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FOREWORD

The Joint FAO/IAE& Division of Atomic Energy in Food and Agri-
culture initiated a coordinated programme ofresearch, in October
1973f on "Isotope-Aided Mioronutrient Studies in Rice Production
with Special Reference to Zinc Deficiency," To provide 'background
information and expertise for this programme, a combined Panel and
Research Coordination Meeting was convened in Vienna from the 23 to
27 September 1974.

During the sessions, papers were presented and discussions held
concerning micronutrient elements in crop production and the role of
nuclear techniques in providing information in this area of research*
The discussions were concerned primarily with the recognition, de-
lineation and correction of zinc deficiency in rice production*

This publication records the proceedings of the meeting, and
will be of use not only to the ae participating i i the coordinated
research programme, but also to others working in this field*
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JIICHONUTRIENT PROBLEMS OP CROPS DT PAKISTAN WITH
SPF3CIAL RI3FSRENCS TO 2DFC AND COPP»!P DISFICISHCY

IN RIG'S PRODUCTION

F.M. CHAUDHRY and 1*. SHARIF
Nuclear Institute for Agriculture and Biology

Lyallpur, Pakistan

ABSTRACT
»

%ft ft«&* of; Hyderabad regie,** of the Sin* pw£*ee appear
to be deficient in Zn for maize and in S for cotton, sweet clover*
wheat and millets. Zinc, On and B deficiency seems to be widespread
for wheat on many non-rice growing soils of the Punjab. In the
Rorth frontier Province, sugarbeet and citrus orchards heavily
respom to the application of 2n, Cu and Fe.

Lowland *ice responds to the addition of Zn in all the
provinces of Pakistan* In rice tracts of the Punjab, & and Cu
deficiency is quite prevalent for rice* Available contents of Cu
and Zn of these soils are not responsible for their deficiency in
plants* Submerged conditions of rice soils appear to explain the
mechanism. Submergence strongly increases the concentration of Rt
Ca, Kg, Pe, MnjHCO, and P in eoil percolates and many of these
ions strongly depress Cu and Zn uptake by rice plants.

Various procedures of Zn and Cu extraction which adequately
predicted their availability to wheat failed to assess their avail-
ability for lowland rice* The amounts extracted by these methods
from air dry soils had little correlation with Zn and Cu contents
of rice plants* Chemical and electrochemical properties of
submerged rice soils were little related to those of dry soils*
Submergence, therefore, appeared to explain lack of correlation,Cu anabetween plant Zn and/that extracted by various methods from dry
soil samples.



Zinc and Cu inhibited the absorption of each other by
both the rice and the wheat plants from solution cultures. In
soil• studies, Zn strongly depressed Cu but Cu had" little effect
on Zn uptake by rice. In wheat, however, both the Zn and Cu
inhibited the absorption of each other. The antagonising elements
accentuated the deficiency of each other and severely reduced-dry
natter yield of rice and wheat plants on soils containing marginal
to deficient concentrations of Zn and Cu.

The effect of Fe, Mn, P, CaCO, and various N sources on
the growth and uptake of Zn and Cu by rice and maize are being
studied in soil-pot trials* Observation on plant growth indicated
that high doses of Fe, P and CaCO, may depress growth of rice by
inducing Zn and Cu deficiency. The results of plant and soil
analysis are being awaited to cdnfirm these observations. Growth of
plants in 25 field trials has shown Zn deficiency in rice on about
8O, Fe on 50, Cu on 30 and 8'on 10# soils. Soil and plant samples
are being analysed for further conclusions.

It is proposed that future studies should be conducted on
the evaluation Of best methods for correcting micronutrient deficiency
on various types of rice soils. Various,, prevalent rice varieties
should be screened for their resistance to micronutrient deficiency.
Since rice soils of Pakistan are rich in SOj., comprehensive studies
should be carried out on the toxicity o? sulphide in plants, if any*
and its effects on micronutrient solubility in soil solutions and
their uptake by plants.

Investigations on various aspects of micronutrient nutrition
of upland crops such .as cotton, maize» sugarcanec potato, citrus
and mangoes are also warranted.

INTPODDCTION

Out of 19? million acres of reported-area of Pakistan,
crops are sown on *t8 million acres, wheat, cotton, maize, sugarcane
and rice are the major crops of this country. Bice is mainly sown
in the central Punjab and the South-Vest regions of the Sind province.



A number of coarse and: fine varieties of rice are cultivated in
Pakistan. The scented long-grain Basmati varieties are well known
throughout the world and fetch high price in the international
markets. Among the agricultural crops, rice is the second biggest
export item of Pakistan. The soil area under its cultivation is,
therefore, increasing rapidly. It increased from 197̂  thousand
acres in 1959-60 to ?877 thousand acres in 1969-70.

The climate of rice growing tracts varies from semi-arid
in the central Punjab to arid in Sind regions. Bice is sown during
the summer months of July to October where temperature frequently
rises above 100°F. The annual precipitation in the central Punjab
is 10 to 15 inches whereas in Sind regions, it is less than 5 inches*
Since rice requires about ̂ 5 inches of water for its growth period*
water is supplemented mainly from perennial canals. In the central
Punjab, tube-well water is also applied. In both the Punjab and
the Sind regions, rice is grown under flooded soil conditions.

The soils of the rice areas are alluvial and vary in texture
from clay loam to heavy clays. Clay percentage in some soils, is
as high as 60#. They are generally calcareous (CaCO, 0.5 to 10#),
alkaline (pH 8 to 8.5), low in organic matter ( <i1.3#) and rich in
bases. Many soils are saline to varying degrees.

(A) Studies on gicronutrient nutrition of upland orope
The soil and climatic conditions of Pakistan appear to be

quite conductive to micronutrient deficiency in plants. Little work
has, however, been conducted on this aspect of plant nutrition. The
results of a few field trials on response of plant yield to the
application of various trace elements are available. The data on
soil and plant analyses were rarely reported.

The effect of B on the yield of seed cotton was studied in
a number of field trials in the Sind province. Most of the fields
of Hyderabad region were found to be deficient in B. Its applica-
tion at 2 ppm increased the yiold of seed cotton by about 30#. The
yield of sweet clover, wheat and millets also increased with the
addition of B at 0.5 to 2.5 ppm. Some of the corn fields also



exhibited severe Zn deficiency and its application at 20 Ibs/acre
increased the grain yield quite markedly (1).

In tha Punjab, application of Zn, Cu, Mn, Fe and B had
little effect on the yield of seed cotton. Zinc and B had also
no effect on the yield of maize and sweet clover respectively.
Application of ZnSO. at 2 to 8 Ibs/acre, however, increased the
yield of wheat grain on some sandy loam and loam soils of Lyallpur (2).
Zinc in combination with B and Cu increased the yield more marked-
ly (3t **)• The effect of Zn was negligible on clay loam soils.
Analysis on Zn contents of wheat samples collected by us from
farmers* fields also indicated severe Zn deficiency in many other
districts of the Punjab.

Manganese spray to potato plants at 5 Ibs/acre increased
the yield of potato tubers in Lyallpur and Sialkot districts (5).
Spray of Seiso Salt (containing 2# Zn, 1.5# Cu, 0.1# Fe and 0.1# B)
at 800 g/acre increased the yield of beet roots by about $Q% at

*
Ternab Farm. Citrus orchards were severely hit by chlorosis around
this farm. Spray of these orchards with solutions contining Fe,
Cu, and Zn completely eliminated the disorder (6). These haphazard
field trials indicate that micronutrient deficiency for various
upland crops could be quite widespread on many soils of Pakistan*

Many field trials have, however, shown a high response of
rice to Zn fertilization in the Punjab,(?, 8) Sind (9> and the
North Frontier Provinces (10). The authors and their colleagues
have therefore conducted more comprehensive studies on micronutrient
nutrition of'submerged rice. Since wheat generally follows rice in
the annual rotation of rice tracts and it nlso is a major upland
crop of Pakistan, studies similar to those on rice were also
conducted on wheat.

(B) Studies on zinc and copper nutrition of lowland rice
(i) Comparative sine and ̂copper deficiency in rice and wheat

During our preliminary survey of rice areas of the Punjab
we observed Zn and Cu deficiency symptoms on many fields where the
growth of rice plants was quite stunted, however, on the same soils,



wheat was growing quite happily rind no symptoms were visible on
this crop. We conducted various preliminary soil and solution
culture experiments to study the extent of 2n and Cu deficiency in
rice area and to know why their deficiency is more prevalent in
rice. Analysis of important soils of this area for Sn and Cu by
dTPA method revealed that 95# of these soils contained Cu and Zn
contents above 0*6 ppm. These contents ire much higher than those
reported deficient for crops on similar soils of Colorado (11, 12,
131 1*O• Out of 20 soils used for pot trials, rice responded to
Zn application on 1*t soils whereas wheat responded on 4 soils only.
Similarly on the same soils rice responded to Cu application on 9
whereas wheat responded on one soil only. These results confirmed
our field observations that Zn and Cu deficiency appears mainly
in rice and is rarely noticed in wheit-

The Zn and Cu requirements of rice appeared to be slightly
higher than those of wheat. The analysis of rice and wheat plants
at preflowering stage revealed that the critical concentrations of
Zn and Cu in tops above which plants responded to added Zn and Cu
fertilizers were 1?«'+ 'md 6.5 ppm for rice and 1̂ .5 and 5.6 ppm for
wheat respectively. These differences were considered to be too
small to explain higher susceptibility of rice to Zn and Cu
deficiency in these irens. Th*' comparative r^tes of Zn and Cu
absorption by rice and wheat were thereforo, determined in short-
term solution culture studies, The rotes of Zn <ind Cu absorption
by rice were much higher th«n those by wheat. Under the identical
solution culture conditions, 10 days old rice seedlings absorbed
65Zn at a rate of 22.2 ng atoms/g frtsh root/hour whereas wheat
roots absorbed Zn at a rate of only 10.I ng atoms/g fresh root/hr.
The corresponding rates of Cu absorption by the two plant species
were 6.? and J.3 ng itoms/g fresh root/hr.

In Pakistan, irrigation water i.s distributed to the
farmers on turn basis from perennial canals. Availability of
irrigation water varies markedly from district to district. Idealy
the rice plants remain flooded throughout its active growth period..
But in certain arets where supply of canal water is limited, the



rice fields frequently dry up. We collected samples of rice
shoots from farmer8 ' fields of almost all the regions of rice
tracts. The farmers were interviewed about the general water
supplies of their nrenS and the number of irrigation they had
applied to their rice crop. Out of ̂ 6 samples, 15 were collected
from low moisture ( < 8 irrigations for whole growth period) and 31
from high moisture areas (8-1*f irrigation for whole growth period).
Under the high water supplies where the rice fields remained flooded
almost throughout the growth period, 55$ samples were found deficient
in Zn and ̂ 9# in Cu. Out of 15 samples of low water supplies, only
26% suffered with Zn and 33# with Cu deficiency. It therefore
appears that submerged soil conditions may probably be responsible
for more prevalence of Zn and Cu deficiency in rice.

(ii) Comparison of various extraction methods for the estimation
of available zinc and copper for rice and wheat __
It has been reported thnt various methods of micronutrient

extraction which has been found to adequately predict their avail-
ability for upland crops (15) may have limited value for lowland
rice (16). The dry samples of of 20 soils were analysed for Cu
and Zn contents by five extraction methods. The amount of these
elements so extracted was corr«late<1 with that taken up by rice
and wheat plants grown on tnese soila for about 50 days. The
amount of Zn extracted by 0.01 M EDTA, 0.1 M HC1 (15), 0.005 M
DTPA <1M, 0.01% Dithiaone (1?) and 1.0 M CH COONH^ (18) had little
positive correlation with either concentration or total uptake
of Zn in rice plants. In wheat, however, Zn extracted by these
methods showed highly significant correlation with both the
concentration and the total uptake of Zn in plants. The values of
correlation coefficients of HC1, DTPA, EDTA and CH COONH. methods
with concentration of Zn in wheat plants were 0.8?, 0.91t 0.86 and
0«70 and with total Zn uptake 0.82, 0.8?, 0,86 and 0.56 respectively.
The critical levels of Zn concentrations in soils for wheat by these
extraction methods were 0.2̂ , 0.3'f, 0.̂ 5, and 0.̂ 8 ppm. Other
workers have also determined critical levels of extractable Zn of



soils for various zinc sensitive upland crops. Its
critical levels by various methods were generally in the following
order HC1> EDTA> DTPA=CH COONH.. The amount of Zn that predicted
Zn deficiency was about 1.5 PP«n for corn by EDTA and 9»0 PPW by HC1
methods (15, 19). The level of DTPA extractable Zn for most of the
sensitive crops ranged from 0.4 to Q-* 5 PPW (11)« The critical
concentration of Zn for wheat in our alkaline calcareous soils is
less than those reported by other workers. However, whent has been
reported to be less susceptible to Zn deficiency than corn or
similar other Zn sensitive crops (20).

The amount of Cu extracted by DTPA and CH,COONĤ  was not
significantly correlated with concentration or total uptake of Cu by
rice plants. The HC1 extractable Cu also had littlo correlation
with Cu concentration but significantly correlated with total Cu
contents of plants by a r value of 0.49. The BDTA extractable Cu
correlated with both the concentration and the total Cu uptake in
plants by r values of 0.48 and 0.50 respectively. The correlation
coefficient of these methods were, however, so small that they
cannot adequately predict plant available Cu.

In wheat, Cu extracted by DTPA, HC1 and CH,COONĤ  had high
correlation with both the concentration and the total uptake of Cu
in plants. The r values of varicas methods were O.84, 0.58 and 0.84
for Cu concentration and O.?1, 0.61 and O.?0 for total Cu uptake
respectively. The EDTA extmctable Cu had little positive correla-
tion with plant copper. Since wheat responded to Cu application
only on one soil, evaluation of critical Cu level for wheat was not
possible in these studies.

The DTPA method appears to be the best for the prediction
of Cu and Zn availability to upland plants from alkaline calcareous
soils of Pakistan. This method has also shown its superiority on
calcareous soils of Colorado. The method has special advantage
that both Zn and Cu and probably also Fe and Mn can be determined
in the same extract (11). This method can, however, be used most
efficiently only in laboratories equiped with atomic absorption
spectrophotometers.



It appears that various procedures commonly used for
predicting Cu and Zn for upland crops nay have little value for
lowland rice. Submerged soil conditions of rice fields may probably
be responsible for these discrepancies.

(iii) Comparative inhibitory effects of soil applied zinc
and copper in their uptake by rice and wheat____
The strong inhibitory effects of Cu and Zn on the uptake

of each other has frequently been demonstrated in upland crops both
in soil and solution culture studies (21, 22, 23, 2k). Application
of one element to soils containing deficient to marginal supplies
of the other has been found to accentuate severe deficiency of
the other element in plants and to drastically reduce their yiolds(25)'
Rice suffers with Zn and Cu deficiency on many fields of the Punjab
and their fertilizer will be commonly applied in the near future.
It is possible that the fields showing deficiency of one element
and receiving its fertilizer may contain marginal contents of the
other element. In such cases, application of one element may have
only a limited benefit to the crop or in certain cases, may even
be harmful. Rice is quite different from upland crops in its
physiology and growth conditions. It is, therefore, likely that
the nature of interaction between Various roicronutrients in their
uptake by rice could be different < ..-ore those of upland plants (26).
We conducted a preliminary experiment on a calcareous loam soil of
the Punjab to study Cu-Zn antagonism in the nutrition of rice.
Zinc strongly depressed Cu concentration in plants and severely
reduced their dry matter yields. Copper had no such effect on Zn
contents of plants (7)« To confirm these findings, we then
conducted pot trials both on wheat and rice an several important
soils of rice area. Application of ZnSÔ  generally depressed the
concentration and tdtal uptake of Cu in rice plants. Out of 10
soils used, ZnSO. reduced Cu uptake on 6,had no effect on 2 and
increased it also on 2 soils. Copper sulphate, however, had
little inhibitory effect on Zn uptake by rice. Out of 19 soils,
CuSOr did not affect Zn uptake on 14,increased it on three and
had depressed it only on two soils.



In wheat plants, application of either of CuSOj, or ZnSOj.
generally depressed the concentration and total uptake of the other
element. Out of 21 soils used, CuSÔ  depressed Zn uptake on 11,
increased it on 3 and had no effect on 7 soils. Zinc sulphate
affected Cu uptake almost similarly on various soils*

The inhibitory effects of Cu and Zn were quite marked on
soils marginal to deficient in their supplies where the antagonsing
element accentuated the deficiency of other element and severely
reduced the dry matter yield of rice and wheat plants.

Although Cu-Zn antagonisms have not been observed on all
the soils used for these studies, yet the inhibitory effect of Zn
on Cu contents of both the wheat and the rice and that of Cu on Zn
contents of wheat are quite evident on most of the soils. Copper,
however, depressed Zn uptake in rice on some soils. According to the
assurance concept of Viets (2?) these interactions may, therefore,
be considered applicable to all soils and it may be advisable that
wherever one element is applied especially for rice the other
element should simultaneously be applied. There is little liklihood
that Cu and Zn will become toxic on alkaline calcareous soils of
Pakistan.

The results of these investigations have, however, indicated
that tne nature of Cu-Zn interaction in flooded rice could be
different from that in upland wheat. The role of soils, plants
and flooded soil conditions in these interactions needs further
investigation.

(iv) Effects of flooding; on chemical changes in rice soils
Many investigators have studied the effect of flooding on

chemical and electro-chemical properties of various types of soils.
Submergence has generally been found to increase pH of acid soils
and to decrease that of alkaline soils. The concentrations of Fe,
Mn, Ca, Mg, P, HCO_ and total soluble salts in soil solutions were
reported to increase (28, 29, 30) and that of Zn either to decrease
or remain unaffected (31, 32, 33). The nature and the magnitude of
these changes were found to largely vary from soil to soil (28).

9



The rice soils of Pakistan are markedly different from those of
other countries* Their pH is quite high (generally 8 to 8.?).
They are very low in organic matter «Ll.3#) and contain a wide
range of CaCO contents (0.5 to 10$). In our preliminary studies
we investigated the effect of flooding on chemical properties of
two soils typical of rice areas of Pakistan.

Since the studies on thermodynamics of flooded soils have
shown that the clear soil solution drawn out by gravity from the
flooded soils may be considered the equilibrium soil solution(3̂ ,35)
and a meaningful phase in mineral nutrition of rice (36), we also
used clear soil solutions drawn out by gravity from the submerged
soils for the determination of various ions after they had been
incubated at 28°C for time intervals of 0, 2, 3* *>» 5» and 8 weeks.
After ?th week, a set of 3 pots of each soil was dried to field
capacity and kept at that moisture level upto 8th week but flooded
again 2 hours before drawing out (under N atmosphere) the soil
percolates.

Flooding depressed pH of both the soils from 8.3 and 8.1
to 7*8 and 7*5 respectively by the 2nd week and had no further
effect during subsequent periods of incubation. Drying the soil
after 7th week had also no effect on pH of the two soils. The
concentration of Ca, Mg, Mn, Fe, HCO, and total soluble salts
rapidly increased by the 2nd week in b th the soils. During the
subsequent incubation periods, their concentration in soil solutions
further increased but relatively at a slow rate. At certain
time intervals of incubation, concentration of some ions declined
to a small extent but still remained much higher than that at 0
time. Drying the soils to field capacity at 7th week of submergence
depressed* the concentration of various ions quite markedly.

Flooding increased Cu and Zn concentration in the
percolates of both the soils by 2nd week. Concentration of Cu
did not change further but that of Zn decreased at certain time
intervals. However, it remained much higher than its concentration
at 0 time. Drying the soils to field capacity after 7th week had,
quite strange effects. In one soil, it decreased Zn concentration
and increased that of Cu. Whereas in the other, it increased Zn

10



concentration and had no effect on that of Cu.
After incubation, the concentration of various ions in the

percolates of the two soils had little relationship with that at
0 time or in dry soil samples.

The studies indicate that submergence may generally
enhance Sn and Cu concentration in soil solution. Their solubility
in flooded soils do not, therefore, appear to be responsible for
their widespread deficiency in rice on soils of Pakistan.

(v) Zinc absorption by rice and wheat and its inhibition by
various ions important under submerged soil conditions

Submergence was found to increase the concentration of Cu,
Zn, Mn, Fe, Ca, Mg, H, HCO , P and total soluble salts in the
percolates of both the rice soils used. The mechanism of Zn and Cu
absorption and the nature of inhibitory effec'ts of various ions on
their absorption by upland plants have comprehensively been studied
in solution cultures. For example Cu and Zn were found to severely
depress the absorption of each other in wheat, bush beans and
sugarcane (22, 2*», 37). Calcium, Mg, Fe, H, P and HCO strongly
decreased Zn and Cu absorption in wheat, barley and sugarcane(?2, 23»
2^*» 38, 39* ̂ 0). Such studies were rarely conducted for rice.
Some preliminary results, however, indicate that the nature of
interactions between ions in their uptake by rice could markedly be
different from that in upland crops* For example antagonism between
Fe and Mn is a well known interaction in upland crops, but was
rarely reported in rice Cfl). Similarly increasing Cu concentration
in nutrient solution depressed Fe absorption in barley seedlings but
enhanced its absorption in rice plants (26). We, therefore, compared
the inhibitory effects of various ions on Sn absorption by rice and
wheat seedlings in short-term solution culture studies.

The plants were grown on complete nutrient solutions for
10 days and the roots of intact seedlings were allowed to absorb6*5̂Zn from various treatmental solution for <* period of about 1OO
minutes. To measure true Zn absorption, the proportion of Zn
adsorbed on the roots was eliminated by washing the roots for 80



minutes in solution containing CaCl? and non-radioactive
The rice (Basmati 370, IR 6 fine grain varieties and Jhona 349
coarse grain variety) and wheat (cv. MexiPak) varieties commonly
sown in rice tracts were used for these studies. From 0.1 uM of
solution Zn,rice absorbed Zn at a much higher rate than wheat.
Among the three rice varieties, Basmati 370 absorbed more Zn than
the other two varieties. This might explain the common observations
of rice fields that Basmati 370 is less susceptible to Zn deficiency
than IB-6.

Decrease in pH of the nutrient solution over the range of
7.2 to ̂ .5 strongly depressed Zn absorption in wheat seedlings. In
rice (IR 6), Zn absorption declined only when pH dropped below 5-0.
Similarly increase in Ca concentration from 500 uM to 2 and 5 mM
gradually depressed Zn absorption by both the plant species from
0.12 uM solution Zn. At 1.0 uM solution Zn, Ca inhibited Zn
absorption in rice only when its concentration increased beyond
? mM. Magnesium competitively inhibited Zn absorption in rice
but enhanced its absorption in wheat. Copper at a concentration
of 0«5 uM decreased Zn uptake in both the wheat and the rice
seedlings from solution Zn of 0.1*f uM but had no effect on Zn
absorption by wheat when Zn concentration in solution was 3.0 uM.
The effect of other ions on Zn absorption by both the plant species
are being studied. Zinc, Ca, K, and Mg also inhibited Cu absorp-
tion by rice plants. Those results indicated that inhibitory effect
of various ions on micronutrient absorption by rice may differ
markedly from those in wheat and probably also in other similar
upland crops and must, therefore, be studied separately for
submerged rice.

It appears that submergence may be a major cause of Zn and
Cu deficiency in flooded rice. It does not seem to have direct
depressive effect on the solubility of Zn and Cu in soil solution.
Instead the effect appears to arise indirectly through increase in
the concentration of many ions which strongly depress Cu and Zn
absorption by rice plants. Since magnitude and velocity of increase
in concentration of various inhibiting ions in submerged soils



highly vary from soil to soil and have little relationship with
their contents in dry soil samples or solutions of 0 incubation
time, their inhibition of 3n and Cu absorption by rice plants is
expected to vary markedly from soil to soil and could perhaps be
responsible for poor correlation between &n and Cu contents of plants
and those determined by various extraction methods from air-dry soils.

(C) Research work in progress
As far as the authors know little work is in progress at

other Institutes except at the Punjab Agricultural Research Institute
where the effect of N, P, Fe and salinity levels on Mn, Zn and Cu
uptake by wheat plants is being studied in pot trials. Water from
various irrigation canals and tube-wells and profile soil samples
are also being examined for micronutrient contents. Field trials
on the response of various crops to added micronutrient fertilizers
which occasionally are conducted in various parts of the country
are rarely reported for wide circulation The following micro-
nutrient research programme is being followed at our Institute:-

Sqi3.-po t trials
(a) Submergence increases the- concentration of Fe and Mn in

soil solution quite markedly (B-iv). The effect of these ions on
Zn and Cu absorption by rice seedlings is being studied by us in
short-term solution culture studies. However, interactions between
elements observed in solution culture studies arc , sometimes, not
apparent in plants growing on soils. For example, in our studies >
Cu severely depressed Zn uptake in rice from solution cultures but
had little effect on 20 soils of rice tracts (B-iii & v).
Experiments were, therefore, conducted to study the effect of Fe
and Mn on Cu and Zn uptake by rice. Zinc and Cu were added to
soils in pots at 0, 10 and 50 and Fe and Mn at 0, 10, 50 and
200 Ibs/acre. The rice plants have already grown for 25 days.
Observations on plant growth have indicated that application of
50 and 200 Ibs/acre of Fe may depress yield by depressing Cu and
Zn uptake by plants. The first harvest will be taken after 30 days

•3



and the plants analysed for various micrunutrient elements to
confirm the growth observations.

(b) P-Zn (̂ 2, V5) and P-Cu (MP antagonisms are well-known
interactions in Zn and Cu nutrition of upland plants. These
interactions have, however, been rarely reported for lowland rice.
Sharma et al (*»5) observed depression in Ztt and Cu contents ofprice tops with application. This appears to have arisen mainly
from dilution of absorbed Zn through promotion of pland growth due
to P fertilization. Stewart et al (16), Yoshida (46) and IRBI
staff (1*7) reported little effect of P application on 55n contents
of rice plants. Our preliminary experiments on Zn deficient fields
showed that at some sites, plots receiving N and P fertilizers
showed growth even less than the sorrounding farmer*1 fields which
had received no fertilizer. V'e therefore, laid out pot experiments
to study the effect of various levels of phosphatic fertilizers
on Zn and Cu uptake by rice plants. Copper and Zn were used at
0, 5, 10 and 20 and P^O at 0, 75, 150 and 300 Ibs/acre, The
plants have grown for about 20 days. Phosphorus (pg°5^ application
at JOO Ibs/acre appears to have depressed vegetative growth by
inducing Cu and Zn deficiency. The plants will be harvested at
30th day of growth and analysed for Cu, Zn and P contents to test
our observations on plant growth.

(c) Application of nitrogen fertilizers to soixs marginal to
deficient in Cu and Zn supplies have g<nerally been found to
aggravate their deficiency in plants (8, 25, **8, ^9» 50). The
farmers of the rice growing area generally prefer urea over
NH^NO or (NĤ SÔ  fertilizers. We thought that in addition to
differential supply of N if any, from these sources, urea may have
some beneficial effect on Zn and Cu uptake by rice plants. The
reported literature, however, indicates that urea may add HCO, to
alkaline soils which may depress Zn absorption and its translocation
in rice plants (31)« Ammonium sulphate may increase sulphide (S)
contents in submerged rice soils which may retared the uptake of
Zn and Cu by inhibiting the respiration and oxidative power of
the roots (51) or by precipitating Zn and Cu in soil solutions (9K
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Ammonium nitrate may slow down the reduction processes of soils(30)
and concoramitant increase in the concentration of ions such as Ga,
Mg, Cu and H etc, (52) which severely reduce Zn and Cu uptake in
rice plants. Ammonium nitrate should therefore be a better
fertilizer for rice on Zn and. Cu responsive soils. We have laid
out soil-pot experiments to test these hypotheses. Zinc and copper
were applied at 0, 10 and 50 and N at 0* 75t 150 and 300 Ibs/acre
in the form of urea, (NĤ SÔ  and NH^NO-. Plants have already
grown for 15 days.. After about one month, the plants will be
harvested and their N, Cu and Zn contents will be determined. Vet
soils will be analysed for S, HCO , Cu and Zn contents.

(d) Canals et al (53) reported that CaCO, strongly adsorbed Zn
from solutions of low Zn concentration. Calcite, dolomite and
calcium-substituted magnesite crystals were also found to strongly
adsorb Zn from aqueous solution containing Zn concentrations
generally present in alkaline soils (5*O. Udo et al (55) studied
the adsorption of Zn in suspensions of 10 calcareous Arizona soils
and found adsorption maxima to be highly correlated with the
carbonate contents of soils. Calcium carbonate may therefore
depress micronutrient uptake by plants. Rice soils of Pakistan
contain CaCO contents ranging from O.5 to 1056. Studies, therefore,
are being conducted to investigate the effects af various levels of
CaCO, on the DTPA extractable Zn xnd Cu contents of soils and on
their uptnke by plants. Calcium carbonate WHS added at 0.5. 3» 6
and 12S6 of soils and Cu and Zn at 0, 10 and 50 Ibs/acre. Plants
have already grown for 20 days. Calcium carbonate application at
12# appears to have depressed plant growth by inducing Zn and Cu
deficiency. Plants will be harvested at about 30th day of growth
and their Cu,Zn and Ca contents will be determined to tost growth
observations. Wet soils will be analysed for pH and for Ca, HCO ,
Cu and Zn contents.

(e) Since various experiments as desrcibed above (C-i-a to-d)
have been laid out to study the effect of Fe, Mn, P, Nitrogen
sources and CaCO- on Cu and Zn uptake by rice plants. It was
felt necessary to examine the mechanisms of their effects*



Experiments, therefore, are being conducted to study the influence
of these factors on chemical and electrochemical properties of soil
solutions drawn out by gravity (undpr N atmosphere) after various
periods of soil submergence (B-iv). All the experimental conditions
for these pots were similar to those for the above mentioned
experiments (C-i-a to d) except that the plants were not grown in
these pots.

(f) Maize may be considered a good representative of upland
crops. For comparison with rice, the effects of Fe, Mn, P, N,
CaCO, and nitrogenous sources on Zn and Cu uptake by this crop are
also being studied.

(g) Studies on mechanisms of •'Zn adsorption by various types
of soils are being conducted. The equilbirium time and the
adsorption isotherms for various types of soils have been determined.
Initial studies have shown great variation in the extent of 2n
fixation by various types of soils. The effects of various ions on
the fixation and release of Sn are being studied.

(ii) Field trials
Our preliminary studies on the analyses of rice shoots

collected from farmers' fields had indicated that about 50# fields
of rice area could be deficient in ,,n and Fe and 25# in Cu.
Manganese contents in all the samples were much higher than its
critical concentration of 20 ppm (9). Field experiments were,
therefore, laid out on 25 important soil sites to examine rice
response to the application of Zn, Cu and Fe fertilizers. Boron
was also included since many upland cropswere found to respond to
its application in other regions of Pakistan (See A). The following
treatments were imposed in duplicate: (a) Nitrogen (as urea) and
phosphorus (P20c as superphosphate) at 100 and 60 Ibs/acre respective-
ly (b) NP plus Fe (as FeSÔ ) at 10 Ibs/acre (c) NP plus Cu (as
CuSO^) at 10 Ibs/acre (d) NP plus B (as H-BO ) at 5 Ibs/acre (e) NP
plus Cut Znt Fe and B. These experiments may serve the following
purposes:-



i) The soil areas deficient in various micronutrient for rice
will be delineated where further detailed experiments will
be laid out.

ii) The critical plant levels of various trace elements will be
determined under field conditions. Experience on deficiency
symptoms gained from these experiments will be utilized
for identifying other problem areas in the Sind and the
North Frontier Provinces.

iii) Physico-chemical properties and other field conditions of
rice soils conducive to deficiency of various micronutrients
may be determined.

iv) Soils may be classified according to the severity of
deficiency of various micronutrients and to the effective-
ness- of micronutrient fertilizers to alleviate their
deficiency.

v) Micronutrient contents will be determined by various
extraction procedures from dry and submerged (after about
3 weeks of plant growth) soil samples* They will be
correlated with contents of micronutrients in plants to
determine their critical levels in soils. The influence
of various ions of submerged soils on correlation
coefficient values will be tdetermined.
The observations on plant growth in these experiments have

indicated response of Zn on about 80, Fe on 50, Cu on 30 and B on
1056 soils.

