EFFECTS OF FERTILIZATION UPON THE GROWTH AND
MINERAT UPTAKE OF SORGHUM SEEDLINGS
ON COMPOSTED LATERITIC SOIL
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INTRODUCTION

The lateritic soil on Ta-tu-shan in central Taiwan is deficient in both nitrogen and
phospharus (12) , and corn plaﬁts grown on it have shown significant responses to a
combination of the two elements in fertilizers (1). Organic matter improves the soil
by influencing its physical properties as well as increasing the availability of nutrients.
(5, 10). Easily replaceable cations are provided along with nitrogen, phosphorus and
sulfur held in organic forms. Such increase in nutrients in soil will greatly stimulate
crop growth. Compost is one of the sources of soil orangic matter. The addition of
compost to lateritic soils increased profoundly the production of crops as reported by
Orchard and Darby (7). The present paper reveals the effects of compost addition and
fertilization on the growth and mineral uptake of sorghum seedlings on the lateritic
soil on Ta-tu-shan.

METHODS

Soil for pot cultures in the experiment was collected from the denuded land located
near the east side of a Taiwan acacia grove on the campus of Tunghai University. One
part of compost was mixed thoroughly with two parts of the soil for the experiments.
‘The compost used was made with grasses grown on the lateritic soil on the University
campus. ‘

Pot cultures with sorghum (Andropogon sorghum, Brot.) seedlings were made out
of doors on Ta-tu-shan. Six-inch pots were used, with two seedlings per pot in quadru-
plicate. In these tests 2200 grams of composted soil were weighed into a pot and then
fertilized with various treatments as shown in Table 2. The fertilizers used were
ammonium nitrate, ammonium phosphate, potassium phosphate, potassium nitrate and
. potassium ‘chloride asthe sources of nitrogen, phosphorus, and potassium. The designations
Ng, Ni, Nz, N3 and N4 indicate that the soil received nitrogen at the rate of nil, 100,
200, 300, and 400 pounds per acre respectively; Po, P1, P2, P3, and P4, at the rate of nil,
100, 200, 300, and 400 pounds P20s per acre respectively; Ko, Ki, K2, K3, and Ky, at the
rate of nil, 100, 200, 300 and 400 pounds KO per acre respectively. ‘

Sorghum seeds were sown on March 24, 1961 and the seedlings were harvested on
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May 15, 1961. During the growing period the plants were watered with distilled water
once or twice a day depending upon the moisture condition, of the soils. At the time
of harvest the seedlings were individually separated at the ground line and were then
dried {0 a constant weight in an oven at 70°C. The shoots and roots from each trea-
tment in quadruplicate were mixed and then ground in a Wiley mill through a 40 mesh
screen. The plant tissue was analyzed for nitrogen, phosphorus, potassium, calcium and
magnesium,

Total nitrogen was determined by the Kjeldahl method modified from Winkler (9);
the ammonia was distilled into boric acid solution and theén, titrated with standard
hydrochloric acid solution. The samples of plant tissue used for phosphorus, potassium,
calcium and magnesium determinations were prepared by the usual dry ashing method.
Magnesium and phosphorus were determined by a modification of the molybdi-vanadate
method of Murray and Ashley (6). Magnesium was precipitated as magnesium ammo=
nium phosphate and then estimated by comparing with phosphate standards-on a
colorimeter; for phosphate the ash solution was used directly. Potassium was precipitated
as the cobaltinitrite and titrated with standard permanganate (2); calcium was precip-
itated as calcium oxalate, and the oxalate titrated with permanganate in hot sulfuric
acid solution (4). ' - ‘

The composted soil was analyzed for soil texture, soil reaction, organic matter, total
nitrogen, available phosphorus, cation exchange capacity and exchangeable potassium,
calcium and magnesium. Soil texture was determined by the Bouyoucos hydrometer
method (9). Soil reaction was measured by glass electrode with a soil-water ratio of
1:1. Organic matter of the soil was determined by the potassinm dichromate method.
Total nitrogen was determined as described above for plant tissue. Available phosphorus
was extracted with dilute sulfuric acid (11) and then estimated by comparing with
phosphorus standards on a colorimeter. Cation exchange capacity was determined by a
" method modified from Peech et al. (8). The leachate was evaporated to dryness, treated
with’concentrated, nitric acid and hydrochloric acid, and dried again. The residue was
then heated at 390°C. to oxidize organic matter, dissolved with 0.1 N HNOS,' and subjected
to the same method used in analysis of the plant tissue for potassium, calcium and

magnesium elements.

