
Biol Fertil Soils (1989) 8:116-122 
Biology and Fertility 

° f S o i [  s 
© Springer-Verlag 1989 

Effects of phenolic acids on seed germination 
and seedling growth in soil 

M.J. Krogmeier and J.M. Bremner 

Department of Agronomy, Iowa State University, Ames, IA 50011, USA 

Summary. It is commonly assumed that the adverse 
effect of plant residues on crop yields is largely or 
partly due to phytotoxic compounds leached from 
these residues or produced by their decomposition. 
There has been substantial support for the hypothesis 
that the phytotoxic compounds responsible for re- 
duced crop yields are phenolic acids such as p- 
-coumaric acid, p-hydroxybenzoic acid, and ferulic ac- 
id. To test the validity of this hypothesis, we studied 
the effects of nine phenolic acids (caffeic acid, 
chlorogenic acid, p-coumaric acid, ellagic acid, ferulic 
acid, gallic acid, p-hydroxybenzoic acid, syringic acid, 
and vanillic acid) on (1) seed germination of corn (Zea 
mays L.), barley (Hordeum vulgare L.), oats (Avena 
sativa L.), rye (Secale cereale L.), sorghum [Sorghum 
bicolor (L.) Moench], wheat (Triticum aestivum L.), 
and alfalfa (Medicago sativa L.) on germination paper 
and soil, (2) seedling growth of alfalfa, oats, sorghum, 
and wheat on germination paper and soil, and (3) ear- 
ly plant growth of corn, barley, oats, rye, sorghum, 
and wheat in soil. The results showed that although 
the phenolic acids tested affected germination and 
seedling growth on germination paper, they had no ef- 
fect on seed germination, seedling growth, or early 
plant growth in soil even when the amounts applied 
were much greater than the amounts detected in soil. 
We conclude that the adverse effect of plant residues 
on crop yields is not due to phenolic acids derived 
from these residues. 
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Recent concern about soil erosion and other problems 
associated with conventional tillage systems has stimu- 
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lated interest in conservation tillage systems in which 
crop residues are managed on the soil surface with 
minimum or no tillage. These systems have the advan- 
tage that they reduce soil erosion and conserve energy, 
but it is well established that conversion to these sys- 
tems can lead to a reduction in crop yield (Guenzi and 
McCalla 1962; McCalla and Norstadt 1974). This re- 
duction in yield has been attributed to phytotoxic 
compounds leached from plant residues or produced 
by their decomposition (Guenzi and McCalla 1962; 
McCalla and Haskins 1964; Patrick 1971; Cochran et 
al. 1977; Elliot et al. 1978), and many workers (Guenzi 
and McCalla 1966a; Wang et al. 1967; Chou and Pat- 
rick 1976; Patterson 1981; Lodhi et al. 1987) have sug- 
gested that the phytotoxic compounds responsible for 
reduced crop yields are phenolic acids such as p- 
coumaric acid, ferulic acid, and p-hydroxybenzoic ac- 
id. This hypothesis has stimulated research to identify 
and estimate phenolic acids in soils (Whitehead 1964; 
Guenzi and McCalla 1966b; Wang et al. 1967; 
Whitehead et al. 1981; Dalton et al. 1987), and it has 
been supported by studies showing that phenolic acids 
known to occur in soils delay or inhibit germination 
of seeds and reduce seedling growth on germination 
paper or agar (Mayer and Evenari 1952, 1953; Varga 
and K6ves 1959; Guenzi and McCalla 1966a; Henne- 
quin and Juste 1967; Rasmussen and Einhellig 1977; 
Einhellig and Rasmussen 1978; Williams and 
Hoagland 1982), or reduce growth of plants in nutri- 
ent solutions (Hennequin and Juste 1967; Wang et al. 
1967; Rasmussen and Einhellig 1977; Einhellig and 
Rasmussen 1978, 1979; Patterson 1981; Sparling and 
Vaughan 1981). However, no studies of the effects of 
phenolic acids on seed germination or growth of agro- 
nomic plants in soils have been reported. 

