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Mr. Leiand B, Taylor
Farm Guard Products
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~ Albuquerque, New Mexico

Dear Mr. Leland B. Taylor:

-Thanks for your interest in my research. I enclose & part of the
report which, I think, you are intergsted in. Whole article will show
up sometime later in the "Soil Sclence Society of American Jourml”,

1 think.I have to introduce myself to expitain what 1 am .trying
to do. I am a research staff belong o one of the research institure
in Korea, As you know, application of organic matter in the  farm
field is common practice in Korea and other eastern countries. Fatmers
believe this practice is extremely beneficial. The organic source they
used was malnly rice straw. Recently, however, rice straw is no longer
avallable for organic source because it goes to the industry like a

paper company.

_ I came here im Y. S. A, in 1973 to find out the alternative source
of organic material with ressonable price, My research indicated the
posaibility to ‘use small amount of extracted humic acid in place of larg
quantity of raw organic mgterial in the paddy field to get same result
But, a8 few questions should be answered before practical use, I wonder
you_are interested in producing humic acids for Korea if thia possibility
comes true. I will go beck to Korea the end of this year.

I will appreciate little more detailed information abouﬁ.yOuf pro-
ducts and any helpful suggestions. ' '

Sincerely y' ra f
; C’&H( ke

Dr. and Mrs. Lee visited in Mid December, 1976 and left the photographs
of his tests with our humic acid-concentrate, ACTIVAL, labelled in the
photos as "FGP". As the photos show, ACTIVAL performed equally with any
of the other humic acids with which Dr. Lee and Dr. Bartlett experimented.

A note from Dr. Bartlett i May, 1977, gave us Dr. Lee's address in
Korea and stated that Dr. Bartlett is interested in continuing research
with our products. '
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Stimulation of Plant Growth by Humic Substances'

YonNG SEok Lee
ABSTRACT

fundic sabstances prepared by
and

different Llechnigues of extraction
from different snurces of o ic matlecialy were tested for thewy
cffects an growth of corn seedlings and algae. Stimalating effects were
confirmed with oplimem concentrations about 5 ppm C as Na-humate
for corn and 60 ppm for algae. With corn, the increase was 3010 S0%
in nulcicot salotion or low organic matter soil; with algae, about
DX, Yariation of effects wmong humic acids derived [rem dilferent
arpavic materials was nol great,

The concentrations of clemenis in corn secdlings did not show any
correiation witls yiedd or huiic acid deved except for ' and Fe. Phos-
pherus concentralion was increased with increasing levels of humic
acid regardless of the yield response, Higher Fe conceniration in the
Mant lups and lower in rools was observed in the treatments with
humic achl. )

The application of humic acid to a soil low in organic matier or to
autrient solution gave the greatest prowth response. Application to a
high organic matter soil gave litte growth response, or even a slightly
nepative response, indicaling that the natural soit, withoul extraclion,
supplicd optimum amount of humic substances Lo the planis. 1t is
suggested that a test be developed (o predict whether a given soit can
furvish an optimum level of humic substances.

Different humic substances showed dilTerent degrees of stimnulalion
of algal growth., with the most stimulation from a mixture of humic
and fulvic acids. Humic substances in paddy soils may affect the
growth of beneficial algae and of the rice (Oryzax sative 1..) itself, As
pollutants, humic substances may stimulate undesirable algal growth
in bodics of water.

‘Additionol Index Wards: humic acids, growth regulator, stimulating
efTect, organic matter.

HE'IMPORTANCE OF HUMUS in soil was recognized carly
T in the 18th century. lts beneficial effects can be grouped
according 1o effects on physical, chemical, and microbioi-
ogical properties of the soil, and effccts on physiological
properties of the plant. The effects on the soil have been
studied extensively (Broadbent, 1953; Bremner, 1954;
Whitehead, 1963; Stevenson. 1972). The physiologicdi ef-
fects, howewver, have not received as much attention. The
purposes of this study were (i} to exuminc the magnitude of
stimulating effects of humic acids on plant growth, if any,
(i} to define optimum concentrations of humic acids for
plants, and (iii) to relate effects to sources of organic mate-
rials used.

METHODS AND MATERIALS

General

Sodium-humate selution was prepared by the method beseribed
by Kononova ([961). Humic acids were extracted with 0.1N
NaOH using a soil/solution ratio of | to 5 and an cxtraction time of
24 hours with shaking. Soluble sults were removed by dialysis
ugainst running tap water, and then distilled water, untit the pH
was approximately neutral. Nutrient solution was prepared s
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Bariietrr®
follows: 5 md CaNOg. 5 maf KCL 2 md MaSo, 1o
NHLPOL D 2y NEENO 0 a0 Feacarate wequal mobar solu-
ten of FeCl, Naecirate, wwd NaOQHa. 205 ppm HBO,L S ppm
MaCly <i4,0, 00 ppm ZnClL. .05 ppm CaCly- 2HOL and 0103
ppin htod,,

