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INTRODUCTION 
T H E STUDIES presented in this paper are an attempt to answer certain ques
tions involved in the relations between maleic hydrazide (1,2 dihydropyrida-
zine—3,6 dione) and different soils. These questions grew out of the fact 
that maleic hydrazide may acquire importance as a selective herbicide if 
proved successful in field tests and that spray residues left on the soil may 
affect subsequent crops. The studies may also indicate the value of maleic 
hydrazide as a temporary selective soil sterilant or as a preëmergence spray. 

Maleic hydrazide when pure is a white crystalline solid, soluble 0.4 per cent 
in water at room temperature, and slightly acid in reaction. I t has been pre
pared in various formulations, among which is the water-soluble diethanola-
mine salt (Schoene and Hoffman, 1949).4 

Research already conducted on this chemical furnished some data on its 
effect on plant growth. Experiments by Schoene and Hoffman (1949) indi
cated that maleic hydrazide had temporary but strong inhibiting effects on 
plant growth. 

Currier and Crafts (1950) in screening experiments, showed that 0.2 per 
cent spray killed two-weeks-old barley, yet had no apparent effect on five-
weeks-old cotton. They reported that the age of the plant was critical; for 
example, cotton in the cotyledon stage was severely inhibited and older 
grasses were less susceptible than young grasses. In general, grasses were 
found to be more susceptible to maleic hydrazide than broad-leaved plants ; 
and broad-leaved plants were found to be more tolerant the more mature 
they were at spraying time (Crafts, Currier, and Day, 1950). 

Subsequent investigations by Crafts, Currier, and Day (1950) indicated 
that maleic hydrazide was a growth regulator of the hormone type and could 
be translocated by plants. 

1 Received for publication November 3,1950. 
2 Formerly Senior Laboratory Assistant, Division of Botany in the Experiment Station, 

Davis. 
8 Professor of Botany and Botanist in the Experiment Station, Davis. 
* See "Literature Cited" for citations referred to in the text by author and date. 
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Naylor and Davis (1949), observing a large accumulation of sugar in the 
leaves and stems, as well as development of anthoeyanin pigments, suggest 
that possibly maleic hydrazide exerts its effects on plant metabolism, pri
marily through a disruption in the sugar breakdown and utilization. The 
appearance of sugar exudates on the leaves of sprayed plants was observed 
independently on barley (var. Sacramento) at the University of California, 
Davis, and development of anthoeyanin pigmentation was also reported by 
Currier and Crafts (1950). Currier, Day, and Crafts (1951) have reported 
an accumulation of fructosan in barley leaves and have shown that the 
exúdate from barley leaves is largely sucrose. Crafts, Currier, and Day 
(1950) showed that applications of maleic hydrazide are additive and that 
breakdown of the chemical, once it has been absorbed by the plant, is slow. 

The work presented in this study aimed at determining: 
1. The initial toxicity of maleic hydrazide in various California soils and 

the change in toxicity as the soils were repeatedly cropped 
2. The effects of percolation on the distribution of the compound in 

columns of air dry soil 
3. The possibility of leaching the chemical at depths where it would not 

cause damage to crops subsequently grown. 

MATERIALS AND METHODS 
Diethanolamine salt was used in all the tests interpreted in this study. The 

chemical was prepared by the Naugatuck Chemical Division of the United 
States Rubber Company at Naugatuck, Connecticut. Kanota oats was used 
as a plant indicator in all the tests. One experiment used one soil type (Yolo 
clay loam), the same range of concentration of maleic hydrazide, and different 
plant indicators. The results of this test are shown in table 6. 

The principal characteristics of the soils used can be summarized according 
to Storie and Weir (1948) and to Cole (1949) as follows: 
Soil series General reaction Parent material Order Class Great soil group 
Aiken Slightly acid Basic igneous Zonal Pedalfer "Podzolic" (from 

lateritic ma
terial) 

Arbuckle 
Egbert 

Hanford 

Bocklin 

Sierra 
Stockton 

Yolo 

Neutral 
Slightly acid 

Neutral 

Slightly acid 

Moderately acid 
Basic 

Neutral 

Sedimentary 
Mixed organic 

Acid igneous 

Acid igneous 

Acid igneous 
Basic igneous 

Sedimentary 

Azonal 
Intra

zonal 
Azonal 

Intra
zonal 

Zonal 
Intra

zonal 
Azonal 

Pedalfer 
Pedalfer 

Noncalcareous 
pedocal 

Noncalcareous 
brown 

Pedalfer 
Pedocal 

Noncalcareous 

Alluvial 
Bog 

Alluvial 

Planosol 

Podzolic 
Wiesenboden 

Alluvial 
pedocal 

All of these soils were air dry samples, pulverized and screened before use. 
These studies were carried out in the greenhouse under partially controlled 
conditions. 
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TOXICITY TESTS 
The tests were conducted by the methods first described by Crafts (1935). 

The advantages of such methods led to their use by Crafts in a number of 
subsequent works and by Schwendiman (1941) in studying the relations be
tween soils and various herbicides. 

Preliminary series were set up. These consisted of four replicates, in which 
Yolo fine sandy loam and concentrations of 0.0, 1.0, 10.0, 100.0, 1,000.0, 
5,000.0, and 10,000.0 p.p.m. maleic hydrazide (air dry soil basis) were used. 
The results of repeated croppings are shown in table 1. 

Subsequently, three replicated series were grown on 11 soils. In these series 
different concentrations in a smaller range were used: 0.0, 5.0,15.0, 40.0, 80.0, 
140.0, 220.0, 340.0, 490.0, and 680.0 p.p.m. maleic hydrazide in the air dry soil. 

The chemical was measured from a stock solution, diluted to a total volume 
sufficient to bring the soil in the can to its field capacity, and added in three 
increments. The cans were not perforated ; therefore no loss of chemical oc
curred during watering, which was done by weight. 

Thirty days after planting, the crop was cut off at ground level, its height 
measured, and its fresh weight recorded. When the first crop was harvested, 
the tops of the plants were returned to each can. After 30 days, the dried soil 
was pulverized, the tops placed in the empty cans, and the soil poured in. The 
cultures were then watered to field capacity and seeded to determine changes 
in toxicity. The procedure was repeated, and three croppings were made in 
each instance. 

The results of this test are shown in figures 1 to 11 and in table 12. As table 
2 indicates, no correlation could be found between toxicity and clay content. 

Comparison of fresh weights of original crop yields of controls for the 
different soils in table 3 shows no consistent relation between fertility level 
and toxicity or subsequent inactivation of maleic hydrazide. 

To reach these conclusions, Kanota oats, germinated and grown in quartz 
sand to a height of about 5 cm were transplanted and grown in water-culture 
solutions. In painted quart Mason jars three fertility levels were set up, 
equivalent to 0.5, 1.0, and 2.0 complete Hoagland solution (Hoagland and 
Arnon, 1950). The following amounts of maleic hydrazide were added: 0.0, 
5.0, 15.0, 40.0, 80.0, 140.0, 220.0, 340.0, 490.0, and 680.0 p.p.m., culture solu
tion basis. 