(D) 'Future sbope of research
(i) Since practically no work has, so far, been conducted in

Pakistan on tra&e element nutrition of upland crops, detailed
studies on various aspects of micronutrient problems of important
upland crops such as cotton, sugarcane, maize, potatoes, citrus
and mangoes should be conducted.

(ii) A cojncareheHsivc research programme on micronutrient
nutrition of rice can be proposed only when the results of our
ongoing experiments become available. However, the studies on the
following aspects may prove useful*-

(*) Zinc and Cu deficiency in rice is mainly related to increase
in various ions in soil solutions. Submergence gradually increases
their concentration and drying decreases them drastically. It may,
therefore, be possible that occasional drainage of fields could
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alleviate marginal Zn and Cu deficiency in rice. Soil-pot trials
may be conducted to test this hypothesis.

(b) llndecomposed organic matter may cause severe soil reduction(9)
resulting in a marked increase in the concentration of various ions
which inhibit Zn and Cu absorption by rice. Rice is generally sown
after wheat. The stubbles and other residues of wheat are not removed
just after its harvest but are ploughed in only during preparation
of land for rice, mowing* These undecomposed organic materials may
cause .severe reduction of rice soils especially during early stages
of plant growth. Zinc and copper deficiency may thus be aggravated.
If wheat stubbles are ploughed in just after its harvest such a
deficiency could, at least, be partially avoided.

(p) Rice soils of Pakistan contain high concentrations of
sulphates (5O to 500 ppm) which on submergence may transform to
sulphides. Sulphides even at a concentration of O.̂ t ppm have been
found toxic to rice plants in Luisiana soils (56). Its contents in
various types of submerged rice soils should, therefore, be determined.
The effects of various S concentrations on its toxicity to plants
and on Zn and Cu solubility in soils and their uptake by plants
should be studied.

Our preliminary observations have already indicated that
Basmati 370 is less susceptible to Zn deficiency than IB 6. Suscept-
ibility of other rice varieties of this region to Zn, Cu and Fe
deficiency should also be determined (57).

(.el Since on certain rice soils, large amounts of micronutrient
fertilizers as high as 100 Ibs/acre may be required to completely
alleviate their deficiency (8), the best methods of correcting
their deficiency on various types $f soils should be determined*
These methods may include J-

(i) Ose of enriched nursery
Heavy doses of micronutrient fertilizers may be added to

nursery seedlings. These seedlings enriched in trace elements may
then be transplanted on problem areas (33, 58)* For marginal Zn
deficiency, nursery may be raised under non- flooded soil condition
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without adding micronutrient fertilizers. Such nursery seedlings
may contain much higher contents of tr-ice elements than the
submerged seedlings and when transplanted, may overcome marginal
deficiency of trace elements in rice (33).

(**•) Dipping of nursery seedlings in micronutrient solutions
ofDipping nursery seedlings for a while in suspensions of

various micronutrients just before their transplanting in the fields
could be helpful in curing their deficiency on problem areas (59)»

(iii) Foliar spray of ŷ îjfl̂ i.tswit.h micronutrient solutions
Foliar spray of rice plants with solutions of micronutrient

elements may control Zn deficiency more effectively (59) on soils
having high capacity for trpce element fixation.

(iv) Micronutrient applications to soils
On soils having low capacity for micronutrient fixation,

soil application may be a better method of curing their deficiency.
Chelated metals may also be tried (8) but this will be a very
expensive method for this country,

(v) Premixing of trace element fertilizers with farmyard manure
In wheat, application of '0 Ibs of CuSÔ  premixed with 600 Ibs

of farmyard manure about one day before their addition to soil,
appreciably increased Cu availability to plants (60). This method of
soil application of Cu and other micronutrient fertilizers can also
be tried for lowland rice.
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MICRONUTRIEmT PROBLEMS
nr KOREA

TaiSoon Kirn
Head, Plant Nutrition Laboratory

The Korea Atomic Energy Research Institute
Seoul, Korea

I* Introduction
It is very important and urgent subject in Korea to increase

the rice production and to supply enough food* Although many investig-
ators have tried to develope rice cultivation techniques for the past
years, there are stvll a let of problems to be solved* At present*
average rice productivity of Korea is 3* 56 ton/ha •• This figure means
only 19 PS? cent increase of rice productivity comparing to 1960's. The
reason of so slow yield increment is that 18*5 per cent of total arable
land belongs to low productive paddy field . Accordingly, main subjects
in the field of soil and plant nutrition have been placed on clarifying
low productivity of the paddy soils and their oountermeasures.

This paper is intended to describe background informations on
the extent of micronutrient problems in connection with the low productive

-.paddy soils in Korea,

1* Soil types and characteristics of the low productive soil, and its
distribution*

According to the results from soil survey programme of the low
produflgfcive paddy field, 235»964ha. proved low productive and occupied
18.5 Per cent of, total paddy field area as shown in table 1. Mostly it
consists of nutrient deficient soil, gravelly or sandy soil, heavy clayey
soil* ill drained soil and degraded saline soil. Degraded phenomenon
occurs predominantly in those soils* The growth pattern of 'degraded* is
characterized in general by the phenomenon of poor growth in the later
growth period in spite of vigorous growth during the vegetative stage,

*yellowing of lower leaves, poor ripening and poor paddy yield for its good
straw yield*
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2. Parent material8 of soil
About 76 per oont of total surface area of Korea is oomposed of

igneous and metamorphic rooks. Especially granite occupies 51.1 per oent
gneiss 26*1 per cent and schist 9.2 per oent (table 2). Granite and
gneiss are presented in all provinces except Oyeong Sang Nam Do and Qyeong
Sang Buk Do provinces. Schist is found mainly in Chung Gheong Buk Bo.
The texture of soils derived from these rooks is oainly sandy and loamy
soils.

Average annual precipitation of Korea is rather high 1200-1400mm.
The rainfall accelerates leaching loss of Nfy, K, Mg and Ca» including
microelements) and makes the soil acid. In oase of poor drained soils,

'rcontinued reduction conditions bring about the accumulation of toxic
compounds frequently*

3. Acidification of soil
Mont Korean soils are originally acidic due to the soils derived

from mainly granite and granite gneiss* furthermore, leaning upon chemical
fertiliser and shortage of soil organic matter accelerate the soil acidity*
The water axtraetable pH values of surface soil are depending on land
usage2); paddy field 5«3 - 0.6, upland 5.5 - 0*9» forest soil 5*4 - 0*5
and grass field 5.5 - 0.6, making average pR value 5*4 * 0.?* Zn oase
of paddy field soil, 42 per oent of total area ranges from pR 5*0 to pi
3*4, and 18 per oent below pH 4*9* Totally 94 per oent belongs to acid
soil below pB 6.5. Regarding to soil parent material for pH value, the
soil developed from granite presents the lowest value* in order of granite
gneiss, sedimentary rock, crystalline schist and basalt* Taking cumulative
form'', residual soil give higher pH value than fluvial or oolluvial soils*
About 35 per oent of the soil derived from lime stone and 44 per oent of
the soil developed from basic rock belong to acid soil below pH 6*5* PH
variation occurs also depending on different latitude, showing the tendency
that even the same parent materials have lower pH values in southern part
than northern part • The reason for this may be the fact that in this
country located in temperate zone, the southern part is milder and humidei
than the northern part.
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4* Chemical properties of soil
Table 5 shows the different chemical properties between high

and low yielding paddy fields4'. Generally high pH was observed in the
high yielding field than the low one* Also cation exchange capacity*
degree of base saturation* exchangeable base* available phosphate and .soil
..organic matter are comparatively lower in the low productive field* Soon
phenomena are predominant especially in the nutrient deficient soil.
Available silicate content is usually lew regardless of high yield field
or low yield one. Sven the high yield paddy fields seldom contain more
than 100 ppm of silicate*

Active iron in the nutrient deficient soil was much less than
that in the high productive fields* But heavy clayey soil .was found, to
have much more iron content than the high productive fields. Easily
reducible manganese contents of surface soil and subsoil were remarkably -
low in the nutrient deficient soil. On the other hand* heavy, clayey soil
presents rather higher manganese content comparing to the high productive
fields. The characteristics of the low productive paddy field can be
summarized as follows ; pH value,organic matter* exchangeable base*
available phosphate and available silicate contents are mostly lower* except
that iron and manganese contents of heavy clayey soil are higher than those
of high yield paddy field.

5* Clay minerals of paddy soil
As shown in table 4* kaolinite composition of clay in paddy soilso 5)is dominant as compared with mica type mineral and 14*5 A.minerals • Such

a mineral composition seems to be very unfavorable condition for high
production of rice, considering that in Japan one of the typical paddy soil
giving very high productivity of 10ton/ha* consists of 20 per centR)kaolinite and 70-80 per cent montmorillonite . It is well known fact
that the soil with higu ratio of kaolinite has low cation exchange capacity*
easily resulting in nutrient deficiency. Consequently it can be said that
most of Korean paddy soils are lack of nutrients becat.se inorganic colloid
of soils consists of kaolinite mineral* causing leaching loss of fertiliser
applied and original nutrients in the soil. As a matter of fact* utiliz-
ation efficiencies of nitrogen* potassium and phosphate fertilizers applied
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In the soil are 30 per cent, 20 per cent and 15 per oent respectively,
therefore it is of importance to change the mineralogioal characteristics
of soil in order to increase rice productivity* Kamely big emphasis should
be laid on the Measurement to improve physico-chemical properties of the
soil.

III. Kioronutrient problems in the low productive paddy soils
Mieronutrient studies in rice cultivation has been carried out

slightly as compared to maoronutrient in this country. Accordingly* as
the experimental data of micronutrient on rice are limited, short descrip-
tions are given here. Nose reported that rosette disease of apple tree
could be recovered by applying zinc and lime solution̂ '* It seems to be
the first report related to microelement problems in this country*
Thereafter* boron application to barley was recognized to have a significant
effect on grain formation''* 8,9,10)In regard to rice plant, recently zinc and boron effects vere
observed in the field experiment. However* practical application of these
nutrients to paddy field has not yet been tried* Iron and manganese studies
on rice plant have been carried out more frequently than other mioronutrients*
Investigation related to these elements has been conducted in aspect of the
followings*
1) Effect of iron, manganese and other nutrients placement on excessively

drained gravelly or sandy soil*
2) Inhibition of excessive injury of iron and manganese produced under

heavy reduction conditions of poor drained soils.

In relation to the first stand point, field experiment with fused
phosphate, compost combined with iron oxide,and iron rich soil applic-
ations vas carried out to observe their effect. These treatments were
generally recognized to have beneficial effect on rice yield*

In the second stand point, wollastonite, lime and slag applic-
ations to the problem soils are also found to have apparent effect* For
copper and molybdenum, no result is available at this moment*
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1. Effects of micronutrient application on rice cultivation
Table 5 shows the results of soil improving materials contain-

ing micronutrients on the different soil series. Field trials of iron
and manganese applications vere carried out on the thirty eight soil
series and more than half of soil series gave positive effects in rice

As shown in Fig 1 « * it is very clear that application of
wollastonite with boron was most effective to increase grain yield from
the results of the experiment conducted to clarify the effect of soil
improving materials in ill drained paddy soil . An explanation of
boron effect might be considered that boron can reduce the activity of
unfavorable soil microorganism for rice plant growth.

Recently field experiments have been conducted to observe the
response to zinc application on farmer's field. Table 6 shows rather
good responses of zinc application to rice yield in five areas among six
locations where low zinc content was observed. The higher yield increase
over without zinc plots indicated that beneficial effect of zinc
application could be obtained in many of these low productive areas* In
ease of IB- 667, no definite relationship could be established between zinc
application and the development of orange leaf discoloration* Zinc
application did not completely suppress, the appearance of orange leaf dis-
coloration but yield was increased significantly. Ho visual Bine defici-
ency symptom was observed in the field*

2* Characteristics of nutrient uptake by rice plants
The concentration of iron and manganese in the plant grown In

farmer's fields of heavy clayey* ill drained and peaty soils show higher
values throughout the growing period as compared with those in the plant
grown high yielding soils as shown in Fig. 8, and Fig. 9* With regard to
iron uptake by the low productive rice plant* macroelement content at
different stages of plant growth are shown in Fig* 2,5,4»5»6»7» As shown
in above figures* Ihe content of iron* manganese* calcium* magnesium and
phosphorus in the low yielding plant give higher values comparing to those
contents in high yielding plant while the contents of nitrogen* potassium
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«nd silicate give lower values* Considering absorption charateristios of
nitrogen* phosphorus and potassium by rioe plant* there were no significant
differences at the effective tillering stage between the high productive
paddy soil and the lov one* From the generative period* however» nitrogen
and potassium oontent gradually decreased especially at the grain formation
stage* while phosphorus oontent seemed to be increased slightly at the same
period* The reason of decreasing nitrogen and potassium contents could be
interpreted to be due to the strong reduction of these soils*

In most lov productive soils Bh at the generative period ranges from
-lOOmv to -200mv • Lower Bh might cause to rot the root*

In the low productive paddy soils* silicate content of the plant is
always very low* Considering oxidising power of the plant root depends
on silicate content largely, it will be very easy to understand that ferrous
ions hardly make oxidation compound around the root zone due to weak oxidation>.condition and are favorably taken up by the plant* The low silicate oontent
rioe plants grown in the low productive soils are prevalently suffering from
rice blast* stem borer etc*

The concentration of manganese in the low yield plant is fairly high
throughout whole the growth period as compared with that in high yield one*
Mn/Pe in the plant grown in heavy clayey and ill drained soils give higher
value comparing to that in high yield plant (table 7).

3* Excessive absorption of iron and its effect on potassium uptake by
rice plant

In heavy clayey* ill drained and peaty soils, potassium uptake is
reduced very much because excess ferrous iron, organic acid etc* produced
under the strong reduction conditions inhibit aerobic respiration of th«
root* Iron, however, is easily absorbed and translocated to leaf blade of
the plant, consequently causing chlorosis.

Table 8 shows variation of iron oontent in leaf blade at different
stages of the plant growth. As shown in the table* iron oontent in the
low productive rioe plant increased with growing progress while in the
high yield plant the oontent decreased gradually. Potassium deficiency

30



of rioa plant occurs frequently in farrier's field of heavy clayey, ill
drained and peaty eoile. It oeana that potasaiuia deficiency is oloooly
related with the excessive absorption of iron by the plant because iron

12)uptake decreases with applied amount of potassium ' (table 9)*
Furthermore, a close correlation between potassium and iron in the plant

12)was observed as shown in table 10.

The potassium deficient plant can be characterized by that culni, node
part and uppermost internode including panicle axis and branches contain
higher potassium than leaf blade and leaf sheath* Also potassium content
in leaf sheath is lower than that in leaf blade (Table 11).

This fact suggested that potassium deficiency retarded th® translooatica
of phosynthesis assimilates such as sugars and starch» resulting in decrease
of the maturity rate* 1000 grains weight and grain yield in heavy clayey eoil.

In the potassium deficient rice plant* iron accumulated preferably in
some specific tissues such as node part* leaf blade and leaf eheath while
normal grown rice plant did not show any specific accumulation part of iron*
Table 11 shows also specific iron accumulation in the rice plant grown in
heavy clayey soil » iron content of node part was three times higher, leaf
blade and leaf sheath two times higher than those of the plants grown in
the high yield soils.
Table 12. gives some criteria to judge excossivo iron absorption by the
plant.

Recent study shows that iron toxioity ney be a direct ceusa for
nutritional disorder especially when the availability of soil potassium is
low . Considering basaltio heavy olayey soil, the exchangeable potassium
is sufficient as compared with that in high productive soil, but potassium
deficiency of tho plant occurs frequently on farmer*a field* With regard
to the soil factors affecting potassiua supplying characteristics, suoh as
K exchangeable/ * total, the potassium release rate from the reserve pool
and the potassium recovery rate when depletion occur, it i@ reportsd '̂
that the potassium supplying power of basaltic soil presented almost tho
same value comparing to the high productive soila. Therefore, considering
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only potassium supplying power of basaltic soil there is no reason to oause
potassium deficiency in the plant. An explantion related to this fact is
that potassium salt in soil would form an insoluble double salt with iron
salt under a certain condition* Soluble iron excessively contained in soix
solution reduce the availability of potassium 5'*

Present status and problems related to micronutrients are described
above. In conclusion) the mioronutrient problems have been closed up as
one of the limiting factors for rice production in Korea*
Namelyt the excess or deficiency of micronutrients in rice plant disturbs
the nutrient balance of nitrogen, potassium and silicate* and directly
brings about somehow abnormal physiological metabolism and accordingly*
leading to low productivity of rice*

IV. The proposed research subjects of micronutrients in the paddy soils
1* Investigation of microelements application for high productivity of

rice grain*
2. Study on sine availability in the low productive paddy field, and

correlation of P, fe and Mn*
5* Relationship between zinc availability and lime application*
4* Measurement of microelements supplying power of the paddy fields in

Korea* especially regarding to zinc.
5* The nutritional and physiological effect of microelements application

on rice plant growth*

6* Development of the speedy diagnosis method of microelements toxioity
and deficiency in the rice plant, in relation to abnormal accumulation
of micronutrienta in particular part of the rice plant.
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Table 1. Distribution of different types of lov productive paddy soils
in each province

oo

Province

Kyeonggi
Kangweon
Chung-Buk

Chung-Ham

Cneon-Buk
Cheon-Uam

Kyeong-Buk

Kyeong-Nan
Sum

Nutrition Gravelly Heavy
aeficient or clayey

soil sandy soil soil

11,276

6,365
10,305
19*320
11,210
8,310

20,560
10,190

97,536

5,848
5,HO

6,325
7,482

7,270

9,770
19.830
9.690

71,355

2,522
580

1,400

2,581

1,840

2,130

8,090

2,580

21,723

saline degraded saline 111 drained Acid sulfate Mineral Total area
., ., ., ., toxic _ of paddysoil soil soil soil ., Svua ... ,. J

soil field

4,315

4,571
2,070

5.980

520

580

18,036

1,855

5
515

4,220

970
200

430

8,195

190

715
250

3,979
440
390

6,255
1,910

16,129

26,006
12,800

18,265
140 38,588

27,050

27,550

57,455
2,850 28,230

2,850 UO 235,964

184,626

57,148

74,995
189,773
170,026
218,660
219,292
176,600

1,272,120



Table 2* Estimated geological distribution of total
land area

parent rooha peroent of total land

Igneous rooks
granite
sohistose granite
basalt
porphyz/ and porphyrite
diorite
gabbro

Metamorphic rocks
gneiss
schist

Sedimentary rook*
great lime stone series
silla series
nack dong series
tertiary system

Other s(Pyong an and Dai dong rye terns)

Total land area» 98,̂ 77 km2

40.7

2*5
2*5
4.5
0.1
0.2

26*1
9*2

22*0

5*1
15*7
2.7
0.5

2*0
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Cable 3« Chemical properties ol coil*

CO

Suaber „ Available Organic
Soil type of 'i o *2̂ 5 oatter

•aaplea * ppa ?»

dagraded coil 14 5*7 81 2.2
Aeavy e*av coil 7 5.7 4% 1*9
bigb productive « ... ,,, _ ._-.. 7 5*8 »»o 2.9

CAO. ^̂
».e./lOOg ' ̂

7.6 3.4
9.2 4.5

10.2 5.0

ceable baeeVa»e./lOO«r)
Kg X Ha

0.1 0.21 0.25

1*5 0.24 0.34

1.4 0.36 0.44

aturttion

60
69

72

Active
iron
*

0.63
1.49

1.06

Available
Si02

48
84

78

Easily red.
aaaga&ete

PP«

43
149

90



Table 4. Clay mineral composition of clay in paddy soils
derived from different parent materials

Pa onb materials
of soil

granite

<?r.' nitr gneisj
cryotalline schist
gabbro

porphyry
porphyrite

andosite
basalt

tuff

Xaolinita

41

48

37
45
43
37
41
30
37

mica type mineral

32

26
28

32

27
26

35
42

37

14£A minerals

27
26
35
23
30

55
24
28
26

38



Table 5. Effect of soil improving materials application on different
•oil series (1967-1969 UNKSOP)

0 recommended treatment
Soil land utilization . . drainage number of average
series grade te:cture grade experiment gjj*̂

Bvabong
Hwangryong
Vagdong
Bonryang
Hogye
Sindab
Sadu
flftAntiA/î«*ww>v<»
Owanghval
Ibyeou
Ba&oheon
Banggi
Vongeheon
Seoggye
Mangyeong
Hawehang
Subug
Gimhae
Hvadong
Tonbji
Gyuan
Eagsan
Veolgog
Yu$a
Jisan
Caudong
J>eimggu
Bagseong
Gongdeog
Sinbeung
Oengrag
Jeonbug
Boaam
Bnyong
Ci«Je
Deogha
Hyoeheott
YeougfMB

T
T
IT
IT
IT
IT
IT
IT
IT
III
III
III
III
III
III
III
III
III
II
II
II
II
II
II
II
IX
II
II
II
I
I
I
I
I
I
I
I
I

s
8
3
CoL
fL
S
S
psi
CoSi
CoSi
FC
FC
CoL
CoL
CoSi
CoL
CoL
m
PC
PL
CoSi
Pi,
CcL
psi
PI
CoL
FSi
PSi
?C
PL
PC
PSi
IV
PC
FC
FSi
FL
FL

I
I
II
III
III
IT
IT
Til
Til
III
III
III
IT
T
TI
TI
TI
TI
IT
IT
TI
IT
IT
T
TJ
TI
TI
TI
Til
T
T
T
71
TI
TI
TI
TI
TI

5
3
3
4
1
8
1
1
1
4
1
1
6
3
9
1
1
1
H
9
7
6
1
1
6
B
2
1
1
20
8
8
14
6
2
2

2
1

413
443
442
446
408
417
318
418
604
557
435
444
452
463
471
378
262
368
472
438
473
442
522
471
504
521
446
468
400
445
517
509
466
495
487
476
517
431

Wollasto-
nite

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0

Iron
Kar.ganeoeetc.

0

0
0
0

0

0

0
O

0

0
0

0
0

0
0
U
0
0

0
O

Iron rich soil

0
0

0

0

0
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TABL£ 6. jSDTA-(NHA)2C05 and 0.1 » HC1 ilxtre.ctable Zinc and Yield Sesporse to S^c Application
Career! ?iold in Six Locations.

Soil Croup
Classification

Low Humic Gley
(Alluvial)

nivervash flood
plains

~v>v Kufflic 31ey
( Uluvial)

-itnosolSt Hea-
:->llow Podzolic

i.ow auoie 01 ey
(Alluvial)

~ov» riunic Cley
(.Alluvial;

Location

ORO Iri
SxpeH-
aental
Station

chung«
Naju

Awawon
Chernnai «
i/alsung

?oag Myung
Bon Aa,
Chilkok

Jori-Osan
Paju

Baiku Sak-

Kinje

Soil pH Extractable Zinc
1*2.5 *»A-(:«4)2co5

a)

*>)

a)
b)

a)
b;

a)
b)

a)
b)

a)
b)

4

5

5
6

c.
*»

6

6
5

5
5

4
5

.1-

.1

•9
.5

.7

.4

.0
•5

.6

.6

•9
.2

2

0
0

0

1
7

1
1

0
0

ppa

.26

.80
•43

.62

.08

.62

.30

.70

.33
• 71

0.1

5
3

7
4

4
4

b
4

6

2
3

y aci

ppa
.63
•75

• 38
•63

•58
.25

.0
•75

.88

.83

.25

Bray's I
Available-.-*

ppm
20.4
6.2

5-6

8.6
7.2

32.0
37.2

6.4
6.4

2-4
2.4

fiela Response
1S72 crop
15-607

0 Zn ' -rZn

Xg/ha, Kg/ha

6250 6270

6500 6750

5750 6300

5S80 6710

4930 5460

5700 6000

yield Resioual Bffect Xiela
difference 1973 Crop Jin »«'«•• ^»,,. _ ^ s n«un« ClQl^^
0572) O ^ a *Zn '

k«/ha ky/ha kg/ha kg A..
20

250 5380 6540 U6C

1150 5830 6360 -«c

830 bC20 7650 1oJO

530 6420 6830 4 JO

300 4500 5290 790

I/ Yield coaputed per hectare basis, Sine applieo. as 3nCl2 at the rate of lOOkpa/ha.
Fertilized with SPK formulation of 10-8-8. Variety plantea IS-667

2/ Data obtainea by Sir. Ahn/25 October 1973> Variety planted Jin Eeung
?/ Size of plot - 20 sq. Deters
4/ (a) surface soil (b) sub-soil



Table 7* Mn/Fe in rice plant at different stages of growth

days after
transplanting

20-29
50 - 59
40- 49 *

50- 59
60 - 69
70- 79
60 - 69
90-99
100 - 109

Mn/Pe
high yielding plant

0.23
0.30
0.23
0.27
0.45
0.72
0.70

in rice plant
low yielding plant

heavy clayey soil ill drained soil

0.29
0.59
0.55
0.70
0*96
0.74
0.64
1.62

0.22
0.30
0.57
0.65
0.67
0.68
0.40

(Table 8* Iron concentration in leaf blade of rice
plant at different stages of growth

in ppm

days after

20
30
40
50
60
70
80
90
1OO

transplanting

- 29
- 39
- 49
- 59
- 69
- 79
- 69
- 99
- 109

leaf blade
high yielding plant

355
283
27*
277
259
360

leaf blade
low yielding plant

636
548
433
376
567
602

1,100
986

1,427
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Table 9* Effect of different amount of potassium application
on iron uptake by rice plant at different stages of
growth*

days after K, applied
transplanting kg/ha

JO-39 HO
55
?5
15

40-49 70
35
25
15

50-59 HO
55
40
25

60-69 110
65
55

70-79 70
35
27

nutrient
X. %

2.86

2.54

2.13
1.86

2.28

2*14

1.89
U?6

2.37
1.77
1.60
1.41

1.84
1.69
1.32

1.74
1.44
1.32

content in pl.wt
Fe, pp»

611
986

1032

• 149

476
064
852
641

499
659
744
741

625
1028
1082

859
836

151>
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Table 10* Correlation between potassium and iron in rice plant

CO

_ . A _, . numberCorrelation factor
Y

K in plant

absorbed

amount of
potassium

X "*sample

Fe in plant 23

K/Pe in 4
12plant
14
13

regression equation

Y=0, 181-0. 058 X

Y*2.38 -0.006 X
Y.4.24 -0.006 X

Y.6.12 -0.01 X
Y.6.08 -0.007 X

regression , ,„, remarks»** * * significanoycoefficient

- 0.658 * *

- 0.343 *
- 0.738 * *

- 0.912 * *
- 0.682 * *

20-294ATP1'

30-39 «
40-49 •
50-5* *

1) dATP i days after transplanting * s level



Table 11. Iron and potassium contents in different parts
of rice plants after young ear forming stage

Plant part

leaf blade
flag leaf
leaf fcheath
culm
node
uppermost, v
interned* '
panicle

Pe,
high yield

soils

289
515
425
231
376

247

326

pp»
heavy clayey

soil

726

453
640

349
1,251

383

403

K,
high yield

soil

1-73
1.97
2.00

2.17

1.62

2.04

0.78

%
heavy olayey

soils

• 34
1.55
1.25
2.40

f.20

4.00

0.31

1) including panicle axis and branches.

Table 12. Iron toxicity level in different parts of rice plants after
ear forming stage.

leaf blade
blade flag leaf leaf sheath node order of iron content

normal 290ppm 300ppm 420ppm 380ppm sheath> node > blade > culm

excess >400ppm >400ppm > 800ppm >1,200ppm node > sheath > blade > culm
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2
X

** •

|

(565 Ko / toa) * 100

1

!>9.l
•MMM

9 IOC
MMMM

>

18.1
•MMM

i;D

•

22.
ttmmm

1

4
117.1

.-

31.8
—•*

(

112.1
•HM

\i19.-
IMHi

»

N NPK NPK NPK NPK NPT. NPK ureo
S.Ume S-Ume woll. woll. woll. FPhos
(base) (top) B B K

Straw
8.Lime '.Slaked Lime
woll IwollastonJte
F.Pt»« : Fused Phosphate

B : Boron

Flo. I Effect of amendment in ill drained paddy soil
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N ^

4.0

3,0

2.0

1.0

•—• high yieW tolls

x—x heavy olayey toil

«—p 111 drained toil

o peaty soil

10 20 30 .40 50 60 70 80 90 100
Days after Transplanting

Fig. 2 Nitrogen content in rice plants

%
0.6

0.4

0.2

10 20 30 40 50 60 70 80 90 100 liO 120
Days after Transplanting

Fig. 3 Phosphorus content in rice plants
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K

3,0

2.0

1.0

•——• high yield eoile

x—x heavy clayey soil

o—P Hi drained soil

peaty soil

,1.____i____*____i____i____*____t

IO 20 30 40 60 €0 70 80 90 100 HO 120
Days after transplanting

Fig . 4 Potassium content in rice plants

Mg

0.3

0.2

O.I

i j

IO 20 30 40 50 60 70 80 90 100 110 120
Days after transplanting

Fig. 5 Magnesium content in rice plants
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0.5

0.2

O.I

t I ; „,.»- ..„„<.

•—• high yield soils

x—x heavy dayey soil

o—o ill drained soil

peoty soil

» • «
10 20 30 40 CO SO 70 60 90 100 1(0 (20

Days after transplanting

Fig . 6 Calcium content in rice plants

12.0

8-0

4.0

10 20 30 40 50 60 70 80 90 100 110 120
Days after transplanting

Fig. 7 Silicate content in rice plants
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Fe
PPm

2400

2000

1600

1200

800

: v\'
\̂ >,

^•— —
400 1-

0 * —— i —— > —— > —— i —— l ——

•• — • Mgh yield soils

x — x heavy olayey soil

o — o HI drained eoil

e peaty soil

^̂ ><;̂ ^̂

i — i — i — > — i — i — 1_
K> 2C 30 40 50 ^ 70 80 90 100 110 120

Days after transplanting

Fig . 6 Iron content in rice plants

Mn
ppm

900

800

700

600

500

400

900

200

100

0 10 20 90 40 50 60 70 80 90 100 HO 120
Days after transplanting

Fig . 9 Manganese content in rice plants
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MICRQNUfRIENT UJVESTIGATI08S IN THE PHILIPPUJES

FelicianoM. Lapid
Bureau of Soils

Deportment of Agriculture
Ermita, Manila, Philippines

This paper discuss briefly the following topics as suggested
by the conference secretary:

a* The extent of micronutrient problems in the Philippines,
and researches being carried out to solve the problems*
Included here is the contract research project (BC/1417-
PHI) supported by the Agency, and

b* Future outlook, prospects, and suggestions*

Micronutrient Problems
It is our experience in the Philippines that field extension

•workers as veil as farmers themselves report soil areas where crop
yields are sub-standard or sometimes there are no yields at all*
If ve are asked to investigate* as is often the case, we try to
get as much information relevant to the problem at hand* But
usually relevant information is very meagre* So ve set out to
gather facts about the problem in the field, in the laboratory, and
the greenhouse, whenever our limited resources permit* Identifi-
cation of the specific problem is not an easy matter* More so in
the case of micronutrients* And to tag which particular micronu-
trient element is deficient or in toxic amounts require laboratory
analysis coupled with confirmatory greenhouse or field experiments.
What I am trying to feint here is the difficulty of pinpointing
definite "mieronutrient problems"•

From a broader point of view, Drosdoff (l) has the following
to says "Under traditional systems of agriculture in the humid
tropics, micronutrient deficiencies are seldom a limiting factor
in crop production* The long fallow period i* shifting agriculture

51



in both forested and the savanna areas usually regenerates in the
plant material returned to the surface soil sufficient micronutrients
and macronutrients to supply the needs of subsistence crops* The
use of refuse, composts, and animal manure where available also
provides a good source of micronutrients to the surface soil* The
low crop yields obtained under shifting agriculture require such
small amounts of micronutrients that their importance in orop pro-
duction in the humid tropics has been abscured",

"Only vith the advent of modern technology and intensification
of crop production in the bjfcmid tropics has there been an awareness
of the need for supplying one or more of the micronutrients along
vith other fertilizers* The increased productivity of commercial
export crops in the tropics with the use of high-yielding varieties
and the greater use of nitrogen, phosphorus, and potassium ferti-
lizers has brought into sharper focus the need for greater attention
to the micronutrient supply* Reports on deficiencies of zinc, mo-
lybdenum, boron, and micronutrients in commercial plantings of coffee,
cacao, rubber, oil palm, sugarcane, pineapple, citrus, and other
crops grown extensively in the humid tropics are becoming more common*
Reports on mioronutrient deficiencies of annual food crops are less
common, but undoubtedly the increased use of nitrogen, phosphorus,
and potassium fertilizers on high-yielding varieties will stimulate
a need for the application of micronutrients*

Orosdoff further cites Sauchelli (1969) in his book Trace Ele-
ments in Agriculture that, vith the increasing use of higher and
higher analysis fertilizers containing less micronutrient impurity,
it would be expected that there would be a greater requirement for
supplementary micronutrients. Also, the present limited use of
organic fertilizers, which in the past usually furnished a sufficient
supply of micronutrients, tends to accentuate the need for these
elements*
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In a position paper of J. W, B* Stewart, Technical
IAEA, in June 1972 (2), mentioned among other things was the previous
work on soil micronutrients carried out in the Philippines. Included
in the paper vas the initial work done by an IAE& supported research
project on micronutrient study (HH/5/05) whereby soil samples from
two rice producing areas in Nueva Eeija province, Inzon Island, with
a combined area of 43,000 hectares were involved* The full report of
the study was presented in the Joint FAO/IAEA symposium held in
Vienna in Dec* 13-17* 1971 (3)« This present report therefore re-
frains from repeating what had been reported by Stewart, but rather
covers further developments in the micronutrient survey and research
in the last two years or so in the country*

During this period, problem soils have been reported by landowners,
field technicians and even by a religious missionary* To cite a few,
some of these places are found in Naujan, Mindoro Oriental. Homblon
island, Biliran sub-province, Agusan del Norte, and the Bieol region
(Fig. 1).

