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ABSTRACT 
Soil culture experiments and field experiments on the tropical peat soils distributed 

in Thailand and Malaysia as well as \Vater culture experiments were conducted in 
order to analyze the nutritional factors limiting crop growth. The following results 
were obtained. 

1) Low pH and low K level of the soil were the most important factors limiting crop 
growth. followed by low P and low N levels. 

2) Low levels of micronutrients such as Cu, B and Zn sometimes became an important 
factor. Cu deficiency vvas the most important among the micronutrient deficiencies, 
followed by B deficiency and eventually Zn deficiency. 

3) Phenolic acids such as p--hydroxybenzoic acid, vanillic acid. syringic acid, p
coumaric acid and ferulic acid which were contained in peat soils as monomers had 
a toxic effect on crop growth at concentrations as low as 0.05 to 0.2mM.. Total 
concentration of phenolic acid monomers in the peal soils ranged from 4 to 134µg,i 
g soil which was equivalent to 0.005 0.19mM/l soil. 

4) Without micronutrient application, sterility occurred in tomato and maize in a 
Malaysian peat soil and in rice in a Thailand peat soil. It was suggested that the 
sterility was not caused by the toxicity of the phenolic compounds, but by Cu 
deficiency. 

Introduction 
Peat soils formed from an adapted vegetation of mangroves, grasses, or swamp forest 

under waterlogged condiitions are widely distributed in the southern coastal region of 
Thailand and in Peninsular Malaysia. 

It is well-documented that drainage and liming are indispensable in order to cultivate 
crop plants on these soils. It is, however, possible that the deficiency of essential elements 
such as phosphorus, potassium, magnesium, copper, zinc, manganese and boron may 
become factors limiting crop growth on these soils after the reclamation of the soils. 
Copper deficiency of maize (Kanapathy, 1972). cassava (Kanapathy, 197 4; Chew et al., 
1978), sorghum (Chew et al., 1979) and groundnuts (Chew et al., 1979), boron deficiency of 
tomatoes (Joseph et al., 1970), and deficiencies of copper, zinc and manganese in oil palm 
(Ng and Tan, 1974) have been reported on Malaysian Peat soils. 
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On the other hand, phenolic compounds rnay be contained at a rnxic level in the soil 
solutions t>f peat soils. Driessen (1978) suggested that the toxicity nf the phenolic 
compounds might occur for lowland rice grown on Indonesian peat soils. although 
confirmative evidence ·was lacking. Apart from peat soil, Wang el a!. (1967) indicated that 
phenolic compounds such as p-hydroxybenzuic add inhibit e,1 the growth of wheat. maize 
and sorghum under water cttl'. t11T conditiorn~. Furthermore. it is v,ell known that phenolic 
compounds become chelating c:gents for copper and make copper unavailabl(0 for 
absorption by plants. 

Sterility becomes a serious probkm in peat s,,ils when rice plants are cultivated. Copper 
deficiency, toxicity of phenolic compo~mds or crnr:bined effect of copper deficiency and 
toxicity of phenolic compounds were cited as the cause of the sterility (Driessen, 1978). 

The objectives of the present investigation are (1) to analyze the nutritional factors 
limiting crop growth in peat soils bdorc and after liming and (2) to determine the cause of 
the sterility 

1 Chemical properties and bulk densities of peat soils distributed in southern Peninsular 
Malaysia 

L l Materials and methods : 
Surface soils. 15cm in depth, were collected from eleven sites of peat area in southern 

Peninsular Maiaysia. Of these soils, 11):.:r soils were collected from recently or formerly 
opened areas without crop cultivation, one: from a natural forest, four from abandoned fields 
after cultivation of rice or tobacco and two from fields where oil palm and coco yam were 
cultivated. 

