121.7 — 131.2 — 179.8 — 122.3
150 144.0 126.4 144.0 130.2* 172.6 172.5* 168.3 119.5

P2O5 0 131.7 121.7 131.1 125.6 169.9 166.4 167.1 120.2
100 152.3 123.0 160.7 130.7* 166.4 173.8 176.0 121.4

K2O 0 140.0 118.7 143.0 127.5 167.2 170.9 169.2 120.4
100 143.8 125.3 149.0 128.7 169.2 169.8 175.0 121.3

Variation CV (%) 5.6 7.6 7.4 5.7 7.3 8.4 9.7 7.4
coef.

Yield avg. t/ha 141.3 121.4 145.5 127.6 167.0 168.9 172.7 121.4

*Significant NP positive interaction. 

Sugar cane plants at left
in photo show response to
equally splitting P and K
fertilizer over 2 years.

Sugar cane response to 84
kg P2O5/ha is shown at
Ingenio Madre Tierra,
Guatemala.

Table 2. Statistically significant coefficients of the regression model (first harvest year).

Yield, Terms and coefficients Rate,1

Place t/ha N N2 P P2 K K2 NP NK PK kg/ha

Concepción 157.12 0.217 -0.009 80 N
El Baul 131.6 0.307 -0.0018 0.0011 94 P2O5
Madre Tierra 132.0 0.707 -0.0039 84 P2O5

1Fertilizer rate for maximum economic yield with Q24.60 kg/N (Concepción); Q 65.00/t sugar cane (Concepción); Q 4.46/kg P2O5 (El Baul and
Madre Tierra); Q 75.00/t sugar cane (El Baul and Madre Tierra).
2Q refers to Quetzales, the official currency of Guatemala.
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are presented through regression analysis (Table 2). At Concepción, the
most economic N rate was 80 kg/ha (Figure 1). In the case of P, the
most economic rate ranged from 84 to 94 kg/ha P2O5 depending on the
site (Figure 2). The El Baul site had a significant linear
interaction between N and P (Figure 3).

Split Phosphorus and Potassium Applications
A 50-50 split of P and K between the first and sec-

ond years increased sugar cane yield in Madre Tierra
by over 12 t/ha. Sugar cane yield responses at
Concepción (8.4 t/ha), Pantaleón (5.5 t/ha) and El Baul
(4.5 t/ha) were not statistically significant (Table 3).
However, these results do suggest that higher yields are
possible through the practice of splitting P and K.

Potassium Response and Sugar Production
Small, but not statistically significant, increases in

sugar content were found with the application of 100
kg/ha K2O at all four sites. Sugar concentrations fluc-
tuated between 9.1 percent (La Concepción) to 13.6
percent (Pantaleón). Therefore, any observed increase
in yield was directly related to greater cane production.
Further research is needed with higher K doses to study possible inter-
actions between N and K. The effect of time of K application on sugar
content and subsequent sugar produced also needs further study.

Conclusions
Phosphorus was identified as the key-limiting nutrient in sugar

cane production and ratoon crops. Split P applications may significant-
ly increase yields of sugar cane in Andisols with high P fixation capac-
ity. Optimizing P rates near 94 kg/ha may increase yields by over 32
t/ha in low P soils. In these high organic matter soils, a 10 t/ha yield
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Results
The effects of N, P and K on sugar cane yield for the first year and

second year are summarized in Table 1. Nitrogen fertilization resulted
in a significant yield response in El Baul and Concepción with both
sugar cane varieties (CP 722086 and Mex 68P23). During the second
year, a response to N was observed in Madre Tierra and Concepción.

Significant yield responses to N at these 2 locations were obtained
despite organic matter levels greater than 9 percent. However, at
Pantaleón an even higher organic matter level of 11.9 percent likely
prevented a significant N response.

Highly significant responses to P fertilization were found in El Baul
and Madre Tierra with sugar cane variety CP 722086. Phosphorus fer-
tilization at 100 kg/ha of P2O5 increased the average first year sugar
cane yield by 20.6 t/ha in El Baul and 29.6 t/ha in Madre Tierra and
confirms the importance of annual P application in these soils.

The residual effect of P applied at 100 kg/ha of P2O5 was only sig-
nificant at the Madre Tierra site where yield was increased by 5.1 t/ha.
Small but not statistically significant residual effects on yield were
observed with 100 kg/ha of P2O5 at all other sites. These results are not
surprising due to the dominant presence of allophane minerals in the
test soils. Allophanes adsorb and ‘fix’ fertilizer P over the crop year and
further reduce fertilizer use efficiency and subsequent plant availability
in the second crop year.

Fertilizer rates needed to achieve maximum economic yield (MEY)

Table 3. Effect of P and K split applications during the second cycle (year) in sugar cane yield.

P2O5 K2OYear applied,               - - - - - - - - - - - - - - - - - - -Yie ld response,  t/ha---- - - - - - - - - - - - - - - -
kg/ha % El Baul Madre Tierra Concepción Pantaleón

100 100 Year 1 (100) — — — —
100 100 Year 1&2 (50/50) 4.55 ns 12.431 8.4 ns 5.53 ns

CV (%) 7.6 5.7 8.4 7.4
X (t/ha) 123.0 128.8 169.2 121.0

1150 kg N/ha in both years in each treatment.