RESULTS AND DISSCUSSION

I. "The effect of compoét‘ on soil improvement.

The soils physical and chemical properites were modified after treated with
compost. Table 1 shows a comparison of the texture, soil reaction, organic matter and
chemical Icomposition of the composted lateritic soil with those of the lateritic soil

without compost addition.
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Table 1

The physical and chemical properties of the lateritic soils

Soil texture Air dry { .1 Avail- Cation  Exchan- Ex‘chan— Exchan-
Soeil sample - PH moisture 2,;%?;“ Tol\tla able  exchangegeable . geable geable
Name sand silt clay content P capacity K Ca Mg
%% % % % % % b./JA merk moe m. e. m. e.
Soil ’ ,
(\!vithout com- fg;iy 64.9 21.9 13.2 4.5 0.64 0.8¢ 0.053 1.30 — 0.2581 0.60 —

post addition)

Clay 463 359 27.8 5.8 271  4.43 0.234 123.2 16.05 ,1.086; 11.9¢ 2.90

Composted soil 1o, 1

* 9 of oven dry soil
“xk m. ‘e, per 100 grams cven dry soil

The soil jmprovj;ﬁg effect of compost in this experiment was very striking. The
acidity Was—.dac‘r;élavsed as the base content of the composted soil increased. The organic
matter, total nitrogen, available phosphorus and exchangeable calcium, potassium and
magnesium of the soil were increased by compost addition. The organic matter, total
nitrogen and exchangeable potassium levels of the composted soil, were about five
times higher, the calcium content twenty times greater, and the Véyailable phosphorus
amount one hundred times higher than thosé..of the, soil without added compost.
Such increments in nutrients made the c,omrpibst'eld soil” more productive than the soil

without compost additlion.
2. Effects of fertilization on the growth and dry weight of sorghum seedlings.

The growth and dry weighj;’of«sorghum plants can beét be shown in Figure 1 and
Table 2. Seedlings with all fertilizer treatments showed a slight increase in dry weights.
On the basis of increased dry weight, the seedlings with NiP1Kz, N1P1K3 and N1PiK4
treatments developed better than those with other treatments. Their dry weight indexes
of the shoot are 151, 136 and 128 respectively; Whilé their dry weight indexes of the
roots are 124, 130 and 139 respectively. The control plants had more extensive root
development and yielded greater dry weight than most of the fertilized plants. Other
factors being equal, a tendency exis'ted toward decreasing. dry weights of the shoots
but increasing dry weights of the roots with increasing nitrogen, phosphorus, or pota-
ssium fertilizer amounts in the composted lateritic soil. - 7 }

Soil fertility varies greatly with different kinds of soil. The effects of fertilization
on the growth sorghum seedlings on the composted lateritic soil of Taiwan are therefore
not consistent with those reported by Iljin (3) for the same spécies in Venezuela. In his
experiments,‘the fertilized sorghum plants on lateritic soil of Venezuela showed no
response to NK treatment, but the dry yield increased greatly when treated with NP.
Comparing the yield of NPK with those of NP treatment, it seemed that the addition of
potassium give little effect on the growth of sorghum plants in his experiments.



Fig. 1 A comparison of the growth of sorghum seedlings with various
treatments on the composted lateritic soil (Left to right, top, NoPoKo,
NoP1K1, N1P1K;, N2P1Kq, N3P1 K1, and NyP1K3; medium, NoPoKo,
N3PoKy, NyP1K3, N1PsK1, N1P3Ki, and N3P.Ky; bottom, NgPoKa,
N:1P:Kp, N1 P1K1, N1 P1Kg, N1P;K3 and NP1 K4,



Table 2

Dry weight, Chemical composition and uptake of the sorghum seedlings

Average ~ Dry | Dry , ieal combosition | - Chemical -
dry 8@%5 éwrw némﬁwﬂ. : ,Oww,nﬁo,ﬂ ,oo,BvomH?ov . e .Owwwﬁoﬁ :HN,Wm per average seedling |
, ‘per seedIng lindex lindex ; ;
Treatment| (gm.)  |of thelof thel N%*| P% K% Ca% | Mg% N mg - | P mg K mg _ Ca mg'| Mg mg
_WOI Sh-[Ro-|To-. jshoot | .roots |Sh=Ro- (Sh- JRo- " [SH- |Ro- Sh- _Wo.u Sh- [Ro- |Sh~ |Ro-[To- Sh-[Ro-|[To- |Sh- |Ro- [To- IS~ [Ro-[To- [Sh-|Ro-To-
oo~ otg| tal ! oot} ots) oot |-ots | oot] ots| oot | ots | oot | ots | oot | ots] tal | oot| ots| tal|l cot | ots | tal | oot| ots| tal| oot| ots| tal

4.013.85 7.86 100 _ 100 _w.wﬂ.yo,o..msc 1632.89]1.2800.508/0.594)0. 19800, 372 %.m;@.w‘ 91.7] 8.5| 6.314.8/115.9, 49.3)165.220.422.9/45.3 q.wmp.@w.w