The soils were air-dried and analvzed for the chemical properties. 
2) Results and discussion : 

Total content of C and N was comparatively high (Table 1) whereas that of P. K. Ca and 
Mg was very low while that of S and Fe was rather high. Levels of micronutrients were very 
low. Of these, the contents of Cu and Mn wen similar to those reported by Driessen (1978) 
for the peat soils distributed in Sumatra and Kalimantau while the content of Zn was 
somewhat higheL 

The pH ranged from :3.3 to 4.8 with a mean valm' of 4.05 (Table 2). Bray·- II P was rather 

Table 1 Mean total content of elements in the surface horizon 
of peat soils distributed in southern Peninsular Malay-
sia (Number of sites : 11) 

Element Mean content ± SD 
C (% of dry soil) 33.8 J:: 7.8 
N (%) 1.38 + 0.30 
p (ppm) 450 ± 280 
K (ppm) 250 ± 300 
Ca (ppm) 1,190 ± 620 
Mg (ppm) 360 ± 290 
s (ppm) 3.550 ± 1.440 
Fe (ppm) 3,620 ± 1,160 
Mn (ppm) 11. 0 ± 8.9 
Cu (ppm) 6.3 ± 3 n . / 
Zn (ppm) 21.1 ± 14A 
B (ppm) 14.4 ± 5.9 
Ash (%) 20.2 ± 7.2 



Table 2 Mean chemical properties of the surface horizons of 
peat soils distributed in southern Peninsular 1\1 alayRia 
(Number of sites: 11) 

PH (H20) 
Bulk density (g/rnl) 
Bray II-P (mg P20, 110()gl 
CEC (meq/lOOg) 
Exchangeable (meqllOOg) 

K 
Na 
Ca 
Mg 
Al 

Base saturation (?,i>) 
OJ N HCl solubie (ppm) 

Fe 
Mn 
Cu 
Zn 
B 

l\lcan SD 

0.21 ~r 0.09 
.3. 48 + 2 .10 

il9 + 19 

0.32 ± (US 
J .15 t- 0 67 

2 69 !· . ., lS 

1'51 + 9 
X.5 +- 4. I 

6 9 ± 6.L 
OSI :t O 24 
6 3 + 2 9 
2.8 J :u 

low and CEC was comparatively high. Values of exchangeable K, base saturation and (UN 
HCl soluble Cu were extremely low. When the amounts of available elements of the soils are 
evaluated, it is important, especially in peat soils, to consider the bulk density. Since the 
mean bulk density of the peat soils was 0.21, the amounts of available elements per unit 
weight soil were calculated as being five times larger than the actual available amounts. 

2 Effect of appplication of lime, N, P, K, Mg, Cu, Zn, Mn, n and M.o on the growth of 
maize and lowland rice cultivated in a peat soil in N arathiwat, Thailand 

1) Materials and methods: 
Surface soil, 15cm in depth, was collected from a peat soil area in N arathiwat, Thailand. 

After the soil was air-dried lightly, pot experiments were conducted in the greenhouse of 
Prince of Songkhla University. A quantity of 9.00 kg of the soil with a moisture content of 
80% was added to the pots and the thirteen treatments indicated in Fig. l were applied. The 
experiments were conducted both under lowland and upland conditions. Two plants of 
lowland rice, variety RD-25, and one plant of maize, variety hybrid Suwan Fl 2301 were 
grown until maturity. 

The original pH of the soil was 4.0, the value of Bray ll-P was 3.7 mg PzO,)100 g, the 
contents of exchangeable K Ca and Mg were 0.37, 9.6 and 2.4 meq/100 g, respectively and of 
DTPA extractable Cu, Zn and Mn 0.29, 1.86 and 0.61 ppm. respectively 

2) Results and discussion : 
Growth of maize which was extremely poor in the - NPK-L treatment (Fig. 1), was 

improved to some extent by the application of N. P and K without liming while with liming, 
it was further improved. However, sterility occurred in the+ NPK + L+ Mg treatment where 
no micronutrients were applied. Among the treatments with liming and Mg application, 
growth was poorest and grain yield lowest in the - K treatment. followed by the P, Cu, ·-
B and ·· N treatments. Shoot growth was limited to some extent and grain yield was 
decreased considerably under the -- Cu treatment while shoot growth was normal but grain 
yield was decreased considerably under the •-•- B treatment. 
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Fig. 1 Effect of application of lime, N, P, K, Mg and trace elements on 
the growth of maize and lowland rice cultivated in the Narathiwat 
peat soiL 