We report here the results of studies of the effects 
of nine phenolic acids (caffeic acid, chlorogenic acid, 
p-coumaric acid, ellagic acid, ferulic acid, gallic acid, 



p - h y d r o x y b e n z o i c  acid,  syr ing ic  acid,  a n d  van i l l i c  ac- 

id) o n  (1) g e r m i n a t i o n  o f  seeds o f  seven p lan t s  (a l fa l fa ,  

barley,  corn ,  oats ,  rye, s o r g h u m ,  a n d  whea t )  o n  g e r m i -  
n a t i o n  p a p e r  a n d  soil ,  (2) seed l ing  g r o w t h  o f  f o u r  

p lan t s  (a l fa l fa ,  oa ts ,  s o r g h u m ,  a n d  whea t )  o n  g e r m i n a -  

t i o n  p a p e r  a n d  soil ,  a n d  (3) ea r ly  g r o w t h  o f  six p lan t s  

(barley,  corn ,  oats ,  rye, s o r g h u m ,  a n d  whea t )  in soil .  

Table 1. Properties of soils used 
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Soil pH Organic Sand Silt Clay 
(H20) C(°7o) (070) (o70) (070) 

Series Subgroup 

Webster Typic Haplaquoll 6.6 3.3 28 40 32 
Harps Typic Calciaquoll 7.9 4.2 40 49 11 
Storden Typic Udorthent 8.1 1.2 19 24 57 

Materials and methods 

The seed-germination studies reported were performed with seeds 
of alfalfa (Medicago sativa L.), barley (Hordeum vulgare L.), corn 
(Zea mays L.), oats (Avena sativa L.), rye (Secale cereale L.), sor- 
ghum [Sorghum bicolor (L.)Moench], and wheat (Triticum 
aestivum L.). The plant-growth studies were performed with plants 
grown from six of these seeds (barley, corn, oats, rye, sorghum, and 
wheat). The alfalfa and wheat seeds were obtained from Merschman 
Seed and Fertilizer Inc., West Point, Iowa and the corn seeds were 
obtained from Mike Brayton Seeds, Ames, Iowa. The other seeds 
used were obtained from May Seed and Nursery Co,, Shenandoah, 
Iowa. 

The soils used (Table 1) were surface (0-15 cm) samples of soils 
representative of the Webster, Harps, and Storden series which are 
used extensively for corn and soybean production in north-central 
Iowa. Before use, each sample was air-dried and crushed to pass 
through a 2-mm screen. The soil analyses reported in Table 1 were 
performed as described by Zantua and Bremner (1975). 

The phenolic acids tested were caffeic acid, chlorogenic acid, p- 
coumaric acid, ellagic acid, ferulic acid, gallic acid, p-hydroxyben- 
zoic acid, syringic acid, and vanillic acid. They were obtained from 
Sigma Chemical Co., St. Louis, Missouri. 

The following procedure, based on the rules for seed testing pub- 
lished by the Association of Official Seed Analysts (1981), was used 
to study the effects of phenolic acids on germination of seeds on 
germination paper and soil. Two 85-mm disks of germination paper 
(Steel Blue Anchor Seed Germination Blotter, Anchor Paper Co., 
St. Paul, Minn) or 40 g air-dried soil were placed in a 15-x 100-mm 
Petri dish (Fisher Scientific, Pittsburgh, Pennsylvania) and moist- 
ened with 10 ml water (control) or with 10 ml water containing the 
phenolic acid under study. Seeds (25 with corn, 100 with others) 
were placed between the disks of germination paper or on the soil, 
and the Petri dish was covered with a lid and kept in the dark for 
7 days in an incubator maintained at 20°C. The number of seeds 
germinated was then counted and calculated as a percentage of the 
number of seeds sown. The criterion for germination of the alfalfa 
seeds was radicle emergence. The criterion for germination of the 
other seeds studied was the emergence of a radicle and a coleoptile 
that were longer than the seed. All germination tests reported were 
performed in quadruplicate. 