Naujan area is about 200 ha* situated in a level plain, planted
to rice and some upland crops, A fanner from the affected area claimed
that peanuts grown would not bear seeds in pods. Bice plants which
were about one to two months old when visited, showed various stages
of growth decline including death. Observations indicated deficiency
symptoms somewhat similar to that of zinc. Yet laboratory test on soil
showed high (Sppra) extractable zinc. The pH value was 6.6. Cn and
Mn were rather low but Fe was high. Preliminary result of a simple
rice pot test showed K deficiency. However, this is not yet con-
clusive} the test is still going on*

Bomblon area is about 5,000 hectares, with a flat terrain. Bulk
soil samples were brought to the greenhouse and pot tests using rice
were started. Bice yield is very low if ever* The problem is sus-
pected to be iron toxicity. If this were so, perhaps an upland crop
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would fare better since iron would be more oxidized and its availa-
bility reduced* Hence, in the next pot test, sorghum will be grown.

Biliran area is composed of several thousand hectares, the
terrain slightly sloping and andulating. It is planted to rice but
yield is very low, only about 5 oav,/ha. (0.25 T/ha,). Newly made
terraced paddies yielded very low, but older paddies yielded 60-80
cavan with heavy fertilizations. A greenhouse experiment is being
undertaken. Initial result showed HnOg »n<* CaC03 separate treatments
produced favorable responses.

Agnsan del Norte area is about 121,000 hectares of low marshy
land and continuously wet but only 18,000 hectares are cultivated
because of ppor rice yield. The problem is proven to be zinc de-
ficiency after some 3 years of study. Researchers from the IRRI
and the Bureau of Soils (4,5,6,7) found that applying 20 to 40
kilos of zinc oxide per hectare increased rice yields to over 4 tons
rough rice even without NJK application. The same yield may be
attained if rice seedlings were dipped in 2 to 4 per cent zino oxide
suspension just before transplanting. Zinc oxide application or
treatment was found more effective than the application of NFK fer-
tilizers. In fact in severely-affected areas, applying NPE without
zinc would not produce any yield at all. And so from this finding,
local farmers do produce 4 to 5 tons of rice per hectare per planting
season at minimal cost of about US $3 to $4 at current price. This
is an example where research efforts and findings benefit farmers
with tremendous profit potential.

In a more basic study done at the University of the Philippines
at Los Banos, Fernandez and Alejar (8) reported that when cotton
and rice plants were grown in sand and water cultures deficient in
aacronutrients, respectively, absorption of micronutrients by plants
varied. Deficiencies in S, Mg and Pe in the culture solution for
rice, increased the amount of Zn and Mn absorbed by 128 to 540 per
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cent over the control« However, when Ca, P and If were deficient,
Zn absorbed was loir, even lover than the control* Mn uptake in both
riee and cotton was found high -when S, Mg, and Fe were deficient*

In our survey of micronutrient status of Philippine soils
undertaken under the Agency contract, we found that out of 195 top
soil samples collected from seven Land Reform Pilot areas two-thirds
or 66,756 were found to contain DTPA-extractable zinc belonging to
the fvery low" to "borderline" category (Table l)« Zinc content in
these deficient soils was below 2 ppm* Only one-third of the soils
analyzed contained "adequate" amounts, based on the tentative zinc
values reported by Stewart, ot al (?)• The sources of the soil
samples are all rice-producing areas, mostly alluvial soils but one
or two are of volcanic origin*

Fig* 1 shows the site of Land Reform Pilot Areas sampled and
some problem soils* Table 1 shows the area in hectares covered by
each pilot project* ranging from 3̂ -000 to over 19*000 hectares, with
an aggregate total of 65,893 hectares* Under the Land Reform Program
of the Philippine Government, these areas are being parcelled into
3- or 5-hectare lots for lease distribution to individual tenants who
pay for the lots on long term basis, after which ownership is trans-
ferred to them* Since this land distribution progranis aimed at the
economic upliftment of tenant farmers, relevant soil information such
as micronutrinet supply, particularly zinc in rice production, beonme
very important, considering the tendency of zinc element becoming a
third limiting factor in intensive production of rice, next only to
N and P,

In addition to the above top soil analysis for micronutrients,
representative profile samples of important soil series in the surveyed
areas were analysed for Zn, Cu, Fe and Mn* Considering zinc alone,
out of 34 soil series, 24 were found to contain deficient amounts
less than 2 ppm, '4 were doubtful and only 6 had adequate amounts of
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Table 1, DTPA-extractable Zn in^gg/g soil of the Land Reform Pilot Projects

Sampling Sites

San Mateo, Isabela
Cabanatuan City, N. B.
Guinba, N, E.
Zaragoza, N. E«
Sta. Rosa, Cabuyao,
BiSan, San.Pedro
Calamba, Laguna
Pili, Cawines Sur
Dingle, Iloilo

: Sample
to*al

. No.

: 28
: 26
t 22
: 21
: 17

: 40
: 24
: 17

: 0*0 - 0.8 :
s: Very lov :
'Sample *
: No. :
: 11 :
* 17 :
: 10 :
: 1 :
: 2 :
: 0 :
: 3 :
: 1 :

% ;
39.3 :
65,4 :
45.5 ?
4.11:
11.8:

- :
12.5«
5.9:

0,8 - 1.40 :
Low :

S,No, :

11 :
6 :
8 :
4 :
10 $

1 s
4 :
4 s

* 1
39.3 :
23.1 :
36.4 :
19.2 :
58.9 :
2.5 :
16.7 :
23.6 :

1,41 - 2.
Borderline
S.No.

2
2
1
12
4

7
4
5

* t

: 7.1
: 7.7
: 4.5
:57.2
:23.6

:17.5
:16.7
:29.4

Q: Above, 2.0 :
: Adequate :
: S. Nos
• *

: 4 :
: 1 :
: 3 :
: 4 :
: 1 :

: 32 :
: 13 :
: 7 :

* \

14.3:
3.9:
13.6:
19 :
5.9:
80 :
54 :
41.2:

V.L.to_
Bl.

86
96
86
81
94

20
46
59

: AreaI aa.

: 10,76
: 19,36
: 8,221
: 8,221
: 9,12!
: 3,001
: 6,92(
: 8,50!
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over 2 ppa* This emphasizes the gravity of zinc deficiency in these
pilot areas*

Micronutrient work has also been initiated in some pasture areas*
Soil and plant samples from three important pasture provinces have
been collected and analysed* This vork is in cooperation vith the
National Pasture Besources Development Program being carried out by
the Bureau of Animal Industry and the University of the Philippines
at Los Bafloso After the survey vork* pot and field test will be con-
ducted to test any correlation*

Future Outlook, Prospects, Suggestions
Less than two years ago there was created a national body to

coordinate and direct all agriculture! researches in the country*
This body is called the Philippine Council for Agricultural Research
(PCAB) and is based at Los Baftos, Laguna. Beginning last year, 1973,
PCAR started exercising its function of coordinating and directing
research activities and controlling of funds for government agri-
cultural research, both in the academic sector and in the executive
branch agencies* Priority research areas were spelled out, reflecting
the research needs of the country* Under the Soil and Water Resources
Division, the studies on macro and micronutrients belong to the first
priority* As of April this year four research projects on micro-
nutrients were on-going and a few more on the processing line* Studies
on various crops, animal production, fish and fishery development
both inland and marine, forest and forest products development are
all given their due emphasis in the new PCAB research program* And
so now there exists a national research body that coordinates and
gives direction to the overall researches in agriculture; whereas
before each agency pursued its own research program more or less
independently.
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Looking farther beyond the horizon, it may be said that there is
nov a fresh vind bloving over some eight Asian countries, bringing
nev life and hope on the development of agricultural research in
the region* A good number (35) of government and private institu-
tions pledged to support a move to institutionalizes the management
of agricultural research (9).

Spearheading this worthy movement is the Southeast Asian Re-
gional Center for Graduate Study and Research in Agriculture (SEARCa)*
The project called Institutionalizing Research Management (IBM) aims
to strengthen the research capabilities of countries in Asia, com-
posed of the Republic of China, South Vietnam, Indonesia, Malaysia,
Sri Lanka, Thailand, Singapore and the Republic of the Philippines*

Sometime in December last year 30 agricultural scientist, re-
searchers, educators and administrators from 16 countries met at
Los Baftos, Laguna to find ways of how they could work closely in
accelerating scientific research activities that could provide last-
ing solutions to age-old problems besetting the region* The group
decided to institutionalize research management by making it a part
of the program of training institutions* Under this scheme, formal
courses leading to graduate-certificates or degrees will be offered
by some universities*

In conclusion this idea of calling a meeting of agency con-
tractors and some distinguished experts is indeed welcome and very
laudable* I, for one, find this a new experience and I look for-
ward to gaining not only in technical knowledge in the deliberations
but also gain in meeting new acquaintances and hopefully, good and
lasting friends} Therefore I must express my deep gratitude to
the PAD and the IAEA, for this splendid opportunity*
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MICRONUTRHSiJT RESEARCH HT INDIA — THE
IDENTIFICATION AND UNDERSTANDING OP THE

PROBLEM WITH PARTICULAR REFERENCE TO ZINC
DEFICIENCY

M.R* Motsara
Nuclear Research Laboratory

Indian Agricultural Research Institute
Hew Delhi

31nt reduction

In India, with the start of intensive agricultural development schemes,

like High Yieldinp Variety Programme (BYVP), Intensive Apricultural District

Programme (IADP) and Multiple Cropping Programme5 nicronutrient deficiencies

particularly that of zinc have started apr>earinr durinc last decade* The

zinc deficiency is considered to be next to phosphortss in magnitude and

severity and has been reported from almost all oarts of the country on raost

of the croos inclr'dinr cereals, vepetables and fruit trees* The so-called

Khaira disease of rice in *Tarai' region of Korth India and yellowing of

wheat are zinc deficiency symptoms. The chlorosis in citrns is observed

due to nutritional deficiency of zinc* In the present stratepy of popu-

larising the use of orranic wastes and farm-yeard manures as source of

nutrients, einc deficiency may be raore severe ae organic matter is known

to affect the availability of zinc. The zinc fertilization of crops in

suitable form and Methods in appropriate amount, is therefore, essential.

The understanding on the extent of problem and -the steps taken to avoid the

possible losses in the crop yields due to ainc deficiency are discussed in

this paper* Attempt has been made to project the future research needs

to tackle raicronutrient problems.

Presented at "FAO/iAJSA Panel and Research Coordination meeting on Euclear

Techniques in Research on MLcronutrient Problems pertaining to crop -production".
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23.no distribution in soils and the delineation of
deficient areas:

The total content of trace elements in soils depends mostly on the compo-

sition of the parent material* The trace element content reported for

some of the parent rooks (1) are cited in table !•

Table 1

Content of trace elements r(flP7»).

Slenent Sand stone Shale Lline stone———

Boron 3-51
Oobalt 0
Copper -
Mn Traces
Zn 16
Molybdenum - - * 2»R

The soils developed on sandstone, limestone or igneous rock may be

predicted fo^ likely deficiency «T boron compared to those developed

on shale. Similarly the soils developed from sandstdne are likelv to

contain smaller amounts of zinc than those derived from iprseons rocks •

However, the presence of an elenent in the parent rock^does not onsure

its availabilitv to the crops.

'fork has been carried out for delinestin- the aroas of micronwtrient

deficiency by various workers and also re^-srdinr th<? ^orm in T^hich nicro-

nutrients nay be nresent in the soil* n'he follot-d.nr five distinct pools

of micronutrients in soil surrested (2) are -nostly accept^ for workinr

out the chemical extractants to be vsed ^or predictin^ the avaUability of

nicronvtrients, inclvdin" aircz

1. Water soluble*
£• Bxchang* cations - Bxfcractable with Ammonium

Acetate or KOI*
3. Adsorbed, chelated or completed ions - SDTA

extractable
4. Secondary minerals I Mineral acid soluble - un-

J available form
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A total aisc content of 500-600 ppi was reported (3) in the soils of

West Ooast, TJhile in alluvial snd black soils o? pujarat State, the

total and available zinc wss found to vsrv ?row 20-95 win and 0.5-6.1

ppra respectively (4). The available z5,nc res ooeitively correlated

with total sine and ne^ativelv with soil reaction (5). The decreased

avai3.abilit"" of the 0.1 T, EC1 extractable zinc -we observed in the

presence of added organic matter in the alluvial coils of *)elhi and

sandy loam coils of Iwdbiana (6). Fo relationship xras obsrrved between

rnineralO"ical composition of the soils and the anount of av3ilable 5dnc

in sone of the Indian soils (7). The tota3 sine content in the soils

of "West /Jcn'-al was found to varr from 30.3-70.3 pptn while the available

zinc content ran ed between 0.51-6.2 p?m (<3). 'i'he available zinc "as

reported to vary Si'01" *«S to 6.S ppn in fort Me oll^iwra, 7 ppm in Virgin

red soils, 1.1 to 5.8 pom In black rollr -no. 1.2 rm« *n I-gterite soil? (n

The -x>rk csrried out vnoier the Coordinated '"cheie on "Icronwtrients

in --oils showed that *.he li ht textvrec -jllcnla'rc ond calcereous soils of

Ludbiarsa are mm-e deficient (40') in availabla soil sine than non-

cslcartovs :::iils of Hoshiamur district ("iOO* Tn sierozem soils o*

Haryans aix, cub-hvmid Tarai soils of r.-. 'itsto S3 to 955 of the soil

ssi»tnlcF 'nai^seil -'ere in the deficient ran e* In !"adh"a 'radesh, S8-S7'j

of the soil samples analysed were deficient. On the basis of soil and

plant analyses, 12-16$ of the soils of Purnia District of Bihar and 25$

of the soils from Delhi were rated deficient in zinc. In Andhra Pradesh

and Gujarat, the ainc deficient samples rawed from 0.0 to 16.7$

and 4.2 to 2Z»S?> respectively. The roil sample analysis for other micro-

nutrients st^cested a wide-spread deficiency of copper. '"Solybdenwa

to::icity and Kb induced On oeficiencv tree also observed. However, the

data v»ro not supported b"- plant analysis, e::ccpt in a few cases. Boron

deficiency t?as reported to be wide-spread in soils of r«3.j Cu^arat

and Bihar Jtgt s. T^to 505J camples frw ?un.iab, 'I.?, and Gt\1arat \-rere

deficient in 5j?on. Powevsr, this needs fxtrthor confirmation.
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Soil analysis indicated wide-spread copper deficiency but it is not

substantiated by the plant analysis. Kepative response of ainc appli-

cation was observed at some places due to induced Cu deficiency.

In the laboratory incubation stxidies on unsterile as well as on sterile
^

soil, it was observed by the author and his collaborators that a

significantly higher amount of 0,1 IT HC1 extractable zinc was present

when soil samples vere alternately impounded and drained as compared

to the conditions where samples were either kept -jontintiously flooded

or under 33# IftC.levels. This suggests that providing periodic drain-

age in rice fields way help in increasing the availability of both soil

and applied zinc. The study on this aspect is in progress in the pot

culture and field conditions with rice as a test crop.

Crop contentandr the response to ini3.crpjvutr5entn application
by different^ crops:

fib increase in the yield was recorded due to 0.4J? spray of zinc solution

on 'laize growing on well-drained heavy clay but the crop growing on

badly drained clay was benefitted with zinc sprays (10). A reduction of

chlorosis in citrus was reported due to zinc application (11) and the

spraying of zinc and sulphur improved chlorosis and die-back in oranpes

on sandy loam soil of Jaipur region (12,13). The -yield of cotton crop

in the black soils of Indore was increased due to soil application of

zinc sulphate (14). The grain yield and protein content of wheat v»s
tsas reported to have increased due to soil ar^lf.cation of 5 kr/ha zinc

sulphate or 1 kf/ha as sprav (15,16). Chlorosis of citrus -'as most

effectively controlled by foliar sprays of 3 k<- 7JiS04 in 300 '-allon

water containing 1 k? hydrated. line (17). The ainc deficiencv in fuava

in lajasthan ™as controlled by bimonthly sorav-inr; of 0.45 kp Zn304+3l9 pm

line in 12.5 litres of T«ater per plant (13). Tbe tea -"ieM was increased

d-rnificantly on acid, soil (pH 5.5) tJhen 2nS04 ^?as 'jrmlied at 30

(IS).
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Better organised efforts have been started to tackle the micronutrient

problem with the start of "The Coordinated Scheme on Ficronutrients in

Soils" in the year 3S67 by the Indian Oovincil of Apricultural Kesearcb*

The area where increased vield of cro^s have been observed are reported
0

in table 2(20).

Ar. increased yield of paddy r'ue to zinc application in alluvial soils of
Delhi <pH 7*8) was reported. It was observed that at 40 Kg ZnS04 and SO k
PgOg/ha levels, the per cent phosphorus in the rice prain was lower than
that at lower zinc levels (10 and 20 kg ZnSÔ /hg) applied at the satne
phosphorus dose* At the highest levels of both P and Zinc (90 kp PgOg and
40 k£ ZnSC/̂ yfha), the plant uptake of both vans affected adversely*
A lower P/Zinc ratio was observed at ,*ino401evel than that at Zinc20 and
fflLnclO levels (21). The yields of maize and bajra crops (Pennigetutn
typhoiftea) were increased due to spraying of 15 ad.no sulphate through
400 litres of water/ha. However, in the same field, the SonalUc%variety
of wheat was not benefit ted dne to zinc aprayinf (22)»

Due to zinc deficiency a depression in the growth of Guar (Cyawopsis
pgpralioidos) was reported. Jn brin,1al, the symptoms were chlorosis,
necrosis and final weathering of leaves, stunted growth and failure
to set frtdts. In maise, yellow streaks were observed on the leaves.
In tobacco, necrotic and smaller leaves nere observed. Patched, yellow
and smaller leaves were observed in Kosambi (Citrce sinensis) (23). The
yellowish chlorotic patches on the older leaves on manpo were observed
due to zinc deficiency (24).
The chlorosis of citrus in Punjab State was established to a large extent,
due to zinc or Fe deficiency* The zinc content of healthy plant was also
reported to be low indicating the latent zinc deficiency (25)• Also if
the zinc content of one year old citrus leaves fell below 16*95 + 1,93
ppro, zinc, deficiency wa» observed (26)*
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Table 8

Response to the appl1.oatipKr of zinc
' Sulphate* by difWeren't crops *

Centre

Ludhiana (Punjab)

Hissar (Haryana)

Lucknbw (U.P.)

Ranch! (Bihar)

Ifyderabad (A.P.)

Jabalpur (&•?•)

Anand

Crop Kb. of exnt.

* B8port,of Coordinated Scheme on
Micronutrients in Soils (1972)

Increase in yield
(Average) q/ha

Wheat
MaizePotato
GroundnutGramHaya
Wheat
Kice
T-Jheat
Rice
Wheat
*heat

M
28
1
1
1
1
9
1
1

51
5
4

4.5
7.7
40.9
5.5
1.0
0.4
5.1
10.6
4.8
5.2
5.6
5.9

The leaves of fruit trees were reported to contain the "iaxi«ram quantity

of zinc (average 57 ppm), t«hile presses contain the Minimum (average 18 ppm).

Tn decreasing- order of zinc content, the crops can be arranged as follows:

Fruit trees > Loetnres ^ cereals and> Trasses. It was worked out that

50, 20 and 58 pvntj content of zinc can be taken as sufficiency levels in

Guar (Gyamopsis P^craliodes), maize and ep^lant respectively. These

limits nay be used for tissue testinp and tal&n" remedial measures to

t>r<?veut losses in crop yields in the event of deficiencies (5) , The

optimum requirement of zinc in sand culture for barlev, rice, maize and

sujrarcane was reported to be 1.7fc, 2.55, 167 and. 1.51 ppm respectively

(27).

The content of micronutrients in plants xaas reoorted to follow, in

general, the trend of their soil content. The siv arcane leaves were
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reported to contain 17,5 ppra zinc when frown on an alluvial soil while

the sine content was 4D ppm when the croo was grown on a heavy clay

soil (34). In case of -wheat, it was observed, that the zinc requirement

for Kalyan Sona and Hlra varieties was hipher as compared to TO-377 and

Sonalika. The zinc concentration'in middle leaves was more stable as

compared to -young and old leaves. Therefore, for predicting the sine

requirement for wheat plants, middle leaves should be sampled. The

zinc concentration of less than 8 ppra, 8-12 ppm, 12-20 ppm and greater than

25 ppm in wheat leaves represented severe deficiency, mild deficiency,

hidden hunger or latent deficiency and sufficiency levels respectively

Uo).
In All-India Model Agronomic Trials, hi'-h response to zinc application in
wheat and rice was reported, from different parts of the country. The micro-
nutrient deficiency in rice were observee to be more severe during Kharifi
(July-Jbv.) than in Eabi season (tbv.-Iiarch). The responses were recorded
due to the application of sine, molybdenum and manganese also. At one
Centre (Ohiplima, Orissa), the response vac observed to the application of
all the -nicronutrl«ni>s individually but due to their combined application,
the rice :>ields xfere reduced. The yield response was highest to the boron
(1270 to/ha), followed by sine (930 %/ha), ?b (866 kg/ha), Mn (846 kg/ha),
Ou (661 kg/ha) and iron (628 kg).

Screening of crjop varieties, for, micronutyient
deficiency:
Screening of crop varieties for their tolerance to excesses and deficiencies
of micronutrients was done based upon the followin* criteria: (a) appearance
of deficiency/toxicity symptoms; (b) depression in growth and (c) ootimum
development of 'the crop.
The threshold values for the micronutrient content at an appropriate stape
is obtained. Some of the crop varieties screened are listed in the table
S (28)• More work is needed to be carried out on this asoeot.
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Table 3

Degree of varietal susceptibility to
•lac deficiency in cereals (on the
basis of sand, soil and solution -
culture studies) X

Crop

Maize

Medium low

HD! - 123
Jawahar
Kisan

Vikrara
C-anga-5
Amber
Vijay
Oanga-lDl

Talwandi local
T-41
(Jan^a-2
JML-2
Sona
Garra-5

Rice Pankaj
Jaya

Jotnuna
Jacannath

Palman

Kaljran Sona
F7-18
Cbhoti Lerma
Safed Lerma
C-506
HD 1941
HD 1944
Kira
HD 1961

TOO*isr-400
Pad"®
Karuna
Vijaya
IIU8n-20
Sola
HaTisa
Cauvery
T-9
3aket

C-273
Sonilika
Lal Bahadur

rsj 205
Ratha
Basm^ti 370
'fenchi
Cabarwati
JohtJa-349
Annamirna
EJ-T-474
*b»205
T3T-355
IUi-484

U*P.-301
VJG-377
"Wl^JilS

IU68
Sharbati .>onora

(X) Otted by V4'hta Indian ^3oc. Soil £ci; 91-̂ 2
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Available mlcronutrient status and.
wethods of extraction:

Numerous extractantg are known to correlate well »«Ath *he plant uptake

of zinc e.?., EBTA, KH4OAC (pH 4*6, 7.0), 0.1 P 1101, 2TPA, DitWLozone etc.

In general, jtfTPA and dithioaone are the moct eorrionly accepted extractants.

Still considering the crop specificity, varietal differences to nutrient

responses and wide ranre of variations in phrnlco-chendcal properties

of the soils occur*inp under various agroclitaatic conditions in the

country, there is need to work out the suitability of a particular extract-

ant for predicting the available supply of zinc from a particular soil to

$ crop*

For the determination of the zinc content, Atondc Absorption Spectro-

photometry is quite suitable because of its h^h sensitivity for detect-

inp this element. The effect of pF of the sgrvle on the amounts detected

need be considered as pH if known to site? the detectability of the zinc

by way of changing the zinc into Zn (OH)g or sine oxide. Neutron activation

anal-wals for determination of trace element content of soils and plants is

a conparativeHy newer technique and ha« not vet become eonmon for ttaet" bat

it can be used for determination of trace olenent content in soil and

plants (29-52).

use^pf Isotopes in l-flcronutrient Work;

The studies are in progress using radioactive isotopes of zinc and other

nutrient elements to investigate various problems such as, retention and

movement of zinc in soils, zinc uptake, its distribution and metabolism in
plants, zinc-organic Matter, ainc-lime and zinc-phosT* orus interaction in
soils and plants.
The ainc induced P deficiency in wheat crons vas observed in a pot culttire

study. In the radioautopraphy study, the evidence existed to sugpest the

seat of P-Sn interaction at root surface (35). The P induced ainc immobi-

lization in maize and barley crops was observed. The radloautofraphy

st- dy showed that 40% of the absorbed zinc was locked up in the roots and

69



in the nodes of the stem (34|). A negative Zn-P interaction on the
yield of rice was observed (£1). The phosphate aoplication was reported
retard the -uptake of zinc by barley crop (35).
The manganese was found to hinder the uptake of zinc (Zn65) by maize seedling
in solution culture but iron uptake was not affected upto 5 ppm of Mb apoli~
cation (36). The application of 2 pom Fe hindred the uptake of zinc bv
maize and tjheat in solution culture* The effect was more pronounced in the
early stare °? uptake* The translocation of siinc to the shoot «ras also
influenced by the iron (57) • The nitrogen and iron soxtrces ware reported
to influence the Fe uptake by plants (38).
Tn excised rice roots study, the uptake of ̂ n in low concentrated (0*05 tM)
•was inhibited by Ca, Kip, Zn and Fe. fJhile in hiph cone, of Mn (0.5 ill!),
the uptake was enhanced by Mp (39). Both, the iron and zinc were found to
reduce the uptake of each other (40), A disturbance in the P-zinc balance
in plant is known to be responsible for reduced vields (41). The availability
of Fe was decreased due to zinc application *Jhil<? *hp Wn uptake was increased
in a typical rice soil of Kaira District (Cujarat State). The addition of
Fe resulted in decreased availability of sine (42)• Zinc induced copper
deficiency was reported, in cereal crops (43,44). However, iron uptake is
not affected by copper application. The antagonistic effect of Tn and
synergetic effect &£ P are known to exist on Mo content of crops (45).

2Lnc deficiency is more wide-spread in calcareous soils and also liming
acid soils results on reduced availability of ziijc and other micronutrients.
The complexinf of zinc with organic matter in unavailable form has been
reported in alluvial and red soils (6).

Jntei'national Atomic "̂ Jnergy
The investigations are being carried out by the author under the/Apency*s
contracted research project (1490/88) at the Nuclear Hesearch laboratory
to study the effect of phosphorus, orpanic matter and calcium on crop yield, xfc
zinc uptake and its utilization by rice. Rice is rrown both ac direct
seeded as well, as transplanted crop. Investigations are under wa-"" to
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the effect of zinc application in transplanted as wll as direct

seeded crop tjhen it is applied at different stages,

Studies have also been carried out on identification and isolation of

zinc solubilizing micro-organisms, Psendpmonas sp. *sas found to be

most efficient solubilizer and dissolved zinc oxide, zinc carbonate

and zinc phosphate in the pH ran?»e of 6*»'8»8 in afar media. The

identification of species is in prepress. (46).

Future research needs:

l) More information is needed on the available zinc status of major

soil tyoes of agricultural importance.

g) There is an utmost necessity of suitable chemical extractant for

assessing available micronutrient supply of different soils.

The critical values for different micronutreints nay have to be

fixed in different soils.

5) Tissue testing of crops for predicting latent deficiency is

necessary. The critical limits of nutreint content and selection

of an appropriate leaf for sampling is reouired to be fixed,

4) Physiological characterisation of different crops and their varieties

for tolerance and susceptibilities of raicronutrient deficiencies

is desirable to be made.

5) I%thods of raicronutrient supply - (a) seed treatment j (b) seedling

dippin? (".n case of rice); (c) soil application; (d) Foliar

spravinc of micronutritets alone and in conbiratlon *rf.th macro-

element fertilisers and with selected pesticides deoendinp upon

their conpatibilitv is required to be iwlced out.

6) Study on the reridval effect of wicronutrients is essential.

7) Effect- of crooin^ sequence on micronutrtent requirement of a

crop in a rotation is reouired to be st^d-^d.

3) Interaction of other micro and macro eleients on zinc availability

to crops from soils need be investigated.
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9) RhLzosphere studies and the influence of Hhizosphere on solxibi-

lisation of mcronutrients is important to be invest ipated.

10) An under standing on the nature of -ninsral surfaces and their

reactivity with micromitrients may play an inportant role in

governing the behaviour of soil applied micromitrients.
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FROHLEK3 IN THAILAND — EXTENT, PAST AND PR18SENT RESEARCH

Mrs* Patoom Snitwongse
Division of Agricultural Chemistry

Department of Agriculture
Ministry of Agriculture

and Cooperatives
Bangkok, Thailand

INTRODUCTION

The purpose of this paper is to record briefly the extent of
xnicronutrient problems and the research which has end is being
carried out in Thailand to solve them.

Extensive research into many aspects of the macronutrients, N,
P and K has been carried out on rice and on other important crops for
many years but much less Itas been done in relation to micronutrients
in general. Past work concentrated on relatively few topics. There
is a vast area of improverished soil in the Northeast and to a lesser
extent in the North and South

Large areas of the Northeast region show a significant response
to fertilizers but yields remain relatively low when compared to the
same rates applied to Central Plain soils and the same applies to
the other important crops. Two explanations have been proposed:
first, that applied macronutrients are lost by leaching before they
can be absorbed by the plant and second that nutrients other than
N, P and K may be limiting yields. In support of the first argument,
for rice cultivation, the split application of fertilizer has often
given better results than one single application at planting. However,
this type of response is general and not confined to just the problem
soils,
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PREVIOUS RESEARCH AND BftCKGROUHD INFORMATION

Micronutriept status "by region

Detailed studies have been reported on different aspects of the
status of Thailand soils The differences in the availability of
minor elements of different regions are shown in Tables 1-3. Data
for these tables were obtained from papers cited in references 1 and
2 listed at the end of this paper.