(F: N + P+ K, L: Liming. T.E.: Trace 

Growth of lowland rice was very poor in the absence of liming 1). The difference 
in the dry weight between the + NPK - lime and the + NPK + lime treatments was larger in 
lowland rice than in maize. Tolerance of lo\Jvland rice to acid soils is usually higher than that 
of maize mainly because the tolerance to high Al is higher in the former than the latter 
(Tanaka and Hayakawa. 1975). On the other hand, since lowland rice was grown under 
flooded conditions and the peat soil contained a large amount of organic matter, Fe toxicity 
might have occurred. However, since the Fe content of the shoot under the + NPK- lime 
treatment was 330 ppm (data not indicated), which was lower than the critical content for Fe 
toxicity (Tadano, 1974) and almost the same as that under the control treatment, the 
occurrence of Fe toxicity under the + NPK- lime treatment was therefore unlikely. It is, 
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thus. assumed that the extremely poor growth of lcrwland rice under the -1- NTK lime 
treatment was caused by different factors and was not related to Ai and Fe toxicities. 

Growth of lov:land rice in the treatments with liming was poorest undtir the -- K 
treatment (Fig. 1). Dry weights of grain and shoot under the N and the P treatments 
were lower to some extent than those in the control and no effect of the micronutrient 
application was detected. The absence of effect of the micronutrient application on the 
growth of lowland rice appeared to be due to the high tolerance of this crop to !ow levels of 
micronutrients. 

3 Content of phenolic compound monomers in peat soils 
l) Materials and methods: 

Eighteen surface soils, 8 to 25 cm in depth, were collected from peat areas. Of these. ten 
soils were collected from Thailand and eight from Malaysia. Immediately after the soils 
were collected, phenolic compound monomers were extracted by an acetonitrile: water (3: 
1) solution (Katase, 1981) at 8D°C for 24 hr. 

'.2) Results and discussion : 
p- Hydroxybenzoic acid, vanillic acid, vanillin, syringic acid, protocatechuic acid, p

coumaric acid, p-hydroxybenzaldehyde and ferulic acid were detected as monomers (Table 3). 
Mean content was the highest for p-hydroxybenzoic acid and the lowest for ferulic acid. The 
highest concentration of 148 µM/1 soil was obtained for p-hydroxybenzoic acid, followed by 
protocatechuic acid (45 µM), vanillin (36 µM), vanillic acid (32µM), syringic acid (2:3µM), p
coumaric acid (13µM), p-hydroxybenzaldehyde (9µM) and fernlic acid (2µM). Total 
concentration of the phenolic compound monomers ranged from 5 to 188µMiL Generally. the 
concentration of the phenolic compound monomers in peat soils tends to increase for several 
years after soil drainage and to decrease thereafter. 

4 Effect of phenolic acids on the growth of several crop plants and occurrence of 
sterility in rice plants 

1) Materials and methods: 

Table 3 Content of phenolic compound monomers extracted by acetonitrile : 
water (3: 1) solution and calculated concentrations* in peat soils 
(Number of sites: 18) 

Species of phenolic Content (µg/g soil) Calculated concentration (µM/1 soil) 
compounds mean ± SD mean ± SD lowest highest 

p-Hydroxybenzoic acid 9 ') ± 22.6 15.5 ± 32.6 148 
V anillic acid 3.9 ± 3.6 6.1 ± 6.7 1 ~~2 

Vanillin 3.0 :t 3.2 5.5 ± 7.6 1 36 
Syringic acid ') ') 

w ,._) ± 2 9 3.1 ± 5.1 trace 2::! 
Protocatechuic acid 1.5 ± 4 .4 3 1 r 1(1.:) trace 45 
p-Coumaric acid 1.4 ± l. 6 2 ') ,w ± 2.9 trace B 
p-Hydroxybenzaldehyde 1.1 ± l. 2 2.3 ± 2.2 trace 9 
Ferulic acid 0.4 :t 0.7 0.4 ± 0.5 trace 2 
Total 22.5 ± 30.9 38.7 ± 49.8 5 188 
• Concentrations (µM/1 soil) were calculated based on the bulk densities of the soil which were 

0.28±0.11. 

