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ABSTRACT: Proper phosphorus (P) fertilizer management can increase cassava yield in upland
sandy soils of northeast Thailand. A study was conducted in a farmer field in Nakhon Ratchasima
province to investigate the cumulative effect of P fertilizer applied for 3-consecutive years on
yield and major nutrient uptake of cassava, Huay Bong 80 variety in Yasothon soil series, and
soil property changes. The experimental design was arranged in a randomized complete block
with four replications. Six rates of P fertilizer: 0, 12.5, 25, 37.5, 50 and 62.5 kg PZO5/ha were
compared. The results showed that P fertilization at the rate of 50 and 62.5 kg PZOS/ha significantly
induced greater fresh tuber yield, starch yield, and aboveground biomass than did the control
without P application (P < 0.05) in the 1" and 3" cropping seasons whereas there was no
statistical difference among different rates of P in the 2™ cropping season. The application of
P fertilizer at all rates for 3-consecutive years resulted in higher total nitrogen content in the
topsoil (0.31-0.36 g/kg) and subsoil (0.26-0.35 g¢/kg) than did the control with no P addition
(0.16 and 0.13 g/kg, respectively). The application at the rate of 62.5 kg PZO5/ha promoted the
highest available P content of 12.90 and 7.96 mg/kg in respective topsoil and subsoil, and also
the highest available K content of 42.23 and 11.73 me/kg, respectively. This indicated that the
continuous application of P fertilizer for cassava cultivation not only improved the yield of the
plant but also increased the accumulation of primary plant nutrients in the soil.
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Table 1 Properties of soil prior to conducting the experiment in the first year

Property Topsoil (0-20 cm) Subsoil (20-60 cm)
Texture' Sandy loam Sandy loam
pH ?(1:1 H 0) 5.19 5.10
Organic matter’ (g/kg) 3.67 3.46
Cation exchange capacity” (cmoLC/kg) 1.38 1.25
Total N° (g/kg) 0.14 0.12
Available P® (mg/kg) 3.23 3.09
Available K’ (mg/kg) 15.23 13.48
Extractable Ca’ (cmol /kg) 0.93 1.02
Extractable Mg' (cmol /kg) 0.28 0.32
Extractable K’ (cmol /kg) 0.05 0.04
Extractable Na' (cmol /kg) 0.04 0.02
Available Fe® (mg/kg) 3.59 3.28
Available Mn® (mg/kg) 35.98 49.17
Available Zn® (mg/kg) 0.36 0.32
Available Cu® (mg/kg) 0.06 0.05

! Texture measured by pipette method (Kilmer and Alexander, 1949), * pH (1:1 H2O)analyzed by

pH meter (National Soil Survey Center, 1996), > organic matter estimated by Walkley and Black titration

(Walkley and Black, 1934), * cation exchange capacity measured by saturating the exchange site and
displacing by 1 M NH OAc at pH 7.0 (Chapman, 1965), ° total nitrogen measured by Kjeldahl method
(Jackson, 1965), ® available phosphorus analyzed by Bray Il extraction (Bray and Kurtz, 1945), " available

potassium, extractable calcium, magnesium, potassium and extractable sodium extracted with 1 M

NH OAc at pH 7.0 and analyzed by atomic absorption spectrometry (AAS; Thomas, 1982), * available

iron, manganese, zinc, and copper extracted with 0.005 M DTPA at pH 7.3 and analyzed by AAS (Lindsay

and Norvell, 1978).
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Figure 1 Effect of phosphorus fertilizer on fresh tuber yield (A), starch content (B) and starch
yield (C) of cassava. P_ = 0 kg/haof P O, P =12.5kg/haof PO, P =25kg/haof PO,
P =375 ke/ha of ons’ P, =50 ke/ha of ons’ P = 62.5 kg/ha of ons' Different lowercase
letters on bars grouped within the same cropping season are significantly different at