Table 1. Regional differences in availability of some elements
.___

._ Exch, Mg___ (weak acid) Avail Minor elements (ppm)
Region Ifo.. of me/ldd g Bb. of ppm No. of Zn Cu MB Pe

samples samples samples I/ 2/ £/

Central
Northeast
North
South

60
31
3k

2k

6

0
2
1

M
.82
.1+1
.81

65
U2
1U1
66

223
UO
iia
66

3U
kl

27
23

5.
2.
6.
0.

8
I*
0
9

5.*
1.2

6.7
1.8

37
2U
23
21

99
5U
132
71

I/ extracted with 0.1 | HC1, 1:10
2/ extracted with jf - Amtaonium acetate (pH 7) 1:10
3/ extracted with N - Ammonimn acetate (pH ̂.8) 1:U

The results show that the availability of minor elements is
much lower in the soils of the Northeast and the South then those
of the North and Central Plain.

It should be pointed out that in the Central Plain six of nine
iron deficient soils belong to either the Bangsit or Ongkharak series
of Acid Sulphate soils Also, iron deficient soils occuring in the
Korat region are quite frequent.
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Table 2. Deficiency of iron and manganese in surface plow layer of
Thai paddy soils

____ Eree iron oxide ____ Reducible manganese ____
locality No. of Number Number Ho. of Number Number

samples deficiency severelŷ / samples deficiency Severely U
deficiency 3 deficiency

Central Plain
Northern
Korat
(Northeast)

I/

42 9
UU 13

32 25
Photochemical;

2
0

23
Ly reducible PQ,

3U
15

22
>0o /I %

3 1
2 0

11 7
of air-dried soil

2/ D
37 Beadily reducible MnOg/3.0 rag/100 g soil (or MnO/2.5 mg)
V Do. (̂1.2 mg/100 g soil (or MnO ̂L.O mg)

Note : The number of deficient soils includes the number of severely
deficient soils.

Table 3. Deficiency of available silica content in the surface plowlayer of Thai paddy soils

Locality Mban Si02 content No. of Number defienency
mg/100 g I/ samples in silica 2/

Central Plain
Northern
Korat (Northeast)

13.5
12.6
5.2

38
kk

31

3
3
22

I/ Soluble in an acetate buffer solution of
2j (3.9 mg/100 g of air-dried soil

General speaking, Thai paddy soils, except for the Korat
(Northeast), are not extremely low in available silica content as
can be seen in Table 3 The number of soils deficient in available
silica were those having less than 3*9 mg/100 g of air-dried soil
and are given in the last column of Table 3-
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Problems and past research in relation to minor elements

After nitrogen, phosphorous seems to be the most important limit-
the

ing nutrient in Thailand. As pointed out before/percentage response
to fertilizer is often large but yields remain relatively low when
compared to the same rates applied to Central Plain soils. This
suggests a general malnutrition. Since the field defidiency and/or
toxicity of micronutrients of upland crops such as rice, corn,
citrus, beans etc. and of lowland rice in Thailand have only been
tentatively identified, intensified research work on minor elements
should not be ignored.

A survey on the nutritional disorders of rice during the years
196̂ -1968 was .made (3) in various countries of Asia to identify and
classify the problems. For Thailand, symtoms of iron toxicity were
reported at two places, Udorn-Thani and Sakol-Nakorn in the Northeast
region. Affected plants collected from Udorn-Thani were high in
iron and low in potassium content, however, those collected from
Sakol-Nakorn were high in iron dontent but the potassium content was
not extremely low. It was suggested that, with an extremely low
content of exchangeable potassium in the soil in the Northeast it is
very likely that potassium deficiency will become a problem when rice
growth is improved by introduction of better varieties, heavier
application of nitrogen and phosphorous and improvement of other
cultural practices.

A disorder has been noted in rice plants growing in the Central
Plain on Ongkarak clay which is very acid, ranging in pH from 3.̂
to U.5 (k, 5). Affected plants were stunted and in severe cases died.
Those that survived were stunted and either produced a few grains or
none at all. Affected plants usually do not produce many tillers.
The disorder is suspected to be due to aluminum toxicity. The applica-
tion of lime alleviates the disorder to some degree. In general (2),
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aluminum toxicity is rare in lowland rice but is regarded as one of
the major causes of nutritional disorders of upland crops grown on
acid soils. The aluminum concentration in the soil solution is
high when the soil has a low pH. As the pH increases when the soil
is submerged, the aluminum concentration in the soil solution de-
creases and generally falls below critical levels for aluminum
toxicity. However, in such reduced condition, iron level in the soil
is raised and iron toxicity is more likely.

Silica is one of the elements for high production of rice but
its essentiality as a plant nutrient has not been entirely clarified.
However, it was suggested thet (2) soil with less than 3.9 mg/100 g
soil of available silica should be considered silica deficient.

The results of an experiment done in pot culture (6) indicated
that there was an interaction between the effects of soluble silica
and phosphate on the growth of rice using Kbrat fine sandy loam.
Field experiments (7) were done in the Northeast in 1973 to examine
possible responses to magnesium and soluble silica (in fused MgCa
silicate) at Surin (SRW), Khon Kaen (KKN), XJbon (UBN) and Sakol-
Nakorn (SKN). The results are shown in Talie h.
Table U, Effect of different fertilizers on rice yields (kg/ha)

Element applied
N P2°5 V

(kg/ha)
MgO Si02

HortheastRice Experiment Stations
SKN UBN SBN KKN

Yield in kilogram per hectare0
75
75
75
75
75
7575

0
0
37.37.
7575

112.112.
CV
3E
LSD

5
5

5
5

(51

0
37.
37.37.
37.37.
37.37.

t)

5
5
5
55
55

00
0

37.5
0
75
0

112.5

0
0
0
56.3
0

112.3
0168.8

800
Nil
Ml

1752
Nil
2773
Nil2906
jj
_
-

15992816
2956
2779
2618
3092
265U
3168
7.6
1W»
301

2147
3760
3723
3733
3695UOU1
3751U29U
12. k
317660

177**31̂ U
32153586
32U8
3̂ 30
33053393
11.3253526
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At Surin there was no obvious response but at Khon Keen and Ubon
responses -were positive but modest in size. At Sakol-Hakorn fused
magnesium calcium phosphate together with UK fertilizer gave a sub-
stantial increase in yield of paddy, whereas the crop failed when con-
ventional fertilizer mixtures were applied. The soil analyses showed
a marginally adequate level of exchangeable magnesium (0.22 me/100 gm
soil), a serious deficiency of soluble silica (6 ppm SiĈ ) but an appa-
rently high level of available phosphate (1̂.2 ppm PgOc). The base
yield in the absence of fertilizer was as low as 800 kg/ha. No grain
was produced on plots which received UK or HPK. The reasons for the
unusual response are not clear.

Table 5. Effect of minor elements on yield of rice (kg/ha) grown
at the Surin Bice Experiment Station in 1971

Mg__ Mn Zn Mo
Bate

1
2
3
U
cv ($
ISO

Yield Yield
indices

2931
3219
3606
3756

>) 7.0298

100
no
123
128

Yield Yield
indices

3131
3331
3U56
3W*
7.2
NS

100
106
no
no

Yield Yield
indices

3250
3̂ 9
3600
3575
U.U
191

100
107
in
no

Yield Yield
indices

339*
3550
3831
3663
6.7429

100
105
ns
108

Table 5. (Continued) Effect of minor elements on yield of rice at
the Surin Bice Experiment Station

B S Cu Si
i
2
3
Ucv ($)
LSD
(3)6)

3363
361*
3769
33133.U
151

100
108
132
98

3363
3725
3850
3575U.9
NS

100
102
105
96

3525
3781
3688
33hk3.4
153

100
107
105
95

3231
3̂ 3
3631
39005.U
237

100
107
112
121
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An experiment at Surin (8) measured the response of rice to *t
different rates of each of the following minor elements: Mg, Cu,
Mo, B, Mn, 2n, S and SlOg, Some significant responses were obtained
{Uable 5). Yield data indicated that B, Mo and Cu increased yield ot
the rate of 3.0 kg/ha but higher rates depressed the yields. In the
case of B and Cu, declining yield was significant but it was not so
for Mo Yield increases due to Mg, 2Sn, and Si were linear and signi-
ficant. S had no beneficial effect. The application of 75 kg S/ha
and 15 kg Cu/*3* significantly lowered the yields.

Rate of application expressed in kg/ha on an elemental basis
were as follows:

Mg Mn, Zn, S, Si Cu, Mb, B
0 0
3 0.6
15 3.0
75 15

Note : All plots received 75 kg/ha each of W, ?2p5> ̂ 2° as 8
uniform application.

When EDI was planted at the Bangkhen Rice Experiment Station
near Bangkok an abnormal yellow or brown discoloration occurred on aged
leaves which sometimes changed to reddish brown or bronzing. 3!he
number of tillers were reduced along with the subsequent yield
Although the cause of the discolouring has been studied (9) research
for the phenomena remain obscure and no decisive approach has been
reached for correcting the problem. Nevertheless, the experimental
method and results have been useful in order to furnish information
for further studies RD1 showed the most severe symtoms and IR8
slightly less. Even CU-63 which was at first thought to be unaffected
also exhibited some symtoms. Occurence of yellowing was most evident
in the first planting and produced abnormal leaves at an earlier
growth stage (about 20 days after transplanting) than the second and
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third dates. The application of fewfcilizer of all three major ele-
ments or compost as manure did not cause visible changes in the degree
of yellowing. The application of Zn and CaO had no significant effects.
Analyses of the Bangkhen Soil is presented below.

Bangkhen Soil (0-19 cm)

5.U % Free (JtegÔ )
h. 5 Easily reducible MnOg

Avail. NHi.-N
Avail. P205

0.6
o.n
2.28 Avail.

(Me/100 g) Avail.
12.16 Avail, minor nutrients;
16.69 fie
9.23 Mn
1.13 Zn
32.75 Cu

1.37
68 ppm
l»8 "
9.2 "
523 tr

219 "

12 n

23 "
7.2 "
3.1* "

pH (HgO)
(KCL)

Exch, acidity
% total - N
% Humus
Exch. bases
Ca
Mg
Na
K
C.S.C.
(Me/100 g)

Other crops

Chemical and field experiments on maize have indicated a sulphur
deficiency in the soils of the Northeast region of Thailand especially
in the Kbrat, Roi-Bfc and War in series. Analytical results show them
to have an available sulphur level of 2.0 ppm or less (10). Experi-
ments covering these sites in the Northeast region began in 1970-1971
to assess the effects of sulphur on maize yields but did not result
in significant yield increases although an increase in leaf sulphur
content was obtained. Similar results -were reported for sorghum (11).
It was also reported that no consistent yield response of peanuts to
K and S application at Khon Kaen or Kalasin, but a significant yield
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depression was obtained from gypsum at Khon Kaen and a yield depres-
sion from the high rate of potassium at Kalasin (12). It was pointed
out that peanuts seem unlikely to respond to sulphur (as gypsum) in
the sandy soils -when available S is above 3.5 ppm but may respond to
the low rate of K (38 kg/ha of KgO) on the sandy soils when available
soil K is less than 20 ppm. If available soil K is greater than 1*0 ppm
no response is expected. For soybeans, it was reported that response
to the uptake of N, P, K, Ca, Mg, Mh, Cu, Zn and Pe had a significant
effect on yield within 60 days after the application (13).

Very little research work has been done in (Thailand on the improve-
ment of coconut yields. However, it should be stated that fertilizerhave
recommendations / been based on internationally recognized standards
from published information on leaf analysis rather than starting com-
pletely independent investigations. For the present, Ca and Mg have
been used in studying their effects on yield (11).

Research on fruit and vegetables has so far received a relatively
low priority in Thailand. Generally speaking, the research work has
concentrate! on varietal improvemeno and seed production. Eelatively
few experiments have been done on the use of fertilizers or on basic
agronomic practices for annual fruit and vegetable crops (15).

Since the Northeast contributes about 30-1*0 % of the country's
total output of rice and a relatively large quantity of soybeans,
peanuts, maize and sorghum are produced in the region, it would seem
that a high priority should be given to the minor nutrient status
of the soil. Research aimed at developing methods for early
identification of micronutrient deficiencies and/or toxicities in
relation to crop production and providing ways and means for effective
correction of the problems should be undertaken.
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PRESENT CCOO)1NATED RESEARCH PROGRAM (OCTOBER 1973-OCTOBER 197*0

Thailand is a member of the Coordination Research Programme on
Isotope-aided micronutrient studies in rice production with special
reference to zinc deficiencies. The research presently underway is
as follows:

1 To obtain information on the relative amounts of zinc in
the rice growing areas, an attempt has been made to study the status
of total and available zinc in soils collected from the North and
Northeast parts of the country where rice production is likely to be
hampered by problem soils. Forty-four soil samples which had been
stored since 1972 were analysed. Total zinc was measured by digesting
the soil with HCIÔ  1:10, soil: acid ratio and then by use of the
Atomic Absorption Spectrophotometer. Available zinc was estimated
by extraction with 0.1 N HC1 l:U and 1:10. soil: solution ratio.
The soil and solution were shaken together in a 125 - ml glass stop-
pered pyrex flask for 1 hour on an mechanical shaker. After flibrae-
tion, the filtrate was used to determine the amount of zinc by the
Atomic Absorption Spectro-photometer. The 1:10, soil: solution ratio
seems to be satisfactory.

The results from twenty-two soil samples of the Northeast area
show the amount of total zinc to vary from 2.5 to 13.8 ppm and the
amount of available zinc from O.*t to 3.2 ppa. The results from
eighteen soil samples from the North area for total zinc ranged from
UO.0-92-5 ppm and the available zinc from 0.8 to 6A ppm.

2. The deficiency and/or toxicity symtoms will be identified,
measured and classified through plant analysis techniques and a
reliable soil test will be developed which relate the labile soil to
plant uptake for zinc. Two hundred kg of soil from each of seventeen
experimental stations throughout the country were collected for growth
experiments on zinc at the Bangkhen laboratory. Ten soils were then
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selected to provide a range of physical and chemical properties for
the growth study. The experiment is a Factorial Randomized Complete

fourBlock design with replications and is "being carried out in pot
cultures using 2 ̂  kg of soil per pot.

Fertilizer : K, P and K are applied at rates of 2̂ 0 kg N, 80 kg
P.O. and 80 kg K̂ O per hectare, respectively. Three tagged Zn-6?
solutions corresponding to 0, 12.8? and 6U.35 kg Zn/ha (2 and 5 kg
Zn/rai) are applied to the soil with hh micro-curies per pot. Four
rice seedlings of 20 days age are transplanted separately in pots.
Water depth is maintained at about 5 cms above the soil surface.

Sampling : first sampling will be done at 3 weeks after trans-
planting. Two plants or hills will be cut 1 cm above soil surface.

Second sampling is expected at 7 days lief ore P.I. by cutting
one more hill. The third sampling will be done at the maturity stage
of the rice plant. Grain and straw will be analysed separately.

Specific activity of Zn, the amount of N, P, K, Ca, Mg, Cu,
Mn and Fe will be determined. During the growth period, soil sam-
ples will be collected for available zinc determinatiors.

3. Laboratory methods for zinc soil test in relation of the
amount extracted to the amount of plant removal are being studied
using 0 1 N HCL, NĤ O Ac and EDTA and DTPA as extractants.

U. Observations on the relative uptake of phosphorous by rice
associated with different zinc levels are being made on pot cultures
using P-32, Two high yielding rice varieties, RD1 and RD5 are being
used for the experiment. Zinc as Zinc sulphate at rates df 18,75,
31 25, 50.00 and 100 00 kg/ha (3, 5, 8, 16 Zn/rai) are applied
together with the application of N and K fertilizer to pots contain-
ing 5 kg of soil. One hundred seeds are sown in each pot. Plants
will be cut at different time intervals up to primordial initiation
stage for analysis.
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ABSTRACT
Brazil, with approximately 50% of the total land area in South

America* has areas in which different micronutrient deficiencies (zinc,
boron* copper* iron, manganese and molybdenum} have been noted in specific
crops. This paper reviews the published research on such deficiencies and
puts special emphasis on zinc which appears to be the most widespread
deficiency. The need for an integrated approach to determining the extent
of micronutrient deficiencies is discussed.

INTRODUCTION
Latin America has close to 10% of the world's population and

approximately 15% of the world's lar.d surface. This region is experiencing
a rapid increase in population at a rate of 63% increase over the period
1949-69 compared to a world average of 41% (Malavolta and Neptune* 1974).
Brazil not only comprises approximately 50% of the total land area in
South America but also has great expanses of land in the interior which
are sparsely populated in contrast to densely populated costal areas.
This is in part due to the predominance of cerrado and other highly
leached soils which have a low natural fertility and which comprise a
large percentage of Central Brazilian soils (FAD-UNESCO, 1971} Ranzani*
1963* 1971). Although such a sweeping generalisation is dangerous and
the historical implications of colonization of costal areas have to be
considered, there is agreement among various authors that the low natural
fertility classification of many of the latesoIs, regosols and podzolic
soils (7th Approximation U.S.O.A. mainly oxisols* inceptisols and ultisols)
in Brazil is due to high leaching* causing low pH and high active alumi-
nium content with subsequent low fertility (Freitas* et al., 1963. Malavolta
end Neptune* 1974* Mikkelsen et al.* 1963* Paiva* Schattan and Freitas,
1973, Rdnzani, 1963* Rizzini, 1971 and Verdade* 1971).
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Soil Fertility
With regard to low fertility of these soils Malavolta and Neptune

(1974) noted (Figure,!. Table 1) that 28% of the soils of Latin America,
comprising the Highlands of Brazil, mapped as lato'sols or regosols, were
of low to medium fertility, low pH, and had high iron and aluminium
sesquioxlde content. Furthermore the main crops of this region- coffee,
sugarcane, cocoa, rice, beans, cotton, rubber and carnauba, responded to
N, F, K, S, Mg, lime, B, and Zn. Freitas et al. (1963) concluded from
their extensive studies on typical cerrado soils that these soils were
capable of supporting an intensive agriculture if improved liming and
fertilizer practices were employed. Recent research suggests that an
alternative to liming may lie in the development of aluminum and manganese
tolerant crops capable of high yields but that increased fertilizer use
will be necessary (Goodland, 1971, Silva, 1974). Meanwhile population
demands have increased the pressure on the production of non-cerrado soils
(Regions 9 and 10 in Figure 1).

A description of the natural soil fertility of such a vast area
of land must of necessity be superficial due to the area concerned^the
fact that some of the area in not farmed on a commercial scale, and that
much of the preliminary experimentation has not been published. Malavolta*
(private communication, 1974) recently summarized the available information
from written and verbal sources and showed that nitrogen, phosphorus and
potassium were deficient in most soils and that calcium, magnesium and
sulphur deficiencies were common with specific crops in many regions
(i.e. calcium deficiency in tomatoes). Of the micronutrient deficiencies
(Table 2) boron and zinc deficiencies have been recorded in most soils
whereas copper, iron, manganese, and molybdenum deficiences have all been
reported for some crops.

These elements will now be treated on an individual basis.

Zinc
To date there are more confirmed reports of zinc deficiency in

Brazil than any other micronutrient. Furthermore, this deficiency has
*been reported in many different crops-end soils throughout Brazil* Most of

these results have been obtained from field fertilizer experiments and
only a few experiments have simultaneously recorded soil zinc levels

* *Ccofessor Catedratico, Department of Plant Nutrition ESALQ, USP.
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(available or chemical extractable) as supplements to yield data obtained
in the field. This situation is rapidly changing as more laboratories
become equipped with atomic absorption equipment which greatly increases
the ease of determination of micronutrient cations.

Zinc deficiency and response to zinc fertilizer applications has
been recorded in beans (PJuWeoCu* vtt£0o/t& L.), citrus fruits (CL&tuA sp),
coffee (Cô ee sp), corn (Zea. may* L.), sugar cane (Soccfeaftom ô -tcxna/tum
L.}, cotton (Got&ypwm sp}, onions (A£&um sp), rice (Otujza, 4ott.ua L.},
soybeans (Glt/c*ene max L.)' and wheat (TJtcttotm sp), in various parts of
Brazil covering regions 1, 9 and 10 in Figure 1. (Britto et al.» 1971;
Freitas et al. 1972} Giacometti and Araujo, 1956; Gomes, 1974; Igue and
Gallo, 1960; Jones et al., 1970; M'Clung et al., 1961; Neptune et al.,
1970; Pereira et al., 1973; Sultanum, 1973; Tanaka et al., 1970; Toledo,
1967; Vallades et al., 1973} and Vieira, 1964). Many other experiments
report a significant yield increase to applications of a mixture of
micronutrients where zinc is included as one nutrient generally with
various combinations of B, Mo, Cu, tin, Co and S (example Guazzelli et al.,
1973).

The differential response of plant genotypes to zinc also has
been noted. Jones et al. (1970) examined the response of 4 tropical legumes
to micronutrients in soils classified as a Regosol and a Red Latosol.
None of the legumes responded to zinc or boron on the Red Latosol but two
of the legumes gave a response to zinc and one to boron on the Regosol.
This differential response of plant varieties to low soil zinc status,
which has been described elsewhere (Brown et al., 1972), has also been
noted in two legume (G&jfetne javanfjui L.) varieties in Brazil by Franca
and Carvalho (1970). Zinc deficiency also has been reported in crops grown
on various tropical soils following lime and phosphate treatments (Meri-
nho and Igue, 1973> fieuer et al., 1971, and Neptune et al., 1970).

Of interest to this meeting is the fact that zinc deficiency
in rice is fairly common. In the 1965-66 season rice plants, grown under
flooded conditions in Meguelopolis, Leme and Campinas counties of Sso Pay':
state in soil of pH less than 7. were found (Souza and Hiroce, 1971) to
have abnormal colouration and reduced growth and yield. Following reports
of similar abnormalities from research workers in Asia (Yoshida, 1963),
this deficiency was later found to be caused by low soil zinc levels.
Subsequent research showed that the application of 5 Kg/ha ZnSOu at
planting time was sufficient to prevent yield losses. Later reports (Va-U_c.
des et al,, 1973, Guazzelli et al., 1973) showed that zinc deficiency
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in rice was not confined to Sao Paulo stats but commonly occurred in
Goias and Mines Gerais. Brazil is the major rice producer in South America
(6.3xlQ8 tons in 1973) with Sao Paulo, Goias and Ninas Gerais states being
responsible for approximately 33% of the total production.

At present there are few reports in the literature of soil zinc
levels in Brazilian soils. The exceptions are the work carried out by
Horowitz and co-waikers (1973, 1974) who examined the geochemistry and
extractable zinc content of soils in the state of Pernambuco and the work
on cerrado soils in the EMBRAPA Federal District research station near
Brasilia which showed that they were zinc deficient (Naderman*. 1974 pri-
vate communication),Both research groups are presently correlating their
soil tests with field responses. Many other research stations have started
work with micronutrient cations in recent years but ths results of this
work are not available at the present time.

Boron
Malavolta (cf. Table 2) states that boron deficiency is commonly

found in vegetables, coffee, potatoes, sugar cane* in most states of
Brazil and that the deficiency has also been encountered in cotton, citrus,
pine and grapes.

Specific reference to work on boron is hard to find as in many
cases boron response was not isolated from applications of a mixture of
micronutrients found to give profitable yield responses when applied
to various crops (Coquairo et al., 1972; Eira et al., 1972; Freitas st
al., 1963? Guazelli et al., 1973 and Verdade, 1971). In such an experiment.
Jones et al. (1970) noted the differential response of legumes to boron
application and noted Boron deficiency in a Regosol soil. Specific increases
in sugar quality but not total yield also have been noted following boron
applications to sugar cane (Neptune et al., 1965).

Soil boron levels based on the use of the sunflower plant as
a test crop, and on the use of hot water extraction of soils have delineated
a few boron deficient areas in Sao Paulo (Malavolta, 1967), and in
Pernambuco state (Horowitz and Dantas, 1973), respectively. At the present
time a soil extraction for boron is not carried out routinely in the
various soil testing laboratories. More research work is needed to clarify
the available boron levels in many soils and to record specific plant
responses.

Or.G.W.Naderman USAIO Brasilia.
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Molybdenum
Molybdenum is essential for symbiotic N-fixation and is generally

first noticed with legume crops especially in low pH soils. From discussions
with research agronomists at the Recife annual meeting of the Sociedade
Brasileira para o Progresso da Ciincia (1974) it is clear that molybdenum
fertilizer responses have been observed with pasture legumes and beans in
Mines Gerais and Parana states. However* almost no reports of specific
soil or plant experiments will molybdenum have been recorded except in
field fertilizer experiments where molybdenum was incorporated in a
mixture of micronutrients (Guazzelli et al., 19733. One exception to
this is the fact that Tanaka et al.,C1970)found that zinc, boron and
molybdenum fertilization had a significant effect on onion yield.

Copper, Iron and Manganese
These three micronutrient cations can be discussed together as

there have been relatively few studies to date in Brazilian Soils.
Manganese has been found to be toxic to legumes (Souta and DSbereiner,
1969 ) in greenhouse studies and these plants exhibited symptoms similar
to those found in acid soils. Manganese also is generally included in
most compound micronutrient trials previously mentioned and any yield
response cannot be separated out. Horowitz and Oantas (1966)* examined
the extractable manganese levels in the soils of North-East Brazil and
mapped out soils which were low in extractable manganese. The observations
have to the confirmed in the field.

Iron deficiency has been noted in pineappla, coffee and sugar
cane crops. However, this latter deficiency is expensive to remedy and
little field work is available to back up foliar diagnosis. The marketing
in Brazil of iron-chelates and frits containing iron nay stimulate interest
in further research.

A further problem that is being researched and which is important
to Brazilian agriculture is outlined by the work of Oobereiner and co-
-workers at the IPEACS (Institute de Pesquisa Agro-Pecuaria do Centro Sul,
R.J.) This research work has examined the effect of specific various micro-
nutrients on the efficiency of nitrogen fixation by various Rhizobium strains.
Manganese toxicity symptoms and the beneficial effects of various micro-
nutrients on the number and size of nodules, and on the efficiency of
N-fixation by various Rhizobium strains in different legumes have been
noted in laboratory studies which are being continued in the field.
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CONCLUSION

Micronutrient deficiencies have been noted in almost all the
arable soils in Brazil. In particular zinc and boron deficiencies have
been clearly delineated in most soils with especially low levels being
noticed in the cerrado soils of the highlands of Brazil.

Zinc fertilization has been shown to be an important factor in
the cultivation of beans, corn, rice and wheat in particular. Soil test
analysis and correlative field studies are being started in some state
and university research stations but the problem has to be tackled from
a more comprehensive standpoint with cooperation from plant breeders in
helping select the genotypes within a variety which have a good zinc
uptake efficiency* as well as agronomic studies.

The same comments could be made on boron, molybdenum, manganese
copper and iron (in order of importance). The enormity of the task facing
agronomists should not be overlooked and it will be essential to develop
coordinated projects with agreements on analytical methods and experimen-
tal approaches (including the use of isotopes) to make satisfactory
progress in this area. The situation is compounded by the demands of the
newer high yielding varieties of corn, rice and wheat plants which make
heavy demands on all soil nutrients. This means that a reexamination of
the soil nutrient status will be necessary as these varieties are intro-
duced into an area.
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- 10 See Table 1

Boundaries of Soil
Regions

———•— Boundary of Brazil

Fig. 1 - Soil Regions of Latin America
(Malavolta and Neptune 1974)
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Table 1. Soil Regions of Brazil (Melavolta e Neptune, 1974)

«oo>

Region
1. Highlands of Brazil

% of Total Area
S.America

28

Main

2. Highlands of the Guianas

6. Upper Amazon

7. Lower Amazon

26

Soil9
Dark red Latosol
Red yellow podzolic
Regosol, Hydromorphic

Latosol

Coffee Sugar Cane
rice* cocon, beans
cotton, rubber,
carnauba.

Sugar cane
rice

Yellow and Subsistence
dark red Latosols farming
Regosols, Yellow podzolic

Hydromorphic, Latosols
Podzolic

Subsistence
farming, spices,
rubber.

Fertility
Low to medium
Low pH, high
Very low to high
leaching
Response to N,P,K,
S,Mg,Ca,B,Zn.
Low to medium
Low pH, high RgOa
High leaching
Responses to N,P,K
Low
Low pH, high RaOs
High leaching
Response to P,N,K,Ca.
Same as 6.



«>

9. Upper Paraguay
basin and
pompean and
patogonian basins

10.Tropical Costal
lowlands

24 Brunizem, Grumusol,
alluvial humic gley
Solonetz

Regosol, hydromorphic

Sugar-cane,
cotton, citrus,
pastures, wheat

Sugar-cane, rice,
ooff«e, bananas

Low to medium
Medium to high pH
Low to medium
leaching
Responses to N,P,K,Zn.
Low to medium
Low to medium pH
High leaching
Response to P,N,K,

limestone

(a) Terminalogy used is that used in Brazilian soil survey (of. Ranzani, 1971).



Table 2. Micronutrient Deficiencies in Brazilian Soils - Source Malavolta private communications, 1974.

00

Element
B

Cu
Fe

Mn
Mo

Zn

Brazilian State

BA, CE, ES, GO, MG,
PE, PR, RJ, SC, SP, AL
PE, SP, AL
CE, PR, PE, SP, GO
AL
MG, PE. PR, SP, AL
8A, MG, PE, RS, SP

BA, ES, GO, MG, MT,
PE, PR, RS, AL, SP

Crop and Frequency of Deficiency (*)

Cotton(l), Potatoes(3), Coffee(7),Sugar Cane(2),Citrus(l)
Vegetables(8), Pine(2), Grapes(1)
Coffee(l), Sugar Cane(S), Vegetables(2), Orenge(l)
PineappleO), Coffee(2), Sugar Cane(2), Cassava(1}

Coffee(l), Sugar Cane(2), Orange(2), Cassava(l)
Citrus(1?), CoffeeCl?), Vegetables(3), legume Pastures(l)
Beans (1?)
Rice(3), Coffee(8), Qrange(9J, Maize(3), Peach(3)
Sugar Cane(3)

(*) Indicates frequency of occurance of deficiency (1 Minimal to 10 Maximum}
AL - Alagoasi BA - Bahia, CE - Ceara, ES - Esplrito Santo, GO - Goias, MG - Minas Gerais, MT - Mato
so* PE - Pernambuco, PR - Parana, RJ - Rio de Janeiro, RS - Rio Grande do Sul, SC - Santa Catarina,
SP - Sao Paulo. Brazilian regions (States)*
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ISOTOPE DERIVED CRITERIA FOR THE MEASUREMENT OF SOIL
AND FERTILIZER HICRONUTRIENT AVAILABILITY

by K.G. TILLER
Division of Soils, CSIRO, South Australia

INTRODUCTION
Isotopes have had a very useful role in studies of nutrient

availability to plants and in studies of fertilizer efficiency* especially
for the macronutrients.

These studies fall into several categories. There are several
isotopic dilution procedures for the estimation of the amount of soil
nutrient that is available to plants. ('E' value - Russell et al. 1954;
'L' value - Larsen 1953; 'A1 value - Fried and Dean 1953). The 'E' and
'L1 value methods are similar in approach (Fried 1964) except that the
sampling system differs, chemical solutions being used for the former, and
plant absorption system for the latter. They attempt to estimate by isotopic
dilution the sum of the chemical components which contribute to or are in
equilibrium with the nutrient pool capable of absorption by plants. The 'E1

and 'L1 value are determined in the laboratory and glasshouse, respectively.
The 'L' value approach has bsen used to measure natural levels of nutrient
as well as to assess the relative availability of different fertilizer
sources (Devine et al. 1968) after incubation with soil. The 'L1 value approach
requires efficient mixing of the added radio!sotope and assumes that the
isotope Is either in chemical equilibrium with or bound in the same way as the
plant available nutrient being measured. In the latter situation, isotopic
exchange equilibrium may only be achieved in the rhizosphere (Tiller and
Wassermann 1973). The use of '£' values requires that there is chemical
equilibrium between the added isotope and the chemical components of the
labile pool contributing to zinc in solution and that this pool is the same as
that determining plant nutrient uptake.