Experiment 1 : Young seedlings of rice, maize, wheat, soybean and tomato were 
transferred to 56 liter plastic vessels containing a standard nutrient solution and treatments 
with 0, 0.05, 0.25, 0.5 and lµM p-hydroxybenzoic acid were applied. The pH of the solution 
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,vas adjusted to L2 and the treatment solutions were changed every six days. Twenty days 
after the initial ion of the treatments, the plants were harvested. 

Experiment 2 : Young seedlings of rice. tomato and lettuce were transferred to 56 liter 
plastic vessels containing a standard nutrient solution.. After transfer, (L2mM p·hydroxy
benzoic acid, vanillic acid, p--c:oumaric acid. ferulic acid or syringic acid was added to the 
solutions. The pH of the solution wa~: adjusted to 4.2 and the plants were harveskd at 20 days 
after treatment. 

Experiment 3: Young seedlings of rice plants were transferred to 12 liter plastic pots 
containing a nutrient solution with 0.05ppm Cu and treatments with 0. 0.10, 0.25 and O.SOmM 
p--hydroxybenzoic acid (p- HBA) ,vere applied. The treatments were continued until harvest. 

2) Results and discussion : 
Effect of graded concentrations of p-hydroxybenzoic acid on the growth of the crop 

plants is shown in Fig. 2. The pH of the nutrient solution was 4.2 because the growth 
inhibitory effect of the phenolic compounds is larger at a lower pH than at a higher pH 
(Tadarcetal, ] 991). Growth of all the crop plants was inhibited with the increase of the 
concentration of p-hydroxybenzoic acid. The inhibitory effect, however, differed vvith the 
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Fig. 2 Effect of graded concentration of p-hydroxybenzoic acid on the 
growth of five crop species. 

species of crop plants. The inhibitory effect of this phenolic acid was in the order of tomato> 
maize=;csoybean>wheat>rice. The critical concentration for the inhibition was lower than 
0.05 mM in tomato, 0.25 mM in maize and soybean and 0.5 mM in wheat and rice. 

In Experiment 2, the toxic effect of five species of phenolic acids was compared at the 
concentration of 0.2 mM (Fig. 3). The toxic effect of ferulic acid was largest, followed by that 
of p-coumaric>vanillic='=,syringic>p-hydroxybenzoic acid. In every phenolic acid treat
ment, the root color turned brownish and root formation was inhibited in the same manner 
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Fig. ;1 Effect of five species of phl,nolic acids on the growth of rice, leituce 
and tomato (Concentration of phenolic acids : 0.2mM). 

species of phenolic acids. Thus, it is as:,umed that the mechanism of grov.:th inhibition by 
these phenolic acids was similar. 

In Experiment 3, the dry weight of rice plant ,vas largest under the 0.10 mM p- HBA 
treatment (Table 4) and it decreased with a further increase of p HBA concentration. The 
decrease was much more severe in the shoot than in the panicle. Cu content of the shoot in 
all the treatments was far higher than the critical value for the deficiency (Tanaka et al, 
1978), 