To determine the effect of the phenolic acids on the rate of ger- 
mination of the seeds on germination paper and soil, 25 seeds (five 
rows of five) were placed on a 50-ram disk of germination paper or 
on 20 g air-dried soil in a 15-x60-mm Petri dish (Fisher Scientific, 
Pittsburgh, Pa), and the germination paper or soil was moistened 
with 5 ml water (control) or with 5 ml water containing the phenolic 
acid under study. The Petri dish was then covered with a lid and 
placed in an incubator maintained at 20 °C, and the number of ger- 
minated seeds was counted every 24 h for 7 days and calculated as 
a percentage of the number of seeds sown. All germination tests re- 
ported were performed in quadruplicate. 

To determine the effect of the phenolic acids on seedling growth, 
20 seeds were placed between two 50-mm disks of germination pa- 
per or on 20 g air-dried soil in a 15- x 60-ram Petri dish, and the ger- 
mination paper or soil was moistened with 5 ml water (control) or 

with 5 ml water containing the phenolic acid under study. The Petri 
dish was then covered with a lid and placed in an incubator main- 
tained at 20 °C. After 7 days, the lengths of the roots and shoots on 
the germinated seeds were measured. All tests reported were per- 
formed in triplicate. 

To determine the effect of the phenolic acids on early plant 
growth in soil, eight seeds of the plant under study were placed 2 cm 
below the surface of 500 g air-dried soil in an 80-× 110-mm plastic 
pot, and the soil was moistened with 125 ml water (control) or with 
125 ml water containing the phenolic acid under investigation. After 
plant emergence, the plants in the pot were thinned back to five 
plants. The pot was watered daily to replace water lost by 
evapotranspiration, which was determined by weighing the pot. Af- 
ter 10 and 20 days, the pot was treated with 10 ml water (control) 
or with 10 ml water containing the phenolic acid under study. After 
30 days, the plants were removed from the pot, rinsed with water to 
remove soil particles, dried for 3 days at 65 °C, and weighed. All 
plant-growth tests reported were performed in quintuplicate. 

Results and discussion 

Experiments with germination paper 

A l t h o u g h  it has  b e e n  w i d e l y  r e p o r t e d  t h a t  p h e n o l i c  ac- 

ids inh ib i t  g e r m i n a t i o n  o f  seeds o n  g e r m i n a t i o n  p a p e r  

(Maye r  a n d  E v e n a r i  1952, 1953; Varga  a n d  K6ves  

1959), W i l l i a m s  a n d  H o a g l a n d  (1982) s tud ied  the  ef-  

fects  o f  several  p h e n o l i c  acids,  i n c l u d i n g  caffeic ,  p -  

c o u m a r i c ,  ferulic,  a n d  gal l ic  acids,  o n  seed g e r m i n a -  

t i o n  o f  n ine  c rop  a n d  weed  species o n  g e r m i n a t i o n  pa-  

pe r  a n d  c o n c l u d e d  tha t ,  in m o s t  cases, i n h i b i t i o n  o f  

g e r m i n a t i o n  by p h e n o l i c  ac ids  is n o t  the  p r i m a r y  cause  

o f  t he  p h y t o t o x i c i t y  o f  these  acids.  T h e y  a lso  c o n c l u d -  

ed  t h a t  p h e n o l i c  ac ids  de lay  b u t  do  n o t  subs t an t i a l ly  

inh ib i t  g e r m i n a t i o n .  These  c o n c l u s i o n s  are  s u p p o r t e d  

by  the  d a t a  r e p o r t e d  in Tables 2 a n d  3. Table  2 shows  

tha t  t he  n ine  p h e n o l i c  ac ids  tes ted  d id  n o t  i nh ib i t  ger-  

m i n a t i o n  o f  a l fa l fa ,  barley,  corn ,  rye, oats ,  s o r g h u m ,  

o r  w h e a t  seeds over  7 days at  a c o n c e n t r a t i o n  o f  10 -3 

m o l  1-1 H 2 0 ,  a n d  t h a t  o n l y  th ree  o f  these  ac ids  (p- 

c o u m a r i c ,  ferulic,  a n d  vani l l i c  acids)  h a d  any  e f fec t  o n  
seed  g e r m i n a t i o n  a t  a c o n c e n t r a t i o n  o f  10 -2  m o l  1-1 