The reaction of the solutions was checked at regular intervals with uni
versal indicator paper and found to be slightly acid (pH about 6.0). Five oat 
plants were transplanted in each instance ; no provision was made for aera
tion. Separate jars provided with aeration did not show any difference in 
toxicity. After 15 days, all plants at concentrations above 40.0 p.p.m. were 
dead and dried. Mildew, which appeared about 20 days after start of the 
cultures, was particularly abundant on the 5.0 p.p.m. cultures compared with 
the controls. No dusting application was made. 

After 30 days total fresh weights were recorded ; no difference in toxicity 
was found among the three fertility levels. 

Table 4 shows that the reaction of the soil did not seem to affect either the 
initial toxicity or the inactivation of maleic hydrazide. Similarly, as shown by 
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table 5, no relation could be found between the per cent water in the soils at 
field capacity and the chemical toxicity. 

The effect of nitrate concentration was investigated by leaching columns 
of Yolo clay loam with water, and comparing the toxicity of maleic hydrazide 
in this soil, now presumably low in nitrates, with normal Yolo clay loam. No 
difference was found in the first cropping, and no significant divergences 
occurred subsequently. 

Results indicated an increase in fertility in such soils as Aiken clay loam, 
Yolo adobe clay, and Stockton adobe clay during the first cropping, at very 
low concentrations of maleic hydrazide. Increase in yield from treated soils, 
compared with yield from untreated soils is very apparent in all soils during 
the second and third croppings. One exception is Arbuckle clay loam, which 
showed an increase in yield only at the third cropping. Even though we have 
to account for mineral nutrients not utilized yet still available in the soils in 
which little or no growth occurred in the previous crop, there is a clear indi
cation that the inactivation of maleic hydrazide is accompanied by an increase 
in fertility. This may be due to nitrogenous compounds made available 
through the hydrolysis or microörganic decomposition of the chemical. The 
salt used was a diethanolamine, and the acid itself contains two -NH groups. 

I t has been suggested that the iron from the tin cans might be a factor in 
the decomposition of maleic hydrazide in these tests since it is known that iron 
salts of the compounds have not been successfully synthesized because of in
stability. This factor probably caused no error in the experiments considered 
here, as the degree of rust varied according to the condition of the cans used 
and some cans were new and unrusted. Triplicates were used, and had the 
factor of rust actually caused error, this would have appeared in the course 
of the experiment, but actually did not. 

I t is perhaps worth noting that yields smaller than 0.1 gm were considered 
negligible. Such cultures were considered sterile; oat plants did germinate, 
but showed no subsequent growth. When growth inhibition occurred, only 
the first leaf of the oat plant showed anthocyanin pigmentation at harvest 
time. 

Egbert loam behaved erratically, yet when leached with large quantities 
of water behaved normally. Results are reported in figure 9 and table 12. This 
same soil did not behave anomalously in other experiments carried out in the 
greenhouse, and no explanation is offered, except perhaps that a high salt 
concentration may have accumulated in the particular sample used here. 

From the previous discussion and a consideration of the soils and condi
tions under which they were studied, it may be stated that maleic hydrazide 
in soils varies in toxicity. Sterility was obtained from 15.0 to 140.0 p.p.m., 
air dry soil basis, and the inactivation after two months under greenhouse 
conditions varied from slight to complete in the range of concentrations con
sidered. These initial and residual toxicities seemed inherent to each soil and 
not due to any common characteristic. 

The initial toxicity of maleic hydrazide in Yolo clay loam to various plant 
indicators is shown in table 6, and plate 1. 

As can be seen, at 5.0 p.p.m. maleic hydrazide there was an increase in 
weight in four instances—flax, sunflower, watergrass, and watermelon—com-
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pared with check yields. This increase, however, is probably significant only 
for watergrass and watermelons. 

DISTRIBUTION OF MALEIC HYDRAZIDE 
IN SOIL COLUMNS 

The procedure followed in this test (Crafts, 1935) included the use of 
celluloid soil tubes filled with air dry soil and moistened from above by a con
stant flow of stock solution. No water accumulated on the top, and none ran 
down the sides of the column. Chemical sufficient to sterilize the whole column 
was diluted in enough water to wet all the soil. There was practically no loss 
of soil solution. After complete moistening, the tubes were left for 24 hours 
to reach equilibrium before being opened and cut into 10 equal portions. Each 
portion was mixed, with care taken to reduce puddling of the wet soil. Each 
portion was placed in a no. 2 can and seeded with Kanota oats. Controls of 
the different soils were set up simultaneously. After 30 days the tops were cut 
off; and the procedure that was used in recropping the toxicity series was 
also used in this test. 

The six soils tested were Sierra fine sandy loam, Yolo fine sandy loam, Han-
ford loam, Aiken clay loam, Yolo clay loam, and Stockton adobe clay. Except 
for the Aiken clay loam, the behavior of these soils was quite similar. 

Tables 15 and 16 show the results of these tests. As was expected from the 
conclusions reached in the toxicity determination, no maleic hydrazide fix
ation occurred on the clay particles. The chemical moved with the soil solu
tion, was available to plants, and inhibited all growth in the whole column. 

In the Aiken clay loam, however, only the top 30 cm showed no growth, 
which indicated an accumulation of available maleic hydrazide in this region. 
The behavior of this soil indicates that in the soil solution maleic hydrazide 
behaves as an anion. This would also confirm its repulsion by clay particles. 
Murphy (1939) showed the very large phosphate fixation of Aiken clay loam. 
He was able to fix 2,372 mg of phosphate per 100 gm of soil. He also showed 
an increase in the base exchange capacity with increase in phosphate fixation 
in kaolinite. Aiken soils are supposed to have a kaolinitic clay structure. It 
was thought, therefore, that by saturating a column of Aiken clay loam with 
phosphate no fixation of maleic hydrazide would occur, unless it could dis
place the phosphate from the kaolinitic structure. Phosphate was added at a 
rate of 2,840 mg per 100 gm of soil as KH 2 P0 4 . Excess phosphate was leached 
with 1,000 cc of water, then maleic hydrazide was added. No fixation was ob
served. The chemical moved with the soil solution, and no growth was obtained 
in any increment of the column (tables 13 and 14 and plate 2). 

The fact that maleic hydrazide could not displace phosphate adsorbed on 
the Aiken soils was thought to be an important factor in the inactivation of 
the chemical by displacement through these kaolinitic soils. The procedure 
was then reversed, that is, maleic hydrazide was added, then 2,840 mg of 
phosphate per 100 gm of soil. The herbicide was displaced to a certain extent; 
moving ahead of the phosphate, it was able to fix itself on the soil, inhibiting 
all growth in the top 60 cm of the column. The phosphate, however, did not 
displace the maleic hydrazide completely, and growth was normal in the 
lower 40 cm of the column. 
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I t is worth noting that after treatment the Aiken soil lost its characteristic 
granulation and acquired a small crumblike structure. Also, evaporation was 
much faster in treated than in untreated soils. These points were not investi
gated and no explanation is offered. 