The number of panicles per plant at harvest increased in the OJO mM p-HBA treatment 
compared with the treatment ,vithout p-HBA. However. it decreased strongly ·with an 
increase of p--HBA concentration at higher levels above 0.10 mM. Changes in the number of 
ripened grains, sterile grains and total grains per plant, respectively, with the increase of the 
p- HBA concentration also sho\\ ed the same tendency as that of the number of ears per plant. 
The sterility percentage was not different between the treatment with OJO mM p-HBA and 
that without p-HBA, hut it decreased with the increase of the p- HBA concentration at levels 
above 0.10 mM. The decrease of the sterility percentage in the 0.25 and 0.50 mM p- HBA 
treatments was ascribed to the marked decrease of the number of ears per plant which was 
more severe than the decrease of the shoot dry weight. Thus, it is considered that phenolic 
acid such asp- HBA does not induce sterility directly if Cu is applied adequately. It remains 

Table 4 Effect of p-hydroxybenzoic acid (p-HBA) concentration on the growth 
and the occurrence of Sterility in rice plants 

Concentration Dry \VPight {g/plant) Panich~ I\o. of grains µer plant Sterilitv J.,000 RTain content in 

of P HBA (mM) Shoot Panicle Total ___ rn~~p_l"_~~---f{Jpenecl Sterile Total __ _[)~'l<_'e11~~~-1ve~!(ht \gl -----~P__rnl __ 

i1. l 

II. 25 
0. 5 

28. 2 
37,} 

2:l.4 

19.3 

22. 6 

21. 7 
20. 0 
17 .il 

,-1,1 

22 

l. f)(]j 

I. 41c; 
990 

2110 

272 
121 

6:i 

l. 201 
l, 59K 

1. 111 

769 

16. 7 

17 .o 
l.O. 9 
8 .,i 

24. 2 
2:i. 5 
24. 2 
23. 7 

36. 6 
.jj 0 

38 .6 
21.il 
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to be determined whether other species of phenolic acids such as ferulic acid and p coumaric 
acid, etc., which had a strong inhibitory effect on rice growth could induce sterility directly. 
However, since the mode and mechanism of growth inhibition by these phenolic acids were 
assumed to be similar to that by v H BA. it is suggested that other species of phenolic acids 
are not able to induce the sterility directly either. 

5 Effect of liming and micronutrient application on the growth and the occurrence of 
sterility in rice plants cultivated in JJeat soils distributed in southern Thailand 

1) Materials and methods : 
Two peat soils with different degrees of decomposition of organic matter. i.e. Bacho soil 

with a lesser degree which contained a higher concentration of phenolic compounds and Kab 
Daeng soil with a higher degree which contained a Jm,ver concentration. were used for the pot 
experiment. 

Seven kg of each soil was added le) 10 I! pot. and iour treatments indicated in Table 5 
were applied to each soil. Magnesium calcium carbonate was added into these pots at low 
(lOg/pot) and high (40g/pot) levels. Rice plants, variety RD 23, were grown under submerged 
conditions up to harvest time. 

2) Results and discussion : 
The original pHs of the Bacho and Kab Daeng soils were 3.4 and 3.7. The pHs of these 

soils one day after the addition of magnesium calcium carbonate rose to 3.8 and 4.o at the low 

Table 5 Effect of application of lime and micronutrients on the yield, yield 
components and micronutrient content of rice grown on Bacho and Kab 
Daeng peat soils 

Soil 

Bacho 

Kab 
Daeng 

Lime 
(g/pot) 

10 

10 

40 

'1li 

11) 

10 

40 

1\-Iicro 
nutrients 

pH 
(H,Ol 

3 .8 

3 R 

Ui 
L6 

1.J 
, . 1 

.J. 7 
17 

Dry weight (g/pot) 

Shoot Grain Total 

9.0 '1.4 

Paniclc 
no/pot 

26 .F ,· .8 34 ,0 :=i. ~1 

58.8 40 l 98. ~-l 2}, () 

82 1 70.S 132.6 .'LL7 

Y2.3 83.2 175.5 

72. 4 ::i r . , 1'.JO, 1 

90.5 88.4 178.9 

1:).3 

30. J 
43. :3 

* Content in sho1)t on a dry \reight basis. 