H 2 0  (da t a  fo r  a l f a l f a  seeds in Table  2). Table  3, how-  
ever, shows  tha t  t he  ra te  o f  g e r m i n a t i o n  o f  t he  a l f a l f a  

a n d  w h e a t  seeds over  7 days  was r e d u c e d  by ferulic,  p -  
c o u m a r i c ,  caffeic ,  p - h y d r o x y b e n z o i c ,  a n d  vani l l i c  ac ids  

a t  a c o n c e n t r a t i o n  o f  10 -2  too l  1-1 H 2 0 ,  a n d  t h a t  the  

ra te  o f  g e r m i n a t i o n  o f  t he  s o r g h u m  seeds was r e d u c e d  
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Table 2. Effects of phenolic acids on germination of seeds on germination paper 

Phenolic acid Concentration Seeds (% germination in 7 days) 
(tool 1- ~ H20 ) 

Alfalfa Barley Corn Rye Oats Sorghum Wheat 

None (control) - 92 95 84 94 96 85 
Caffeic acid 10 -3 90 94 85 93 98 85 

10 -2 92 93 85 94 94 84 
Chlorogenic acid 10 -3 90 94 84 94 95 85 

10 -2 91 94 83 93 95 84 
p-Coumaric acid 10 -3 89 93 84 95 96 84 

10 -2 67 96 86 94 95 83 
Ellagic acid 10 -3 90 95 84 96 98 84 

10 -2 93 93 86 94 97 88 
Ferulic acid 10 -3 91 94 86 95 96 84 

10 -2 86 95 85 96 95 83 
Gallic acid 10 -3 90 94 82 96 95 83 

10 -2 92 94 85 94 97 86 
p-Hydroxybenzoic acid 10 -3 93 94 86 96 96 86 

10 -2 91 93 87 95 96 84 
Syringic acid 10 -3 93 95 84 94 95 86 

10 -2 91 94 86 93 97 83 
Vanillic acid 10 -3 91 96 84 94 97 86 

10 -2 88 95 85 95 96 83 
LSD a (0.05) 2.9 2.7 3.2 2.1 3.0 3.2 

93 
92 
93 
93 
93 
93 
92 
93 
92 
90 
92 
91 
93 
93 
94 
93 
93 
92 
94 
2.8 

a LSD, least significant difference 

Table 3. Effects of phenolic acids on rate of germination over 7 days (d) of seeds on germination paper 

Phenolic acid Concentration % Germination 
(mol 1-1 H20) 

AlfNfa seeds Sorghum seeds Wheat seeds 

ld 2d 3d 4d 7d ld 2d 3d 4d 5d 7d ld 2d 3d 4d 5d 7d 

None (control) - 14 74 
Caffeic add 10 -3 15 72 

10 -2 4 70 
p-Coumaric acid 10 -3 12 69 

10 -2 1 8 
Ferulic acid 10 -3 16 76 

10 -2 2 50 
p-Hydroxybenzoic acid 10 -3 14 72 

10 -2 3 63 
Vanillic acid 10 -3 13 75 

10 -2 1 51 

87 92 92 0 53 83 85 85 85 0 4 41 91 92 92 
89 92 92 0 51 80 85 85 85 0 5 43 93 93 93 
89 93 93 0 55 82 86 86 86 0 4 21 67 89 91 
86 93 93 0 54 83 86 86 86 0 3 44 91 93 93 
51 59 72 0 17 34 61 84 84 0 0 8 32 66 91 
86 94 94 0 49 82 84 84 84 0 4 42 92 92 92 
73 84 84 0 33 55 76 86 86 0 0 5 36 75 93 
84 90 90 0 52 84 85 85 85 0 4 37 94 94 94 
79 86 93 0 54 83 85 85 85 0 0 27 63 87 92 
85 92 92 0 44 84 86 86 86 0 4 43 66 93 93 
70 83 86 0 41 83 84 84 84 0 2 18 48 81 90 

by ferulic, p-coumaric, and vanillic acids at this con- 
centration. 