As will be shown later, subsequent investigations proved that water alone 
could displace maleic hydrazide from soils, including Aiken clay loam. The 
same quantity of water (1,500 cc) displaced the maleic hydrazide toxicity 
region from 0-30 to 30-60 cm depth, growth being normal in the top 30 cm 
fraction. The fact that no maleic hydrazide was leached out is confirmed by 
the cultures grown in the collected soil leachates mentioned later, which 
showed no sign of inhibition or toxicity. The unexpected difference between 
the behavior of maleic hydrazide in Aiken clay loam when leached with water 
or with KH 2 P0 4 remains unexplained. Large amounts of water seem to in
activate maleic hydrazide, with a simultaneous increase in fertility of the 
soil, which can be ascribed to a possible hydrolysis of the chemical. Columns 
of Aiken clay loam leached with 1,500 cc of water yielded 3.9, 3.0, and 2.6 gm 
of plants respectively for the first, second, and third increments of soil, as 
compared with 2.4 gm for the control. When the same volume of KH 2 P0 4 
solution was added, no growth occurred in any of these increments (control 
gave 2.6 gm). 

In Aiken clay loam a close relation exists between maleic hydrazide dis
placement, inactivation, and KH 2 P0 4 solution or any of its ions. The nature 
of this relation remains to be determined. 

The very large quantity of KH 2 P0 4 used (1,500 cc of 1.5 M. solution) might 
suggest that the osmotic pressure of the soil solution, the potassium toxicity, 
or the pH change caused by anion exchange in kaolinite are influencing fac
tors in the sterility shown by this treated soil. While these factors actually 
may be entering into the picture, they should not be given more importance 
than they deserve, because the bottom 40 cm of soil (60 to 100 cm depth), 
which were submitted to the same treatment, showed growth very similar to 
the untreated control. However, no actual osmotic pressure, pH, or available 
K determinations were made during this experiment. 

The fact that Aiken clay loam is a soil with a high Fe content was also con
sidered. Another soil, the Sierra fine sandy loam, which, according to Shaw 
(1937), is high in Fe content, was investigated. It did not behave like the 
Aiken, but was similar to the other soils. 

Second croppings show a certain increase in fertility in the top parts of the 
columns of most soils. This can be attributed to breakdown of the chemical 
after 60 days. In the instances where the chemical was presumably equally 
distributed, not being fixed, this increase in fertility in the top parts of the 
columns may indicate a certain amount of hydrolysis occurring as the chem
ical solution gets into contact with the soil. This is very clear in Hanf ord loam. 

The test of second croppings showed very poor growth in Yolo clay loam 
and "Yolo clay loam, nitrate free" series. No explanation is offered, for in 
the toxicity series 680 p.p.m. of maleic hydrazide were inactivated in Yolo 
clay loam in a period of 60 days, whereas in the percolation test reported here 
220.0 p.p.m. were not. Plant leaves showed typical growth inhibition and 
anthocyanin pigmentation. 
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Increasing the concentrations of herbicide added to Aiken clay loam in
creased further the quantity of soil sterilized, indicating an adsorption 
mechanism for maleic hydrazide fixation. The fact is that 220.0 p.p.m. steri
lized 30 cm, 440.0 p.p.m. sterilized 50 cm, and 880.0 p.p.m. sterilized 70 cm. 
Thus, doubling the concentration after the first 220.0 p.p.m. increased the 
sterilized area by two thirds the original amount, and doubling still further 
increased the sterility in about the same proportion. 

LEACHING EXPERIMENTS 
The two soils used were Yolo fine sandy loam and Aiken clay loam. The 

method was similar to that used in the study of the distribution of the chem
ical. After being wetted with maleic hydrazide solution, the soil columns 
respectively were leached with 2,500 and 1,500 ce of water. The results appear 
in tables 17 and 18. 

It is clear that water alone can displace maleic hydrazide in the soil columns. 
Large quantities are needed, but displacement is possible even in the Aiken 
clay loams that are able to fix the herbicide on their clay colloid. It was shown 
that by using 200 and 300 surface cm of water, maleic hydrazide could be 
moved lower down and clear out of a 100-cm-long column of Aiken clay loam. 
Worth noting is the fact that to bring to field capacity these columns of soil, 
1,500 cc of water are needed. The term "surface cm of water" is used here in 
the sense given to it by Crafts (1935). I t indicates the equivalent of water 
added in cm on top of the column, and it determines the total depth of soil 
that could be brought to field capacity by the quantity of water added. It is 
evident that the same number of "surface cm of water" for different soils may 
be equivalent to varying depths of moistening. 

The fact that the top fractions of the Yolo fine sandy loam showed such an 
increase in fertility (15.4 gm against 6.7 gm for the check) when 2,500 cc of 
water—for instance, 150 surface cm—had passed through, indicated a fairly 
rapid breakdown of the chemical, probably through hydrolysis. This hydro-
lytic effect may be similar to that of CaCN in soils. Water alone does not de
compose maleic hydrazide. This fact is supported by the water-culture ex
periments in which no apparent inactivation occurred. 

The hydrolysis of maleic hydrazide in soils—if it is such—seems repressed 
by large quantities of KH 2 P0 4 in Aiken soils, at least as reported in this 
paper. 

After 60 days the unleached column showed some inhibition in the top 10 
cm fraction, indicating a difference in behavior when such large quantities of 
water are in contact with the chemical compound in the soil. This increase in 
yield did not occur in the same proportion in the Aiken clay loam, where 1,500 
cc of water were made to percolate through the column after the addition of 
maleic hydrazide. 

The leachates from these columns were collected in 350.0 cc increments, and 
one-week-old Kanota oats, which were germinated in quartz sand, were trans
planted and grown in these solutions. Checks of complete Hoagland solution 
and distilled water were set up simultaneously. Results correlated the bio
logical assays (plates 3 and 4). Toxicity was present only in the Yolo-soil solu
tions, where the second leaf growth was inhibited, and where anthocyanin 
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pigmentation was apparent. After 30 days the plants had not died, and fresh 
and dry weights are shown in table 7. 

The surprising fact that root growth was inversely proportional to shoot 
development where maleic hydrazide was present was later noticed in the 
toxicity series using water culture solutions. Boots were stunted and had 
developed laterals while the shoots kept on developing. When the shoot growth 
was completely inhibited, roots lengthened, but no laterals appeared. Actual 
values are shown in table 8. 

Measurements of leaf elongation over the 30-day period indicated that at 
5.0 p.p.m., the first and second leaves steadily grew faster than the controls, 
the third leaf lagged, and the fourth leaf never developed. The values re
corded are shown in table 9. 

Subsequent investigations with water cultures using 0.0, 0.5, 1.0, 2.5, 10.0, 
and 20.0 p.p.m. maleic hydrazide, nutrient culture solution basis, and the 
method described previously, produced the results that are shown in table 10. 

As these values show, 0.5 and 1.0 p.p.m. maleic hydrazide actually acted as 
a stimulant for both roots and shoots. Again, elongation of roots at concen
trations where inhibition occurred was in inverse relation to shoot elongation, 
as shown by table 11. 