The 'A' value approach can be used in glasshouse and field studies
and has been applied extensively in N and P fertilizer studies (reviewed
by Fried and Broeshart 1967; and Rennie and Paul 1971). There have been
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applications to other nutrients Including zinc. Different sources and place-
ment of zinc fertilizers were assessed by Shaw et al. (1954) on several acid
to neutral soils. In this 'A' value approach, soil nutrient status and/or
fertilizer treatments are assessed quantitatively in terms of a standard
or reference fertilizer treatment. The fertilizer treatments are then measured
in units of this standard fertilizer, thus permitting comparisons between
soils. The procedure requires that there be maximum accessibility of the
standard fertilizer to plant roots but minimum interaction with the soil.
The former requirement minimizes radio!sotope dosage, but the latter minimizes
isotopic exchange with the surrounding matrix and also 'fixation' or transformation
into 'non-standard' forms of differing availability. Sometimes these 'limitations'
have been used to advantage as a means of assessing 'fixation', root penetration
etc.

APPLICATION TO HICRONUTRIENTS
Measurement of availability of native nutrient (capacity or quantity

factor)
Discussion will be restricted mainly to zinc because of its greater

relevance to the micronutrient nutrition of rice. An exhaustive bibliography
has not been attempted but there have been many soil-plant studies concerned
with the reactions and availability of micronutrient metals which have used
isotopic dilution procedures (for example, Lamm I960 and since, Myttenaere
and Masset 1969, Tiller et al. 1972, Tiller and Wassermann 1973). Radioisotopes
have also been used in studies of nutrient transformations in plant-free
systems (for example, Weir and Miller 1962, Patrick and Turner 1968).

'E1 values:-
The '£' value approach for Zn, using calcium chloride as the equil-

brating solution, is only applicable to acidic soils because of irreversible
reactions of zinc in some weakly acidic and neutral soils, and most alkaline
soils (Tiller et al. 1972). isotopic equilibrium, that is, reaction
reversibility, can be achieved if the equilibrating solution contains an
effective complexing agent. This has been studied by Lopez and Graham (1970)
using DTPA solutions. This labile pool of nutrient, assessed isotopicsMy using
complexing agents, may be quite acceptable as a measure of plant available
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nutrient. The '£' values so derived, however, do not often differ greatly
from the amounts of non-radioactive nutrient extracted, thus limiting the
practical advantage gained from the isotopic measurement.

'L* value;*
The 'L' value approach using carrier-free zinc provides values which

correlate well with EDTA extractable zinc (r=0.98, regression coefficient *
0.67 for 25 upland soils). Solutions of EDTA and MgCI2 but not dilute
HC1, removed zinc of the same specific activity as the plants growing on
upland soils, eleven of which were calcareous, labelled with carrier-free Zn
(Tiller et al. 1972). The close correlation of 'L1 values with amounts of
zinc extracted by EDTA has been confirmed recently in a study using rice
under upland and flooded conditions. The 'L1 values and '£' values (based
on EDTA) are shown In Table 1. The EDTA procedure used was much more exhaustive
than normally used in my earlier work and in most soil testing procedures and
may have resulted in partial dissolution of soil minerals thus partly accounting
for the L/E ratios shown. Some underestimate of 'L1 because of localised
labelling, is also possible in soils of stable aggregation.

Tiller and Wassermann (1972) have shown that the 'L1 values for
zinc are quite independent of the plant species used in their assessment.
Thus the use of different rice varieties in cooperative research studies using
isotopes, are unlikely to affect conclusions reached in different localities.
The 'L' values for zinc are generally increased when radiozfnc is added with
carrier, under both upland and flooded conditions (Tiller and Wassermann 1972,
1973)* Further work has been restricted to the use of carrier-free Zn,
since this tendency would be aggravated with zinc-fixing soils. The zinc 'L'
values are not affected appreciably by the great change in soil environment
which occurs under prolonged flooding. Submergence can markedly change pH,
redox, and the inorganic and organic composition of soil solution eto.
(Ponnamperuma 1972). Growth of rice for a month following incubation for one to
six weeks, did not appreciably affect zinc 'L1 values on four soils. The manganese
'L1 value increased with increased incubation on one soil (Tiller and Wassermann
1973)' This is consistent with unavailable Mrt becoming available with time as
shown by Hyttenaere and Masset (1969) on an Italian soil, also using isotopic
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'Table I. Estimates of total available zinc by isotoplc
dilution procedures (Tiller, Suwadji and Beckwith,
unpublished data)

Soil

£42

44

46

444

445

446*

447*

448*

449*

450*

1,5]*

Treatment

F
U

F
U

F
U

F
U

F
U

F
U

F
U

F
U

F
U

F
U

F
U

'L1

Harvest 1
(whole
plant)

1.741.41

3.82
3.32

3.11
3.28

8.11
6.12

6.52
5.69

3.71
3.17

8.01
6.58

5.52
5.65

3.152.66

5.84
5.92

4.173.74

value (Rice)
Harvest 2
(Straw)

1.72
1.27

3.83
4.15

3.18
3.50

8.45
7.19

7.04
6.56

3.49
2.77

7.35
6.22

6.03
5.72

2.87
2.63

5-76
5.58

3.94
3.65

Avge

1.751.34

3.82
3.74

3.15
3.39

8.28
6.66

6.78
6.12

3.60
2.97

7.68
6.40

5.785.68

3.01
2.64

5.80
5.75

4.06
3.70

'E' value
(EDTA)

2.2
3-2

4.4
4.4

4.54.6

9.8
9.0

10.1
9.5

6.34.1

8.1
7.7

6.4
6.0

5.13.2

6.8
6.7

5.2
5.2

L/E

0.790.42

0.87
0.85

0.68
0.74

0.84
0.74

0.670.64

0.57
0.72

0.95
0.83

0.90
0.95

0.590.83

0.850.86

0.80
0.71

Harvest 1 after 8 weeks
Harvest 2 after 24 weeks (maturity)
* Soils used for rice under irrigation
EDTA: Shake for 7 days in 0.1M EDTA (pH6)
F *> flooded; U - upland
Data are means of quadruplicates (ppm soil)
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dilution procedures. Further studies using Australian soils (Table 1) have
also confirmed that the native source of soil nutrient zinc, as shown by 'L'
value measurement, did not change between harvests at 8 weeks and 2k weeks.
The tendency of flooding to increase the soil's zinc supply relative to
upland conditions is also confirmed. Table 2 shows that the 'L1 values

Table 2. Relation between the total available
zinc ('L1 value) at two harvests, under
upland and flooded conditions, for 11 soils

Conditions

Upland
Flooded

Correlation
Coefficient (r)

0.96
0.99

Regression
Coefficient

0.87
0.95

y - 'L1 (Harvest I); x - 'L1 (Harvest 2)

calculated from the two harvests are well correlated under both upland and
flooded conditions but especially for the latter. Thus the total amount of
available zinc remains constant although the distribution of zinc between
solid and solution may change quite markedly during submergence (IRRI Reports).
Zinc in solution in our experiments decreased from 0.3 ppm to as low as 0.001
ppm in some soils. The nature of the solid phases of zinc compounds may also
change markedly (IRRI 1970, 1972), but this is less well understood.

Because of the complex chemical reactions within flooded soils
(Ponnamperuma 1972; Patrick and Mikkelsen 1971) and the possible interaction
of ions at the root surface, (especially bicarbonate {IRRI 1968)), values
such as the 'L' value, for all their reproducibility and advantage in measure-
ment, seem of little intrinsic Value in the general prediction of zinc
deficiency of rice. This view is supported by the studies of Stewart et al.
(1972) on zinc deficiency in Philippine paddy soils. They may be useful as
reference procedures for soil testing for zinc deficiency on acidic rice
soils, especially for upland crops. Soil testing on alkaline soils has special
problems because of strong fixation. In alkaline soils generally and all
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flooded soils, factors other than total available zinc are likely to have a
dominant Influence on the uptake of zinc by rice.

•A' value;-
The 'A* value approach of defining available micronutrient on

different soils by means of a standard fertilizer source may be impossible
in practice. Irreversible sorption reactions and the ease of conversion of
zinc compounds into other forms under flooded conditions, make it difficult
to devise experiments which provide a standard or reference zinc fertilizer.
The problem is aggravated by the small amounts needed (1-10 ppm of soil)
and the problem of isolating a reference compound in a flooded soil.

MEASUREMENT OF FERTILIZER EFFICIENCY
The relative insensitivity of 'L' values (obtained with carrier

free zinc) to the soil chemical environment, to plant species and period of
flooding, provides a firm basis for studies of fertilizer utilization expressed
in terms of percent nutrient derived from fertilizer (% Zn d.f.f.). This
approach may be less applicable for manganese or iron because the requirement
for the soil nutrient supply to remain constant for different fertilizer
and other management treatments, may be harder to achieve.

Since field experiments using Zn w i l l be unpopular because of
experimental hazard, isotope costs and loss of experimental area for
several years, studies of zinc fertilizer efficiency may be largely restricted
to glasshouse studies. Measurements of % Zn d.f.f. could be carried out
in the normal way using radioactively labelled zinc fertilizer, if available.
The alternative method of adding inactive fertilizer materials to labelled
soil has some advantages. Gunary (1968) has used this approach to study the
efficiency of sheep dung as a source of phosphorus to grass. A large range of
zinc sources eg. pure chemicals, locally available commercial fertilizers,
farmyard or industrial products, may then be studied without the need of
preparing special radioactively labelled compounds. The dose rate of carrier-
free zinc required can be minimized by limiting pot size and restricting
fertilizer rates to realistic levels.
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There have been many studies on the application rates, placement
and source of these metals as fertilizers, but mainly on upland crops. It
is generally found (reviews by Mordvedt and Cunningham 1971, Gtordano and
Mordvedt 1972, and Murphy and Walsh 1972) that mixed placement of zinc is
more effective than localized applications. Giordano and Mordvedt (1972)
have reported some Increase in mobility of zinc from various zinc compounds
In submerged soil, and also that surface and mixed applications of zinc
sulphate are utilized by flooded rice to comparable extents. The lower
effectiveness of their mid-depth application has been associated with root
distribution. The reported increase in zinc fertilizer mobility under flooded
conditions, especially during the first few weeks of submergence when zinc
concentrations in solution are highest, may decrease the importance of
the 'placement* factor in zinc fertilizer management.

Table 3 shows some data from a preliminary experiment conducted
recently (Tiller, Suwadji and Beckwith, unpublished data), designed as an
investigation into radioisotopic techniques as well as a study of the effect
of placement of fertilizer zinc. The soil used was a South Australian wheat
soil (pK8.4, 47% clay) which we hoped would be zinc deficient to rice when
submerged. Efficiency of zinc applications was evaluated in relation to soil zinc,
labelled with carrier-free zinc. "Calrose" rice was used. The 'mixed' and 'surface1

treatments were based on seed planted rice. The seedlings for 'root dipped1

were raised in sand culture. The flooded soil did not prove to be zinc
deficient although the zinc concentration in the young plants was low
(<v)6 ppm O.M.). The second zinc application was consequently unreasonably
high for this soil but not for a very deficient paddy soil (IRRI 1971).
The table shows that % Zn d.f.f., % utilization of applied zinc (based on % Zn
d.f.f. and nutrient yield) and recovery of applied zinc (based on net uptake
due to fertilizer), all suggest the same conclusions, viz.
i. applications of zinc sulphate mixed throughout the soil are more effective

than application of zinc to the surface under upland and flooded conditions.
M. surface applications are as effective as ZnO introduced with seedlings.

This may be a function of application rate and experimental factors
affecting root distribution in pots.
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Table 3- Criteria for the assessment of zinc
fertilizer efficiency - a preliminary
expor iment

Fertilizer
Treatment

Placement

Flooded
Z

Form 10

Upland
inc application per pot {nig)

20 80 20 80

% Zn derived from fertilizer zinc (Harvest 1)
Mixed
Surface
Root dipped

ZnSO,,
ZnO 58

86
4758

95
76

8558 9668

% Zn derived from fertilizer zinc (Harvest 2)
Mixed
Surface
Root dipped

% Utilization of
Mixed
Surface
Root dipped

ZnSO.it ̂
ZnO 45

834846
96
73

83
37

96
59

applied zinc (Harvest 2)*
ZnSO.it M
ZnO 1.4

% Recovery of applied zinc (Harvest
Mixed
Surface
Root dipped

*Y?eld dependent
data of 'mixed*

ZnSO.M ^
ZnO 0.72

data do not include
treatments indicate

1.8
0.790.72

2)*

0.76
0.29
0.36

uptake by
that total

0.49
0.47

0.1?
0.29

2.3 0
0.65 0

1.4 00.52 o

.93.32

.64

.24

roots. N.B. Root uptake
uptake = 1.5 x uptake by tops

Treatments 20 mg Zn/pot =9.1 ppta soil
80 mg Zn/pot =36.4 ppm soil

*L' values of untreated soil are 3.$
Harvest 1 - after 8 weeks
Harvest 2 - after 24 weeks (maturity)

Zn/pot (flooded) and 3.3 a.~ Zn/ooi; (upland)*
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Mi. the two rates of ZnO applied with seedlings are equally effective.
By implication, the lower rate may also be excessive.

iv. The values of % In d.f.f. are almost unaffected by maturity of the plant.
A small decrease for the ZnO applied on seedlings was noted with the
mature plants.

This experiment illustrates that isotopic dilution procedures based
on small pots in the glasshouse, and immature plants, can usefully evaluate
zinc fertilizer sources and some aspects of fertilizer practice.

TO SUM UP
Since the chemistry of zinc and other micronutrients under flooded

conditions is not clearly understood, notwithstanding the detailed studies
of I.R.R.I, and elsewhere, it will be difficult to predict the effectiveness
of zinc containing fertilizers that are or become available. Predictions are
further complicated by the great variety of soils used for paddy culture,
the different genotypes of rice in common use in various countries, and
differences in farm management.

Field experiments based on long-lived gamma-emitting isotopes
such as 5Zn are unlikely to be acceptable because of health hazards, costs,
and long term losses of experimental field sites after completion of the
trials. This will encourage the use of glasshouse experiments for the assessment,
by isotopic dilution procedures, of the efficiencies of different fertilizer
formulations and their agronomic use. The measurement of nutrient absorbed
from the fertilizer need not be restricted to the use of radioactively
labelled fertilizers with its attendant technological problems in manufacture,
transport etc.... Efficiency of locally available fertilizers, farm and
industrial byproducts, could be related to the labelled native soil source
of zinc.

Measurement of 'A1 or *L' values as estimates of total available
micronutrient may be of some value as reference procedures, especially
in areas of acidic soils and as a basis for fertilizer efficiency studies,
by confirming that the total amount of available nutrient from the native

.'

source is constant during prolonged submergence under different management
treatments. Generally, estimates of the capacity (quantity) factor of
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availability, however determined, have limitations in the evaluation of zinc
deficiency, especially If zinc fixation occurs and particularly on flooded
soils. Under these latter circumstances, other factors of soil chemistry
and physiology have a major, if not dominating, influence on uptake by rice.

The above complications do not limit the usefulness of radfoisotoptc
criteria in the assessment of fertilizer nutrient availability. There are
also many other applications of radioisotopes In rice nutrition studies which
have not been discussed, such as, checking of analytical and sampling procedures,
monitoring changes in soil solution taken from flooded labelled pots, and
associated studies of nutrient mobility and nutrient uptake.

Radioisotope derived criteria should be valuable in rice mfcronutrient
studies, but, like all laboratory and glasshouse studies on plant nutrition
and fertilizer use, require complementary field studies involving soil and
plant analysis and fertilizer evaluation (eg. Yoshida et al. 1970) under
conditions of local farm management.
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MOVEMENT OF MICS.ONUTRIEKTS TO PLANT ROOTS/

THEIR UPTAKE AND TRANSLOCATXOil1

Arthur Wallace
Laboratory of Nuclear Medicine and Radiation. Biology

University of California Los Angeles
Los Angeles, California 90024 U.S.A.

INTRODUCTION

Micronutrient deficiency aisordcirs in plants are variously due to
different. phenomena . Correction and/or prevention of the disorders re-
quire understanding of the factors involved. Among the major reasons
for micror.utrier.t deficiencies are acioai deficiency levels in soil, alow
i. *.f fusion rates of available taicrcautrients through soils, inability ox
soroe plant species and ^enotypss to take up sufficient micronutricnts, and
the translocation failur? in plants either because of faulty physiologi-
cal mechanxsas ot oi nutrient imbalances in the soil. This paper is con-
cerned witb those aspects related to movement through soil, plant uptake,
ai«d translocvition.

vJOVŜ KT OF MICROJJUTRIEOTS TO PLAH? ROOVS
Diffusion and Mass

According to Wilkir.son (1972), who has reviewed the literature on taicro-
nutrient movement through soils to plant roots, coat soils contain adequate
quantities of tnicronutrients, but the tnaxn limitation to raicronutricnt sup-
ply to roots is usually the rate of movement to root surfaces of the ele-

study vas supported in part by Contracts AT (04-3)3 Proj. #51, andAT (04-1) GEN 12 between the U.S. Aeosdc Energy Commission and the Re-
gents of the University of California. Space in part for this study
was provided by the Institute of Evolutionary and Environ;nontal Biology,
University of California, Los Angeles, California 90024 U.S.A.

115



ments which are generally tightly bound in the soil. The ir.icroautricnt
elements are mobilized by a variety of organic chemicals sonia of which arc
excreted by the roots to the soil. Root exudates include iff organic acids,
reducing substances, ch-ilsting oubjtancos, and other ccnpounds. Plant spe-
cies and genotypes differ widely in kind.-, and amounts of their root exudates.
Sorae species have other xespon»c mechanisms waich allows them to more effi-
ciently extract and absorb micronutrrents from the soil. Several examples
are known which arc partially understood only (Alters and Nielands, 1973;
Wallace et al., 1971; ftarschner et al.,1974; Brown and Arable, 1973).

The processes by which nutrients move frora soil to plants are described
as either trass flow (movement with water flow through soil to plant roots
without necessarily having a gradient) and diffusion, (movement of ions either
through solution or through the exchange sites with a gradient which arises
because ions next to root are removed by the root (01sen and Keeper, 1968;
Wilkinson, 1972; Barber et al., 1963; Nye, 1966; Ilalstead and Barber, 1965,
1968; Halstead et al., 196S). Some,-but not too many, studies of this
type have been made for micronutrients (Elgawhary et al«, 1970s, 1970b).

Diffusion is the process of movement along gradients and as plant
roots remove ions from soil in their immediate vicinity a gradient is estab-
lished through which nutrients move. This can be either in the soil solu-
tion or along the cation exchange sites. In the process of mass flow, ions
are moved with the water noving through the soil as a result of the trans-
pirational pull. To move with this water the ions must be in the solution.
This is most likely when the ions are anions. For most micronutricnts this
is when they are chelated with organic ligands although there ara inorganic
anions such as zincates anJ .olybdates. There are natural chelating agents
in soil some of which arc soluble. This is one of the reasons why the micro-
nutrient status of soil is very much correlated with the organic matter sta-
tus of soil. Too much organic matter can result in some deficiencies and
too little can result in cither deiiciencies or excesses depending upon a
given metal (Table 1).
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Table 1. Yields and ccavositic-n of barley plants grown in desert soil from
shrub (high soil organic matter) and bare areas (low soil organic
matter) .

Type of soil
and fertilizer

treatment

Shrub no N
Shrub with N
Bare no N
Bare with N

LSD .05
LSD .01
x

(Adapted from

Yield
mg/pot

1787
3289
423
785

346
371

Fe

45
56
34
48

12
16

Wallace, Romney, and

Cu

5.6
3.1
9.5
9.5

1.8
2.4

Mueller,

Kn
ppaa

71
30
188
121

28
37

Zn

18
18
19
16

8
11

Mo

5.6
3.7
4.1
2.9

1.0
1.5

In Preparation)

Much of the reclaimed land of the world is low in soil organic matter
partly because of earth leveling procedures in arid areas. On calcareous
soil this presents special micronutrient problems. Some of our recent
studies in desert plants show interactions of amount of soil organic matter
with uptake of micronutrients.

A mathematical treatment of the principles of movement of ions through
soil to roots was'made by Olsen and Kemper (1968).
Exchange and Contact, Phenomena;

Micronutrients such as zinc and manganese can be exchangeable cations
in the soil subject to the same principles as are the major cations in plant
uptake (Bpstein and Stout, 1951). Manganese chemistry in soil is complex in
that there is an easily reducible form in addition to the exchangeable and
soluble forms (Leeper, 1947). Plant uptake sometimes is related more to the
reducible manganese fraction and sometimes the reverse occurs (Wallace and
Mueller, 1968) (Table 2).
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Table 2. Specific activity of Mh5* (opm/jig Mn) in plant compared with simi-
lar data for different soils extracts

Soil extract
or plant species
Exchangeable Mn
1(T3M DTPA extract
Easily reducible Mn
Corn
Bush beans

(Adapted from Wallace

SOILS
Yolo
loam
32.8
9.5
11.4
25.2
11.3

and Mueller, 1968)

Hacienda
loam
36.0
25.2
21.8
25.1
29.4

Dinuba sandy
clay loam

65.0
31.1
31.1
64.1
35.8

Jenny and Overstreet,1939)
The status of the concept of contact exchange (Guest, 1944/ and con-

tact chelation phenomena remains uncertain (Wallace et al>, 1963). Glauser
and Jenny (1960a, 1960b), Gruaes and Jenny (I960), and Jenny and Grossen-
bacher (1963) have suggested that iron uptake by alfcifa plants was by con-
tact effects. In the work of Jenny and collaborators sand grains were
coated with iron and plants grown in the same pots connected with each other
and with and without iron. In no case was iron transferred to the minus
iron pots. This was construed 1.0 mean that contact was necessary although
it can be envisioned that the iror. which was solubilized moved only a short

*distance and was reprecipitated. More recently Barber (1974) showed that
chelated calcium and strontium were absorbed by roots without going through*
the cationic phase and without the cbelate being absorbed by the plants.

UPTAKE OF MICUONUriRISirrS BY ROOTS
Micro-nutrient: Uptake by Cells and Whole Plants:

Moore (1972) has suggested that chare is no reason to suspect, that
tnose

uptake mechanisms of micronutrienta vary from / of voacronutrients.
There is some evidence that micronutrients move radially through plant
roots - cytoplasm - symplasra - casparian strip - stele and through the
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xylem to the shoots of plants in a manner similar to that of macronutri-
ents.

Ions encounter first the cell wall of roots (free space) through
which they must diffuse or move as soluble anions (or chelates?) through
this free space to the membrane (plasmalemma) first involved in metabolic
uptake. The literature has been confusing regarding whether or not zinc
is taken up metabolically (Broda, 1965; Schmid et al., 1965; Wallace, 196<>b),
There is at least some evidence to suggest that zinc, copper, iron, and
manganese uptake is metabolic (Moore, 1972). The case of boron seems to
indicate nonmetabolic uptake. Information about molybdenum is lacking.

t

Dual uptake mechanisms seem to hold for uptake of micronutricnts
(Epstein, 1972) and the high concentration mechanism 2 may contribute to
toxicities (Moore, 1972). The concept of dual mechanisms, however, has
been challenged slightly (Kissen, 1973).

Table 3. Effect of external concentrations of FeEDDHA on iron uptake by
potato discs*

Concentration (c) ĉ n ̂  Iron uptake
umoles/sample

M (y) Actual (x) Calculated from
regression equation

10-3
8 X 10-4
5 x 10-4
2 X 10-4
10-4
8 X 10"5
6 X 10-5
4 X ID'5
2 X 10-5
10-5

5 X 10-6

10-6

.00838

.01)711

.00514

.00273

.00170

.00145

.00121

.000894

.000565

.000345

.000211

.0000692

170
154
111
77.1
38.8
30.1
26.4
20.0
12.0
5.28
3.49
0.92

176
150
108
57.4
35.8
30.5
25.5
IS. 8
11.9
7.26
4.44
1.46

(Adapted from Wallace and Jeffreys, 1962)
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The rate of absorption of raicronutrients like macronutrients increases
with concentration until a saturation point is readied (Moore, 1972).

(1962)
Wallace and Jeffreys/ showed a relationship between concentrations and iron
uptake over a relatively wide range of iron concentrations (c) proportional
to c*n (Table 3)• We believe this represents a first-order reaction.
Some roacronutrient ions and noncssential ions were taken up at rates pro-

i f\
portional to c in contrast to those giving c . This probably implies
carrier mechanisms for iron uptake and transport. Xannan (1971a, 1971b)
reported dual uptake mechanisms for iron. The gradient between iron in
xylem exudate and external solution is interpreted as evidence for metabolic
uptake ( Tiffin, 1966) . When iron is supplied in the cheiatcd form,
it generally is separated from the chelate before absorption by the plant.
Hill-Cottingham and Lloyd-Jones (1965) found this to be the case when iron
was under stress, Vfnen iron was not under stress, the iron chelate tended
to be absorbed, but this depend:; upon concentration (Jeffreys and Wallace
1968). The increased ability of •' -on-stressed plants to accumulate addi-
tional iron is related to H* production (Marschner, 1974; Wallace, 1963;*
The Kfl was not changed, but the V^x was (Wallace et al., 1963).

Chaney et al. (1972) showed the necessity for reduction of PC*"*"* be-
fore absorption by plants.

Manganese absorption by roots has been studied by a number of investi-
gators and a review was made by Moore (1972). In young tissue (6-day-old
roots) the process gave every characteristic of metabolic control (ttaas et
al., 1968). Other workers with older tissue did not obtain similar results.

19,S3b, 1963c)
Munns et al.(1963a/found a labile and "nonlabile" faction of manganese in
plant roots in addition to that which was in the free space. The labile
manganese exchanged freely with external substrate manganese and also moved
readily to the shoot. As long as there was external manganese, the non-
labile manganese moved only slowly to shoots. Most of the heavy metal ca-
tions inhibit the absorption of manganese by plants.
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Root-Stem-Leaf Gradients t
Micronutrients variously distribute themselves among roots, stems,

and leaves (Table 4)* Although the reasons are not always apparent, the

Table 4. Micronutrient profiles in plant parts of bush beans.
Element Root Stem Old leaves New leaves

ppm of dry weight
Fe 1580
Ma 327
Zn 180
Cu 35
Co 2.5
Mo > 40

(Adapted from Wallace and

55
16
55
9
2.1
19

Collaborators, 1971)

79
85
43
11
1.8
11

87
45
48
8
1.9
11

chemistry of the individual elements is of major importance. That which
precipitates on root surfaces r̂ Mainr, largely in free space. Iron especially
gets bound in the cell wall spaces of roots and the amount bound usually
bears little relationship to the amount transported to shoots. For example,
in the presence of an excess of chelating agent the root concentration of
iron can be low even though the chelating agent has resulted in an increase
of iron in the shoot.(Jeffreys et al., 1%1) (Table 5). Chelating agents can

I T e x p o s e d "
Table 5. Fejy labeled Fe in soybeans / to 10 Jll Fe at various levels

of excess EDDHA for 24 hours. ~"
EDDHA in soln. Leaves Stems Roots

moles/I umoles/g dry weight
10"5 0.029 0.017 0.454
10"* 0.045 0.010 0.390
10"3 U.106 0.008 0.106

(Adapted from Jeffreys et al.,1961)

increase that transported from roots (that absorbed) to the shoots. Zinc and
manganese to a lesser extent than iron also fix on roots.
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The gradient from stem to leaf for several elements can bo altered
by the chelating agent DTPA (diethylene triamine pcntaacetic acid) (Wallace
et al., 1974 in press) (Table 6). This implies that the chelating agent
is facilitating the transport of the micronutrients through the plants.

Table 6. Effect of DTPA on the ratio of metal concentrations in leaves to
those in stems of H&wkeye soybeans*
Soil

treatment
Control
5 ppm DTPA
50 ppm DTPA

(Adapted from Wallace

Species and Variety

Fe yxi Zn

2.9 7.1 2.1
4.9 6.0 1.8
10.1 5.7 3.2

et al., 1974 in press)

Differences :

Cu Co Ki

1.6 1.2 2.6
1.9 2.2 6.1
5.1 5.2 12.1

Species and varieties of plants not only differ widely in their ability
to take up micronutrients, but also in their requirements of them (Brown
et al., 1972). These phenomena are ..-elated to genetic differences and the
characteristics can be manipulated by plant breeding practices. There is
hope then that plant materials can be developed which can more efficiently
utilize the micronutrients present in a given soil* The species differ-
ences extend also to tolerances to excesses and understanding of this
phenomenon is important in the control of regulation of micronutrient
supplies.

Marschner et al. (1974) have well sumtaarized much of the work on iron-
efficient corn. Sunflower roots, when under iron stress, excrete Hv which
makes iron more available even from iron chelates and overcomes the stress.
Soybeans, tobacco, and other species do the same (Wallace et al., 1968).
Reducing substances are also excreted. Barley mobilized precipitated iron
x*hon under stress, but by neither of these mechanisms. Corn failed to
mobilize precipitated iron and had neither of the two mechanisms. When
the plants were grown together, however, the precipitated iron was made
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available to the corn from the reactions of the roots of the efficient
species.

The H*1" production of roots under stress was shown to be due to a
decrease in anion uptake (Marschner et al., 1974). Since cation uptake was
unimpaired, there was an increased level of organic acids in plants,
particularly in roots.

Pairs of plants with simple gene differences have been highly useful
in the study of micronatrient relationships in plants. Two soybean varie-
ties (Qlvcine max L.) (Hawkcye and PI54619-5-1) have beer, studied in detail;
the Hawkeye is efficient for iron (Bro\*n, 1963, 1968; Brown et al., 1961).

Table 7. Yield and mineral composition of two corn genotypes grown at diff-
erent levels of FeEDEHA. (main effects).

Yield ___Fe___ Fe

LSD .05
LSD .01

•LSD .05
LSD .01

mg/plant
In.* Eff.*

379 847
294
338

164 241
69
NS

ppm
In.* Eff.*
TOP

37 39
NS
NS
ROOT

883 310
276
364

ug/plant
* 4tIn. Eff.

15.3 33.9
15.8
NS

149.2 76.3
41.7
55.2

*In. is inefficient for Fe genotype ys./ysjj Eff. is efficient for
Fe genotype WF9.
(Adapted from Wallace et al., 1974)

Hawkeye takes up and accumulates more iron than the PI54619-5-1. It does
the same for most other micronutrients (Wallace et al., 1973). It has
greater reducing power at roots than does the PI54619-5-1. This is impor-
tant in that it has been shown that the Fe1** form of iron is taken u? by
this species.
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The inbred corn WF9 is much acre efficient in its utilization of iron
than is the inbred Yŝ /̂Ysĵ  (Bell e£ a!., 1962; Broxra, 1967; Clark et al.,
1973; Brown and Bell, 1969; Wallace et al., 1974). The latter fails Co
translocate iron effectively frova root to shoot (Table 7) unless the iron
is at a saturation level (Wallace at al., 1974). The inefficiency of the
Ysj/Yŝ  may also be related to heavy metal imbalance (Brown, 1367; Wallace
et al., 1974).

The inefficient vs efficient nature for iron has been observed in
tomato (Brown et al., 1971), citrus rootstocks (Khsdr and Wallace, 1964),
tailo (Brown and Tiffin, 1962), and in other species (Brown et al., 1972).
In addition to the root excretion factors, the citrate transport systcn
with the plant also is higher for the efficient species (Brown and Tiffin,
1965).

Inefficiency related to genotypes has been observed for other micro-
nutrients, particularly zinc in beans. Sanilac variety is inefficient to
zinc compared x*ith Saginaw which is not only efficient but tolerant of ex-
cess compared with Sanilac (Poison and Adams, 1970). Ambler and Brown
(1969) found that iron and phosphorous aggravated zinc deficiency more in
Saginaw than in Sanilac. The Sanilac contained twice as much zinc and
phosphorus as the Saginaw. These matters are reviewed in more detail by
Brown et al. (1972).