——— e e [ e e b e e e e e e

NoPoKo

NoP1K:1 [4.54)4.63] 9:17 HHw‘ Hwo, H.NNH mmo 212/0.155{3.08!1.22/0.476/0.911/0.198/0.317 55.4/57.9/113.3 em 7.2/16.8139.8| 56.5(196.3/21.6/42.2/63.8 w.o,‘g.qmw.q

A NN (U AU, ORI NN N NU—— NN NERUIN N

NiPoK; [4.772.01 6.78 110 | 52 |1.531.230.2120.1753.401.750. mmm_o 5280.21500.225) 73.024.7| 97.710.1) 5.515.6162.2 35.2|197.4224.9/10.6/25.510.3| 4.5[14.8

0. Mmq*o.moww.wm 1.41/0.58210.63910.2150.223| 92.7/27.8/120.5(11.7| 4.3|16.0]145.9] 30.2/176.128.7/13.7.42.4

— IJ*I

N1PiKo [4:932.14 7.07, 128 | 56 |1.881.30

10.6, 4.815.4

—— e — - e —_—— e e e
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N:P;K: [4:5011.80 6.30 112 | 47 AH.mmo -920. wao.NAmw.owN.Hmo 49310.5780. -2100.307, 54.9(16.6| 71.5{12.1 4.416.5/185.0] 39.2{174.2122.2! 6.8/29.0| 9.5 5.5/15.0

N2P1Ki 5.102.25) 7.35 127 59 [1.13/0.90/0.237)0.237|2.991.51)0.468/0.364/0.182(0.287 57.6[20.3] 77.9/12.1| 5.3/17.4/153.5| 40.0,193.5/23.9] 8.2/32.1} 9.3| 6.515.8
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N:P1K: 14.4012.30 6.70] 110 . 60 (1.621 261/0.2093.37/1.57/0.611/0.500/0.198/0.307| 71.327.1 98.4/11.5| 4.816.3(148.3 36.1)184.4/26.9111.5/38.4] 8.7, 7.1)15.8

NyP1K; |4.273.42 7.69) 105 | 89 [3.24/1.52(0.2610.176/3.641.11/0.74311.0580.3120.277|138.452.0190.411.2] 6.0/17.2|155.4] 38.0/193.4/31.736.2/67.9[13.3] 9.522.8

N1P3;K; J4.612.73 7.34 115 71 |1.021.10

0. quo.uﬂwm.mmN.QNo.mHAo.ﬂmmo..Hmmo.HE 47.0130.0) 77.012.8) 4.7]17.5153.1) 52.4/205.5{23.7120.6/44.3! 7.3 4.8)12.1
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NiPyK: {4.232.92 7.15 106| 76 [1.171

omem.me.mqo.pwﬂo.kmmo.mmm_o.mmm 49.530.4) 79.9, 9.6 5.5/15.1125.2| 83.8219.0121.014.2{85.2| 7.7] 7.214.9
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(
_
N:P.K; |4.852.67| 7.52) 121 | 70 [1.0710 “ o.wmmm.mmH.mmo,.kqmo.ﬁuo.u.muo.qu 51.825.6 77.4/11.1] 6.8/17.9|138.2 50.2(188.4/23.1/11.0[34.1| 7.3} 7.915.2
|
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A
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- i ;
N1P1Ks  (6.0514.7510.80) 151 | 124 |(1.291. Mm,o Hmwe.wmmw.wHH.‘wmo.ﬁwmo.mm.wohmmo.www 78.1)62.4/140.5/11.4/10.8122.21200.2, 64.6264.9129.240.2:69.4) 8.4]14.2]22.6

- B A

N;P 1K m.AmmA.owHo.pﬂ 136 | 130 H.AwH.N0,0.Hmwo.Mme..mww.mwv.mwwo..EmQ.Kwo 210] 77.9/60.2|138.1/10.3|10.520.8|157.5/111.6/269.1/28.837.4/66.2| 7.8(10.5/18.3

(II{JIJ_ llllll —

D i N A
_

N:P1K¢ 15.155.35(10.50 128 | 139 H.mHH.wm“o.mmmo.ummw.cwm.mpo.mmmu..umwo Hmn,

0.182 77.872.2/150.0 9.7| 8.3(18.0/158:1 wm.hwmm.mmw,qmo.m_“%.w 7.9 9.7017.6

* % of oven dry tissue.
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In a previous report (1) corn seedlings grown on the lateritic soil of central Taiwan
without compost treatment showed a significant response to N1P1Kp but little response
to potassium except in the treatment of NiPsK2. As the soil was deficient in both
nitrogen and phosphorus, the dry weights of corn seedlings depended upon the amounts
of these two elements supp]ied‘ by the fertilizers. However, sorghum plants grown on
the same lateritic soil treated with compost showed a small response to Ni1P;Kp treatment
and maximum response to N1P1Ky treatment in these experiments.