CONCLUSIONS 
From the studies reported in this paper, maleic hydrazide appears to be a 

"unique growth régulant." Its behavior in soils is not similar to that of any 
herbicide whose soil relations have been studied. There seems to be no simple 
relation between toxicity and soil characteristics among the 11 soils studied. 

Toxicity was highest and inactivation slowest in Arbuckle clay loam, 15.0 
p.p.m. being toxic originally and 340.0 p.p.m. still causing complete steriliza
tion five months later. Sterility was obtained at 140.0 p.p.m. in four soils. This 
was the least degree of toxicity in the original tests. Inactivation was fastest 
in Aiken clay loam, where 680.0 p.p.m. were not toxic three months later. In 
Yolo fine sandy loam, 5,000 p.p.m. were still inhibiting all growth seven 
months after application. 

These soils were kept moist during crop growth but dry between crops. The 
greenhouse was heated, so the temperatures were fairly constant and the soils 
were under what can be termed "warm" conditions throughout. 

Percolation experiments showed that in soils where anion exchange is pre
dominant—for instance, Aiken clay loam—maleic hydrazide was held to the 
clay component, while it moved freely with the soil solution in all the other 
soils studied. 

Leaching experiments showed that the chemical could be displaced down
ward, but relatively large quantities of water were required. 

Schoene and Hoffman (1949) mentioned that "applied to the soil as a 
drench much more chemical was found necessary to inhibit growth of tomato 
plants than when applied as a spray, indicating that entry through the leaves 
is more rapid than through the roots." While this statement may hold true for 
tomatoes, we can say that this was not found when oats were grown in Cali
fornia soils. As low as 15.0 p.p.m. were toxic in some soils and in water cultures 
5.0 p.p.m. showed inhibiting effects on oats. The rate of absorption also was 
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faster in the water culture solutions, where young oats showed toxicity signs 
four days after transplanting, while plants of barley (20 days old) leaf-
sprayed, showed clear, visible signs of toxicity only 15 days after treatment. 

The Naugatuck Chemical Division (1949) suggested the use of six pounds 
of 30 per cent diethanolamine salt in 100 gallons of water, to retard grasses in 
general. This is 0.24 per cent salt basis. In the greenhouse tests, selectivity 
was obtained with a 0.2 per cent salt basis solution (Crafts and Currier, 1950). 

As far as direct applications to the soil are concerned, a 0.2 per cent solu
tion—for instance, 2,000 p.p.m.—in some of the soils we have studied would 
probably inhibit completely all new growth for at least 30 days. A 25 cc 
volume of a 2,000 p.p.m. solution (average of amounts sprayed on foliage) 
would be equivalent to 100.0 p.p.m. applied to the soil in any of our toxicity 
determinations. 

I t is possible and probable that older plants would react differently from 
seedlings where root absorption is concerned. Crafts, Currier, and Day (1950) 
showed that toxicity to sprayed plants was related to age of the plants. 

The results obtained in these experiments tend to confirm the findings of 
Crafts, Currier, and Day (1950) that maleic hydrazide was translocated, and 
that when absorbed by the plant it does not break down rapidly. No recovery 
was observed in any instance in a 30-day period, in plants that had absorbed 
some chemical and showed growth inhibition signs. 

The observations of Currier and Crafts (1950) and Naylor and Davis 
(1949) that anthocyanin pigmentation was an apparent sign of maleic hydra
zide toxicity on treated plants were also true here when the chemical was 
absorbed through the roots. 

Broad-leaved plants at the germinating stage were not more resistant than 
oats, and it is difficult to draw any conclusion for this part of the experiment. 

The preceding discussion shows clearly that maleic hydrazide residues 
would not constitute a problem in most California soils. Leaching through 
precipitation may be effective. There are indications that this chemical de
composes fairly rapidly under moist, warm conditions, and may act as a 
fertilizer. 

These greenhouse experiments also show that maleic hydrazide can sterilize 
the soil against plant growth if used in large enough quantities. However, it 
decomposes too readily under the conditions mentioned to be considered an 
effective temporary soil sterilant. 
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TABLE 1 

F R E S H WEIGHTS OF KANOTA OAT PLANTS GROWN IN YOLO F I N E SANDY LOAM AT 
VARIOUS CONCENTRATIONS OF MALEIC HYDRAZIDE 

(Values are averages of four replicates) 

Concentration 
of maleic hydrazide 

in p.p.m. 
(air dry soil basis) 

0.0 
1.0 

10.0 
100.0 

1,000.0 
5,000.0 

10,000.0 

Fresh weights of plants grown in Yolo fine sandy loam 

First crop 

(gm) 
8.7 
8.6 
8.2 
0.0 
0.0 
0.0 
0.0 

Second crop 

(gm) 
5.1 
5.5 
6.0 

11.7 
0.0 
0.0 
0.0 

Third crop 

(gm) 
5.5 
6.4 
6.8 
8.5 
5:2 
0.0 
0.0 

Fourth crop 

(gm) 
4.5 
4.6 
4.9 
4.5 

12.6 
0.0 
0.0 

Fifth crop 

(gm) 
5.9 
6.5 
6.4 
6.6 
9.3 
0.0 
0.0 

TABLE 2 

TOXICITY OF MALEIC HYDRAZIDE IN SOME CALIFORNIA 
SOILS ARRANGED IN ORDER OF INCREASING 

CLAY CONTENT 
(Values are averages of three replicates) 

Soil 

Yolo fine sandy loam 
Hanford loam 
Aiken clay loam 
Yolo clay loam 
Stockton adobe clay. 

Sterility obtained 
at: 

(p.p.m.) 
80.0 
80.0 

140.0 
220.0 
140.0 

TABLE 3 

TOXICITY OF MALEIC HYDRAZIDE IN 10 CALIFORNIA SOILS, ARRANGED IN 
ORDER OF INCREASING FERTILITY 

(Values are averages of three replicates) 

Soil 
Original 

crop yield of 
control 

Sterility obtained at: 

First crop Second crop Third crop 

Arbuckle clay loam 

Aiken clay loam 

Rocklin fine sandy loam. 

Stockton adobe clay 

Sierra fine sandy loam... 
Hanford loam 
Yolo adobe clay 
Yolo fine sandy loam 
Hanford fine sandy loam 
Yolo clay loam 

(fresh wt, gm) 
0.8 

2.7 
2.7 

3.9 

4.0 
5.7 

7.5 
8.4 

(p.p.m.) 
15.0 

140.0 
140.0 

140.0 

80.0 
80.0 

140.0 
80.0 
40.0 

220.0 

(p.p.m.) 
80.0 

higher than 
680.0 
680.0 

490.0 
higher than 

680.0 
220.0 
340.0 
490.0 
490.0 

higher than 
680.0 

(p.p.m.) 
340.0 

higher than 
680.0 
680.0 

higher than 
680.0 

higher than 
680.0 
680.0 
680.0 
680.0 
680.0 

higher than 
680.0 
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TABLE 4 
TOXICITY OF MALEIC HYDRAZIDE I N SOME CALIFORNIA SOILS ARRANGED IN 

ORDER OF INCREASING P H REACTION 
(Values are averages of three replicates) 

Soil Reaction 
Sterility obtained at: 

First crop Second crop 

Sierra fine sandy loam 

Aiken clay loam 
Arbuckle clay loam.. . 
Stockton adobe clay... 