Brar et al. (1974) recognized that a practical approach to solving
zinc deficiency problems was to look for the most efficient varieties ior
zinc response. They studied seven varieties of corn which differed greatly
in their ability to take up zinc. They found that some varieties absorbed
more zinc from deficient soils than others and that the differences could
be characterized by biochemical constants such as K^ values (TableS).

124



Table 8. Apparent dissociation constants and concentration of carriers
involved in zinc uptake by maize varieties.

Variety Approximate Concentration of
dissociation carrier £& noles

Talwaadi local
Ganga-5 a)

b>
(Adapted Brar et al., 1974)

constant
KmX 108M

6.6
8.8
G.7

X 10s /100 ing root

9.93
2.32

Temperature Effects:
the ion uptake process is thoroughly temperature dependent. Many

interesting and important reactions occur between temperature and micro-
nutrients. This is especially pronounced for soil temperature. Iron
chlorosis in plants can be induced, at least in part, by both low and high
temperatures (Wallace and Lunt, 1960). The uptake of micronutrient metals
from soil is often strongly related to temperature (Wallace et al., 1959)
(Table 9).

Air temperature and light intensity are important also for zinc nutri-
tion. Zinc deficiency seldom occurs in Northern Europe where temperatures
are cool and cloudiness is common. Edvrards and Kamprath (1974) studied
these factors and found that zinc uptake was greatly inhibited at low tem-
peratures and that translocation from root to shoot was even further
inhibited by low temperatures. High light intensity decreased zinc uptake
also.

Table 9. Effect of soil temperature on zinc concentrations in plants.
Soil temperature Soybeans Corn Cotton

°C ppra of dry weight, zinc
14 17 23 5
26 30 26 14
(Adapted from Wallace et al., 1969)
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pH Effects; Soil ChenjLstry oC Mtcr.pnutrients, Solubility Products vs Plant
Uptake;

The availability of niicronutrients to plants and, therefore, their up-
take by plants is related to soil pll although the relationships arc cor.plex
(Moore, 1972). This in turn is related to solubility products of taicro-
nutrient compounds. The addition of chelating agents to soil complicates
the reactions, but their effect at various soil pH values have been succ-
essfully analyzed by computer simulation (Hodgson, 1963; Norvell and Lindsay,
19o9).

Molybdenum availability to plants is increased with increased soil pll
(Svans et al., 1951), but that of zinc, copper, iron and man-
ganese is usually decreased (Moore, 1972). Data in Table 10 show some com-
plex interactions, however, due to presence of chelates in soil (Wallace et
al* 1974 in press).

Table 10. Some effects of sulfur acidification and lining and a chelator on
mineral composition of soybeans*

Soil pH E2TA

6.0
6.0 +
4.5 (1/2% S)
4.5 (1/27. S) -:-
7.5 (2% CaC(>3)
7.5 (2% CaC03) +
3? value
LS3 .05
LSD .01
(Adapted from Wallace

Calcium-Mi cronutrient

Leaf
yield
mg/
plant
663
568
453
428
55b
549
12.2**
34
45

et al.,

Mn

53a
20b
497C
440d
86e
98£

165.7**
45
59
1974 ia

Fe

79
134
63
94
46
55

3
11
press)

Zn

ppni
65
75
56
44
63
110
88.5**

7
9

Cu

of dry
5.0
6*3
9.0
9.3
6.1
10.5
96.6**
0.6
0.8

Co

weight
0.5
1.6
2.1
11.2
0.5
0.7

204.4**
1.0
1.3

Ni

2.4*
12. 8b
6.9°
12. Ob
1.7a
4.3e

60.5**
1.3
2.3

Interactions :
We have suggested that one of the major functions of calciusn is that

of amelioration of the effects of excess heavy metals (Wallace, 1966o; Fro-
lich et al., 1966). The calcium status also has considerable effects on the
uptake of several micronutrients (Table 11).
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Table 11. Estimates of main effects of calcium and EDTA treatments on micro-
ntitrient contents of bush bean leaves (dry weight basis) •

Ca
N
io-2
10-2
10-3
10-4
(Adapted

EDIA Yield
g/

Ca Zn Cu
plant %

EDIA. 1
2
1
1

from Wallace

.87

.08

.87

.60
et al.,

1.36
1.32
0.82
0.19
1971)

33
67
93
107

4
12
15
17

Fe
PPia
68
91
91
116

Mn

38
68
118
154

Al

12
12
17
18

Interactions Involving Micronutrients:
Several interactions involving tnicronutrients are referred to else-

where in this paper. 01sen (1972) reviewed this phase of micronutrients
and although much is known, considerable yet must be learned about the
various factors involved. Of particular importance is the need for infor-
mation which is relevant to field conditions and field crops.

Perhaps the most widely known interactions is that of zinc-phosphorus
and it still is one of the least understood (Olsen, 1972; Tiffin, 1972).
High levels of available phosphorus in soil are associated with a zinc defi-
ciency which can be corrected with application of 3 to 5 ppm zinc to the soil
(Olsen, 1972).

Various hypotheses to explain the disorder include the following:
phosphorous-zinc

(a) a / interaction in soil (seems not to be the case), (b) phosphorous
interference with zinc translocation to shoots, (c) dilution of zinc caused
by growth response to phosphorus, (d) a metabolic disorder caused by phos-
phorous interference with zinc, (e) induced increased phosphorous uptake
caused by zinc deficiency. Except for elimination of the first hypothesis,
the phenomenon is poorly understood and further complicated by the fact
that there seems to be a phenomenon in which zinc uptake is increased by
high phosphorous levels instead of the reverse (Wallace et al., 1974)*
We have suggested that phosphorus interfers with zinc uptake by plants when
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zinc is limiting, but enhances the uptake when phosphorus is present in
abundant supply (Table 12). Other workers have found a mutual antagonism
between phosphorus and zinc particularly when one of the elements exceeded
a threshold value (Boawn and Legget , 1963). zinc-phosphorous antagonisms
do not always hold when zinc is supplied as chelates.

Table 12. Effect of P levels on yield and zinc composition of bush beans
grown in Yolo loam soil (dry weight basis).

Treatment Yield P Zn Zn
P in soil

ppm g/plant 7. ppm ug/plant
LEAF

0
50
250"
500
2500
LSD .05
LSD .01
(Adapted

1.03
1.04
1.06
1.05
0.95
NS
NS

from Wallace et al.,

0.60
0.67
1.04
1.15
1.45
0.19
0.26
1974)

18
14
39
37
55
9
12

18.5
14.6
41.3
38.9
52.3
10.1
13.5

Phosphorus is also involved in iron reactions (Olsen, 1972). DeKock
(1960) has emphasized the consistent relationship of the P/Fe ratio in the
incidence of iron chlorosis. Excess phosphorus is one of the factors invol-
ved in the Iron-inefficient soybean PI54619-5-1 (Brown et al., 1959).
High phosphorous levels inhibited the translocation of iron in plants.

01sen (1972) in his review of interactions points out that there are
also copper-phosphorus and molybdenum-phosphorus, copper-nitrogen, zinc-
nitrogen, iron-zinc, and iron-copper interactions*

TBAKSLOCATION OF MICRONUTRIENTS IN PLANTS
Tiffin (1972) made a comprehensive review of the subject of translo-

cation of micronutrients in plants. There is no need here to cover the
details for it is presented in an excellent manner in that report. The
question of translocation in the case of folliar feeding of plants with
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micronutrients was covered in a review by Wittwer, Bukovac, and Tukey
(1963). This subject will be briefly mentioned here only. When molybdenum
is sprayed on plants, only a small part of the plant need be sprayed for
the molybdenum will readily transport to all plant parts. Such is not the
case for iron and usually zinc. A spray will affect only those leaves
sprayed and new growth may be deficient. Leaves sprayed with iron often
get little green spots on them because of poor translocation of the iron.

A few of th<% principles outlined by Tiffin (1972) are summarized in
this section. Calcium is a source of competition with micronutrients for
both uptake and translocation. Calcium as a major source of competition
with micronutrients for EDXA (ethylenediamine tetraacetic acid) especially
in soil reactions (Lindsay et al, 1967: Norvell and Lindsay, 1969).

Tiffin (1966a, 1970) and Tiffin and Chaney (1973) in a series
of studies have found that the uicronutrients iron, copper, manganese, and
to a lesser extent, zinc are transported in xylem vessels in anionic com-
plexes, most likely an iron-citrate dimer of high stability is likely
involved in the translocation (Tiffin, 1972). (Table 13).

Table 13. Metal-citrate equilibrium constants and metal displacement equi-
librium constants.

Metal Equilibrium
ion constant

K
Pe|+ 1.5 X 1021*
Fe?+ 2.5 X 1011
Fe2* 25,000
Zn2+ 70,800
Co2* 67,600
Mn2* 4,680
-Mg2+ 3,570
Ca2+ 1,430
Na+ 5
K"1" 2.7

*This constant is for the dimer in which Fe3*:citrate « 2;2. All other
equilibrium constants are for metal:citrate » 1:1.
(Adapted from Tiffin, 1972)

129



There is some translocation of micronutricnts from seeds and cotyledon
to new plant growth (Tiffin, 1972). Some seeds contain enough molybdenum
to last for two generations of plants if no more is provided (Tiffin, 1972).

Iron protein complexes similar to the ferritins in animal tissue have
been found in plants and have been called phytoferritins (Seckbach, 1969,
1972). The iron of these proteins may be mobilized and used in latter stages
of plant development.

Translocation phenomena are of considerable importance in the determina-
tion of toxicities. Sometimes compartmentation is achieved by retention of
excess levels in roots and sometimes it is achieved by retention in walls
of root or leaf tissues so that excess levels are kept from metabolic sites
(Tiffin, 1972).
Retranslocation of Micronutrients in Plants;

In general, all micronutrients move very poorly from old growth to
new growth and also from leaves to twigs prior to leaf abscission. In
general, new leaves are more likely to be deficient in the various micro-
nutrients than are old leaves since micronutrients are not transported from
the old leaves too readily. It has been common, at least under experimen-
tal conditions, to find both toxicities and deficiencies on the same plant
when solution concentrations v?ere changed from toxic levels to deficient
levels. Boron is a common example in this respect (Tiffin, 1972).

Seasonal changes occur in micronutrient levels, in tree leaves es-
pecially, and sometimes the absolute levels are decreased (Tiffin, 1972).
This implies that some copper and zinc, particularly, is removed from
leaves before they abscise. In sugarcane the bulk of manganese and moly-
bdenum were removed from leaves before the life cycle was completed, but
only part of the copper and zinc x*ere (Tiffin, 1972). In onion some 40%
of the copper and manganese was removed from shoots to the bulbs below
ground during the rapid period of bulb formation. About 70% of the zinc
was lost, but it was not moved to the bulbs, however.
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CONCLUSIONS AND FUTURE RESEARCH NEEDS
Although considerable research throughout the world has been done on

the uptake and translocation of micronutrients in plants, there are many
practical problems in these areas which need additional study* Among the
most important needs is that of selection and development of plant species
and cultivars which can efficiently extract micronutrients from deficient
soils. The efficiency mechanisms must be elucidated before wise use can be
made of them. Because of widespread zinc deficiency throughout the world,
care should be taken not to encourage use of species and cultivars which
can tolerate less zinc in the plant. The reason is the need for adequate
zinc in human and animal health. Research projects should c6ntinue to em-
phasize efficiency of uptake and translocation of micronutrients in plants.
The role of soil characteristics, water, light, and temperature and other
factors on micronutrient responses if better understood perhaps could re-
sult in manipulation to achieve more efficient use of micronutrients,
especially in problem areas. If efficient translocation of foliar applied
micronutrients could be achieved, the task of supplying plants with ade-
quate micronutrients would be much simpler. The use of radioisotopes has
helped to solve many problems with plant micronutrients and will continue
to do so, but considerable sophistication will be necessary in the future
for such studies to be worthwhile. Sulfur as a soil amendment has the
capability of overcoming some micronutrient deficiencies.
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Micronutrient nutrition of Rice la flooded Soils

D. S. Mikkelsen
Department of Agronomy & Range Science

University of CaliforniaDavia, dalifornia

Introduction
Micronutrient disorders in rice were relatively unknown under field

conditions prior to 1969 » although deficiencies in other crops were rather
common. Yamasaki (18) indicates the rice plant differs from other cereals
as to the roles and interactions of aicronutrients only in having lower
requirements for Pe and Mn. Micronutrient deficiencies in flooded rice
were discovered only recently probably because many rice soils are rela-
tively young and of alluvial origin; some ndcronutrienta axe supplied la
the flood water; rice transplanting are from well-fertilised nurseriaaf
crop residues and composts are frequently returned to the soil; and
hydrophytes are effective collectors of micronutrients.

Prior to 1969 , reports dealing with some mtcronutrient disorders in
flooded rice were termed "physiological diseases ," with no exact causal
factor identified. Poor internal soil drainage seemed clearly related to
products in soils that are in a highly reduced condition* These disorders
are now better understood as being caused by toxic amounts of certain
soluble ions such as Fe, Mn, Al, and B, and various respiration products
including C0, organic acids, and

Only recently have adcronutrient deficiencies in rice been identified
in many parts of the world. The most frequent problem has been sine de-
ficiencies, as found la India, West Pakistan, Philippines, United States,
Korea, and South America. Iron deficiencies are frequent in upland
rice but occur also in flooded alkaline soils in India, Brazil, and
the United States. Manganese deficiency is not widespread even though,
together with Fe, it was one of the first micronutrient problems identi-
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fled in Japan. Instances of Hn deficiency appear to be largely due to
nutrient interactions with Fef as occurs on flooded soils in Japan, Ceylon,
Malaysia, Java, and Korea. Low levels of available Cu, associated with
panicle sterility, have been found in Portugal, Japan, India, and Indonesia.
Boron, Mo, and Go deficiencies have not been reported from field conditions.

The micronutrition of rice in flooded culture is determined by several
factors, including the soil reserve; the physical, physicochemical, and• ' • > , < r i

biological properties of flooded soils; climate factors, particularly
temperature; soil and crop management practices; and physiological factors

f • * * t ' ' " ., ix • ' . / . « . " . 5

inherent in the rice plant. Nutrient uptake is the result of many complex.
and interrelated processes, operating simultaneously. TJiis paper discusses
the special problems pf micronutrition pf rice grown under flooded culture.

1 ' 4 I ' - i ' , ' >!'* <J»*| I" *

Preliminary to that is â  brief discussion of the dynamic aspects of flooded
soils as they affect the availability and uptake of plant nutrients (6, 11,
12). i ; . • , > ;j » •• .

A. Physical Characteristics of Flooded Soils™"̂ -̂ ""*—-~w-fu~"~ ̂  —L -i—w"̂ ««"̂ *̂ ^̂ «*̂ »«*«J«yf»"̂ 5""«̂ «̂**̂ ««»«»i«*«Ĵ PJ +t * ** ' '

Flooding, has the immediate effect of interrupting the,, normal processes
of gaseous exchange between the air and the soil. The water.covering the
soil and filling the soil pores .reduces the diffusion .coefficient by a" «. • Q/ ' ••4factor of about 10 . As soon as fthe soil becomes saturated, with water,

* *i«" * * * •• ..

oxygen diffusion begins to decline, and within 6 to 1Q hours the oxygen
levels, .drop Jtq near zero. The restriction of gaseous diffusion does not
affect the soil profile uniformly, however, since a gradient exists from
the soil-water boundary (where .oxygen concentration may be several ppm)
into the underlying soil (virtually devoid of oxygen). While the flooded
soil acts as an oxygen sink, oxygen seldom penetrates more than the upper
few millimeters of soil, which is continuously kept in an oxidised state.

Dissolved oxygen from various hydrophytes, carrying on photosynthesis
in the flood water and directly from the air, provides oxygen for various
biological processes. .In the surface oxygenated layer, chemical consti-
tuents are therefore maintained in their oxidized states, such as N0~,
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Fe , M a i \ S04, and C02. The soil beneath the thin surface layer is
usually darker in color and is in an anaerobic condition. Anaerobic
aicrobial respiration occurs in this layer, resulting in the accumulation
of reduced chemical ions and anaerobic fermentation products. With the
exclusion of oxygen from the soil, anaerobic respiration products soon
appear. The flooded soil may contain 1 to 20% C02» 10 to 95% N2» 15 to
752 CĤ , and 0 to 10Z H.. These gaseous components, together with organic
sulfides, appear in the soil and soil solution as a result of anaerobic
fermentation processes.

Flooding has other physical effects on soil which indirectly affect
fldcronutrient behavior. Flooding usually improves the mechanical properties
of soil, removing impedance to root penetration* Even so, rice roots do
not usually develop as extensively in flooded soils as in aerated soils*
The soil permeability may be reduced by flooding as a result of products
of soil reduction, silting materials, deflocculating agents, and various
salts in the water. Temperature effects are also noted, since changingi

the soil color will allow greater absorption of heat and increased
specific-heat conductivity of the water.

B. Biological Transformations
The exclusion of atmospheric oxygen from the rice root zone of

.f

flooded soils is accompanied by a rapid decrease in the redox (Eh)
(oxidation-reduction) potential. Aerobic and facultative anaerobic
organisms exhaust the oxygen supply, become quiescent, and die. The
changes from aerobic to anaerobic conditions occur at an oxygen concen-
tration of 3 x 10 M (11). Mew inhabitants, consisting principally of
anaerobic bacteria, quickly dominate the soil. These are capable of
using carbon compounds as substrate, and dissimilation products of
organic matter as electron acceptors, in their respiratory processes.
In the absence of oxygen, facultative and obligate anaerobes utilise

— i i i ii 11 mN03, Fe , and Ma compounds, organic acids, SÔ , and also <X>2,
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Ng, and Hg as electron acceptors. These substrate materials are re-
duced in the. sequence shown in Table 1.

The reactions by which the soil ndcroflora secure their metabolic
requirements involve biological oxidation. Both organic and inorganic
compounds are used as an energy source, giving up electrons and thus be-
coming oxidized. In flooded soils, facultative and obligate anaerobes
oxidize organic compounds with the release of energy. Under aerobic con-
ditions the substrate carbon is utilized to the extent of about 20 to 40%,
depending on the ndcroflora, whereas anaerobic bacteria realize a carbon
assimilation rate of only 2 to 52. Anaerobic metabolism thus results in
only a partial oxidation of organic matter; only a small portion of the
energy potential is released and mineralization is retarded.

Anaerobic decomposition usually produces lactic acid as a first
decomposition product, which is subsequently converted to acetic, formic,
and butyric acids. These products, as well as alcohols, carbon dioxide,
methane, and hydrogen, are produced from carbohydrate sources with ammonia,
amines, mercaptans, thiols, and hydrogen sulfide, derived from proteinaceous
materials. The end products of anaerobic fermentation in flooded soils may
accumulate until they disturb physiological processes, reducing the growth
and yield of rice.

C. Oxidation-Reduction Transformations
In the sequence shown in Table 1, after the exhaustion of soil oxygen,

N0~ and N0~ undergo reduction by the denitrification process. Nitrates,
while still present, provide sufficient poise to resist a change in potential,
but, ultimately, with the removal of N0_-N02 forms, Hn reduction occurs.

11As a consequence of reduction, soluble Hn increases in the soil solution.
Because of the relative insolubility of MnO, and the limited variety of
microorganisms capable of utilizing Mn as an electron acceptor in respira-
tion, Mn does not build up to extremely high levels. According to
Ponnamperuma (12), acid soils may show levels as high as 90 ppm at peak
periods, but the levels usually decline to equilibrium values less than 10
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ppm. Alkaline soils rarely contain more than 10 ppm of water-soluble Mn .
i 1Water-soluble Mn is known to diffuse from reduced soil sites to oxygenated

interfaces, where they are sorbed an hydrated sesquioxides, producing man-
ganese stains and mineral concretions.

1 1 1 1 f̂.When the supply of reducible Mn is exhausted, the reduction of Fe
occurs, again as a consequence of anaerobic bacterial metabolism. As a rule
the iron compounds present in the soil are reduced within a few weeks of
submergence, depending on pH, the nature of the Iron-minerals, organic-

*H*matter content, and soil temperature. Large amounts of Fe come into
solution because of the ease with which iron forms soluble complexes with
organic materials. In most instances, rice benefits from the increase In

l̂availability of Fe , but in acid soils excesses sometimes occur, causing
i t

nutritional and physiological disorders. Water-soluble Fe , contacting
oxygenated soil, water, and rice root interfaces, is often occluded and is
precipitated as mottles and iron nodules.

In the sequence of soil reduction, SO* is not reduced until the redox
potentials (Eo ) reach -150 mv or lower. In highly reduced soils, SO.
is reduced to S~, dissimilation products of sulfur-bearing amino acids to
HjS, and fatty acids to odoriferous thiols and dimethyl sulfides. The H^S

it trt-formed may react with heavy metals, especially Fe , Zn , and possibly
^j^.Cu , to form insoluble sulfides. Sulfate reduction is completed by a

small group of obligate anaerobic bacteria which use sulfate as a specific
electron acceptor in respiration. Organisms of the genus Desulfovibrio
use various respiration products and molecular hydrogen to reduce sulfate.
They function best at pH 5.5-9.0.

11| ttAn important sequence of the reduction of Fe and SO, is that if
I I

soils contain reducible Fe compounds there will usually be Fe iron to
precipitate S* as FeS at the time the reduction processes are sufficiently
intense for H-S to be produced. Ferrous sulfide formation reduces the
possibility of toxicity from BUS but may not always be sufficient for
the problem to be completely avoided.
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Soil reduction per se does not appear to limit the growth of rice,
but toxicities may result from low redox potentials in iron-poor soils
where H^S may be formed, or in acid soils Where concentrations of soluble
^̂

Fe are high. A soil system poised at an Intermediate redox potential,
between the oxygen-water and above the sulfate-sulfide system, provides
the best environment for rice roots. Redox potentials low enough for
SO^ reduction do not occur until most of the reducible iron is in the

I rFe fora. Manganese oxides have a stabilizing effect, usually greater
than would be predicted in view of the low soil content. Oxygen and KOl
are rapidly reduced in flooded soils, leaving the Fê -Fe44* and Mn^-
systems as principal buffering agents at redox values between +100 and
+300 millivolts.

D. Fhyslcochemieal Transformations
Three important physicochemlcal properties of soil are affected by

flooding: the redox potential, as already described; soil pB; and the
specific conductance of the soil solution.

When an aerated soil is flooded, its pH usually decreases for a few
days and then adjusts to an equilibrium value approaching neutrality. Acid
soils usually increase in pH, while sodlc or calcareous soils decrease in
pH to an equilibrium at 6.5-7.5. Buffering is conditioned principally by
the reduction of iron in flooded acid soils (13), by the Nâ CCL-HJ}-̂
equilibrium in sodic soils, and by the CaGO^-H^-CX^ equilibrium in cal-
careous soils (11). The pH of all soils is regulated by changes in CO,,
concentration, rates of decomposition of organic matter, and soil temperature.

The pH of flooded soils greatly affects the chemical equiibria of various
hydroxides, phosphates, carbonates, sulfides and silicate systems. Chemical
reactions occur involving the dissolution and precipitation of solids, sorp-
tion and desorption on colloidal surfaces, and the dissociation of organic
acids. The availability of essential plant nutrients will be affected,
together with possible single-ion toxicities and multiple-ion antagonisms.
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Flooding the soil, with its attendant reducing conditions, causes an
increase in the soluble-ion content of the soil solution. Initially after
flooding the conductance increases from the solubility of ferrous and
manganous ions from solid-phase hydrated oxides, NH., HOOT,•organic
radicals, acid dissolution of CaCO- by CO. and organic acids, and also from
exchange reactions occurring on colloidal sufaces. The ionic strength of
the soil solutions generally increases to a maximum between 2 and 6 weeks
of flooding, attaining conductance values in the range of 2-4 mmhos/cm.
The kinetics of conductance varies from soil to soil, and under usual
soil conditions it does not directly affect the growth of rice. ..When
conductance values approach 4 mmhos/cm, salt effects may be injurious
and specific ions may cause toxicity to rice.

E. Macronutrient Transformations
The peculiar features of a flooded soil are such that under reduced

I Iconditions there occurs a large increase in the amounts of soluble Fe
and Ma**, as already described. Calcium, Kg**, Ha*, K1", HCO~, HgPO", and .
Si(OH)̂  also increase in the soil solution as a consequence of reduction.
The increase in the cationic components (Ca 4- Mg 4- K + Na) arise from

l_l. | |the displacement of cations from soil colloids by soluble Fe and Hn ,
11and of additional Ca from the dissolution of CaCO. by CO, and various

organic acids.
The nitrogen regime in a flooded soil is essentially dominated by

NH, since both N0~ and N0~ are denitrified under flooded conditions. The
•* •- •*. '»

accumulation of NBL occurs from the degradation of amino acids by anaerobic
bacteria.

Phosphate is rendered more available under flooded soil conditions,
it has been demonstrated in many situations. It has become apparent that,
when a soil undergoes reduction, ferric phosphates are reduced to the more
available ferrous form, and that ferric and aluminum phosphates can be
hydrolyzed in an alkaline medium to enhance phosphate solubility. Organic
complexing agents occurring in flooded soils also appear to play a role
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in increasing the availability of phosphate, through various displacement
reactions*

F. Mtcronutrient Transformations
Aside from soil-reduction phenomena which increase the availability
H*l* *W*of Fe and Mtt in flooded soils, oxidation-reduction changes do not

directly affect B, Cu, Mo, Cl. and Zn. A number of indirect processes
are visualised, however, wherein soil flooding does influence micro-
nutrient availability. These may operate by: 1) increasing the solubility
of relatively insoluble minerals through a dilution effect from excess
water; 2) increased availability due to their greater mobility in flooded
soil; 3) pH changes associated with alteration of the oxidation-reduction
status of the soil; 4) pH changes associated with the solubility of
various ntcronutrient minerals and compounds; 5) production of organic
conplexLng agents; 6) immobilization of Fe*** and Zn*"*" in high-pH-COj-HCOj
systems; 7) ion antagonisms with phosphate ions; (P-Zn, P-Fe); 8) formation
of insoluble sulfides; and 9) altering crop environmental conditions of
soil aeration and temperature.

The Influence of Some Properties of Flooded Soils
on the Micronutrition of Bice

A. Effect of Standing Water
Bice varieties of diverse genetic make-up respond alike to flooding:

growth is better and grain yields are higher on flooded or saturated
soils. When probable genetic interactions are eliminated explanation
of this phenomenon is restricted to the direct effect of environmental
factors on the physiological processes of the plant (13).

From the environmental standpoint it is evident that standing water
hinders stand establishment and tiller production and weakens culms.
Muddy water may interfere with stomatal function. The only direct virtue
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of the water appears to be a buffering action against temperature -variation.
In the biotie relationships, flooding appears to favor weed control and
enhances non-symbiotic nitrogen fixation as major considerations. Eda-
phically, all available information indicates that rice benefits from
an abundance of water. Rice does not have a water requirement much higher
than that of other plants, but the flooding affects the physical, chemical,
and biological properties of the soil in a way that benefits plant growth
and yield.

B. Excesses of Carbon Dioxide
It is well established that high partial pressures of €02 occur in

flooded rice as a consequence of anaerobic fermentation. Ponnamperuma (12)
has shown that partial pressures may peak at 0.2-0.8 atmospheres within 1 to
3 weeks of flooding. With time these levels decline—with the completion
of mineralization, escape of the gas from the soil, leaching, the formation
of insoluble carbonates, and some bacterial reduction to CH..

Excessive C02 causes a reduction in rate of water absorption, pre-
sumably due to a decrease in the permeability of protoplasmic membranes
(4). Water absorption is reportedly reduced by 14 to 50%, and nutrient
uptake inhibited in the order of K>N>P>Ca>Mg. No information is avail-
able on micronutrient uptake, although that would be expected to be
similarly affected. Tanaka and Navasero (15) reported reduced uptake
of Hn, K, and Fe in rice by naturally occurring levels of CO-. The
effects of COg were more pronounced at pR 4.0 than at pH 6.0 for Ma,
while the reverse was true for K and Fe.

Carbon dioxide, when produced in flooded soils, has a direct effect on
plant processes, as already noted. Chemically active CO. also forms carbonic
acid, bicarbonates, and insoluble carbonates. These compounds affect various
chemical equilibria with micronutrient elements, as discussed in a subse-
quent section.

In practical aspects, excessive C02 is injurious to the growth of
rice. Management practices must be designed to avoid exposure to ex-
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cessive 00 2' k̂*8 p rob leu can be alleviated by proper management of crop
residues end compost materials, delayed plantings to avoid peak periods of
accumulation, and proper water management.

C. Alteration of Soil Reaction
The ralcronutrition of rice is considerably affected by the equilibration

of flooded acid soils to a higher pH value sad alkaline, sodic, and calcareous
soils toward a lover pH, converging on neutrality. It is well established
that cdcronutrient availability is hifjily pH-dependent. B, Cu, Fe, Ma, and
Zn increase in availability as soil pH decreases, with an optimum at about
6.0-6.8. Molybdenum, in contrast, increases in availability as pH increases.

JLJL, TJ-Lti--t-iIn a contrasting way, tosleities of Fe sad Al , which may occur
under acid soil conditions, tray be partially alleviated by flooding to
increase soil pH. Soil pH values eva also significantly linked with
carbonate-bicarbonate relationships in flooded soils, together with
equilibria of hydroxides, phosj&ates, sulfides, silicates, and organic
acids. Thesa equilibria involve nutritionally significant reactions
of dissolution, precipitation, sorption, end desorption, and the dissocia-
tion of lainerals and crgcale scids.

Zinc deficiencies in rice occur cost often on soils with a pH of 7.3
or greater. Under field conditions, zinc availability decreases as the
soil pH exceeds 7.0, so alkaline, scdic, or calcareous soils are affected

IImost frequently. In flooded soils the dominant zinc species is Zn
below pH 7.7, and above this pH the neutral species Zn((OH)2(aq) is

^1predominant. Lindeay (5) shows a pH-dependency of Zn wherein at Zn
in solution is approximately 10** M (6.5 ppm), at pH 5.0, and 10*" M
(0.007 ppb) at pH 8.0. Roughly, the solubility of zinc decreases 100-
fold for each unit of pH increase.

Complexes of zinc wita organic witter occur in flooded soils whose
stability is pH-dependent. Both soluble and insoluble forms have been
identified, although their significance in ndcronutrient nutrition has
not been established.
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Soil pH is an important factor in the occurrence of both iron
deficiency and toxicity in flooded rice. Deficiencies are usually on
alkaline soils* while iron toxicity is most common on acid latosols.
The state of iron in a flooded soil is controlled greatly by the pH and
the Eh of the system. Acid conditions favor the solution of ferric
oxides, hydroxides, and carbonates, and protect ferrous salts from oxi-
dation and precipitation, whereas neutral and alkaline conditions favor
iron oxidation* The most common species of iron in water is ferric
hydroxide (Fe-0 *3H,0), which is usually a solid between pB 5 and 8 and has*• *3 £

a low solubility product of 10~ . la a flooded soil system much of
the iron is in the ferrous form if the pH is below pH 8.3 and t3ie redox
potential is negative. With an Eh of -0.10 V, there would be less than
0.01 ppm dissolved iron at pH 9.0 and approximately 10 ppm at pH 7.8.
Under atmospheric conditions an increase in pH from 3 to 7 results in. a

2 —6drop of ferrous ion concentration from 2.7 x: 10 to 2.7 x 10 ppm and
a corresponding drop in ferric iron concentration from 6.1 x 10~ to
6.1 x 10~ ppm (3). Thus the state and concentration of iron in solution
is highly pH-dependent.

Few studies have been made of manganese, copper, boron, and molybdenum
in flooded soils, t&ngsnese is known to behave similarly to Fe, with solu-
bility Increased by flooding and soil reduction. Water-soluble Mn becomes
the principal ionic species. The reduction process Involves both chemical
and biological entities and manganese transformations, and is strongly
influenced by soil properties, particularly pR, Eh, and soil organic

I «matter. Reduced-acid soils are generally high in water-soluble Mn , which
is further enhanced by a high soil organic-matter content. Alkaline soils
may contain only one-tenth as tench water-soluble Mn as acid soils. Man-
ganese availability usually decreases markedly in the soil solution when
the pH increases above 6.0. The precipitation of MnCO^ may be involved
in its decreased availability (12). In respect to manganese, copper,
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boron, and molybdenum needs, most flooded soils contain sufficient for
the growth of rice.