Seed of corn FZea mavy L), single crons variely 90271X from
Old Fox Agriculwral Sales Ine.. RO L was gerntinated inex-
panded pertite moistencd with 0018 CaSO, wolution. Plants were
transplanied alter the hest Teal appearcd. Harvested plants were
weighed separately, ops and roots, before snd afier drying
TFC. Phant lops and rools were pround and analyzed separately

Nitrogen wus determined by the micro-Kjeldihl method, carbon

by wet combustion, using sulluric acid and potassium dichromale .
P by the molybdale stanous chioride method, and K. Ca. My, Fe.
Mn, Zo.and Cu by a Perkin Elmer 403 atomic abaorption spectro-
phutomicter alter wet digestion with HNO; and HCIO,

Experiment 1

The sonf used fo prepare Na-humate was Calais doam Ap horizon
(Typic Fragioethod). Corn seedlings werd Transplanted afier 4 days
inte 1.R-hier jars. two per jar. supported hy cotton in holes of fub-
ber stoppers. Levels of Na-humate tested were 0, 2.5 5.0, 100,
and S0 ppm oas C. There were thiee replications,

The plants were grown wader fuorescen? lighis tWestinghouse
Daxlighty with & hours of dark and 1R hours of light per day, at
ream lemperature tarmund 25°Ch The nutrienl salubion was e
placed every 4 days. Air was bubbied into the jar through 1.mm
glass twhes every 20 min fnr 15 min. Corn seedlings were har-
vested in 12 days,

Experiment 2

Sodium-hunines were prepared s desenbed from () ryve siruw
compuost. (i) sphagnum moss, (1§D Adams loamy dine sand Dlir
horizon, (Typic Haplonthad), (iv) Adams 02 horizon, (v) Calais
Ap, (vi) fresh cow manuaee, and (vit} composied cow nanure. The
carbon conient was adjusted to 1 mg/ml and humic acids were
analyzed as described (Table 1), Treatments were nutrient solution
only (NS) or nutrieat sofution plus 5 ppm ol Na-humate derived
from (i) ryc siraw compost {RSC}, {ii) sphagnum moss (SM}, (iii)
Adams B2ir (AdB), {iv) Adams 02 (Ad02). (v} Calais Ap (CS).
(vi) fresh cow manure {CMF), and (vii) composted cow manure
({CMO).

Corn wit perminaied and transplanted inta 1.8-Tiwer jurs after 1
week. Jars were s up in a growth chamber in which temperature
{30°C day and 20°C nigh), humidity (about 80%). and light inten-
ity {aboui 32300 3ax) were controlled. The fight perind was 18
hours gut of 24, Air from a compressor wis hubbled by way of |-
mm capillary tubes through the solutton 15 out of every 20 min.
Nutrient selutions were replaced every 4 davs throughout the ex-
periment. Corn plants were harvested 12 days after transplunting.

Experiment 3

The follewing suils were studied: a Hinesburg oy fine sand
(Entic Haplorthod) Ap horizon, used for several years s a vegeta-
ble parden (high organic matter soil): and » Windsor toamy sand
(Entic Haplorthod) C horizon (tew organic manter soil). Character-
istics of Hinesburg and Windsor soils, rc_\pcclivg]v were as fol-
lows: pH. 6 53 and 525, orgasic matter, 5.05 and ™ 637 ot N
0.184 and 0.024%; available P, 55.5 and R.{) ppm: exchangeabic
K. 160 and 44 ppui, exchamreable Ca, 996 and 8 ppim.
exchangeable Mp. 105 and 3 ppm. Availuble P and exchangeable

cations were delermined a 53 solutiondsoil cquihibrinm eairact
“with NHOAc (pH 4.5, 125V ucetate. 15 min shakingy, Both soils

were fertilized with 10 pMig KH,PO, 0 pbffp NHNO and 2.3
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Table 1—Minerat composition of Nu-humates,

Na hamatest c N 4 K Ca Mg Al Fe Mn Zn Cu Na
mgimi ppm
s 1.0 6.2 20.3 145 125 20.6 188.0 1404 694 1,33 0.R5 16
W5C 1.0 449 2.8 0.1 T 8.3 09 13.8 0.16 ¢.76 0.53 0.8
AdB 10 421 4R 2R 171 2t0 2140 235.% n.2g 176 1.19 31
Add, 1.0 38.6 id 09 107 il4 6.9 0.2 XU 9.8 [OA-1) e
CMF 1.0 84.0 129 a8 48 7.1 14 31 0.10 1.58 093 1.2
cMC 1.0 87.0 10.2 06 52 78 1.5 24 a.11 116 .52 1.0
M 1.0 52.1 14 14 135 11.4 6.2 4.2 0.23 1.58 1.88 3.0

t CS indicates humic acid extracted by 0.18 NaQH from Cahais sil, WSC, (rom composted rye straw; AdB, from Adsms R2ir horizen; AdO2, from A&.nrns 02 horizon,
CMF, {rom fresh cow manure; CMC, from composted cow manure; SM, from sphagnum moss.