Moderately acid 

Slightly acid 
Neutral 
Basic 

(p.p.m.) 

80.0 

140.0 
15.0 

140.0 

(p.p.m.) 
higher than 

680.0 
higher than 

680.0 
80.0 

490.0 

TABLE 5 
TOXICITY OF MALEIC HYDRAZIDE I N SOME CALIFORNIA SOILS ARRANGED 

IN ORDER OF INCREASING WATER-HOLDING CAPACITY 
AT THEIR SATURATION P O I N T 

(Values are averages of three replicates) 

Soil Water 
Sterility obtained at: 

First crop Second crop 

Sierra fine sandy loam 
Yolo fine sandy loam.. 

Aiken clay loam 

Yolo clay loam 
Stockton adobe clay... 

(per cent) 

13.5 
15.0 

21.3 

30.0 
32.0 

(p.p.m.) 

80.0 
80.0 

140.0 

220.0 
140.0 

(p.p.m.) 
higher than 

680.0 
490.0 

higher than 
680.0 

higher than 
680.0 
490.0 
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TABLE 6 

F R E S H WEIGHTS OF DIFFERENT P L A N T INDICATORS GROWN IN YOLO CLAY LOAM 
AT VARIOUS CONCENTRATIONS OF MALEIC HYDRAZIDE 

(Values are results of first cropping) 

Ind ica to r p lan t* 
Concen t ra t ion of maleic hydraz ide in Yolo c lay loam, p . p . m . a i r d ry soil 

0.0 15.0 40.0 80.0 140.0 220.0 340.0 490.0 680.0 

Bluegrass (10) 
(Poa annua) 

Carro ts (10) 
Cot ton (2) 
Crabgrass (10) 

(Digitaria s p.) 
Flax (10) 
Oats (10) 
Peas (3) 
Sugar bee ts (10) 
Sunflower (2) 
Watergrass (10) 

(Echinocloa Crusgalli) 
Watermelons (2) 

(wt, gm)\ 
0.4 

4.2 
5.2 
8.5 

4.4 
8.9 

14.5 
10.1 ! 
16.6 
3.3 

6.3 

(wt, gm) 
0.3 

4.2 
1.7 
7.5 

4.5 
8.6 

12.9 
8.7 

16.8 
4.3 

(wt, gm)\ 
0.4 

t 
1.8 
3.1 

4.1 
7.4 

13.7 
1.1 j 
1.3 
t 

1.5 

(wt, gm) 
0.0 

t 
0.8 
4.2 

t 
1.5 
3.6 
1.0 
2.1 
t 

0.9 

(wt, gm) 
0.0 

0.0 
t 
3.1 

t 
0.7 
t 
0.5 
t 
t 

0.8 

(wt, gm) 
0.0 

0.0 
t 
0.0 

t 
0.0 
t 
t 
t 

0.0 

0.7 

(wt, gm) 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
t 
t 

0.0 

0.0 

(wt, gm) 
0.0 

0.0 
0.0 
Ô.0 

0.0 
0.0 
0.0 
t 
t 

0.0 

0.0 

(wt, gm) 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
t 
t 

0.0 

0.0 

(wt, gm) 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
t 
t 

0.0 

0.0 
* Figures in pa ren theses ind ica te n u m b e r of p l an t s ha rves ted . 
t Ge rmina t i on occurred normal ly , b u t s u b s e q u e n t g rowth was inh ib i t ed . 

TABLE 7 
F R E S H AND DRY WEIGHTS OF SHOOTS AND EOOTS OF F I V E KANOTA OAT 

PLANTS GROWN I N SOIL LEACHATES AND CULTURE SOLUTION* 

Solution 

Aiken soil: 

Yolo soil: 

Distilled water 

Fresh weights 

Roots 

(gm) 

5.6 
4.6 
3.7 

1.6 
1.4 
1.3 

19.7 
3.2 

Shoots 

(gm) 

2.1 
1.4 
1.2 

0.7 
0.8 
1.0 

13.6 
1.0 

T o t a l 

(gm) 

7.7 
6.0 
4.9 

2.3 
2.2 
2.3 

33.3 
4.2 

Dry weights 

Roots 

(gm) 

0.45 
0.35 
0.3 

0.2 
0.15 
0.15 

1.4 
0.2 

Shoots 

(gm) 

0.4 
0.4 
0.3 

0.25 
0.3 
0.3 

3.35 
0.3 

Total 

(gm) 

0.95 
0.75 
0.60 

0.45 
0.45 
0.45 

4.75 
0.5 

* Yolo soil so lut ion conta ined displaced maleic hydraz ide from leaching expe r im en t s . 



TABLE 8 
F R E S H WEIGHTS OF SHOOTS AND ROOTS OF F I V E KANOTA OAT PLANTS GROWN 

IN THREE NUTRIENT LEVELS OF WATER CULTURE SOLUTIONS CONTAINING 
VARIOUS QUANTITIES OF MALEIO HYDRAZIDE 

Maleic hydrazide in p.p.m. 
(culture solution basis) 

0.0 
5.0 

15.0 
40.0 , 

0.5 H 

Roots 

(wt, gm) 
15.7 
1.6 
0.9 
0.8 

Shoots 

(wt, gm) 
10.9 
9.9 
1.1 
0.6 

1.0 H 

Roots 

(wt, gm) 
23.1 
1.2 
0.8 
0.7 

Shoots 

(wt, gm) 
26.9 
5.2 
1.3 
0.4 

2.0 H 

Roots 

(wt, gm) 
19.7 
1.7 
1.5 
0.3 

Shoots 

(wt, gm) 
33.0 

1.7 
1.9 
1.1 

TABLE 9 
LENGTH OF LEAVES OF KANOTA OATS GROWING IN WATER CULTURE 

SOLUTIONS CONTAINING MALEIC HYDRAZIDE THREE, S IX, AND 
T E N DAYS AFTER TRANSPLANTING 

First leaf (cm) 
Second leaf (cm) 
Third leaf (cm) 

Number of days after transplanting 

Three Six Ten 

Concentration of maleic hydrazide 

0.0 

12.0 
7.0 
8.0 

5.0 

13.5 
9.0 
4.0 

15.0 

13.0 
7.0 
0.0 

0.0 

12.0 
18.0 
23.0 

5.0 

14.0 
21.0 
21.0 

15.0 

13.0 
14.0 
0.0 

0.0 

12.0 
22.0 
35.0 

5.0 

14.0 
22.0 
21.0 

15.0 

13.0 
14.0 
0.0 

TABLE 10 
F R E S H WEIGHTS OF SHOOTS AND BOOTS OF FIVE KANOTA OAT PLANTS 

GROWN IN HOAGLAND COMPLETE SOLUTION WITH VARIOUS 
CONCENTRATIONS OF MALEIC HYDRAZIDE 

Roots 

Total 

0.0 

(wt, gm) 
20.0 
28.3 

48.3 

Concentration maleic hydrazide, p.p. 