E. Effects of pH-Carfaoitate-Blcarbonate Equilibration
Chemical eqalibria involving carbon dioxide, bicarbonate, carbonate,

and pH influence sine and iron nutrition, both directly and indirectly.
Carbon dioxide is an active agent in the weathering of soil, which

releases appreciable quantities of cationic constituents as bicarbonates.
Carbonates and bicarbonates in the water and soil are interrelated, the
relative amount of eech being a function of pH. At pH 7.3 the carbon
dioxide is mostly in the bicarbonate form. The most obvious source of
carbon dioxide in rice paddy is the atmosphere. Water in contact with

-4the atmosphere is thus under a partial pressure of 3 x 10 atmospheres.
The amount of carbon dioxide that goes into solution is inversely related
to temperature. Through respiratory processes, plants and bacteria pro-
duce potentially large cnssuate of carbon dioxide, which may be as much as
10 to 100 times es rich as in the atmosphere. Ponnamperuma (12) has shown
that the partial pressure of <X>2 reaches 0.2-0*8 atmosphere within 1-3
weefcs of flooding and then declines to stable values of 0.05-0.2 atmos-
phere.

The incidence of chlorosis in rice associated with iron and zinc
deficiency has been associated with high-pH soils, usually sodic or cal-

•I* IIcareous, but is soinetitsas affected by irrigation water high in Na , Ca ,
and HCOl. Results from various experiments conflict as to whether the
effects of the bicarbonate ion are direct or indirect (17). Among some
plant species HCOl has been shown to decrease overall nutrient uptake of
P, Fe, and Zn (9), and also decreased respiration of root tissue (1956)
decreased enzyme reactions (8) and immobilization of iron (7).

It has been demonstrated that zinc is immobilized in rice roots
in the presence of high concentrations of bicarbonate ion. Yoshida (18)
indicates that the high incidence of zinc deficiency during the early
growth stages of rice oa calcareous soils is related to carbon dioxide
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produced from decomposing organic matter and the resulting high HCO*
concentrations in the paddy.

While the effects of bicarbonate are conflicting, evidence suggests
that bicarbonates are a secondary cause of iron and zinc chlorosis in
plants, mediated through pH buffering and its interactions with other
ions for uptake and utilization.

Iron deficiency in rice is closely associated with the pH of sub-
merged soils. A study (9) of pH, phosphorus, and bicarbonate ions on
rice shoved that pH was the dominant factor in iron chlorosis. At pH
6.0, no chlorosis was produced at HCCC levels up to 5.0 me/1. Iron
chlorosis was severe at pH 8.0 and was further aggravated by the addition
of 2 me/1 of HCO~. Offerman's data (9) suggest that a major effect of
bicarbonate is its buffering effect on pH in the conductive tissue of
the plant and free space in plant roots and stem cells. The effect of
phosphorous levels between 2 and 20 ppm appeared additive to the effects
of high pH and high bicarbonate in causing chlorosis and reducing the
growth of rice seedlings. Iron chlorosis at a high pH (8.0) and high
HCO, levels (5 me /I) could be overcome by increasing the supply of iron.

D. SulfJ.de Transformations
Hydrogen sulfide in flooded soils poses a problem of direct UJS

toxicity to rice by inactivating metabolic prosthetic groups in the
structure of many enzymes and also by lowering the solubility of some
micronutrient elements through the formation of insoluble sulfides. At
pH 6.5-7.5, as in most flooded soils, much of the H-S is present in an
undissociated form and as BS~, but the sulfide concentration is high
enough to precipitate metals if their concentration is around 10 M.
Iron, Zn, and possibly Cu may form insoluble sulfides in flooded soils
through biological transformations of inorganic sulfur compounds (2).
Direct evidence that this occurs in flooded soils is not available,
but the theoretical possibility exists (5).
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Conclusions
Micronutrient deficiencies in flooded rice have been recognized

with increasing frequency in recent years. Zinc deficiency is the most
widespread disorder, followed by Fe, Mn, end Cu deficiencies. Boron and
Mo deficiencies have not been reported in field culture.

The peculiar characteristics of a flooded soil are: 1) a layer of
standing water; 2) absence of oxygen; 3) a soil profile largely in a
reduced chemical state; 4) die presence of large biological carbon
dioxide excesses; 5) the presence of high concentrations of soluble

I» * I 'Fe and Mn ; 6) alteration of soil pH; 7) the presence of toxic
J. .J. | t | t J. J, .substances; 8) increased soluble Na , K , Ca , Mg , NH,, HCO_,

HJPOT, and Si(OH), in the soil solution.
Kicronutrient availability in flooded soils is affected by: 1)

increased solubility of relatively insoluble minerals due to dilution
effects; 2) pH changes in relation to solubility and plant availability;
3) changes in oxidation-reduction equilibria; 4) carbonate-bicarbonate
equilibria; 5) increased ionic activity due to various exchange reactions;
and 6) chemical equilibria involving dissolution, precipitation, sorption,
and desorption phenomena. Some soil end environmental factors associated
with vdcronutrient deficiency in flooded soils are summarized in Table 2.
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?s5>la 1, Sequence of xacuc£,uw f>£ cxicaticn-reduction systems in flooded soils8

Eeectioa

0_ + 4n •+ 4fe • '
H0« + HB0 +• 2e
Kr02 + 4U1" * 2e
Fe(CH)_ + e
Fe(CH)3 + e
CHjCOCOOH •»• 2^" v 2e
CH3CHO + 2H4" 4- 2a
SCj- 4- 1*0 H- 2e4 2
SO?"" + 3H.O + 6e
21T * 2e
CO. + 2H+ * 2e

j.
H,PO, + 2H + 2e
H3P03 •«• 2H+ + 2e
H_PO« 4- K •*• e
P + 3R* 4- 3e

Redox potential E. -

2H.O 0.83
K0~ 4- 20H~ . 0.43
Fn2+ 4 2H20 0.41
Fe2"5" •!• SCI" -0.13
ri(OH). •{• 0? -0.14
t ..w îVSloiitCwOfcfc *«\J «lo

C'3cii2oa -o .19
SO|~ * 2CJ- -0.49
S2" •«- 6 03" -0.20
lg -0.42
1000JE -0.62
HJJO.j 4- H20 -0.70
EjPO^ * H£0 -0.92
P + 2iI20 -0.93
PE, . -0.36

Sequence

0
1
2
3

4

5
6
7

8

aSource: F.N. Ponnainpcruna (10).
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Table 2. Factors contributing to nlcronutrient deficiency in rice.

Factors Boron Copper Iron Manganese Molybdenum Zinc

Low soil content * * * * * *
High pH * * * * *
Low pH * *s * *
Calcareous soil * t *
High bicarbonate * *
High phosphorus * * *
Low temperatures * * *
Low organic natter * *
High organic natter t
Oxidation-reduction t * * T
Micronutrlent Interactions * * * * *
Low light intensity *
High light intensity * * *
Genetic differences * *
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MICRONUTRIENT SOIL TESTS AND PLANT TISSUE ANALYSIS

J.W.B. Stewart1

Saskatchewan Institute of Pedology
University of Saskatchewan
Saskatoon, Canada S7NOWO

ABSTRACT

This paper briefly reviews recent trends in the development
of oicronutrient cation and anion soil tests. Special emphasis is
placed on the need to develop a soil test for zinc which can adequate-
ly predict the change that takes place in the labile soil zinc pool
after the land is flooded for rice production. Reference is made to
the problems of interpretation of plant analysis results, especially
in rice grown under flooded soil conditions.

INTRODUCTION

In the past few years there have been excellent review
publications on the problems associated with toxicity or deficiency
of micronutrients in the soil-plant system. (Lindsay 1972c; Mortvedt,
Giordano and Lindsay 1972; Reisenauer, Walsh and Hoeft 1973; VietS'
and Lindsay 1973). Most of these review articles go to great lengths
to state that our understanding of the role of micronutrients in the
soil-plant system is far from complete and despite the progress of
the last decade, much more research work is required to fully under-
stand the system.

1, Associate Professor of Soil Science (presently on leave to work as
a Technical Expert with UNDP/IAEA Project n? BRA/71/556).
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Fig. I— Diagramatic representation of the dynamic equilibria occurring in soils.
(from Lindsay 1972a)

For instance, in the simplified diagram (Fig. 1) used by
Lindsay (I972a) to illustrate the dynamic equilibrium of a micro-
nutrient in soils, it is evident that we cannot at this time put
rate reaction equations on many of the arrows in the diagram.
Furthermore although arrows 1 and 2 illustrate the movement of ions
to and from the vicinity of plant roots, these flows of ions cannot
be equated with root uptake. Corn (Zea mays L.), rice (Ovyza dativa
L.) and wheat (Tvitium sp) have all been shown strikingly different
resistance to nutrient deficiency within varieties to such an extent
that plant breeders have to screen new varieties for resistance to
specific nutrient deficiency (Brown, Ambler, Chaney and Foy 1972). A
good example of a plant breeding programme having to screen genotypes
for nutritional deficiencies can be found in the work of the Inter-
national Rice Research Institute over the 1970 to 1972 period. Now
new varieties of rice are being screened for resistance to iron
toxicity, phosphorus and zinc deficiencies as well as for resistance
to plant diseases and insect pests, yield potential, etc.(IRRI 1972,
1973).

The role of organic matter and microorganisms (Fig. 1,
arrows 7 and 8) in depleting or supplying ions to the soil solution
is only now being partially understood for the major nutrients (eg.
nitrogen) and the relationship between micronutrients, organic matter
and microorganisms is essentially an unexplored area of soil science.
Stevenson and Ardakani (1972) reviewed work carried out to date and
concluded that progress in this field of research was hampered by a
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lack of knowledge of the complete structures of hutuic and fulvic
acids in soil organic matter and by the lack of knowledge of the
taicrobial turnover of these materials in the soil.

There is much more published material on the solubility of
crystaline minerals and precipitates (Fig. 1, arrows 5 and 6) under
a variety of chemical conditions found in soils (Lindsay 1972a) and
much of the progress to date in micronutrient research has been in
the understanding of their phase equilibrium in the soil*

The uncertainty in the basic soil chemistry of micronutrients
and the analytical difficulty of determining the small amounts of these
elements present in the soil solution have not helped soil scientists
to develop reliable soil tests. Plant analysis has been more popular
as it was often easier to establish (Chapman 1966). Plant analysis,
however, has had to be interpreted with caution owing to many
complicating effects (Aldrich 1973; Chapman 1967; Greer 1972).
Figures 2 and 3 serve to illustrate the principles and practices of
plant analysis for ionic concentrations as they show the theoretical
background to such tests. Despite this complicating effects plant
analysis has had more successful commercial application to micro-
nutrient problems than soil tests.

OPTIMUM YfELO OPERATING

Q
UJ

(K
O

•-YIELD LOSS RAN6E-*

RANGE

OPTIMUM
CONCENTRATION

DEFICIENCY RANGE SUFFICIENCY RANGE EXCESS RANGE
NUTRIENT CONCENTRATION ———»~

Fig. 2:- Schematic graph of yield or growth of a crop
as related to nutrient concentrations and interpretive
ranges (Chapman, 1967)
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Fig. 3:- Influence of time and physiological maturity
of crop ott zinc concentration in cereals (adapted from
Tahis, 1969)

Soil Tests

Soil tests are carried out to separate deficient and non-
deficient soils so that corrective measures can be employed. To
achieve this, a soil test should meet the following criteria:-

1) ... it should extract nutrient from the soil labile
pool as plants do, so that it reflects the amount of
the nutrient in the soil solution (intensity) and the
capacity of the soil to replenish nutrients removed
from the soil solution by plants. It should therefore
reflect changing nutrient supply in the soil caused by
fertilization, crop removal and environmental factors
(Viets and Lindsay, 1973).
2) ... it should be simple, reproducible in different
laboratories, inexpensive to operate and easily
adaptable to routine procedures.
3) •<. finally, it should be calibrated to existing
environmental conditions for specific crops.

Soil Tests for Micronutrient Cations - Copper, Iron* Manganese and Zinc.

This subject has been revised in detail by Viets and Lindsay
(1973) and need only be treated in summary from here. The available
micronutrient cation status has been measured by biological assay or
chemical extraction methods with most of the current emphasis on
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chemical extraction methods particularly those using chelates. Total
soil micronutrient content has been of little value (Chapman 1966) in
predicting plant deficiency. Available soil micronutrient cation
content has been predicted by regression equations which relate plant
available cations to soil chemical characteristics such as pH, organic
matter and/or clay content (Martens 1968, Stewart and Tahir 1971)
although this approach may only be of value on soils derived from
similar and uniform parent material within a specific environmental
zone.

Chemical extraction methods involving the use of salts,
acids or sequestering agents have proven quicker and more practical
as routine laboratory soil tests than biological assay methods. In
the last decade, there has been an increase in the use of chelating
agents as more is known about their chemistry and their reaction
with other cations in the soil solution (Alley* Martens, Schnappinger
and Hawkins 1972; Follett and Lindsay 1971; Lindsay and Norvell 1969;
Norvell 1972; Trierweiler and Lindsay 1969; Viets and Lindsay 1973).
Lindsay (1972) states that some chelating agents effectively react
with the labile cation content in the soil forming soluble complexes
that can easily be extracted and measured by direct atomization of
the filtrate into an atomic absorption spectrophotometer.

Much has been made of the fact that both chemical and chelate
methods remove much more cation from the soil than does the plant.
(Soil/plant ratios:- Zn 4.0 to 123:1, Mn 1 to 685:1, Cu 14 to 82:1,
Fe 8.7 to 549:1, of Table 1 Viets and Lindsay 1973). However, this
type of ratio can be rationalised by the fact that the plant contacts
less than 5% of the total soil volume, whereas the extracting solution
has access to it all, and by the fact that the diffusion rate of the
micronutrient cation in soil is such that relatively small amounts of
the total available zinc in the soil arrive at the root surface.
(Warncke and Barber 1972).

Two other mechanisms of measuring the labile pool have beau
proposed but both have more application in the testing of new methods
in the research laboratory than in a routine soil test laboratory.
They involve the use of radioactive isotopes (Lopes and Graham 1970,
1972, 1973; McClaren and Crawford 1974; Tiller and de Vriees*1972j
Tiller and WassermaKl972) to measure the isotopically exchangeable
(E value) cation content and an application of the Q/I relationship
for cations to determine critical cation activity relationships
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(reviewed by Beckett 1972). Both these methods aie invaluable in
understanding basic soil processes and are discussed in detail in Dr.
Tiller's paper to this meeting.

The most commonly used reagents are. listed in Table 1, In
any one area, the method in use will depend not only on the ease of
analysis, but also on the background research relating plant content
and response to extractable levels. It is impossible to predict that
any one method will be superior to the rest in any one environment
without this type of field correlation work.

A good example of the problem of applying methods developed
under one set of soil conditions to another, can be found in the
recent discovery of zinc deficiency in flooded rice soils (IRRI 1971;
Yoshida, Forno and Bhadrachalam 1971; Yoshida and Tanaka 1969). The
first problem was to ascertain the validity of measuring available
zinc in air-dried soils to the laboratory and relating this to plant
available zinc in flooded soils. The visual symptoms of zinc de-
ficiency (IRRI report 1971; Tanaka and Yoshida 1970) generally appear
in the field 5 to 6 weeks after transplanting and persist for another
6 to 8 weeks.. Measurement of zinc in the soil solution show that it
decreases during the first month after submergence of the soil.
During this period the pH of the soil rises, organic matter decreases
and phosphate availability rises. The decrease in organic matter is
accompanied by a rise in dissolved Carbon dioxide pCOa (atm.) in the
soil solution. All these factors can interact to depress the con-
centration of Zn in the soil solution (IRRI Annual Report 1971;
Ponnamperuma 1972). The zinc content of the plant has been found to
reflect the operation of all these factors as shown by the develop-
ment of a regressive equation which predicted Plant zinc, using pH,
organic matter, available P and zinc concentration in the soil
solution just after submergence (IRRI 1971). However, during the
first 6 to 12 weeks after a soil is submerged, the system is not at
equilibrium and the depression of Zn solubility in solution may not
be constant. Stewart et al, (1972) found that plants sampled at 3
to 5 weeks after transplanting on zinc deficient soils had less than
IS ppm Zn. However, at 6 to 8 weeks after transplanting normal plant
growth resumed and the plants at this time were found to contain 30
ppm Zn. These results indicated that in these particular soils, the
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availability of zinc was depressed for a period of 6 to 8 weeks.
However, this was sufficient to delay maturity, reduce tillering
and subsequently yield. Furthermore, additions of zinc, at rates

tof 10 kg Zn/ha prevented any deficiency symptoms or loss of yield.
Further evidence to support the rate of dissolved COa as one of the
causes of zinc deficiency in flooded soils has been observed in green-
house experiments where the addition of a high energy carbohydrate
such as glucose induced zinc deficiency symptoms in rice in flooded
soils (IRRI 1971).

Initially, zinc deficiency was thought to be associated in
flooded soils as in upland soils with a high soil pH, but zinc de-
ficiency has been found in flooded soils of low pH values. Other
factors that have to be considered are soil organic matter, content
and available phosphate levels (IRRI 1971). Some success has been
claimed for chemical extractants and for chelates (IRRI 1973; Stewart
et al. 1972) hut these will serve to differentiate the extremes only*
Consideration will have to be given to inclusion of organic matter
and pli to supplement extractable zinc information in soil test methods.
This problem needs to be clarified by further research.

This problem of developing reliable soil tests to delineate
possible zinc deficiency in flooded soils serves as an example of the
difficulty of developing any one soil test method to cover all
environmental conditions. Viets and Lindsay (1973) recognize this
fact, but imply that more progress will be made in the long run by
using a method that meets certain theoretical considerations (such as
the DTPA method) and then to examine in on a wide enough basis so
that sufficient calibration data is available to test its usefulness.
Different crop species and different varieties within species make
calibration difficult in addition to all the environmental variations
which have to be considered.

Micronutrient Aniojns - boron, molybdenum and chlorine

The soil tests that are used currently for the micronutrient
anions have recently been reviewed (Reisenauer et al. 1973) and only a
few extra summary comments are needed at this time.

Boron deficiency and toxicity in common soil and plant
disorders have been identified for many years, and consequently have
a wealth of background data. The level of available boron (generally
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measured by hot-water extraction, Berger and Truog 1940) has been
found to be affected by pH, % organic matter, % clay and % of sesqui-
oxides in the soil (Reisenauer et al.!973),Crops vary in their tolerance
to boron deficiency or toxicity and in their ability to absorb boron
from the soil.

The widely used soil test for boron (Berger and Truog 1940)
requires that a 1:2 suspension of soil and water is refluxed for 5 to
10 minutes and the solvated boron measured colorimetrically. Two
recent adaptations are also in use. Wolf (1971, 1974) proposed that
the extractant could be changed to cold 1 N NaOAc (pH 4.5) with sub-
sequent ease of extraction and that Azomethine U x*as a quicker and
more reliable colorimetric agent than Curcumin. Also the method of
Azomethine II for the measurement of boron concentration can easily be
adapted to autoanalyser equipment (Gupta 1972). Gupta (1972) also
found that these methods were valid in chernozemic soils (7th Approxi-
mation USDA Alf.asoils and Mollisoils) and that extraction with Morgan's
reagent (1 K NH«»OAc at pH 4.8) correlated well with the hot water
soluble boron method.

Available molybdenum in soils has been segregated (Reisenauer
et al. 1973) into three classes. These are levels at which crop
response to molybdenum fertilization is obtained, levels at which
forage toxic to cattle and sheep is produced, and levels at which
plant growth is reduced owing to excessive supplies of the element.
Although many soil test methods have been used, many have proven un-
suitable, mainly because they do not reflect the effect of soil pH on
molybdenum availability. Reisenauer et al (1973) reviewed the many
methods in the literature and suggested that water soluble (cold for
detecting toxic levels, hot water refluxing for distinguishing
deficiency), acid ammonium oxalate, anion exchange resins and
microbial assay (using Aspergillus niger} methods could all be used
but each would require careful correlative studies to prove their
validity in specific soil and environmental conditions.

Chlorine has generally been overlooked in nutrient studies
in comparison to the other micronutrients despite the fact that it
is an easy element to extract from soils (in water) and to determine
chemically. The subject has been reviewed by Eaton (1966), Reisenauer
et al. (1973) and Stout and Johnson (1965).
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Plant Tissue Analysis

Plant analysis has been widely used as an aid in the diagnosis
of the nutrient status of crops and the soils in which they are grown*
It is popular because it is the logical means of determining plant
available nutrients in a soil and because it is easy to obtain results.
However, results can be very misleading and great care has to be taken
in their interpretation. Good general reviews of the problems encounter-
ed have been published (Aldrich 1973; Greer 1970; Jones 1972; Jones and
Steyn 1973; Munson and Nelson 1973) and it is not necessary to repeat
them here. Instead emphasis will be placed on problems associated with
zinc deficiency in rice.

The problems facing any research worker in sampling rice
could be listed as follows:

a) Contamination problems.
b) Plant part to be sampled.
c) Varietal difference in uptake.
d) Time of sampling.
e) Ion interaction in the soil.
f) Ion interaction in the plant.

Contamination problems in plant analysis cannot be over-
emphasized. Earlier workers with micronutrients (Mitchel 1960)
pointed out very clearly the danger of sample contamination from the
collection of the sample in the field, washing, drying and grinding
of samples to the analytical procedure. ,Soil Zn 'to Plant Zn ratios
are in the range of 10:1, and could cause problems, but care also has
to be taken with sampling, carrying containers, drying trays and
grinding methods*

The specific plant part to be sampled must be clearly
identified and strictly adhered to in all sampling. Singh and
Steenberg (1974a) investigated the distribution and translocations of
zinc in maize and barley plants grown on a soil which had been over-
limed. They found that zinc concentration was higher in nodes than
in internodes, and higher in young emerging leaves compared to older
leaves. Similarly, Jones (1969) reports the concentration of zinc
and other elements in whole leaves, margins, midribs and leaf blade
of corn and found a twofold difference between the Zn concentration
in the midribs (16 ppm) and the blade (34 ppm) with midrib and blade
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reiaoved. This type of information is not presently recorded for rice,
but presumably the same sort of distribution exists making it essential
to sample either the whole plant and to ensure that the grinding is
fine enough to be adequate, or to sample a particular part of the plant
at the same growth stage,

With rice, the time of sampling may be even more important owing
to the change that takes place on ion availability in the soil at the
onset of flooding (Ponnatnperuma 1972). The onset of flooding causes
a rapid rise in pH, pCOa, available P and other ions during the first
few weeks. All these factors have been found to affect the availabi-
lity of zinc. Stewart et al. (1972) found that the zinc content of rice
plants was as low as 10 ppm 17 days after transplanting (approximately
5 weeks after the submergence of the soil) bub the same plants had a
zinc concentration of 31 ppm 37 days after transplanting (8 weeks from
the submergence of the soil). During the period from the onset of
flooding to resumption of normal growth, zinc in the soil solution had
been lowered for a temporary period. The interaction of these effects
(P, COz, pH, Mn content) on the zinc availability needs clarification
under flooded soil conditions. In upland soils, these effects have
been partially clarified and reviewed (Olson 1972) although the inter-
action between ions is not fully understood. Recently Singh and
Steenberg (1974c) found that manganese levels in the soil could
influence plant zinc concentration but that the converse was not true.

Varietal difference in uptake and differences between plant
genotypes in zinc uptake has been recognized (Brown et al. 1972; Gior-
dano and Mortvedt 1974) to the extent that plant breeders are taking
this into account in the selection of new rice varieties (TRRI 1971,
1972, 1973). Soil scientists also have to become cognizant of these
differences both in the development of soil tests and in the correlation
of soil test with plant response.

Conclusion

During the past decade much progress has been made in the
development of micronutrient soil tests and in understanding the
concentration of micronutrients found in plant material. Most of the
work has been carried out with soils that are aerobic during the
growth period of the plant. The role of micronutrients in the growth
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of rice under flooded soil conditions is less well understood and will
need careful research work. Research work to date on the problem of
zinc deficient rice soils has served to outline some of the difficulties
in developing soil tests to delineate such soils. It would appear
that an efficient zinc test for flooded soils will have to be a
combination of a chelate extraction and a consideration of other soil
chemical and physical characteristics such as pH and Z organic matter
to adequately predict the change that takes place in soil solution .
zinc after the onset of soil flooding. Similarly, plant analysis
will have to be used with caution under changing soil environmental
conditions.

Zinc may of necessity be the first micronutrient tackled
in this study, but the opportunity should be taken to obtain back-
ground information on all the micronutrieats as simple analytical
methods are already in the literature and could be used.
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Table 1. Micronutrient cation extractants that are coiqnonly used

Element
Copper

Iron

Manganese

Zinc

Extractants

0.05 M CaCl2
O.I N N1UN03
1 N NHijOAc (+Dithizone)
0.1 N HC1
EDTA-(NHO2C03
EDTA - various strengths
0.005 M DTPA

1 N NHtfOAc (pi! 4.8)
EDTA-(NHO2C03
0.005 M

Exchangeable
Exchangeable and reducible
0.01 M CaCl2
1 N NlUQAc (+0.
EDTA~(NHO2.C03
0.1 N HsPO*
0.005 M DTPA

Hydroquinone)

0.01 N HC1
0.05 N EC1
0.1 N HC1
2 N MgCl21 N NBUOAc (-i-Dithizone)
EDTA - various strengths
EDTA -
0.005 M DTPA

Corn, Cereals, Rice
Cereals
Corn, Cereals, Rice
Corn, Cereals
Corn, Cereals, Rice
Cereals
Corn
Cereals

Oats
Oats
Cereals
Oats
Cereals
Corn
Rice
Corn
Corn, Rice
Corn, Cereals
Barley
Corn, Cereals, Rice
Corn, Cereals, Rice

Reference
McClaren and Crawford 1974
Viets 1967
Viets and Lindsay 1973
Stewart 1969, Viets 1967
Trierweiler and Lindsay 1969
Viets and Lindsay 1973
Lindsay and Norvell 1969
Viets 1967
Trierweiler and Lindsay 1969
Lindsay and Norvell 1969
Adams 1965
Adams 1965
Hoyt and Nyborg 1971
Adams 1965
Treirweiler and Lindsay 1965
Hammer 'and Berger 1960
Lindsay and Norwell 1969
Trierweiler and Lindsay 1965
IRRI Ann.Rep. 1973
Viets and Boawn 1965
Stewart and Berger 1965
Shaw and Dean 1952
Jens en and Laimn 1961
Treierweiler and Lindsay 1969
Lindsay and Norvell 1969

* Reference given is not necessarily the original of the method*
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MICRONUTRIENT DEFICIENCIES IN CROPS: CAUSAL FACTORS AND CORRECTION

Paul M. Giordano
National Fertilizer Development Center

Tennessee Valley Authority
Muscle Shoals, Alabama USA

INTRODUCTION

During the past quarter century the need for micronutrients in
crop production has been veil established and the literature abounds
with documented research in disciplines ranging from geochemistry to
plant physiology to animal nutrition. This coordinated effort has
resulted in significant yield increases in numerous crops with large
acreages previously considered to be unproductive made productive.
Further, development of techniques and analytical equipment in recent
years has permitted the identification of many incipient deficiencies
which previously would have been overlooked.

In 1971 a symposium was held in Muscle Shoals, Alabama! USA,
cosponsored by the Tennessee Valley Authority and the Soil Science
Society of America, which summarized a wide variety of subjects pertaining
to micronutrients. The proceedings were subsequently published in a
text entitled Mlcronutrients in Agriculture. The present paper will
cover topics discussed in several chapters from this text, in addition
to more recent developments relating to micronutrient investigations.

REACTIONS OF MICRONUTRIENTS IN SOILS

Geochemically, the six micronutrients that will be discussed
<B, Cu, Fe, Mn, Mo, Zn) comprise a varied assortment (12): B and Mn
(lithophile), Zn (lithophile and chalcophile), Cu and Mo (chalcophile
and siderophile), Fe (lithophile, chalcophile, and siderophile). In
terms of abundance in the lithosphere, Fe is ubiquitous, averaging about
56,000 ppa, while Mo is the least abundant, averaging less than 2 ppm.
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Despite the wide diversity of these and other chemical proper-
ties, Viets (20) has postulated five chemical pools for the cationic
ndcronutrients based on solubility, exchange reactions, and chemical
forms. The concept is depicted in Fig. 1. The water-soluble fraction
(A) includes the nonadsorbed and the adsorbed ions on suspended colloids
present in the soil solution or a water extract. This pool is negligible
for Zn and Cu and low for Mn and Fe in aerated soil (< 1 ppm). Whereas
low redox potential or poor aeration found under paddy conditions results
in large increases in solution Mn and Fe, Zn and Cu are relatively
unaffected.

Pool B, which includes the H20-soluble in addition to the
weakly exchangeable fraction, is also small for Zn and Cu. However,
this fraction is often used to estimate Mn availability. Pool C differs
from Pool B in that the ions are held more tightly, thus requiring
displacement with chelating agents or through the mass action of other
cations with similar affinities* Significant amounts of Zn, Cu, and Mh
are found in this pool providing the basis for numerous tests for nutrient
availability. As indicated in Fig. 1, Pools A, B, and C are in reversible
equilibrium with one another.

Pools D and E are separated by a dotted line to signify the
difficulty in separating them chemically. The secondary minerals (D)
include weather-resistant precipitates and clay lattices which contain
various micronutrient cations in isomorphous substitution for Al and Si.
This fraction is not easily extractable and probably does not contribute
directly to the plant-available supply. However, an equilibrium, although
slow, likely exists between Pools D and C.

Although Pool £ is not in reversible equilibrium with the
other poc?s, its main contribution is to Pool A through weathering. The
size of this pool (E) would be greater in arid or <:emiarid soils than in
highly weathered soils often prevalent in rice-growing areas. Stability
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of the secondary minerals of Pool D to weathering suggests that this
fraction would be significant in flooded soils.

Boron and Mo are present in soil as anions. However, Viets
indicates that B as the primary mineral tourmaline occurs in Pool E.
The more immediately available form is that which is complexed by humus
in Pool C. In contrast, Mo probably exists in all pools.

When a micronutrient fertilizer is applied to the soil, its
availability is largely dependent upon the rate of reversion and distribu-
tion in the various pools. This concept explains the ineffectiveness of
inorganic Fe applications to calcareous soils for correction of chlorosis

»
in certain upland crops, since the Fe passes rapidly from Pool A to
Pool D. Use of certain stable Fe chelates is therefore necessary to
prevent this reaction. In contrast, application of soluble Zn sources
results in a rapid transfer to Pool C, which is soluble in dilute acids
such as 0.1 1S[ HC1. Consequently, less soluble sources, such as ZnO and
ZnCOa, are usually effective for plant utilization. The greater effi-
ciency in plant uptake of Zn applied as a chelate is attributed to
minimized soil reaction and, thus, more Zn being present in Pools A
and B.

FACTORS AFFECTING MICRONUTRIENT AVAILABILITY TO CROPS

In addition to naturally occurring reactions in soils which
tend to limit the amount of micronutrient which is available for plant
uptake, other factors contribute favorably and unfavorably to micro-
nutrient availability. Among the more important soil properties that
influence plant availability is soil pH. With the exception of Mo,
micronutrient availability tends to increase with a lowering of soil pH.
Accordingly, band application of acid or acid-forming fertilizers, such
as concentrated superphosphate and various sources of N, increases the
solubility, especially of Zn, Cu, and Ma. Deficiency of Fe is also
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strongly pH-dependent, but application of acid fertilizers is of little
benefit. Recently, however, the use of relatively high rates of H2SO*
has been successful in correcting chlorosis in rice grown in the southern
region of the USA. Apparently B availability in soil is decreased by
liming due to a Ca/B imbalance in the plant rather than to soil
immobilization.