Table 2—Yield of corn as affected by concentration of humic acids
{experiment 1),

Table 4—Dry mater yicld of corn grown in high and low organic mat-
Ler soil {expeciment 1).

Tieaimenist a -4 20 PRty 0.0 Falog
Plant tops 8.78 1.50 1.50 1.17 0.84 793+
Plant roots 0.19 0.30 0.31 0.26 0.1 1.36%

** Significanl at Lbe 0.07 levei.
1 ppm Cas Na-humate in nutrient solution, Each value is the average of & plaats

Table 3-~Yield of Eorn as afTected by humic substances from different
organic materials (experiment 2),

Trealmentst NS RSC SM  AdB AdO; C5 CMF CMC Fovalue
Plant Lops 273 4.23° 370 373 393 309 356 340 3.30%
Plant roots 086 1.25 120 L.18 136 105 125 113 271+

* Significant at the 0.05 level.

15 ppm C as Na-humate in nutrient solution. NS indicates nulrient solution:
RSC, nulrieni sotution plus 5 ppm Na-humale derived from composted rye
straw; SM, sphagnum moss; AdB, Adams B2ir horizen: AdQ2, Adams O2 bori-
zon; CS, Calais Ap horizon; CMF, fresh cow manure: CMC, ecomposted cow nta-
nure. Each value is the average of 3 replications,

#Mig MgSQ,. The low organic matter soil received 4 meg/100 g
CaCO;.

Corn seedlings were transplanted into 10-cm plastic pots can-
taining soil or pertlite in the greenhouse. The pots were fastened
- together in pairs so that the roots in each pair could be divided so
that one-half would grow into each pot. Treatments consisted of
the foilowing: NS-81, N§-Sh, HA-HA, HA-SI, HA-Sh, S1-5!. Si-
Sh, SI-SIHA, SIHA-SIHA, Sh-Sh, ShHA-ShHA where NS in-
dicates nutrient selution; Ha . Nuthureate cohuion: Sk Biat
organic matter soil; Sl, low organic matter soil; and the dash repre-
sents the split roots. There were [2 treatments and 4 replications.
Perlite was used for NS and HA treatments. The pots were moved
cvery day to equalize light supplied. Distilled water or nutrient
selution was supplied to the pots, which contained soil or perlite,
respectively. Plants were hiarvested 1 month after transplanting.
Diameters of stems and heights of tops were also measured in ad-
dition to the analyses already described.,

Experiment 4

Two sets of 24 jars were prepared {Table 5). The first set con-
tained eight treatments of nutrient solution, two of which included
Na-humate: The second set contained H,0Q, FeCl,, Fe-citrate, Na-
humate, Na-humate + FeCl;, Na-humate + Fe-citrate, each
paired with a nutrient solution treatment in the first set, and FeCl,
and Fe-cilrate each paired with the Na-humate treatment in the first
set{Table 5). The Fe weatments consisted of ¢ither 10-4M FeCl, or
Fe-citrate (equal molar solution of Na-citraté, FeCl; and NaOH),
Except for these Fe treatments, the nutrient solution was as pre-
viously described. Sodium-humate, prepared from composted ry
straw, was added at 5 ppm C, '

Corn was germinated. transplanted into the Rrst set of jars. and
sel up in the growth chamber os 0 7 cerimem 2
transfered 1o the second sct of jurs after }Juy-i‘ then back to the
first sct afier T day in the second et Faltowing this pattemn the
plents were trunslered hack and Torth five times hefore harvesting.
The sodutions were replaced with Iresh solution after three trans-

]
oM e

o

Treatmentst ‘| otal mass Franl tops Flanl roots
g/plant % yield giplant % yield g/plant % yield
NS.NS 093 100 0.63 100 0.3 100
K55 1.19 128 0.80 127 .38 127
N5.5h 2.27 214 1.60 254 0.67 223
HA-1LA 1.69 i82 1.19 189 0.50 167
HaA -5 1.61 173 1.13 114 0.4% 163
HA.Sh 2.23 240 1.59 252 0.64 213
5151 1.10 118 0.73 116 0.3t 123
Sl-5h 214 ] 1.51  -240 0.62 210
SI-STHA 2.01 214 1.31 208 0,70 233
SIHA-SIHA 1.78 181 1.20 190 0.59 197
Sh-Sh 2.34 252 1.74 276 0.60 200
ShHA-ShHA 1.86 200 139 221 0.47 157
F=757%¢ F=827e% F=529ee

** Significant at the .01 tevel.

T N5 indicates autrient solution; I{A, Na-humate solution; Sh, high arganic mat-
ter sail; 5, low arganic matler soil; and the gash represents a split root between
the two tredtments. Each value is average of 4 replications.

fers, and the pH was measured in both sets before and after
transfer of plants.