Many workers have noted that phenolic acids af- 
fect seedling growth on germination paper more than 
germination. For example, Guenzi and McCalla 
(1966 a) reported that although p-coumaric, ferulic, p- 
hydroxybenzoic, syringic, and vanillic acids had little 
effect on the germination of wheat seeds on germina- 
tion paper when applied at concentrations up to 
3.6×10 -2 mol 1 -I H20 , they severely reduced the 
growth of wheat seedlings on germination paper. Also, 
Rasmussen and Einhellig (1977) found that whereas 
sorghum seedling growth on germination paper was 

reduced when p-coumaric or ferulic acid was applied 
at a concentration of 5 x 10 -4 mol 1-1 H20, germina- 
tion of sorghum seeds on germination paper was in- 
hibited only when the concentration of these acids was 
10 times higher than that required for a reduction in 
sorghum seedling growth. Table 4 shows the effects of 
p-coumaric, ferulic, p-hydroxybenzoic, and vanillic ac- 
ids at concentrations of 10 -3 o r  10 - 2  mol 1-1 H20 on 
shoot growth in 7 days from barley, sorghum, and 
wheat seeds on germination paper. The data show that 
p-coumaric and vanillic acids reduced the shoot 
growth of sorghum and wheat seedlings at a concen- 
tration of 10 .3 mol 1-1 HE0, and that all four of the 



phenolic acids tested reduced shoot growth from bar- 
ley, sorghum, and wheat seeds at a concentration of 
10 -2 mol 1-1 H20. These observations support the 
conclusion that seedling growth on germination paper 
is more sensitive to phenolic acids than is germination. 

Experiments with soils 

A study of the effects of nine phenolic acids on the 
germination of seven seeds in samples of Webster, 
Harps, and Storden soil incubated at 20 °C for 7 days 
showed that none of the phenolic acids tested affected 
the germination of seeds in these soils at concentra- 
tions of 10 -3 or 10 -2 mol 1-1 H20 (0.25 or 2.5 gM 
g-1 soil) (Table 5). 

Studies to determine the effects of p-coumaric, 
ferulic, and vanillic acids on the rate of germination of 
seeds in samples in samples of Webster and Storden 
soil incubated at 20 °C for 7 days showed that none of 

Table 4. Effects of  phenolic acids on shoot growth of seedlings on 
germination paper 

Phenolic acid Concentration Seedling shoot growth in 
(tool 1-1 H20) 7 days (ram) 

Barley Sorghum Wheat 

None (control) - 48 38 45 
p-Coumaric acid 10- 3 45 23 34 

10 -2 35 10 29 
Ferulic acid 10 -3 49 31 41 

10 -2 44 24 32 
p-Hydroxybenzoic acid 10 -3 48 40 40 

10 -2 46 31 34 
Vanillic acid 10 .3 47 33 39 

10 -2 40 29 31 
LSD (0.05) 5.4 4.8 5.6 
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these acids affected the rate of germination of alfalfa, 
sorghum, or wheat seeds when they were applied at 
concentrations of 10 -3 or 10 -2 mol 1 -I H20 (0.25 or 
2.5 ~tM g-1 soil) (Table 6). 

A study of the effects of nine phenolic acids on 
seedling growth in Webster and Storden soil over 7 
days showed that the acids tested had no effect on 
seedling growth from seeds of alfalfa, sorghum, oats, 
or wheat when they were applied at concentrations of 
10 -3 or 10 -2 mol 1-1 H20 (0.25 or 2.5 ~tM g-I soil) 
(Table 7). 

Experiments to determine the effects of nine 
phenolic acids on early plant growth in Webster soil 
showed that these acids did not affect plant growth 
over 30 days when applied after 1, 10, and 20 days at 
a concentration of 3×10 -3 mol 1-1 H20 (0.75 gM 
g-1 soil) (Table 8). 