Spikelet 
110,.- panic.le 

Y5 

86 

8-l 

90 

F·-· 1 WL of I\Ticronutrient content 
· i!lec . . 1.000 (ppm)" 

gram(%) grains (g) Fe l\In Zn Cu B 

92 

56 66 139 3.8 21 
5:1 71 68 l. 0 8 

43 7·1 13s ::;.o 19 

'/.1 107 l l-1 2. '.? '.1 

fo rn7 169 1.9 rn 

58 1611 152 2.? 13 

and the high lime levels in the Bacho soil and to 4J and 4.7 in the Kab Daeng soil, 
respectively. 

The growth was very poor at the low lime level in the Bacho soil and all the plants died 
before harvest time with the exception of those in the treatment with micronutrients (Table 
5). The growth was improved at the high lime level in the Bacho soil, and the plants which 
received micronutrients had a larger straw and grain weight than those without micro
nutrient application. The growth was much better in the Kab Daeng soil than in the Bacho 
soil. The large difference in growth between the Bacho soil and Kab Daeng soil \vas partly 
attributed to the low pH of the Bacho soil. However, the difference in growth was also found 
at the high lime level between the Bacho soil at pH 1.6 and Kab Daeng soil at pH 4.7. This 
result suggests that the higher concentration of phenolic compounds contained in the Bacho 
soil may account for the inhibition of rice growth. 

The panicle number per pot and the filled grain percentage decreased at the high lime 
level without micronutrient addition in the Bacho soil. The panicle number per pot decreased 
in the absence of application of micronutrients in the Kab Daeng soil, but the spikelet number 



per panicle, filled grain percentage and 1000 grain weight did not change appreciably. 
In the treatment without micronutrient application, the value of the Cu content was 

critically low for the deficiency (Tanaka et al., 1978), in particular in the Bacho soiL The B 
content was slightly higher than the critical value (Yamanouchi, 1976) in both soils. The 
contents of Fe, Mn and Zn were higher than the critical values for the deficiency. It is 
therefore considered that Cu deficiency was also responsible for the poor growth in the 
treatments without micronutrient application in both soils and that the sterility occurring in 
the absence of micronutrient application at a high level of lime application in the Bacho soil 
may be due to Cu deficiency. 

6 Effect of liming and micronutrient application on the growth and the occurrence of 
sterility in tomato and maize cultivated in a peat soil distributed in southern 
Peninsular Malaysia 

1) Materials and methods: 
Field experiments were conducted with tomato, variety MTII, and maize, variety 

Suwani, in a peat soil located in the Peat Experiment Station of the Malaysian Agricultural 
Research and Development Institute in Pontian, Malaysia. The experimental field was set up 
immediately after a secondary forest was cleared. In the experiment, the treatments 
consisted of the application of 0, 4, 8, 12, 18, 28 and 40tons/ha of CaCO3 with and without 
supply of micronutrients such as Fe, Mn, Zn, Cu, B and Mo. Plant samples were taken at 30 
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Fig. 4 Effect of liming and micronutrient application on the growth of 
tomato and maize at harvest in a peat soil distributed in southern 
Peninsular Malaysia. 
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Table 6 Effect of liming and micronutrient application on the yield components, 
sterility and micronutrient content in tomato and maize cultivated in a 
peat soil distributed in southern Peninsular Malaysia 

G7. 8 
() 

52 .3 

19. ~ 

0 

1. lli 

1. oz 
0 

1 13 

1. ,i 

l.8 

1.1 

11 
l. l 

~? . 1 
1. f) 

Jll6 ZG 

124 30 

38~ 93 

169 /fl 
306 7:1 

J95 96 
\.10 ]7 

1-; 

412 1.10 

. --------~!icronutrient cuntent (ppm~~~--···----·-~----
\Vt. of Tomato l\1aize 

~'.~~;\s (g) F_e __ ~-I_n_,_'":n_(~~~--~----ti·~-- i_r_n _z~_-··_--; __ ~:~_----_---·B---

209 

299 

34'.l 
:no 

290 

361 
3h6 

:lll 

:l2-! 