Experiment 5

Nutrient solution for algae was prepared as follows: 5 mM
(NH,);50,, 2 mM Ca(NQ,},, 2 mM KH,PO,. | mM K,50,, | mM
MgSO,. 0.5 mM NaHCO,, 0.12 mM Fe-citrate {equal molar solu-
tion of FeCl,, Na-citrate, and NaOH), 2.5 ppm H,BO;, 1.5 ppm

1 e e T AT A T LI
Seeuge vl P

R PR L

. e poa Mo,
The concentrations of humic substances were 0, 5, 10,20, 40,

50, 60, 80, 100, and 125 ppm as C in nutrient solution and the dif-
ferént humic substances were: (i) HA+FA dial, (ii) HA+FA
resin, (iii) HA, {iv) FA, (v) HA(.OIN KOH), (vi) FA(.01N KOH),
(vii) FA(H,O), (viii} Sh, (ix) Sh without HA, (described in Table
6). Humic substances were extracted with 0. 1N KOH in place of
NaOH. Humic substances were placed into beakers in amounts
calculated to provide equal C contents, 50 m! of nutrient solution
was added, and a pinch of CaCO,. Then the volume was brought
to 100 ml with nutrient solution. Each beaker was inoculated with
0.2 ml of an algae suspension (Botrydium sp.) before placing it in
the greenhouse for 5 days. The beakers were swirled occasionally,
. At harvest time, chlorophyll content of each beaker was deter-
mined as follows. The suspensions were centrifuged, and 95%
commercial ethanol was added to the residue and Teft overnight.
The ethanal suspensions were then centrifuged and the superna-
tants and onc washing were collected in 50-ml velumetric-ftasks.
The optical densitics were measured with a spectrophotometer at
660 mn with red filter. :

RESULTS AND DISCUSSION

Application of small amounts nf huinic substances in-
creased dry matter yicld of com seedlings (Table 2, 3, and
1}. The optimum concentration of humic substances for
maximum stimulating effect was 5 ppm € as’ Na-humate
{Table 2). This resuit is in agreement with those of Fernan-
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Fig. 1~-Relationship hetween amount of humic acid added and con-
centration of P in plant (experiment I).

dez (1968) and Kononova (1961). Plant growth tended to be
less stimulated by high concentrations ef Na-humates

1. 3.,

(Tabie 2). Yield was decreased from 187% of the control at .

5 ppm to 103% at 50 ppm (Table 2). Kononova (1961) and
Poapst et al, (1970, 1971} observed simifar results with
wheat (Triticten aestiviet L.) and Alaska pea (Pisum sa-
tivien L. cv. Alaska} respectively,

Phosphorus concentrations in plant tops were increased
by the increasing concentrations of humic acid (Fig. 1),
even thougn the nigner rates of humic acid decreased yields.
Increased uptake of P with higher levels of humic acid also
was found in Experiment 3. Increased concentrations of P in
plants resulting from addtitions of humic substances also
were observed by several other investigators (Hajdukovic
and Ulrich, 1965, Jelenic et. al, 1966, Hashimoto, 1965).

In Experiment 2, the yields of corn did not differ signifi-
cantly from different humic substances derived from dil-
ferent sources of organic materials, except that the yield
with rye straw compost was slightly higher than the others
{Table 2). Howcver, the influence of humic acid application
was apparent in al] humic acid treatments. The hlghesl

I i Wl
Ire S e WYV L\din\u} e

the lowcql was 113% with the Calais soil {Table 3).

There were no clear relationships a hong yields of plants
and the efemental contents of the organic materials used as
sources of humic acids (Table 1). No correlation was foond
bétween yield and elemental camposition of plant tissues. It
is-quite unlikely that the increased growth resulted from the

v, ), 1976

Tuble S —Fifects of humic acids on vields and Fe cantents of corn
grown with different forms of Fe {experiment 4.

Mant tope Manit roqis

Trealmentst Yarld Fe Fe
T T T T e ppm £ pot ppm
NS to FeCl, 141 173 1.0 6963
M& Lo Fe-citrale 311 209 148 3073
NA L HA an il 1.51 108
N5to HA+Fell, 158 193 1.20 5913
N5 to HA Feanlrals KR it 151 2302
KS+HA 1o Felly 3.33 151 1.34 5955
NS+ 1TA to Feoritrate %1 WG 148 2975
I Value 0.0 L 2.08 1991+

© oo Sipnificant al Lhe Q.07 level.