It is well established that phenolic acids occur in 
many plant materials and are released into soil from 
decaying plant residues (Winter 1961; del Moral and 
Muller 1970; Patrick 1971; Chou and Patrick 1976; del 
Moral et al. 1978; Rice 1984). Many of these com- 
pounds are rapidly decomposed by soil microorgan- 
isms (Henderson and Farmer 1955; Sparling and 
Vaughan 1981; Sparling et al. 1981; Vaughan et al. 
1983), but some appear to be stabilized against micro- 
biological degradation through sorption by organic 
matter, clay minerals, and hydroxy-aluminum or Fe 
compounds in soil (Huang et al. 1977; Sparling et al. 
1981; Whitehead et al. 1981; Rice 1984), and several 
phenolic acids have been detected in soils (Whitehead 
1964; Wang et al. 1967). However, the amounts of 
phenolic acids that have been detected in soils are 
much smaller than the amounts we added to soils in 
the work reported in Tables 4 - 8  (up to 2.5 ~tmol g-1 

Table 5. Effects of phenolic acids on germination of seeds in soil 

Phenolic acid Concentration Seeds a (% germination in 7 days) 

~tmol mol Alfalfa Barley Corn Rye Oats Sorghum Wheat 
g -  1 soil 1-1 water 

W H S W H S W H S W H S W H S W H S W H S 

None (control) - - 91 91 93 95 94 96 84 86 
p-Coumaric acid 0.25 10 -3 93 92 90 95 96 96 83 86 

2.50 10 -2 91 90 92 96 95 95 84 83 
Ferulicacid 0.25 10 -3 90 93 92 96 96 96 85 83 

2.50 10 -2 93 91 92 94 95 95 84 85 
Vanillicacid 0.25 10 -3 92 9t 90 96 95 96 83 84 

2.50 10 -2 91 93 90 95 94 95 86 86 
Others b,c 0.25 10 -3 NS NS NS NS NS NS NS NS 

2.50 10 .2 NS NS NS NS NS NS NS NS 
LSD (0.05) 3.2 2.6 2.9 

86 94 95 96 96 95 96 86 85 83 92 93 93 
86 96 94 96 95 96 97 84 85 86 93 92 91 
84 95 96 94 96 94 96 83 85 83 91 93 93 
85 95 94 96 95 96 95 86 84 82 93 94 92 
85 96 93 94 95 96 93 85 85 81 93 93 93 
84 94 96 95 96 94 96 84 85 85 92 92 94 
86 95 96 94 95 95 96 84 86 83 92 91 92 
NS NS NS NS NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS NS NS NS NS 

3.1 2.1 3.0 3.3 

a W, Webster soil; H, Harps soil; S, Storden soil 
b Caffeic acid, chlorogenic acid, ellagic acid, gallic acid, p-hydroxybenzoic acid, and syringic acid 
c NS, not significantly different from control 
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Table 6. Effects o f  phenolic acids on rate of  germinat ion over 7 days (d) of  seeds in soils 

Phenolic acid Concentrat ion % Germinat ion 

~tmol tool 
g -  1 soil 1-1 water 

Alfal fa  seeds Sorghum seeds Wheat  seeds 

ld  2d 3d 4d 5d 6d 7d Id 2d 3d 4d 5d 6d 7d ld  2d 3d 4d 5d 6d 7d 

Webster soil 
None (control - - 4 73 90 91 91 91 91 0 
p - C o u m a r i c a c i d  0.25 10 -3  4 70 92 93 93 93 93 0 

2.50 10 -2  3 70 91 92 92 92 92 0 
Ferulic acid 0.25 10 -3  6 71 90 92 92 92 92 0 

2.50 10 -2  3 68 88 91 91 91 91 0 
Vanillic acid 0.25 10 -3  4 72 92 92 92 92 92 0 

2.50 10 -2  7 75 93 93 93 93 93 0 

Storden soil 
None (control) - - 3 75 90 92 92 92 92 0 
p - C o u m a r i c a c i d  0.25 10 -3  2 67 90 92 92 92 92 0 