3. Chemical composition and uptake of the sorghum seedlings.

Table 2 shows the clhemical composition and uptake of sorghum seedlings. The
applicaﬁon of nitrogenous fertilizers increased the nitrogen content within the tissue.
Nitrogen concentration in the shoois ranged from 1.02-3.24% of dry weight and the
uptake from 47.0- 138 4dmg; in the roots from 0.90-1.52% and 24.7-72.2 mg. The application
of phosphorus resulted in 1’cs concentration in the shoots from 0.189-0.269% and the
average uptake per shoot from 8.5-12.8 mg; in the roots from 0.155-0.256%and 3.5-10.8 mg.
The apphcatlon of potassium fertilizers resulted in an accumulation of potassium within
the shoot ranging from 2.85-3.64% and the amounts used from 155.9-200.3 mg; in the roots
from 1.11-2.87% and 30.2-111.6 mg.

The application of elements to the soil affects (a) the content of such elements in
the plant and (b) the utilization of other elements in the soil. In this experiment, an
increasie in nutritional elements within the plant may not be correlated with increased
dry xve;ight, for there is no intimate correlation between the accumulation of a certain
element within plant tissue and the total amount of tissue produced. Comparing the
chemical composition and uptake of sorghum seedlings for various treatments, the
‘fOlIOWil:lg relations may- be ers_:cablished.

(1): Ferti:%lizati%)n from ad%litioh of phosphorus and potassium (but without applying
nitrogé'u) resultedj in increasing greatly calcium concentration within the roots as
compared Wit‘}h the control.

(2) The Enitroigenj and calcium percentages within both shoots and roots, and
phosphorus and poffcass';ium in the shoots increased, but -phosphorus and potassium in
the roots decreased with increasing nitrogenous fertilizers in the composted lateritic
soil. ' ' '

(3) The potassium increased but magnesium decreased greatly in the roots with
N1PoK; treatment as compared with the control plants. '

1) The potassium, calcium and magnesium concentrations within the roots increased
with increasing phosphorus amounts m the composted lateritic soil.

(5) Comparing w1th the control plants the seedhngs treated W]th N1P1Ko had
higher nitrogen in the shoots but lower magnesium in the roots.

(6) The nitrogen and calcium within both shoots and roots, and magnesium in the
shoots increased but phosphorus and magnesium in the roots decreased with increasing

potassium levels in the composted lateritic soil.
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Fig. 2 A comparison of nutrient concentration and uptake of the shocts with those of the roots
of the sorghum seedlings, left to right: NgPyKy, NoP1Ki, N1 P1Ky, N3P1 K3, N3P K, and NP1 Ky,
(% “of oven dry weight and mg. per average shoot or roots). ’ :

. TheJcorn seedlings grown on the same, lateritic soil without compost addition
showed ‘an” increasing phosphorus content with decreasing nitrogen, potassium, and
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Rig. 3 A comparison of nutrient concentration and uptake of the shoots with those of the roots
aof the sorghum seedhngs, left to rlght NoPoKo, N1POK1, N1P1K1, N1P2K1, N1P3K1, and N1P4K1
(% of oven dry weight and mg. per average shoots or roots).

calcium percentages within the shoots (1). The corn seedlings with N;PoK; treatment
also had much greater nitrogen and potassium contents but lesser phosphorus percentage
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Fig. 4 A comparison of nutrient concentration and uptake of the shoofs with those of the youis
of the sorghum seedlings, left to right: NoP¢Kg, N1 P1Ko, N1P1K;y, N:P1Kz, NiP1Kg, and N;FP;¥,
(% of oven dry weight and mg. per aVerage shoots or roots). -

within the shoot. Such relations, however, were not found in this study.
A comparison of nutrient concentration and uptake of the shoot with those of ihe
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roots is presented in Figures i2, 3 and 4. In general, the nitrogen, phosphorus and
potassium levels were higher within the shoots than those within the roots. The magnesium
percentages in the roots were greater than those in the shoots, Whereas the magnesium
uptake fluctuated in both shoots and roots.

SUMMARY

Sorghum seedlings were grown on composted lateritic soil with fertilization in pot
cultures for observation of growth and mineral uptake. The composted lateritic soil was
more productive than the same lateritic soil without compost addition.

On the basis of increased dry weight, the sorghum seedlings with N;jP1K2, N;PiKs,
and NP K4 treatments developed better than those with other treatments. The control
plants had more extensive root development and yielded greater dry weight than most
of the fertilized plants.

The nitrogen, phosphorus and potassium levels, both percentages and milligrams,
wetre higher within the shoot than those within the roots whereas the tmagnesium

percentages were the reverse.
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