+ Plants transfered back and farth helween notriend solutinns without and witk
humir arids added and different forms uf Fe. Each value is average of 3
replications.

additional supply of nuirient elememnts in the Na-humate

added because the amounts of these elements contained in

humic acids were riegligible compared to the amounts in the

nulrient sofution (Table 1},

Roots were highly branched and proliferant root hair de-
velopment was abscrved in the treatments with humic acids
(Table 2). This profiferant root growth Seems likely to be
one of the reasens why humic acid treatinents gave higher
yield. Increased surface area from branches and root hairs
should mcrease the etficicncy of the root system. 1) Donnell
{1971) felt that the growth promoting activity of humic sub-
stances was caused by plant hornone-like material con-
tained in the humic substances. However. Poapst et, al.
(1970, 1971} demonstrated that the activities of indole ace-
tic acid (1AA) and of humic substances were independent.
Treatmenis with humic substances gave additional effects
over TAA treatments.

The dry matter vields of corn in experiment 3 were
increased by application of humic acids only in the cases of
nutrient solution or low vorganic matter soil. With high
orgamc mdttcr ~.m| huwevu no mc.rcase wils obﬁcrved

AT RIS lt | IILMI{\JI \11 T \J\.l\.l‘ [ PRI -|J AR ST T |
in agreement with the results obtained in experiment |.
Apparently the concentration of humic acid available to
the plant was below optimum in the fow organic matter soil -
Hence increased growth resuited from its application. The
decreased production in the high organic matter soil upon

the addition &f humic acid may have resulted from concen-

Tabhle 6 —Chiorophyli content representing growth of algac affecied by different treatments of humic substances {experiment 5.

Concvntraltong of C

Treatmenist n 3 n e A0 au il B0 10N 123
mg. liter
1HA+F A dial 0.382 0,507 i ihy .52 a4 naLh L B O, k5 0,390
Ha-Fa rean 019 A.51R8 (L. 56S EIE] 0545 0598 UL A1l 0,195
[ #: .38 0,123 IR BN i 178 gty 1542 n.:01 U.&‘)"‘ OAGG
Fa {1,350 128 [t RE] (LAY O, 1889 [{EY [ ERL] ﬂ.nl_lif Q.19
HA (018 Ky LN WP 5l Wil TR {1,565 L v IR 'II" L ALt
FAr0ly K 26 1. 12 tIn1 0470 0167 131 | a. II-II (LN b
Ed (1.0 1726 1196 0507 0.537 0547 [IRE 2 ll.EIl:l
sh 0.3 RN 419 0357 0364 1.352 Ao
Sh without HA 1,252 L ] 12 0.2a7 4352 514 U 5a%
! ovatoe (o coneentntions: 17,1951

fovalue fur (reatmun 185 2

" Sapaifeeant at the G level

T HAEA dial indieates hannie and fulvie acid mixtorg prepancd by dialization after extzachon af 9 18 KOH sobauon: 33 FAmesm, by resn sreatiestaistead of diica '
tivn: 1A, humic acifl; FAL Tolvic acid; FLA (00018 KLY, havie acid extracted sl B0y ROH:D FY ot 1w KO, Pehie aced s ¥ 3 0H 0 Todve 2o cuaiuted wah
E120: 80, high anganie malter aodl s Showiant AL high urunu wiatler sl fesicioe aty FesEracton wi Ineinie substanees with (K12 KOIL

t‘!pm Al densitis: gueraze of Three e plicatiogs,
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centration of P in planl (experiment I).

dez {1968) and Kononova (1961). Plant growth tended to be
less stimulated by high concentrations of Na-humates

1. 3.,

(Table 2). Yield was decreased from 187% of the control at .

5 ppm to 103% at 50 ppm (Table 2). Kononova (1961} and
Poapst et al. (1970, 1971) observed similar results with
wheat (Tritictn aestivut L.) and Alaska pea (Pisum sa-
tivin L. cv. Alaska) respectively.

Phosphorus concentrations in plant tops werc increased
by the increasing concentrations of humic acid (Fig. 1),
cven Lhough the nigner rates of humic acid decreased yields.
Increased uptake of P with higher levels of humic acid also
was found in Experiment 3. Increased concentrations of P in
plants resulting from addtitions of humic substances also
were observed by several other investigators (Hapdukovic
and Ulrich, 1965, Jelenic et. al, 1966, Hashimoto, 1965).

In Experiment 2, the ytelds of corn did not differ signifi-
cantly from differest humic substances derived from dif-
ferent sources of orpanic materials, except that the yield
with rye straw compost was slightly higher than the others
{Table 2. Howcver. the influence of humic acid application
was apparent in al] humlc acid treatments. The hlgtht
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the loweql wias 113% with the Calais soil {Table 3).

There were no clear relationships a hong yields of plants
and the elemental contents of the organic materials used as
sources of humic acids {Table 1). No correlation was foand
bétween vield and elemental compaosition of plant tissues. Tt
is-quite unlikely that the increased growth resulted from the

vor.. ), 1976

Tahle S—Fflects of humic acids on sields and Fe cantents of corn
grown with different forms of Fe (experiment 4.