2.50 10 -2  2 69 92 93 93 93 93 0 
Ferulic acid 0.25 10 -3  4 70 89 90 90 90 90 0 

2.50 10 -2  4 71 86 90 92 92 92 0 
Vanillic acid 0.25 10 -3  3 70 90 90 90 90 90 0 

2.50 10 -2  3 72 92 93 93 93 93 0 

10 72 86 86 86 86 0 
11 69 85 85 85 85 0 

7 68 82 85 85 85 0 
8 72 84 86 86 86 0 

10 67 82 85 85 85 0 
10 74 86 87 87 87 0 

8 70 84 84 85 85 0 

8 73 85 85 85 85 0 
9 68 83 84 84 84 0 
6 70 83 83 83 8 3  0 
9 67 84 85 85 85 0 

11 72 83 84 84 84 0 
12 70 86 86 86 86 0 
11 73 84 84 84 84 0 

0 22 86 91 92 92 
0 20 84 91 91 91 
0 19 83 92 92 92 
0 21 84 93 93 93 
0 19 82 83 8 3  83 
0 23 87 92 93 93 
0 23 83 90 90 90 

0 19 84 90 92 92 
0 17 83 92 92 92 
0 20 86 91 91 91 
0 23 85 93 93 93 
0 18 82 90 90 90 
0 20 85 91 92 92 
0 19 85 93 93 93 

Table 7. Effects of  phenolic acids on seedling growth in soils 

Phenolic acid Concentrat ion Seedling growth in 7 days (mm) 

~tmol mol Alfalfa  Sorghum Oat 
g -  1 soil 1-1 water shoot  

Wheat  

Root  Shoot Root Shoot Root  Shoot 

Webster soil 
None (control) - - 32 30 18 83 44 73 42 
p -Coumar ic  acid 0.25 10 -3  36 33 19 79 45 75 44 

2.50 10 -2  30 32 17 77 42 70 38 
Ferulic acid 0.25 10 -3  35 32 17 78 45 72 41 

2.50 10 -2  29 33 19 78 44 70 40 
Vanillic acid 0.25 10 -3  35 28 20 80 46 74 40 

2.50 10 -2  33 30 19 78 43 72 43 
Others a,b 0.25 10-  3 NS NS NS NS NS NS NS 

2.50 10 - 2 NS NS NS NS NS NS NS 

Storden soil 
None (control) - - 33 32 20 83 46 72 45 
p-Coumar ic  acid 0.25 10 -3  36 32 20 81 49 77 45 

2.50 10 - 2 31 29 19 79 47 73 42 
Ferulic acid 0.25 10-  3 31 36 23 86 50 70 45 

2.50 10 -2  29 33 19 85 44 68 43 
Vanillic acid 0.25 10 -3  33 34 19 84 45 76 42 

2.50 10 -2  32 31 22 82 44 77 43 
Others a'b 0.25 10 -3  NS NS NS NS NS NS NS 

2.50 10 -2  NS NS NS NS NS NS NS 
LSD (0.05) 4.6 6.7 4.7 7.2 6.3 5.3 5.6 

a Caffeic acid, chlorogenic acid, ellagic acid, gallic acid, p-hydroxybenzoic acid, and syringic acid 
b NS, not  significantly different f rom control 

so i l ) .  F o r  e x a m p l e ,  W h i t e h e a d  ( 1 9 6 4 )  f o u n d  t h a t  t h e  

a m o u n t s  o f  p - c o u m a r i c ,  f e r u l i c ,  p - h y d r o x y b e n z o i c ,  

a n d  v a n i l l i c  a c i d s  i n  g r a s s l a n d  s o i l s  r a n g e d  f r o m  

4 . 0 ×  10 - 3  ~ t m o l  g - 1  s o i l  t o  3 . 6 ×  10 - 2  I x m o l  g - 1  so i l ,  

a n d  W a n g  e t  a l .  ( 1 9 6 7 )  f o u n d  t h a t  s u r f a c e  ( 0 - 2 5  c m )  

s a m p l e s  o f  e i g h t  s o i l s  c o n t a i n e d  o n l y  0 t o  

2 . 9 ×  10 - 3  ~ t m o l  g - 1  s o i l  o f  t h e s e  p h e n o l i c  a c i d s .  I t  is  

e v i d e n t  f r o m  t h e  d a t a  i n  T a b l e s  4 - 8 ,  t h e r e f o r e ,  t h a t  
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Phenolic acid a Amount applied 
(~tmol g -  1 soil) 