Guatemala’s sugar cane
region is on the southern
coast, including the vol-
canic lowland and coastal
valleys.
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Figure 1. (A) Estimated sugar cane response to N fertilization (first year), variety CP-722086 in Concepción. 
(B) Effect of N on sugar cane yield (ratoon crop, second year).
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Figure 2. Regression models for P response in sugar cane in two
zzzzzzzzAndisols used to estimate MEY.
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Figure 3. Effect of N in sugar cane yield (first year)
zzzzzzzzzwith and without P fertilization in ‘El Baul’.
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Balanced fertilisation refers to the application of essential plant
nutrients in optimum quantities and proportions. Balanced nutrient
supply is a best management practice (BMP) that should also
include proper application methods and timing for the specific soil-
crop-climate situation. This BMP ensures efficient use of all nutri-
ents, maintenance of soil productivity, and conservation of precious
resources.

The importance of balanced fertilisation is clearly visible from the
large number of long-term experiments conducted on cropping
sequences throughout different agro-climatic zones in India (Tables 1
and 2). Balanced fertilisation’s positive effect on farm income is self evi-
dent both before and after the governmental price restructuring process
that took place in 1992 (Figure 1).

Ratio as an Indicator of Balanced
Fertiliser Use

The nitrogen (N), phosphorus (P),
and potassium (K) use ratio is valuable
as an index of balanced fertilisation if
comparing large regions of diversified
crops and soils such as a states or coun-
tries. As an example, grain based sys-

Table 1. Effect of balanced nutrition on yield of different crops, India.

Number Nutrients No Yield increase
Season and of N-P2O5-K2O, fertiliser, over control, %

Crop condition trials kg/ha t/ha N NP NPK

Rice Kharif, unirrigated 380 120-60-40 2.42 49 74 99
Rice Kharif, irrigated 9,634 120-60-60 2.96 27 51 56
Rice Rabi, irrigated 5,686 120-60-60 3.20 28 51 53
Wheat Rabi, irrigated 10,133 120-60-60 1.55 59 95 114
Sorghum Kharif, unirrigated 367 90-60-60 1.10 51 80 97
Sorghum Rabi, unirrigated 389 90-60-60 0.61 56 92 120
Maize Kharif, unirrigated 53 90-60-60 1.23 85 107 129
Pearl millet Kharif, unirrigated 207 90-60-60 0.50 54 110 130
Finger millet Kharif, unirrigated 120 90-60-60 1.25 46 96 118
Chickpea Rabi, unirrigated 1,325 20-40-20 0.75 36 59 77
Pigeon pea Kharif, unirrigated 53 20-40-20 0.30 97 210 227
Source: Randhawa, N.S. and H.L.S. Tandon (1992). Fertiliser News 27(2) 11-26.
Note: Kharif season is planting in June-July. Rabi season is planting in October-November.
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response can still be expected with the application of 80 kg/ha of N.
Annual banded applications of P2O5 and K2O at 50 kg/ha each year
would be preferable to a combined biannual application of 100 kg/ha
at planting. This practice produced significant yield response at all sites
and produced a highly significant response at Madre Tierra.
Management of P fertiliser in Andisols utilizing split applications every
year may become a very important tool to maximize sugar cane yields
in Guatemala and other regions of Central America. BCI

Ing. Perez has responsibility for the Agronomy Program and Dr. Melgar is General

Director, Guatemalan Center for Research and Training on Sugar Cane (CENGICAÑA),

located at Santa Lucia, Escuintla, Guatemala. E-mail: cengican @ concyt.gob.gt.

Sugar Cane Response...(continued from page 23)

A survey of Chinese tea gardens revealed over half the sampled
areas to be deficient in potassium (K). Deficiencies were concen-
trated in the southern provinces of Guangdong, Guangxi and
Yunnan, which had an average available K content of 80 mg/kg.
The northern regions appeared well managed, but only 16 percent
of samples from Jiangsu, Anhui and Hubei had plant-available K
levels greater than 150 mg/kg. The survey identified a close rela-
tionship between K deficiency and low magnesium (Mg) availabil-
ity. Unbalanced fertilizer programs based on urea and other ammo-
nium-nitrogen (NH4-N) fertilizers promoted Mg uptake by tea and
aggravated leaching losses due to increased soil acidity.

A 4-year field trial in southern China examined the effect of K
and Mg fertilization on black, oolong and green tea yield and qual-
ity. The combination of K and Mg created greater nutrient use effi-
ciency and increased yields by 17 to 28 percent for green tea, 9 to
38 percent for oolong tea, and 10 to 18 percent for black tea. Leaf
quality characters such as free amino acids, polyphenols and caf-
feine were significantly improved by combining K and Mg. Re-
seachers recommend a post-harvest application during plant dor-
mancy as the optimum time to adopt this balanced approach. BCI

Source: Hardter, R. 1997. ASIAFAB, 17: 31-33.

China: Balanced Fertilization for 
Sustained Yield and Quality of Tea
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advantages of improved crop

production with balanced 
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