P < 0.05.
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Table 2 Effect of phosphorus fertilizer on the uptake of nitrogen (kg/ha) in different plant parts

of cassava
Treatment Tuber Stem base Stem Leaf and branch
1% crop
P 9.46 + 1.28° 2.97 + 1.23° 6.03 + 0.77° 35.87 + 7.80%°
P 14.28 + 1.54° 4.39 + 1.38° 4.88 =+ 0.00° 29.77 + 10.11°
P, 9.23 + 1.66° 3.14 + 0.99° 4.18 + 0.00" 34.54 + 7.43™
P, 9.44 + 2.04° 6.29 + 0.44° 6.29 + 0.84"™ 37.2% + 0.00°
P, 9.81 + 2.25° 6.47 + 0.71° 742 +091° 41.07 + 9.92°
P, 11.89 + 1.79° 5.49 + 0.37° 7.14 + 0.00%° 42.01 + 4.58°
F_test *¥% *¥% *¥ *¥
SD 3.27 1.07 1.43 10.50
CV (%) 30.83 22.20 30.07 27.80
2" crop
P 19.79 + 0.76 10.77 + 0.25° 17.43 + 0.63° 132.69 + 3.89"
P 2228 + 1.34 14.94 + 1.76° 2219 +2.11° 144.93 + 13.81°
P 20.98 + 4.92 14.91 + 0.97° 19.19 + 2.10° 115.23 + 13.09°
P, 20.70 + 2.06 13.63 + 0.92° 13.38 + 1.20° 98.42 + 4.48°
P, 19.56 + 2.75 11.93 + 0.30° 13.18 + 0.54° 100.77 + 5.04¢
P 20.19 + 1.76 9.89 + 0.10° 13.40 + 1.74° 86.49 + 13.92°
F-test ns *x ** **
SD 4.47 3.28 3.32 12.37
CV (%) 26.75 14.95 15.93 17.50
3" crop
P 13.33 + 2.62° 10.40 + 2.76° 9.19 + 0.97° 72.83 + 0.63°
P, 16.72 + 1.22° 12.09 + 5.37¢ 9.36 + 0.00° 86.95 + 1.23%
P, 18.72 + 1.81° 14.13 + 2.99° 12.86 + 0.67° 75.59 + 0.53
P, 17.30 + 0.59" 16.80 + 2.66° 9.5% + 0.79™ 98.70 + 0.77°
P, 19.61 + 0.78° 16.27 + 3.00° 10.49 + 0.53° 120.25 + 1.61°
P, 19.02 + 147 15.74 + 0.00° 10.56 + 1.58° 90.33 + 1.44°
SD 294 3.56 1.78 2.34
CV (%) 17.35 16.82 17.96 22.75
P0 = 0 kg/ha of PZO5, P1 = 12.5 kg/ha of ons’ P2 = 25 kg/ha of PZO5, P3 = 37.5 kg/ha of PZO5,

P

q

50 kg/ha of ons’ P5 = 62.5 ke/ha of ons’ SD = standard deviation, CV = coefficient of

variation. ns = not significant, ** significantly different according to F-test at P < 0.01.
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Table 3 Effect of phosphorus fertilizer on the uptake of phosphorus (kg/ha) in different plant

parts of cassava

Treatment Tuber Stem base Stem Leaf and branch

1% crop
P 2.18 + 0.40° 0.31 +0.12° 0.36 + 0.04° 1.79 + 0.38°
P 3.83 + 0.37° 0.57 + 0.09" 0.61 + 0.00° 1.81 + 0.52°
P, 277 + 0.44° 0.56 + 0.10° 0.67 + 0.00° 2.14 + 0.36™
P, 3.47 £ 0.70° 0.79 + 0.04° 1.05 + 0.07° 2.41 + 0.00*
P, 3.27 + 0.54%° 1.16 + 0.10° 1.28 £ 0.11° 2.59 + 0.61°
P, 3.80 + 0.54° 0.89 + 0.06" 1.30 + 0.00° 2.68 + 0.27°

Fotest o o o xx

SD 0.82 0.14 0.28 0.53

CV (%) 29.45 27.74 31.94 26.50

2" crop
P, 3.34 + 0.06 2.73% + 0.08° 3.58 + 0.08° 8.72 + 0.34°
P, 3.33 +0.10 2.87 +0.22° 4.99 + 0.34° 10.44 + 0.90°
P, 3.50 + 0.55 272 +0.12° 3.95 + 0.27° 8.66 + 1.04°
P, 3.15 £ 0.39 2.41 +0.18 2.86 + 0.23" 7.50 + 0.31°
P, 3.70 £ 0.79 2.33 + (.13 3.24 + 0.11° 7.50 + 0.37°
P, 3.40 + 0.35 1.99 + 0.07° 3.26 + 0.33° 6.86 + 1.05°