Mant tope Mant ropls

Trealmentst Yarld Fe Fe
T T T T ppm £ pot ppm
NS to FeCl, 141 13 108 6363
MN& Lo Fecitrale .11 i) 1.4A 3071
WE Lo HA i Al 131 108
N5 to HA+Fell, 158 193 1.2 5913
N5 to HAFeaadrats KR amn 151 2302
NS+HA Lo Feliy 333 151 1.34 5955
NS+ 1{A to Feoritrate %1 e 148 75
I Value 0.0 B3 2.08 1951+

© oo Sipnificant al Lhe 007 level.

+ Plants transfered back and farth hetweert nutrient solutinns without and witk
humir arwls added and different forms of Feo Each value is average of 3
replicationg.

additional supply of nuirient elements in the Na-humate
added because the amounts of these elements contained in
humic acids were riegligible compared to the amounts in the
nulrient solution (Table 1Y,

Roots were highly branched and proliferant root hair de-
vejopment was obscrved in the treatments with humic acids
(Table 2). This profiferant root growth Seems likely to be
one of the reasons why humic acid treatinents gave higher
yield. Increased surface area from branches and root hairs
should mcrease the etficiency of the root systens. ' Donnelt
{1971) felt that the growth promoting activity of humic sub-
stances was caused by plant hormone-like mazecial con-
tained in the humic substances. However. Poapst et. al.
(1970, 1971) demonstrated that the activities of indole ace-
tic acid (1AA) and of humic substances were independent.
Treatmenis with humic substances gave additionaf effects
over [AA treatments.

The dry matter viclds of corn in expesimem 3 were
increased by application of humic acids only in 1he cases of
nutrient solution or low vrganic matter soil. With high
orgamc maucr ~.m| huwevu no tnc.rcase wiis observed

R .
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in agreemen! with the results oblained in experiment 1.
Apparently the concentration of humic acid available to
the plant was below optimum in the low organic matter seil.-
Hence increased growth resuited from its application. The
decreased production in the high organic matter soil upon
the addition &f humic acid may have resulted from concen-

W oLand Lk 1-..‘uu 13

Tabhle § —Chiorophyli content representing growth of algac affecied by different treatments of humic substances {experiment 5).

Concvntraltons of C

Treatmenist n Bl n 0 0 au L B0 on 125
mg. fiter
HA+FA dial 00887 0.387 0,507 i 1hT 1521 a4 (LR K] A1 0,150 0.390
Ha-Fa resan G260 0.9 518 (L. 565 EIE] 0545 0,598 LT a1l 0195
HaA 0.275 [t 4,123 0,404 1L 176 VAR 1512 0501 3y 0.6
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Table 1—Mincral composition of Ny-humates.

Na-humatest C N P K Ca Mg Al Fe Mn o Cu Na
mg/ml pPPmM
rs 10 9.2 20.3 145 125 2106 1880 1406 6.94 1.32 n.es 1.6
Ww5C 190 449 2.8 0.7 71 83 0.9 13.8 0.8 0.76 0.53 0.8
AdB 140 417 4R 26 171 210 2140 235.7 0.28 1.76 119 3.1
AdO; 1.0 386 1.4 0.9 104 11.4 6.9 5.2 [OUTE) o> [13°1) X
CMF 1.0 340 129 09 48 74 14 kR 010 1.58 0.93 1.2
CMC 1.0 87.0 10.2 LR 52 7.6 1.5 24 01 1.16 0.52 1.0
M 1.0 52.1 1.4 14 135 114 6.3 4.2 0.23 1.58 1.88 3.0

1 C5 indicates humic acid extracted by 0,18 NaOH from Calais soil; WSC, lrom composied rye straw; AdB, (tom Adams BZir horizon; Ad02, from Adams O2 horizon:
CMF, from fresh cow manure; CMC, from composted cow manure; SM, from sphagnum moss.

Table 2—Yield of corn as affected by concentration of humic acids
(experiment I),

Table 4 —Dry matter yicld of corn grown in high and low erganic mat-
ter svil (experiment 3),

Treaimwenlst G e £ pii oy Fualeg
Plant tops 0.78 1.50 1.50 1.17 0.84 7.93**
Punt roots 0.19 G.30 0.31 .26 0.16 1.36%*

** Significant al the 0.0 level.
1 ppm C as Na-humate in nutrient sofution. Each vatue is the average ol 6 plants:

Table 3—Yield of corn as afTected by humic substances from different
organic materials (experiment 2).

Trealmentst NS RSC SM AdB AdD; €S CMF CMC F-value
Plani tops 272 4.23° 330 373 393 309 356 340 330 .
Plant roots 086 125 120 118 138 105 1.25 1.13 277

* Bignificani at the 0.05 level.

* 5. ppm € 23 Na-humate in nutrient solution, NS indicates nutrient solotion:
RSC, nutrient solution plus 5 ppm Na-humate derived from composted rve
straw; SM, sphagnum moss; AdB, Adams 0 2ir horizon; AJ02, Adams 02 hori.
zon; C5, Calais Ap horizen; CMF, fresh cow manure; CMC, composied cow ma.
nyre. Each value is the average of 3 replications.

pMig MgSO,. The low organic matter soil received 4 megt100 g
CaC0;.