0.5 

(wt, gm) 
26.1 
29.4 

55.5 

1.0 

(wt, gm) 
23.6 
30.1 

53.7 

2.5 

(wt, mg) 
16.0 
25.8 

41.8 

m., culture solution basis 

5.0 

(wt, gm) 
5.0 
9.5 

14.5 

10.0 

(wt, gm) 
1.2 
2.5 

3.7 

20.0 

(wt, gm) 
0.8 
1.4 

2 2 

TABLE 11 
LENGTH OF SHOOTS AND ROOTS OF KANOTA OAT PLANTS GROWN IN HOAGLAND 

COMPLETE CULTURE SOLUTION CONTAINING MALEIC HYDRAZIDE 
(Values are averages of five plants) 

Concentration maleic hydrazide, p.p.m., culture solution basis 

0.0 

(length, cm) 
16.0 
32.0 

0.5 

(length, cm) 
22.0 
44.0 

1.0 

(length, cm) 
16.0 
35.0 

2.5 

(length, cm) 
14.0 
43.0 

5.0 

(length, cm) 
5.0 

39.0 

10.0 

(length, cm) 
13.0 
15.0 

20.0 

(length, cm) 
13 0 
13 0 



TABLE 12 
F R E S H WEIGHTS AND HEIGHTS OF SHOOTS OP 10 KANOTA OAT PLANTS GROWN 

IN 11 CALIFORNIA SOILS CONTAINING VARYING CONCENTRATIONS 
OF MALEIC HYDRAZIDE 

(Values are averages of three replicates) 

Concentration 
maleic hydrazide 

(p.p.m.) 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

First crop 

Height 

(cm) 

Weight 

(gm) 

Second crop 

Height 

(cm) 

Weight 

(gm) 

Third crop 

Height 

(cm) 

Weight 

(gm) 

Fourth crop 

Height 

(cm) 

Weight 

(gm) 

Yolo fine sandy loam 

30.0 
27.0 
13.0 
6.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7.3 
5.9 
2.5 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

21.0 
28.0 
30.0 
34.0 
35.0 
30.0 
20.0 
13.0 
0.0 
0.0 

4.3 
5.5 
8.4 
8.6 
8.1 
8.1 
3.9 
2.4 
0.0 
0.0 

27.0 
26.0 
25.0 
28.0 
28.0 
31.0 
32.0 
35.0 
13.0 
13.0 

5.2 
4.9 
5.3 
5.5 
6.1 
7.7 
9.4 

10.5 
4.7 
0.6 

! 22.0 
21.0 
19.0 
23.0 
21.0 
23.0 
26.0 
27.0 
32.0 
38.0 

5.1 
4.4 
4.8 
5.0 
5.1 
5.0 
5.7 
7.8 
8.0 

11.8 

Yolo clay loam 

27.0 
24.0 
20.0 

6.0 
10.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.9 
8.6 
7.4 
1.5 
0.7 
0.0 
0.0 
0.0 
0.0 
0.0 

27.0 
32.0 
36.0 
42.0 
41.0 
39.0 
40.0 
32.0 
28.0 
10.0 

6.2 
6.3 
9.2 

13.1 
12.9 
14.1 
14.3 
11.2 
7.5 
1.8 

32.0 
32.0 
32.0 
36.0 
34.0 
39.0 
37.0 
44.0 
38.0 
45.0 

7.3 
7.0 
7.8 
9.0 
9.0 

10.1 
10.1 
13.8 
15.6 
15.9 

Yolo adobe clay 

27.0 
29.0 
29.0 
25.0 
11.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6.6 
7.3 
7.2 
6.0 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 

18.0 
20.0 
21.0 
22.0 
25.0 
34.0 
34.0 

0.0 
0.0 
0.0 

3.6 
3.9 
4.1 
4.2 
7.3 
8.0 
8.4 
0.0 
0.0 
0.0 

25.0 
25.0 
23.0 
23.0 
24.0 
26.0 
34.0 
36.0 
14.0 
0.0 

4.7 
4.6 
4.9 
4.8 
4.7 
4.9 
6.2 

11.3 
4.9 
0.0 

Hanford fine sandy loam 

26.0 
21.0 

9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.4 
5.8 
1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

33.0 
35.0 
35.0 
35.0 
33.0 
26.0 
13.0 
7.0 
0.0 
0.0 

9.1 
10.4 
11.6 
11.8 
9.3 
6.6 
3.4 
0.9 
0.0 
0.0 

34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
37.0 
16.0 
17.0 

7.0 

9.2 
9.5 

10.4 
10.0 
12.0 
11.6 
10.9 
7.4 
3.5 
1.1 

25.0 
24.0 
25.0 
26.0 
26.0 
28.0 
29.0 
28.0 
28.0 
18.0 

6.7 
6.8 
6.8 
7.6 
7.2 
8.3 
8.4 
9.6 
9.4 
6.5 
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TABLE 12—Continued 

Concent ra t ion 
maleic hydraz ide 

(p.p.m.) 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

F i r s t 

He igh t 

(cm) 

crop 

Weight 

(gm) 

Second crop 

He igh t 

(cm) 

Weight 

(grn) 

Third 

He igh t 

(cm) 

crop F o u r t h crop 

Weight He igh t 

(gm) (cm) 

Weight 

(gm) 

Hanford loam 

24.0 
12.0 
8.0 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.7 
2.0 
1.1 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

33.0 
35.0 
34.0 
35.0 
30.0 
15.0 
0.0 
0.0 
0.0 
0.0 

6.4 
7.1 
7.3 
6.6 
6.2 
3.2 
0.0 
0.0 
0.0 
0.0 

31.0 
35.0 
35.0 
35.0 
34.0 
35.0 
20.0 
12.0 
10.0 
4.0 

6.5 25.0 
7.2 27.0 
8.0 27.0 
7.8 28.0 
9.1 29.0 
9.4 29.0 
9.3 31.0 
3.4 30.0 
0.9 35.0 
0.0 28.0 

6.1 
6.0 
7.0 
6.7 
6.4 
7.0 
8.5 
8.8 
9.0 
8.6 

Aiken clay loam 

16.0 
17.0 
17.0 
12.0 
8.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.7 
3.0 
3.1 
3.0 
0.7 
0.0 
0.0 
0.0 
0.0 
0.0 

13.0 
13.0 
16.0 
21.0 
22.0 
21.0 
24.0 
16.0 
22.0 
13.0 

2.6 
2.6 
2.8 
3.6 
4.3 
3.9 
4.1 
3.1 
3.9 
2.3 

18.0 
17.0 
19.0 
18.0 
20.0 
21.0 
20.0 
20.0 
22.0 
21.0 

2.3 
2.3 
2.4 
2.5 
2.7 
3.0 
3.1 
3.7 
4.1 
4.4 

Arbuck le clay loam 

12.0 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.8 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