F-test ns ** ** **

SD 0.56 0.15 0.46 0.88

CV (%) 26.54 15.77 15.34 17.86

3" crop
P 6.69 + 0.92° 2.04 + 0.35° 3.45 + 0.28 9.73 + 0.08°
P, 7.86 + 0.53" 2.28 + 1.67° 4.09 + 0.00° 10.64 + 0.13"
P, 9.16 + 0.79° 272 £152° 5.06 + 0.26° 9.36 + 0.07°
P, 7.90 + 0.37° 3.28 + 0.90° 3.11 + 0.18¢ 11.76 + 0.13°
P, 9.51 + 0.37° 3.17 + 0.84° 3.97 + 0.20° 13.83 + 0.20°
P, 8.69 + 0.66™ 2.73 + 0.00° 3.75 + 0.77™ 9.86 + 0.16°

SD 1.02 1.81 0.94 0.36

CV (%) 17.52 17.65 20.31 23.08

P =0kg/haof PO, P =125kg/haof PO, P =25ke/haof PO, P =375kehaof PO, P,
= 50 kg/ha of ons’ P5 = 62.5 kg/ha of P2OS, SD = standard deviation, CV = coefficient of variation.
ns = not significant, ** significantly different according to F-test at P < 0.01.
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Table 4 Effect of phosphorus fertilizer on the uptake of potassium (kg/ha) in different plant
parts of cassava

Treatment Tuber Stem base Stem Leaf and branch

1% crop
P 20.89 + 3.81¢ 243 + 0.91° 3.65 = 0.56" 8.95 + 2.19™
P 36.18 + 3.69° 4.42 + 0.95° 4.29 + 0.00° 8.12 + 2.62°
P, 23.46 + 3.86“ 3.14 + 0.63° 2.83 + 0.00° 8.24 + 1.43°
P, 26.58 + 6.28™ 5.34 + 0.30° 5.34 + 0.57° 9.66 + 0.00°™
P, 24.64 + 442 6.80 + 0.89° 5.98 + 0.94° 10.22 + 2.90*
P 29.46 + 4.24° 5.18 + 0.37° 5.28 + 0.00° 10.69 + 1.16°

SD 8.48 1.21 1.52 3.06

CV (%) 30.12 23.39 29.38 27.34

2" crop
P, 26.22 +0.71 10.14 + 0.24° 17.04 + 0.33° 77.0% + 2.69°
P, 26.09 + 1.15 11.31 + 0.79° 18.7% + 1.41° 86.63 + 9.63°
P, 24.43 + 6.73 9.19 + 0.40° 16.73 + 1.35° 61.63 + 7.17°
P, 25.64 + 3.84 8.80 + 0.55° 11.75 + 1.25° 61.63 + 2.45°
P, 26.38 + 6.79 9.05 + 0.62° 13.13 + 0.56° 58.88 + 2.72°
P 24.03 + 2.55 8.33 + 0.38° 13.02 + 1.26° 57.87 + 8.31°

F-test ns ** ** **

SD 5.29 1.13 1.81 9.37

CV (%) 26.17 16.03 15.91 18.12

3" crop
P, 48.62 + 6.12™ 8.15 + 1.50° 15.08 + 1.40° 32.30 + 0.35°
P 45.97 + 4.56° 9.48 + 2.65° 17.08 + 0.00° 37.96 + 0.67°
P, 52.98 + 7.02° 11.48 + 2.24° 18.49 + 2.29° 31.30 + 0.44°
P, 49.44 + 3.60™ 11.98 + 3.20° 10.70 + 0.83¢ 37.37 + 0.34°
P, 59.48 + 3.12° 13.59 + 2.95° 12.01 + 0.58 45.15 + 0.71°
P 50.22 + 5.09* 11.61 + 0.00° 12.70 + 1.20° 32.02 + 0.88°

F_test *¥% *% *% *%

SD 454 3.29 2.87 1.99

CV (%) 16.38 17.24 19.87 2258

P =0kg/haof PO, P =125ke¢/haof PO, P =25kg/haof PO, P =375ke/haof PO, P,
= 50 kg/ha of ons’ P5 = 62.5 kg/ha of ons’ SD = standard deviation, CV = coefficient of variation.
ns = not significant, ** significantly different according to F-test at P < 0.01.
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Figure 4 Cumulative effect of phosphorus fertilizer on total nitrogen, available phosphorus,
and available potassium in the soil after the 3™ cropping season. P =0kg/haofP O,
P =125 ke/ha of ons’ P =25 ke/ha of ons, P, =375 ke/ha of ons’ P, =50 ke/ha
of PO, P, =625 kg/ha of P O.. Different lowercase letters on bars grouped within
the same soil depth are significantly different at P < 0.05.
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