91 89.:3 ,ss. i J4,4 119 65.8 19.8 1.2 L\.8 

2;)J 62.l 6.1.8 2.0 '.!.0.4 124 ';8.4 30.2 3.li 6.2 

Gl ·11.0 97.0 4. ➔ 3L!. 1S6 96.6 43.9 3.1 9.7 

7"7 SL6 12.5 2.:~ 16.4 98 88.5 35.6 3.7 6 . .l 

60 58 9 77.4 3.0 2'J.:J 128 86.8 43.7 5.8 9.1' 

~-n 5-L5 17.4 i./ lS.J 13';" B0.8 32.0 3.0 6.0 

6~ 4'2 3 7,. l J.2 .;1~ llG 9.1.:, -lO.l 9. 9 

73 51.G 63.?. 2.0 16.0 U4 72.-1 9 3. l 6.2 
'i-t ,r/. i '71. 3 ,LO 18 . '7 110 77. 1 'ti 1 3. 2 5, 6 

80 37.:J 66.4 1.2 20.0 12'i 811.4 31.l 4.1 8.6 

* Content in shoot in dry weight ha:~is at 30 days after planting. 

days after sowing and at harvest for the determination of the dry weight and element contenL 
2) Results and discussion : 

Soil pH at the planting time which was 4.0 in the treatment without liming (Fig. 4) 
increased with the increase of the amount of lime applied. The growth of tomato was 
extremely poor in the treatment without liming. Howe,rer when micronutrients were applied, 
the growth became normal in the treatment with 8 tons/ha of lime where the soil pH of 5. 
3 was attained. When the micronutrients were not applied, the growth was considerably poor 
even under liming. No fruits were formed in the treatments without micronutrients (Fig. 4, 
Table 6). In addition, shoot growth was retarded at the soil pH above 5.0 in the treatments 
without micronutrients. 

Growth of maize was also extremely poor without liming and it became normal with 8 
tons/ha of lime when micronutrients were applied (Fig. 4). When micronutrients were not 
applied, shoot growth was normal in the treatments with liming at the rate of more than 8 
tons/ha but sterility occurred. In these treatments, the number of ripened grains per ear was 
32, 55 and 21% of the treatments with micronutrients at pH 5.3. 5.5 and 5.6, respectively 
(Table 6). The sterility in the treatment without micronutrients became more severe when 
the soil pH was higher (pH 6.6) as seen in the treatment with 40tons/ha of lime. 

Micronutrient content in the shoot at 30 days after planting is shown in Table 6. In the 
treatments without micronutrients, Cu content of tomato was lower than the critical value 
for the deficiency. Cu content of maize and B content of both plants were near the critical 
values. 

Conclusion 
Nutritional factors limiting crop growth in tropical peat soils distributed in southern 

Thailand and southern Peninsular Malaysia were investigated. Low pH and low K level of 
the soils were the most important factors limiting crop growth, followed by low P and low 
N levels. Deficiencies of Cu, B and/ or Zn also frequently became important nutritional 
factors limiting crop growth, of which Cu deficiency was the most important. 

It was shown that phenolic compounds such as p-hydroxybenzoic acid., vani!Hc acid, 
vanillin, syringic acid, protocatechuic acid, p·coumaric acid, p hydroxybenzaldehyde and 
ferulic acid were contained in the peat soils as monomers and that the total content ranged 
from 0.005 to 0.19 mM/1 soil. Based on the water culture experiments, it was shown that 
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these phenolic compounds had a toxic effect on the growth of crop plants at a concentration 
as low as 0.05 mM. Since the lowest concentration of 0.05 mM for the toxicity was obtained 
with p-hydroxybenzoic acid which had the weakest toxic effect, the lowest levels for the 
toxicity in the other phenolic compounds are assumed to be much lower. 

It was also suggested that the sterility of the plants which occurred frequently in the peai 
soils was not caused by the toxicity of the phenolic compounds, but mainly by Cu deficiency. 
The possibility of B deficiency together with Cu deficiency should be further investigated. 
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