Corn seedlings were transplanted into L0-cr plastic pots con-
1zining soil or perlite in the greenhouse. The pots were fastened
together in pairs so that the roots in each pair could be divided so
that one-half would grow into each pol. Treatments consisted of
the foilowing: NS-Si, NS-Sh. HA-HA, HA-SI, HA-Sh, Si-$1. Si-
Sh,S1-S1HA , SIHA-SIHA , Sh-Sh, ShHA-ShHA where NS in-
dicates nutricnt solutton; HA | Nakumate rolidion: Sk nigm
organic matter soil; Sl, low organic matter soil; and the dash repre-
sents the split roots. There were [2 treatments and 4 replications.
Perlite was used far NS and HA treatments. The pots were moved
every day to equalize light supplied. Distiiled water or nutrient
selution was supplied to the pots, which contained soil or perlite,
respectively. Plants were fiarvested | month after transplanting.
Diameters of stems and heights of tops were also measured in ad-
dition to the analyses already described.

Experiment 4

Two sets of 24 jars were prepared (Table 5). The first set con-
tained eight treatments of nutrient solution, two of which included
Na-humate. The second sel contained H,0, FeCl,, Fe-citrate, Na-
humate, Na-humate + FeCl,, Na-humate 4 Fe-citrate, each
paired with a nutrient solution treatment in the first set, and FeCl,
and Fe-citrate each paired with the Na-humate treatment in the first
set (Table 5). The Fe treatrnents consisted of either 10~*M FeCl, or
Fe-citrate (equal molar solution of Na-citraté, FeCl, and NaOH).
Except for these Fe treatments, the nutrient solution was as pre-
viously described. Sodium-humate, prepared from compaosted rye
straw, was udded at 5 ppm C. '

Corn was germrinated. trunsplanted into the first setof jars., and
“eLup n the growth chamher as 0 7 oriment 2
transfeeed 1 the second set of jurs aficr 2 day«. then back to the
first et afier 1 diy in the second set. Following this pattern the
plants were tranvered back und forth five times hefore harvesting.
The solutions were replaced with fresh solotion afier three trans-

L
TP ITCE T,

o

Treatmenist I elal mass Fiant Lops Pianl roots

giptant % yield g/pland % yield g/plant % yield

NE.NS 0.93 100 0.63 100 .30 100
NS-51 1.19 138 0.80 127 ¢.38 127
N§.8h 2 214 1.60 254 0.67 . 223
HA-HA 1.69 ig2 1.19 189 {.50 167
HA-51 1.61 173 1.13 179 0.49 163
HA-Sh 223 240 1.5% 252 0.64 213
5181 110 118 0.73 116 ¢.37 123
S1-8h 2.14 230 1.51 240 .63 210
S1.51HA 2.01 216 1.3 208 0.70 23
SIHA-SIHA 1.78 191 1.20 190 0.5% 197
Sh-5h 234 252 1.14 276 0.60 200
ShHA-ShHA 1.86 200 1.39 221 0.47 157

F o« 757 F =8 27%¢ F = 6.29%

** Signilicant al the 0.01 level,

T MS indicates nutrient solution: HA, Na-humate solution, Sh, high organic mat-
ler w0il; 51, low organic matier soil; and the dash represents & split root between
the two tredtments, Each value is average ol 4 replications,

fers, and the pH was measured in both sets before and after
transfer of plants.

Experiment 5

Nutrient solution for algae was prepared as follows: 5 mM
(NH,),50,. 2 mM Ca(NOy)s, 2 mM KH,PO,, | mM K,SO,, | mM
MgSQ,. 0.5 mM NaHCQ,, 0.12 mM Fe-citrate {equal molar solu-
tion of FeCl;, Na-citrate, and NaOH), 2.5 ppm H,BO,, 1.5 pPpm

LI Dt M LT Lo TN o ¥ - [eyeavr I
e L o T P 1 L TR Ty PR o

The concentrations of humic substances were 0, 5, 10, 20, 40,
50, 60, 80, 100, and 125 ppm as C in nutrient solution and the dif-
ferént humic substances were: (i) HA+FA dial, (i) HA+FA
resin, (iii) HA, (iv) FA, (v) HA(.01N¥ KOH}), (vi) FA(.0IN KOQH).
(vii) FA(H;O), (viii) Sh, {ix) Sh without HA, (described in Table
6). Humic substances were extracted with 0.1N KOH in place of
NaOH. Humic substances were placed into beakers in amounts
calculated o provide equal C contents, 50 ml of nutrient solution
was added, and a pinch of CaCO;. Then the volume was brought
1o 100 ml with nutrient solution. Each beaker was inoculated with
0.2 mi of an algae suspension (Botrydium sp.) before placing it in
the greenhouse for 5 days. The beakers were swirled occasionally,