As mentioned earlier, Mo deficiency may be corrected rather
than enhanced by liming. Normally Ho deficiency is not observed in
soils with pR values above 5.5. Although the explanation for this
beneficial effect of liming on Mo availability is obscure, it has been
suggested that hydroxyl ions may release molybdate ions from soil colloids,
thus increasing plant availability of the Mo.

Another factor affecting availability involves interactions
and antagonisms among micronutrients as well as with various macronutri-
ents. This subject was reviewed in detail by Olsen (17), who indicated
that interactions can be beneficial or detrimental. For example, addition
of lime can increase Mo availability, whereas excess uptake of Zn may
interfere with Fe metabolism.

Evidence of numerous interactions can be found in the literature
including Zn-N, Fe-P, Cu~P, Mo-P, Mo~S, B-Ca, Zn-Fe, Fe-Mo, Cu-Fe, Cu-Mo,
and Cu-Zn. Perhaps the interaction receiving most attention, however,
involves Zn and P. Several theories have been presented to explain the
effect of P fertilization on Zn uptake. There include (i) interactions
in the soil, (ii) effects on translocation, (iii) dilution effects, and
(iv) physiological effects. The literature contains data to support
each concept and it is likely that a combination of factors is related.
Attempts to relate P/Zn ratios to nutritional status have been largely
unsuccessful. Giordano and Mortvedt (4) presented data to show that
P/Zn ratios were not necessarily indicative of nutrient deficiency.
These values reflected relative amounts in the plant which were in
excess of critical levels.
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Apparently depression of Zn uptake by P occurs to a greater
extent in aerated than in flooded soils (6). Results from greenhouse
pot tests and field experiments in the Philippines concur that P-Zn
interactions are insignificant in flooded soil.

Moisture also influences the availability of certain micronutri-
ents. Lal and Taylor (13), shewed that soil drainage in lysimeters
increased uptake of Zn, Cu, and B but decreased uptake of Fe, Mn, and Mo
by corn. Although flooded soils tend to contain high levels of Mn 2,
slight increases in pH within the range of 6.5 to 7.5 reduce soluble Mn
drastically. The controversy as to whether Zn availability to rice is,
greater in flooded or upland soil also is probably related to changes in
soil pH upon flooding.

Light and temperature effects on Zn nutrition are well documented.
Ozanne (18) demonstrated a greater Zn response by subterranean clover
under conditions of longer day length and greater light intensity.
Lucas (14) also has observed that Zn deficiency in Michigan (USA) often
is more severe when light intensity is moderate and soil is cool and
wet. Martin, McLean, and Quick (15) found that P-induced Zn deficiency
in tomatoes occurred only at low temperature in soils low in available
Zn. Sharma, McLean, and Quick (20) obtained similar results on rice.
Furthermore, at 15°C, applied Zn increased Zn concentration in roots but
translocation to tops was negligible. Short-terra uptake experiments (9)
indicate that Zn uptake by rice is a metabolically mediated process and
that presence of other ions in solution can influence absorption and
translocation of Zn in young seedlings.

The practice of land leveling for irrigation of upland crops
and for paddy establishment has resulted in removal of large amounts of
micronutrients contained in the organic matter of the surface soil.
Since Zn, Cu, and Fe are relatively immobile in soil, removal of this
surface layer has depleted much of the reserves.
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Another management practice that has led to Zn deficiency of
rice in Louisiana (USA) is rotation of rice with soybeans. Lime applied
to the soil for soybeans has resulted in Zn deficiency in areas which
previously did not have a problem.

CORRECTION OF MICRONUTRIENT DEFICIENCIES

Although fertilization with micronutrients is the most widely
accepted procedure for correcting micronutrient deficiencies, several
researchers, especially Brown (2), have recently been exploring the
possibility of manipulating genetic variability to tailor plants to fit
problem soils. There has been some success in selecting genotypes which
are more efficient than others in absorbing, transporting, and metaboliz-
ing certain micronutrients.

Brown and others have demonstrated differential responses
among numerous species and genotypes to B, Cu, Fe, Mh, Mo, and Zn (1).
Possibly Fe has received the most attention because of the difficulty in
correcting the deficiency through soil fertilization. In the Great
Plains area of the USA both Zn and Fe present nutritional problems on
calcareous, irrigated soils. Large acreages of grain sorghum suffer
considerable economic losses each year due to Fe deficiency. In contrast,
corn is more tolerant to low Fe and perhaps should be grown to a greater
extent in these problem locations. Where Zn deficiency is the major
concern, sorghum is the preferred crop because of its tolerance to low
Zn.

In recent years varietal differences in growth of rice and
response to Zn have been reported in the USA (8) and the Philippines
(11). Greenhouse pot studies by Giordano and Mortvedt (8) showed that
rice cultivars differ in degree of response to low Zn supply. Further,
certain cultivars are better adapted to upland conditions than others on
soils where Zn is limiting. There was some indication in this study
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that early maturing cultivars are more likely to exhibit Zn deficiency
than the long-season types.

Even when selected on the basis of tolerance to a nutrient deficiency,
!the yield potential might be low. Ellis (3) observed that among navy

bean cultivars, Sanilac was more susceptible to Zn deficiency than
Saginaw. However, when fertilized with Zn, Sanllar yielded higher than
Saginaw. Greenhouse experiments by Giordano and Mortvedt (4) showed
similar results when several corn hybrids were compared with respect to
Zn response.

Ideally the concept of tailoring plants for adaptation to soil
conditions is attractive. However, the use of fertilizers is the most
practical and effective means for preventing or counteracting nutrient
deficiencies. Although micronutrient requirements by most plants are
quite low, efficiency of utilization of soil-applied micronutrients is
also low.

The four general classes of micronturlent sources are (i)
inorganics, (ii) synthetic chelates, (iii) natural complexes, and (iv)
frits. Selection of a micronturient source depends upon such factors as
the proposed method of application (foliar or soil), soil characteristics
(texture, pH, organic master content), and composition of the carrier or
other fertilizers with which it is to be applied. Inorganic sources are
generally the least costly and are the most widely used sources for both
foliar and soil application. Chelates and natural complexes are more
expensive but may be advantageous where inorganic sources are ineffective.
Where either inorganic or chelated micronutrients could be used, it is
questionable whether the usually greater efficiency in uptake of certain
chelated micronutrients is commensurate with the higher cost. Though
low in solubility, fritted micronutrients are useful mainly in acid
sandy soils where leaching from the root zone is a problem.

Since the concentration range between deficiency and toxicity
of some micronutrients is very narrow for certain crops, a uniform
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application is extremely important. (Ve method by which this can be
accomplished is the addition of small amounts of micronutrients to
granular or fluid macronutrient fertilizers. Although this method may
be more costly, it eliminates the problem of segregation often encountered
with blended materials.

When incorporating micronutrients into macronutrient carriers,
chemical or physical changes can occur which may increase or decrease
availability to plants of the contained nutrients (5). Recent field
trials in the USA indicate that ferrous sulfate incorporated into fluid
ammonium polyphosphate fertilizers may be effective in reducing the
severity of Fe deficiency in sorghum growing on calcareous soils. In
contrast, several studies (5) have shown that a plant-available source
of Mn, manganese sulfate, becomes unavailable when combined with polyphos-
phate fertilizers due to formation of an insoluble reaction product.

In general, parameters which influence the effectiveness of
various micro - macronutrient fertilizers for upland crops are of less
importance when considering flooded soils for rice. Several macro-
nutrient fertilizers which were ineffective as carriers of Zn for corn
were satisfactory for rice despite the low water solubility.

If compatible combinations are selected, both granular and
fluid fertilizers are suitable for incorporation of micronutrients.
Solid fertilizers can be prepared by granulating the micronturlent
source alone or incorporating it with or coating it on a granular macro-
nutrient carrier. In most instances concentrations of the micronutrient
in or on the carrier should range from 1% to 3% to provide uniform
distribution at normal application rates. Granular inorganic sources of
B, Cu, Mn, and Zn have been used successfully, whereas granular sources
of Fe have been ineffective. The low requirement for Mo has restricted
its use to seed treatment or spray application.
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Fluids nay offer some advantage over granular fertilizers as
carriers of micronutrients in that they are normally easier to formulate
and distribute uniformally. The limitation "Of solubility can be counter-
acted in part through the use of suspensions rather than clear liquids.
However, the need for specialized application equipment is an Important
consideration in many areas.

The remainder of this paper will consider such methods of
micronutrient application as soil, foliar, and seed treatment. Each
micronutrient will be considered individually with respect to recommended
sources and rates for various crops, residual benefits* and toxicity
from excessive application. Tables 1 and 2 list several of the common
sources of each micronutrient and rates for soil application to various
crops. A more complete listing can be found in the chapter by Murphy
and Walsh (16) from which these abbreviated tables were prepared.

Boron
Boron deficiency is often associated with acid sandy soils.

The requirement for B is considerably less among mono- as compared to
dicotyledonous plants. Although the exact function of B in plant metabo-
lism has not been resolved, deficiency in some plants results in abnormal
meristematic action of the growing top. According to Yamasaki (24) the
requirement for B by rice is very low and economic losses due to deficiency
have not been reported, at least in Japan.

The optimum rate of B application to soil depends upon factors
such as plant species, rainfall, soil conditions, and cultural practices.

!Usually B requirements are somewhat higher for legumes and root crops
than for other crops, with broadcast application preferred over band
applications in most situations.

The use of B in pesticide sprays has been accepted as a common
practice for use on perennial crops. Repeated foliar applications to
tow crops also have been effective in preventing and correcting B defi-
ciency.
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Buildup of B from repeated applications of inorganic B is
unlikely in problem soils, since these soil.* are usually sandy and B is
easily leached from them. However, B frits could provide some residual
benefit due to the low solubility of these materials. The range between
deficient and toxic levels of B is rather narrow, although there is some
variation in tolerance among plant species. Therefore, band applications
of soluble forms of B should not be made close to the seed.

Copper
Copper deficiency is generally restricted to sandy or highly

organic soils, such as peats and mucks. Small grains are usually more
susceptible to Cu deficiency than most other crop species. Pot experi-
ments in Japan indicate that the range between deficiency and toxicity
of Cu in rice is very narrow (24). Although Cu applications are seldom
recommended for rice, isolated occurrences of Cu deficiency have been
identified.

Copper sulfate is the most widely used source of Cu for soil
application. In addition several organic sources of Cu, CuEDTA, Cu
ligninsulfonates, and Cu polyflavonoids, have been marketed in recent
years. Although the recommended rates are somewhat less than for copper
sulfate, the cost is generally still higher. However, these materials
are more suitable for foliar application, since they produce less leaf
injury.

Research conducted in Russia indicated a favorable yield
response to Cu dusted on the seed as copper sulfate. Another Russian
investigator claimed that vetch seed soaked in a 1% solution of copper
sulfate produced a significant yield increase. Tradionally, however,
seed treatments, except with No, have not been adopted.

Since the mobility of Cu in most soils is low, the residual
effect of moderate to high application rates is considerable. Even
sandy soils which have received repeated applications of Cu from fungicide
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treatments accumulated Cu in sufficient quantity to be toxic to subse-
quent crops. Where Cu is required for optimum plant growth on muck
soils, an application of 20-40 kg of Cu per hectare is adequate for
5 years or more. Indiscriminate use of Cu resulting in toxicity creates
a more serious problem than deficiency. Numerous antagonistic effects of-
Cu on uptake of other ions, including Fe and P, have been reported.

Iron
Generally, Fe deficiency is most prevalent in calcareous

soils, especially those which have been leveled for irrigation or paddy
establishment. Many crops, including beans, sorghum, fruit trees,
grasses, legumes, rice, and vegetables, exhibit varying degrees of
chlorosis when the supply of available Fe is low. Other than Zn, Fe
deficiency is probably the most serious micronutrient disorder in rice.
Iron-deficient soils *.re widespread in Japan and are referred to as
Akiochi soils (24). Where deficiency is severe, a complete loss in
stand may occur within 4 to 6 weeks after emergence.

As mentioned earlier, soil application of inorganic Fe sources
for upland crops is rather ineffective. However, Westfall, Anderson,
and Hodges (23) found that an application of 100 kg of Fe per hectare as
ferric sulfate was effective in increasing rice yields and correcting
chlorosis; organic sources were less effective. Although certain chelates,
especially FeEDDHA, are stable in calcareous soils and remain available
for plant uptake, the cost of these materials for application to crop
land is prohibitive. However, for high cash crops such as citrus, these
materials can be used with an economic advantage. Inclusion of ferrous
sulfate in fluid polyphosphate fertilizers has shown some promise in
greenhouse pot tests with grain sorghum, but results in the field have
been variable.

Foliar application of Fe is the most accepted method for cor-
recting Fe nutritional problems. However, Fe deficiency develops in
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most crops when the plants are very young and there is often insufficient
foliage to intercept adequate amounts of the spray to completely eliminate
the deficiency. Thus, foliar application of Fe would probably be ineffec~
tive for rice, since chlorosis is usually evident when the first true
leaves are formed. Up to three spray applications of a 3% ferrous
sulfate solution may be necessary for crops such as sorghum if the
deficiency is severe.

The possibility of supplying Fe during sprinkler irrigation is
being explored. With such a system, chelated forms of Fe may be more
effective, since reaction with sprinkler components and water of question-
able quality would be minimized.

Dipping of rice seedlings in ferrous sulfate solution may
offer a relatively inexpensive means for supplying Fe to transplanted
rice. This system has been used with considerable success in treating

•*rice roots with ZnO suspensions (7, 26). It is conceivable that a small
amount of Fe applied to the roots at transplant may be sufficient, since
plants have been observed to outgrow the deficiency if it is not severe.

Although the residual effects from application of Fe sources
are nil due to rapid oxidation in soil, toxicity has been observed in
submerged acid sandy lateritic soils and in peat or boggy soils. Liming
and drainage are perhaps the most effective methods for counteracting
the toxicity, although the use of increased P and K, urea, and resistant
varieties of rice also have been suggested (Yoshida, unpublished).

Manganese
Manganese deficiencies are usually associated with calcareous,

well-drained soils, although some soils high in organic matter content
are also deficient. Small grains and large-seeded legumes are especially

sensitive to low Mn supply. Manganese is required in comparatively
large amounts by the rice plant. Although not a constituent of chlorophyll,
large quantities of Mn are found in the chloroplast. Apparently the
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rice plant has adapted to high concentration of Mn occurring in flooded
soils with low redox potential, since the requirement is about 10 times
that of barley and wheat (24). As with Fe, deficiencies of Mn are
related to Akiochi soils of Japan. Manganese deficiency also is common
on upland grown rice.

Manganese sulfate is widely used for both soil and foliar
application. Band applications of manganese sulfate or oxide, preferably
with acid-forming fertilizers, are more effective than broadcast treat-
ments due to the rapidity of Mn oxidation in soil. Accordingly, less Mn
is required when band applied. The use of MnEDTA on Mn-deficient organic
soils has not been effective. Apparently Fe substitutes for Mn in the
EDTA molecule with a resulting increase in Fe uptake. Whereas polyphos-
phate fertilizers are more effective carriers of Fe and Zn than are
orthophosphate fertilizers, the opposite is true for Mn. When manganese
sulfate or oxide reacts with polyphosphate fertilizer* a product of very
low solubility forms, which is unavailable for plant uptake.

Manganese deficiency on onions, soybeans, oats, and fruit
crops is easily corrected by spray application of low rates of manganese
sulfate or MnEDTA. Some results indicate that approximately one-half as
much MnEDTA as manganese sulfate is necessary in foliar sprays to attain
comparable yields of soybeans.

Applications of relatively high rates of Mn have seldom provided
significant residual benefits in field trials on soils of pH 6.5 or
higher. However, Mn toxicity is not uncommon in acid or waterlogged
soils.

Molybdenum
In contrast to the other roicronutrients, Mo deficiency occurs

on acid sandy soils and acid organic soils. Often the deficiency is
associated with soils high in free Fe20». Since Mo is required for
normal assimilation of N in plants, legumes are especially susceptible
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to deficiency. The rice plant has an extremely low requirement for Mo
with toxicity occurring at tissue concentrations of less than 2 ppm (24).

Since very low rates of Mo are needed to prevent deficiency,
most methods of application including seed, foliar, and soil treatments
are effective* Sodium and ammonium molybdate are soluble sources of Mo
and they are the most commonly used materials. Less soluble sources,
such as molybdenum trioxide and Mo frits, have also been used successfully,
In many situations application of lime to acid, Mo-responsive soils is
as effective as applying a Mo fertilizer.

Applications of Mo to provide residual benefits are not recom-
mended, since toxicity, mainly to animals consuming the vegetation, is a
problem. The toxic effects of Mo on ruminant animals are related to a
deficiency of Cu.

Zinc
Zinc deficiency is probably more widespread than any other

micronutrient deficiency. It can occur in upland crops, on calcareous
soils, organic soils, and sometimes on acid soils if the native content
is very low. Removal of organic matter during land leveling operations
and heavy liming also can contribute to the problem. Available Zn
supply is also influenced by soil moisture and temperature as previously
discussed.

In flooded soils Zn deficiency is most prevalent on calcareous
soils and soils with organic matter content exceeding 2%. Since acid
soils undergo a rise and alkaline soils a decline in pH upon flooding,
availability of Zn in acid soils usually decreases and that in alkaline
soils increases with submergence. Moreover, flooding of soils high in
organic matter generally accentuates Zn deficiency. Some of the theories
advanced to explain enhanced Zn deficiency with flooding include bicar-
bonate effects on availability and reduced soil conditons leading to ZnS
formation. Immobilization of Zn as ZnS does not appear likely based on
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results of Giordano and Mortvedt (6), who found niora severe Zn deficiency
in nonflooded than in flooded soils of comparable pH. Accordingly,
percentage uptake of fertilizer Zn was greater in rice grown on flooded
than on nonflooded soil.

"Symptoms of Zn deficiency in many plants occur when the tissue
concentration is less than 20 ppai. In the rice, plant, concentrations of
10-15 ppm or less, depending upon the particular cultivar, result in
deficiency. Symptoms first appear 3-4 weeks after planting. Small
brown lesions develop on the newest growth and these eventually spread
throughout the plants. The resulting plants show limited tillering, are
very stunted, and often die, thus reducing plant stands drastically. If
plants survive, the maturity may he delayed several weeks. Since Zn
deficiency often occurs in irregular areas within a. paddy, harvesting
becomes a problem.

Many sources of Zn have become available during the past
10 years. These include standard inorganic sources, such as zinc sulfate
and zinc oxide, synthetic chelates, naturally occurring organic complexes,
frits, and industrial byproducts or byproducts from mining operations.
Depending upon the crop, soil conditions, method of application, and
severity of deficiency, most materials can be used with varying degrees
of effectiveness. The rice plant appears to be more efficient in accumu-
lating Zn from flooded than from nonflooded soil (6). Therefore, in
contrast to upland crops such as corn and field beans, some less-soluble,
granular sources of Zn may be as effective as soluble sources for rice.

Soil application is the preferred method for supplying Zn to
crops, since the requirement for Zn occurs early in the growth cycle.
There are numerous reports in the literature comparing sources of Zn for
various crops (16). Although some conflicting results have been reported,
zinc sulfate and zinc oxide are usually equally effective if applied
alone as finely divided dry materials or combined with polyphosphate
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fertilizers. However, granular zinc oxide is ineffective, whereas
granular sine sulfate has been used successfully in blended fertilizers.
Both sources are compatible with fluid polyphosphate fertilizers but
zinc oxide is less soluble in orthophosphate liquids. Zinc oxide in N
solutions such as urea ammonium nitrate is agronomically effective,
while zinc oxide in granular ammonium nitrate is relatively unavailable
for plant uptake. Zinc sulfide has also been tested but is not effective
in any form due to the extremely low solubility.

Chelated sources of Zn such as ZnEDTA are generally more effi-
cient than inorganic sources for many upland crops, especially when
broadcast. However, the increased effectiveness may not compensate for
the higher cost. Host reports from field investigations indicate a two-
to fivefold advantage in the amount of Zn required to correct deficiency,
whereas the cost advantage is about tenfold. Natural organic complexes
such as polyflavonoids also may be more efficient than the inorganic
sources under certain conditions, but, again, the advantage may not
warrant the higher price. Despite the added cost, use of chelated Zn
is widely accepted in the fluid fertilizer market because of the greater
ease and versatility in formulating products.

A number of Zn sources, includir5 zinc sulfate, zinc oxide,
zinc nitrate, and ziue chloride, have been equally effective for rice in
the USA when applied at rates of 2-4 kg per hectare. Recommendations in
Louisiana (19) and Arkansas (22) also include ZnEDTA at a rate of approx-
imately 0.3 kg per hectare. However, results from greenhouse pot experi-
ments (7) and field studies in Texas (23) and California (unpublished
data) indicated that Zn chelates were less effective than inorganic
salts. The greater mobility of chelates in both flooded and nonflooded
soil (5) tuay result in movement of Zn out of the root zone, thus making
it positionally unavailable for the young rice plant.
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Application of various Zn sources with macronutrient fertilizers
has been successful in correcting Zn deficiency in rice. Several investiga-
tions have shown that Zn deficiency is less severe when ammonium sulfate
rather than urea is the source of N (10, 22, 25). This is probably due
to local acidification around the ammonium sulfate granules which solu-
bilizes native soil Zn.

Foliar application of Zn is not a substitute for preplant soil
application, since it is generally applied after the crop has shown
visual symptoms of deficiency. However, foliar treatment can correct
much of the problem if it should appear. Zinc sulfate sprays have been
effective for field crops and citrus in several tests but ineffective
for potatoes in others. Claims have been made that foliar sprays during
certain "critical periods" will supplement the requirement of some
plants.

Seed treatment with Zn has been attempted from time to time
with varying success. It is generally agreed that the total requirement
of the plant cannot be met by seed treatment. However, in many situations
the small amount supplied will be sufficient for development of an
adequate root system, which may allow the plant to draw from the native
soil reserves. The technique of coating rice seed has been successful
in California, since the requirement for Zn by rice appears to be less
than for other crops. If a simple and economical method for coating
becomes available, this method of supplying Zn could be satisfactory
where Zn ueficiency was not severe.

Surface application and sidedress treatments with Zn after
seedling emergence are relatively ineffective methods for most upland
crops. However, Yoshida et al. (26) showed that zinc sulfate topdressed
after deficiency symptoms developed was as effective as a preplant
treatment for rice. Accordingly, Giordano and Mortvedt (7) demonstrated
in pot tests that ZnSO<, was equally effective for rice in terms of dry
matter production and Zn uptake when applied to the seed, soil, or flood
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water. A subsequent experiment (6) showed that surface application of
ZnSO* was comparable to mixed application for flooded rice but was less
effective for upland rice.

In areas where rice is transplanted, dipping the seedlings in
a 1% suspension of zinc oxide has been very successful and relatively
economical (26). Giordano and Mortvedt (7) determined the adherence of
Zn from suspensions on rice roots and the subsequent uptake when trans-
planted to greenhouse pots. Suspensions of zinc oxide were more effective
than those of zinc sulfide. The presence of attapulgite clay as a sus-
pending agent increased adherence but decreased Zn availability to the
plants. Suspensions containing more than 5% Zn were impractical because
of excessive viscoscity.

Moderate applications of Zn provide residual Zn for several
crop years without toxicity occurring. Application of 1080 kg per
hectare of Zn as zinc sulfate over a 3-year period was not toxic to
sweet corn grown in the field (Giordano, unpublished). However, bush
beans which were cropped after the sweet corn showed symptoms of toxicity
that were characteristic of Fe deficiency. Rice appears to be tolerant
of rather high levels of Zn and, therefore, toxicity does not appear to
be a factor. Rice plants containing up to 1600 ppm of Zn appeared
normal in a solution culture experiment conducted at the International
Rice Research Institute.

CONCLUSIONS
i

Unquestionably correction of Fe deficiency in upland crops
still poses a major problem. Synthesis of an effective but economical
chelate or a macronutrient carrier, possibly ammonium polyphosphate,
which will maintain Fe in a form available for plant uptake is necessary.
Although plant breeding offers an alternative solution, soil fertilization
must not be neglected.
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Development: of slow- or controlled-release micronutrient fer-
tilizers may offer & distinct economic advantage, since the efficiency
of utilization of conventional sources is rather low. Until more infor-
mation becomes available, high rates of application for residual benefit
will not be adopted because of the high cost of most micronutrient
materials, especially in developing countries.

Information is sparse as to the relative micronutrient require-
ments for upland and flooded rice. Since the trend in many underdeveloped
countries is toward upland rice culture, the need for micronutrients,
especially Zn, may increase based on recent findings. A better under-
standing of the uptake mechanism(s) of the rice plant growing in these
contrasting moisture regimes is necessary before deficiency can be
corrected most efficiently and economically.
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Table 1. Common sources of micronutrients [from Murphy and Walsh (16)].

Element Source Element

B

Cu

Fe

Hn

Zn

Borax
Sodium pentaborate
Sodium tetraborate:
Fertilizer borate-46
Fertilizer borate-65

Solubor
Boric acid
Boron frits
Cupric sulfate pentahydrate
Cupric sulfate monohydrate
Basic cupric sulfates
Cuprous oxide
Cupric oxide
Copper EDTA (chelate)
Copper polyflavonoids
Ferrous sulfate
Ferric sulfate
Ferrous ammonium sulfate
Iron frits
Iron chelates:
FeEDTA
FeHEDTA
FeEDDHA
FeDTPA

Manganese sulfate
Manganese oxide
Manganese carbonate
Manganese chloride
Manganese frits
Manganese EDTA (chelate)
Sodium molybdate
Ammonium molybdate
Molybdenum trioxide
Molybdenum frits
Zinc sulfate monohydrate
Zinc sulfate heptahydrate
Basic zinc sulfate
Zinc oxide
Zinc carbonate
Zinc frits
Zinc chelates:
ZnEDTA
ZnNTA
ZnHEDTA

Zinc polyflavonoids
Zinc ligninsulfonate

11
18
14
20
20
17
2-6
25
35
13-53
89
75
13
5-7
19
23
14

Variable
5-14
5-9
6
10
26-28
41-68
31
17
10-25
12
39
54
66
2-3
35
23
55
78
52

Variable
14
13
9
10
5
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table 2. Rates of micronutrients for soil application for various crops (from Murphy and
Walsh (16)].

Element Source
Rate of element

kg/ha
Method of
application Crop

B

Cu

Borax
Solubor
Borax
Borax
Copper
Copper
Copper
Copper
Copper

sulfate
sulfate
sulfate
sulfate
sulfate

1.6-3.2
0.6-1.2
1.2-2.4
0.6-3.6

7
7
6
6
3-6

Broadcast
Banded
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast
Broadcast

Sugar beets
Cotton
Sweet corn
Sweet potato
Citrus
Tung
Small grains
Corn
Soybeans

Fe Ferric sulfate 100 Broadcast Rice
(Soil applications of inorganic sources of Fe not recommended
for other crops)

Mo

Zn

Manganese sulfate
Manganese sulfate
Manganese sulfate
Manganese sulfate
Sodium molybdate
Sodium molybdate
Sodium molybdate
Zinc sulfate
Zinc chelates
Zinc sulfate or oxide

22-89 Broadcast
17-67 Broadcast
6-17 Banded
2-4 Sidedress
0.4 Spray
0.03 Spray
0.2 Spray
3 Broadcast or band
0.4 Banded
8 Broadcast

Sugar beets
Soybeans
Soybeans
Cotton
Sugar beets
Pasture
Soybeans
Corn or sorghum
Corn or sorghum
Rice
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A - WATER SOLUBLE

B *• EXCHANGEABLE BY WEAK EXCHANGER

C - EXCHANGEABLE BY OTHER CATIONS OR EXTRACTABLE
BY STRONG CHELATING AGENTS

D • CATIONS IN SECONDARY MINERALS OR INSOLUBLE

OXIDES

E « CATIONS IN PRIMARY MINERALS

Fig. 1. Pool concept of micronutrient cations in soil.
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DISCUSSIONS AND REKOMMSKDATIONS

The following paragraphs are intended to provide a brief resume relative
to the discussions held and the recommendations of the meeting*
Extent of the Problem

The meeting recognized that zinc deficiency is an important limiting factor
in rice production in most regions, ranking behind nitrogen and phosphorus as a
limiting nutrient* It was also felt that zinc deficiency is generally more
associated with the growth of flooded rice than with other cereals grown in
rotation*

It became clear during the discussions that the problems associated with
zinc deficiency in rice varied greatly from region to region. Differences in
the rotational systems and water management practices employed strongly effect
soil properties such as pH and organic matter content, which are known to be
key factors in determining zinc availability in soils*

Discussions were held on methods of delineating the zinc status of soils
in different areas* In this respect, it was recognized that current soil testing
procedures which have proven successful in some parts of the world under both
upland and flooded conditions are inadequate elsewhere, particularly under
flooded conditions. Foliar diagnosis as a means of delineating the micronutrient
status of soils seemed to have a more general acceptancef but is not so amenable
for field by field correction purposes* Diagnosis by plant deficiency symptoms,
while useful under conditions of extreme deficiency, is complicated by other
conditions of plant stress, such as iron toxicity*. It was considered, however,
that the need to delineate areas of deficiency is an important one since in
some regions there is virtually no data of this type available*

The need to understand the implications of local management practices on
micronutrient availability was considered important. Because of the noted time
lag of zinc deficiency after flooding, the question of time of transplanting,
water management, water quality, and the implications of crop rotation on micro-
nutrient availability need to be better understood. Investigations in this
area may require further disciplinary oriented research into the kinetics of
the reactions which govern nutrient availability in flooded soils*

Another important problem which was considered to require further study
was fertilizer management practice for the correction of zinc deficiency*
This is stimulated by the high requirement of some soils for zinc and the asso-
ciated high cost of the required fertilizer materials. In most regions, there
is a clear need for further research on fertilizer efficiency in terms of source,
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placement, rate and time of application in relation to looal management prac-
tice. Because of the high cost of zino fertilizers, it seemed desirable to
investigate other sources of zinc, locally available, which may find use as
fertilizer materials.

Problems associated with the sampling, handling and analyses of materials
for trace element research were also discussed* Special problems, not normally
encountered with conventional plant and soil analyses, must be considered* It
was therefore considered worthwhile to initiate a comparative analytical pro-
gramme to ensure the comparability of results*

Establishing a Coordinated Research Programme
The approach to establishing a coordinated research programme is not a

simple one due to the great diversity of conditions which exist in the various
regions* For example, in some regions the soils are dominated by high pH
( > 9*0) while in others problems associated with very low pH ( *L 4*0) exist*
In other soils problems may be associated with high soil organic matter con-
tents or rotational practices which incorporate large amounts of organic matter
residues into the soil* Basal fertilizer applications also vary from region
to region with implications relative to the immobilization of micronutrient
ions*

It was recognized that the amount of information available on micronutrient
deficiencies, their recognition, delineation and correction varied greatly
from region to region* This also required that a coordinated research programme
should embody a degree of flexibility to meet the needs of the various regions*

Recommendations
It was agreed to establish a flexible programme in which each cooperator

would be expected to contribute to the knowledge of zinc deficiency in flooded
soils in each of several categories* The extend and nature of the individual
contribution in each of the categories is to be determined by the needs of the
region in terms of the stage to which research in the area of micronutrients
in soil-plant relations has progressed.

The first phase of the programme will initiate and coordinate studies in
the following areas:

1) Collection and analyses of soil and plant samples for the purpose
of delineating the zino status of rice growing regions*

2) Pot and field experimentation with the objective of establishing soil
tests for evaluating the micronutrient status of flooded soils.
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3) Studies to evaluate the efficiency of zinc fertilization for flooded
rice through the use of isotopic techniques*

4) Survey of analytical procedures to permit the standardisation of tech-
niques and ensure the comparability of results*

As the requirements of the first phase of the programme are met, studies
of a disciplinary oriented nature will be initiated to meet the needs of the
programme. These future studies will be the topic of discussions at later
research coordination meetings to be held under the programme*
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