30.0 
28.0 
20.0 
10.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.2 
6.2 
3.1 
0.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.0 
28.0 
32.0 
27.0 
10.0 
15.0 
12.0 
0.0 
0.0 
0.0 

4.1 23 
5.5 24 
8.3 28 
5.5 28 
3.5 31 
3.5 38 
1.1 32 
0.0 34 
0.0 0 
0.0 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

4.0 
3.7 
4.8 
7.5 
6.7 

10.5 
8.3 
2.1 
0.0 
0.0 

S tock ton adobe clay 

21.0 
22.0 
23.0 
25.0 

3.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.9 
3.6 
3.7 
4.4 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 

18.0 
20.0 
20.0 
25.0 
27.0 
30.0 
33.0 
16.0 
0.0 
0.0 

3.2 
3.5 
3.5 
4 .1 
6.1 
7.9 
8.1 
7.2 
0.0 
0.0 

22.0 
23.0 
24.0 
30.0 
36.0 
36.0 
37.0 
35.0 
39.0 
39.0 

3.3 
3.1 
3.5 
4.7 
4.7 
7.3 
7.2 
9.6 
9.6 
9.6 
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TABLE 12—Concluded 

Concentration 
maleic hydrazide 

(p.p.m.) 

0.0 : 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

0.0 
5.0 

15.0 
40.0 
80.0 

140.0 
220.0 
340.0 
490.0 
680.0 

First crop 

Height 

(cm) 

Weight 

(gm) 

Second crop 

Height 

(cm) 

Weight 

(gm) 

Third crop 

Height 

(cm) 

Weight 

(gm) 

Fourth crop 

Height 

(cm) 

Weight 

(gm) 

Egbert loam* 

35.0 
36.0 
37.0 
38.0 

5.0 
0.0 
0.0 
0.0 
0.0 
0.0 

9.9 
10.6 
11.1 
11.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 

32.0 
32.0 
33.0 
36.0 
37.0 
37.0 
26.0 
10.0 
0.0 
0.0 

9.3 
7.8 
9.9 

12.1 
12.1 
15.7 
8.9 
0.8 
0.0 
0.0 

25.0 
24.0 
30.0 
29.0 
31.0 
27.0 
34.0 
36.0 
10.0 
0.0 

6.2 
4.7 
8.0 
8.2 
9.3 
6.3 
7.0 
9.0 
1.3 
0.0 

Rocklin fine sandy loam 

17.0 
18.0 
18.0 
18.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.7 
2.5 
2.7 
2.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.0 
20.0 
19.0 
22.0 
28.0 
29.0 
23.0 
12.0 
10.0 
0.0 

3.3 
3.5 
3.4 
4.1 
4.9 
5.0 
4.2 
1.6 
1.0 
0.0 

20.0 
20.0 
21.0 
24.0 
25.0 
26.0 
26.0 
31.0 
24.0 

0.0 

3.8 
3.7 
3.7 
3.9 
4.4 
4.6 
4.7 
4.8 
4.5 
0.0 

20.0 
21.0 
20.0 
21.0 
23.0 
23.0 
25.0 
24.0 
24.0 
10.0 

4.3 
3.8 
4.0 
4.0 
4.2 
4.4 
4.8 
4.8 
5.1 
0.6 

Sierra fine sandy loam 

23.0 
23.0 
22.0 
22.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.0 
4.1 
3.9 
3.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

24.0 
24.0 
26.0 
30.0 
27.0 
36.0 
34.0 
30.0 
15.0 
12.0 

4.4 
4.3 
4.3 
4.8 
6.8 
6.0 
5.5 
2.0 
1.3 
1.1 

24.0 
27.0 
30.0 
29.0 
33.0 
30.0 
35.0 
32.0 
16.0 
18.0 

4.9 
4.8 
5.3 
4.7 
5.9 
5.9 
6.8 
7.4 
7.9 
4.3 

* Washed with excess water. 
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TABLE 13 
F R E S H WEIGHTS AND HEIGHTS OF 10 KANOTA OAT PLANTS GROWN IN COLUMNS OF AIKEN 

CLAY LOAM CONTAINING VARYING P.P.M. OF MALEIC HYDRAZIDE 

Depth 

(cm) 
0.0-10.0 

10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

Aiken clay loam 

220.0 p.p.m. 

Height 

(cm) 
0.0 
0.0 
0.0 

10.0 
13.0 
13.0 
14.0 
14.0 
15.0 
11.0 

16.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
1.6 
2.0 
2.3 
2.8 
2.7 
2.7 
3.0 

2.8 

First crop 

440.0 p.p.m. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
4.0 

17.0 
16.0 
17.0 
20.0 
20.0 

19.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.4 
1.7 
1.8 
1.7 
1.7 
1.8 

2.1 

880.0 p.p.m. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

17.0 
14.0 
16.0 

15.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
2.0 
2.2 

2.3 

Second crop 

440.0 p.p.m. 

Height 

(cm) 
15.0 
20.0 
17.0 
14.0 
15.0 
16.0 
15.0 
15.0 
15.0 
16.0 

16.0 

Weight 

(gm) 
1.5 
3.4 
3.3 
3.2 
3.2 
3.4 
2.7 
3.4 
3.0 
3.4 

3.2 

880.0 p.p.m. 

Height 

(cm) 
0.0 
0.0 
6.0 

15.0 
10.0 
14.0 
14.0 
18.0 
17.0 
13.0 

16.0 

Weight 

(gm) 
0.0 
0.2 
0.3 
2.2 
1.3 
2.7 
2.4 
3.4 
3.2 
2.7 

2.9 

TABLE 14 
F R E S H WEIGHTS AND HEIGHTS OF 10 KANOTA OAT P L A N T S GROWN IN COLUMNS 

OF A I K E N CLAY LOAM CONTAINING 220.0 P.P.M. MALEIC HYDRAZIDE AND A L S O 

UNDER CONDITIONS IN W H I C H PHOSPHATE W A S ADDED BOTH BEFORE AND 
AFTER THE ADDITION OF MALEIC HYDRAZIDE 

D e p t h 

(cm) 
0.0-10.0 

10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

Aiken clay loam 

First crop 

220.0 p .p .m. 
maleic hydrazide 

Height 

(cm) 
0.0 
0.0 
0.0 

10.0 
13.0 
13.0 
14.0 
14.0 
15.0 
11.0 

16.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
1.6 
2.0 
2.3 
2.8 
2.7 
2.7 
3.0 

2.8 

Phosphate 
added after m.h. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

15.0 
16.0 
15.0 
15.0 

17.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.3 
2.5 
2.6 
2.5 

2.6 

Phosphate 
added before 

m.h. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

18.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.8 

Second crop 

Phosphate 
added after 

m.h. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 

24.0 
16.0 
16.0 
15.0 
16.0 

16.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
6.8 
2.3 
2.8 
1.6 
2.5 

2.7 

Phosphate 
added before 

m.h. 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

19.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.5 
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TABLE 15 