Plant growth in 30 days (g dry matter) 

Barley Corn Rye Oats Sorghum Wheat 

None (control - 1.67 2.32 1.39 1.35 
p-Coumaric acid 0.75 1.72 2.39 1.42 1.39 
Ferulic acid 0.75 1.73 2.38 1.43 1.41 
Vanillic acid 0.75 1.64 2.29 1.44 1.38 
Others b, c 0.75 NS NS NS NS 
LSD (0.05) 0.08 0.09 0.06 0.07 

1.95 
1.93 
1.96 
1.91 
NS 
0.07 

1.50 
1.46 
1.55 
1.48 
NS 
0.06 

a The phenolic acids specified were applied at a concentration of 10 .3 mol 1-a water (0.25 gmol g - i  
b Caffeic acid, chlorogenic acid, ellagic acid, gallic acid, p-hydroxybenzoic acid, and syringic acid 
c NS, not significantly different from control 

soil) after 1, 10, and 20 days 

t he  a m o u n t s  o f  p h e n o l i c  ac ids  de t ec t ed  in  soils  are  t o o  

sma l l  to  have  an  adver se  e f fec t  o n  seed g e r m i n a t i o n ,  

seed l ing  g rowth ,  o r  ea r ly  p l an t  g rowth .  

I t  has  b e e n  sugges t ed  ( R a s m u s s e n  a n d  E inhe l l i g  

1977; E inhe l l i g  a n d  R a s m u s s e n  1978) t h a t  p h e n o l i c  ac- 

ids m a y  ac t  synerg i s t i ca l ly  in soils,  i.e., t h a t  t he  ef fec ts  

o f  a c o m b i n a t i o n  o f  p h e n o l i c  ac ids  o n  seed  g e r m i n a -  

t i o n  a n d  seed l ing  g r o w t h  m a y  be  s ign i f i can t ly  g rea te r  

t h a n  the  s u m  o f  t he  i n d i v i d u a l  e f fec ts  o f  these  acids.  

We have  b e e n  u n a b l e  to  c o n f i r m  this hypo thes i s  by 

c o m p a r i n g  the  i n d i v i d u a l  a n d  c o m b i n e d  ef fec ts  o f  p -  

c o u m a r i c ,  vani l l ic ,  a n d  fe ru l ic  ac ids  o n  seed g e r m i -  

n a t i o n ,  seed l ing  g rowth ,  a n d  ear ly  p l an t  g r o w t h  in soil  

( K r o g m e i e r  1988). 
To s u m m a r i z e ,  t he  w o r k  r e p o r t e d  here  showed  t h a t  

t h e  p h e n o l i c  ac ids  t es ted  h a d  no  e f fec t  o n  seed ge rmi -  

na t ion ,  seed l ing  g rowth ,  o r  ear ly  p l an t  g r o w t h  in soil  

even  w h e n  the  a m o u n t s  a p p l i e d  were  m u c h  g rea te r  

t h a n  the  a m o u n t s  d e t e c t e d  in  soil .  We c o n c l u d e  t h a t  

t he  adver se  e f fec t  o f  p l an t  res idues  o n  c rop  yie lds  is 

n o t  due  to  p h e n o l i c  ac ids  de r ived  f r o m  these  residues.  

A l t e r n a t i v e  e x p l a n a t i o n s  o f  t he  adverse  ef fec ts  o f  

p l a n t  res idues  o n  c rop  yie lds  are  t h a t  these  res idues  

i m m o b i l i z e  n i t r o g e n  (E l l io t  et al. 1981) o r  r educe  soi l  

t e m p e r a t u r e  ( U n g e r  and  M c C a l l a  1981). 
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