. At harvest time, chlorophyll content of each beaker was deter-
mined as ‘follows. The suspensions were centrifuged, and 95%
commercial ethanol was added to the residue and left overnight.
The ethandl suspensions were then centrifuged and the superna-
tants and one washing were collected in 50-ml volumetric-flasks.
The optical densit'~s were measured with a spectrophotometer at
660 mn with red filter. :

T

RESULTS AND DISCUSSION

Application of small amounts of humic substances in-
creased dry matier yickd of com seedlings (Table 2, 3, and
4). The optimum concentration of humic substances for
maximum stimulating effect was 5§ ppm C as Na-humate
(Tabie 2). This result is in agreement with those of Fernan-
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trations of hunnc acid that were too high(Table 3. Yel, ina
soil very high in arganic nater, there 15 mo evidence of nan.
uril levels oof humic acid being too high.

Poapst aned Schitzer (1971) amd Schaitzer and Poupst
(1967) obscrved that root initiation of hypocory] segments
of bean (Phusealus vidgaris 1. plants were stimulated by
treatment with low concentreations of <ot fulvic acid, With
high concentrations of fulvic acid. however, stem clonga-
lion of Alaska pea stems was inhibited (Poapst et al., 1970},
Fernandoz (190%) also found that low concentrations of
humic acid increased the dry matter production of corn
plants. With high concentrations, decreased yield resulied,
These results support the idea that nore i Vs media-
nism may be- involved in effeets of humic substances on
plant growth,

The ameunt of extractable organic mancer in a given soil
s indicate whether or net the soil peeds additions of
organic materials such as manure or plunt residues. It is
generally accepted that application of orpanic malerials

gives beneficial effecis to most soils, paricularly those low .

in orpanic matter. With high organic mater soils, perhaps
beneficial effects from application of organic snatter should
‘not always be expected. Therefore, development of an ade-
quate sait test 10 predict the response of plant growth to
applicatinn of organic materials to a given soil would be
worthwhile. Determination of amnunts of soluble humic
acids conld serve as a basis for such a test. The structure of
seil and kinds of organic malerials also should be consid-
ered. :
With foliar application of humic substances, the increase
of dr)z matter yicld was not spectacular (data not shown).
There was approximately a 20% yield increase a1 20 ppm C
as Na-humate,

" The Fe content of plant tops was much higher in treat-
ments receiving humic acid application (Table 5). DeKock
{i1955) reponed that humic substances prevented im-
mobilization of Fe and P, and facilitated the translocation of
these elements from roots to shoots in seafltower. He hy-
pothesized that humic eacids scrved as camiers of Fe by mak-
ing low molecular weight complexes with Fe, These com-
plexes increased the mobility of Fe by passing through the
cell membranes easily. Without humic scids, Fe would
form insoluble precipitaies with P under acid conditions. By
preventing precipitation, humic acids could increase the
availability of P.

Humic substances also stimulated the growth of algae.
The oplimum concentration, however, was much higher {60
ppm C) than in the case of corn (3 ppm C). It is hard to
explain the reasons behind the differing optimum concentra-
tions, But. the results of Fernandez (1968). Kononova
(1961). and Poapst et. al. (1970) demonstrated differences
among plants in optitium concentrations of humic acid for
the highest stimuiating cffects,

Different humic substances also produced different ot
fects on the grawth of algae. Fulvie acids were cxpected
shpw greater effeets on alpae growth than humic acid
because of the higher concentration of functional groups in
fulvie acids (Schoitzer and Khan, 19727 But the resolis
were simifar. The mixture of high and low molecular weight
kumic substances seemed 10 be the best for stimulation of
algal growth. Mare invesiipation i< needed to explain tha
differing cffects of different humic subsiances.

I ts interesting that the effects of soil treauments were
thuch less than the treatments with humic substances (Table
©). This suggesis that it might he possible. under natural
conditions. W increase algue populations by the applications
of humic cxiracts. Incrcases in populations of N-fivirg
algae in paddy ficlds could increase the N content of the
soil. Direct stimulation cffects of humic acids on rice plants
also would be expected. On the ather hand, humic sub-
stances from polluting sewage, nianure, or fron: erosion of
top soil, may stimulate undesirable algal growth in streams,
lakes, and other bodies of water,
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COMMENT: As examining the “methods” shows, Drs. Lee and Bartlett, as have all other humic-acid
investigators, continued “single-substance research™. Furthermore, their research was done using
sodium humates, The sodium could easily be the reason why the pair observed greater growth
increases with less than more humate. Why, when it's so well accepted in all life sciences circles, that
“the whole is much greater than the sum of its parts”, do agricultural investigators continue “single
substance” research. Maximurn Economic Yields cannot possibly be abtained except when all essentials
in plant-assimilable forms, are present. Anything lessithan “MEY” is unacceptable in the continuing

“Maximize or Perish® agricuitural economy.