F R E S H WEIGHTS AND HEIGHTS OP 10 KANOTA OAT PLANTS GROWN 
IN COLUMNS OF SIERRA F I N E SANDY LOAM CONTAINING 

220.0 p.p.M. MALEIC HYDRA,ZIDE 

Depth 

(cm) 
0.0-10.0 

10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0... 
80.0-90.0 
90.0-100.0 

Checks 

Sierra fine sandy loam 

First crop 

Height 

(cm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

25.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.5 

Second crop 

Height 

(cm) 
0.0 
0.0 
0.0 

15.0 
27.0 
28.0 
28.0 
26.0 
24.0 
25.0 

23.0 

Weight 

(gm) 
0.0 
0.0 
0.0 
0.7 
6.6 
5.7 
6.0 
5.2 
4.5 
4.5 

4.1 

Third crop 

Height 

(cm) 
7.0 

13.0 
30.0 
29.0 
32.0 
30.0 
32.0 
34.0 
32.0 
32.0 

33.0 

Weight 

(gm) 
0.2 
1.4 
6.7 
5.8 
5.9 
6.3 
6.7 
5.7 
7.2 
6.5 

5.8 
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TABLE 16 

F R E S H WEIGHTS AND HEIGHTS OF 10 KANOTA OAT PLANTS GROWN 
IN COLUMNS OF SIX DIFFERENT SOILS CONTAINING 

220.0 P.P.M. MALEIC HYDRAIZIDE 

Depth 

(cm) 

0.0-10.0 
10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0..·. 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

0.0-10.0 
1Ó.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

0.0-10.0 
10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

First crop 

Height 

(cm) 

Weight 

(gm) 

Second crop 

Height 

(cm) 

Weight 

(gm) 

Aiken clay loam 

0.0 
0.0 
0.0 

10.0 
13.0 
13.0 
14.0 
14.0 
15.0 
11.0 

16.0 

0.0 
0.0 
0.0 
1.6 
2.0 
2.3 
2.8 
2.7 
2.7 
3.0 

2.8 

20.0 
16.0 
13.0 
13.0 
13.0 
12.0 
12.0 
15.0 
16.0 
16.0 

12.0 

5.0 
3.S 
2.9 
2.7 
2.5 
2.3 
2.7 
2.6 
2.7 
2.4 

2.5 

Hanford loam 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

30.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6.2 

30.0 
20.0 
15.0 
15.0 
10.0 
10.0 
10.0 
20.0 
20.0 
20.0 

19.0 

11.1 
8.1 
5.2 
5.8 
1.8 
4.1 
0.4 
6.1 
7.1 
6.8 

5.6 

Stockton adobe clay 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.0 

20.0 

20.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
3.0 

3.3 

20.0 
17.0 
20.0 
15.0 
20.0 
20.0 
18.0 
19.0 
19.0 
17.0 

14.0 

6.3 
5.1 
5.2 
5.0 
4.8 
5.0 
5.1 
5.1 
4.8 
3.5 

2.8 
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TABLE 16—Continued 

Depth 

(cm) 

0.0-10.0 
10.0-20.0. 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

0.0-10.0 
10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

0.0-10.0 
10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

First crop 

Height 

(cm) 

Weight 

((¡m) 

Second crop 

Height 

(cm) 

Weight 

(gm) 

Yolo clay loam 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

33.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.8 

5.0 
10.0 
10.0 
10.0 
6.0 
8.0 
8.0 

14.0 
11.0 
14.0 

20.0 

0.5 
1.1 
0.9 
1.3 
0.6 
0.7 
0.9 
2.2 
2.7 
1.1 

4.2 

Yolo clay loam (nitrate free) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

33.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.8 

8.0 
8.0 
6.0 
6.0 
4.0 
8.0 

10.0 
4.0 

10.0 
12.0 

17.0 

0.6 
0.8 
0.5 
0.3 
0.2 
0.8 
0.8 
0.4 
1.1 
1.6 

3.9 

Yolo fine sandy loam 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

33.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7.6 

13.0 
25.0 
22.0 
20.0 
18.0 
15.0 
25.0 
25.0 
10.0 
25.0 

20.0 

2.1 
9.4 
7.2 
6.3 
5.9 
6.2 

10.3 
9.6 
1.5 
7.5 

4.2 
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TABLE 17 
F R E S H WEIGHTS AND HEIGHTS OF F I R S T CROP OF KANOTA 
OATS P L A N T S GROWN IN COLUMNS OF YOLO F I N E SANDY 
LOAM CONTAINING 220.0 P.P.M. PER COLUMN W H I C H W A S 
T H E N LEACHED WITH 150 SURFACE CENTIMETERS OF WATER 

0.0-10.0 

D e p t h 

(cm) 

10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

Yolo fine sandy loam 

Height 

(cm) 
38.0 
36.0 
28.0 
26.0 
25.0 
28.0 
28.0 
25.0 

0.0 
0.0 

28.0 

Weight 

(gm) 
15.4 
10.7 
7.3 
5.1 
4.3 
4.3 
4.3 
4.2 
0.0 
0.0 

6.7 

TABLE 18 
F R E S H W E I G H T S AND HEIGHTS OF KANOTA OAT PLANTS GROWN IN COLUMNS 

OF A I K E N CLAY LOAM CONTAINING T W O CONCENTRATIONS OF MALEIC 
HYDRAZIDE T H A T W A S LEACHED WITH INCREASING 

AMOUNTS OF WATER 

D e p t h 

(cm) 
0.0-10.0 

10.0-20.0 
20.0-30.0 
30.0-40.0 
40.0-50.0 
50.0-60.0 
60.0-70.0 
70.0-80.0 
80.0-90.0 
90.0-100.0 

Checks 

Aiken clay loam 

220.0 p.p.m. leached with 
100 surface cm water 

Height 

(cm) 
21.0 
18.0 
15.0 
5.0 
4.0 
4.0 

12.0 
15.0 
15.0 
15.0 

15.0 

Weight 

(gm) 
3.9 
3.0 
2.6 
0.2 
0.2 
0.3 
2.3 
2.7 
2.6 
2.5 

2.4 

880.0 p.p.m. leached wi th 
200 surface cm water 

Height 

(cm) 
17.0 
14.0 
17.0 
17.0 
19.0 
14.0 
0.0 
0.0 
0.0 
0.0 

10.0 

Weight 

(gm) 
2.8 
2.1 
3.5 
2.9 
3.5 
2.3 
0.0 
0.0 
0.0 
0.0 

2.6 

880.0 p.p.m. leached with 
400 surface cm water 

Height 

(cm) 
14.0 
13.0 
13.0 
15.0 
15.0 
16.0 
14.0 
14.0 
15.0 
10.0 

12.0 

Weight 

(gm) 
2.1 
2.2 
2.8 
2.5 
2.3 
3.0 
2.4 
2.4 
2.9 
2.9 

2.2 
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200 300 400 500 600 
p.p.m. maleic hydrazide air dry soil basis 

Fig. 1. Toxicity of maleic hydrazide dn Yolo fine sandy loam. 
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Fig. 2. Toxicity of maleic hydrazide in Yolo clay loam. 
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p.p.m. maleic hydrazide air dry soil basis 

Fig. 3. Toxicity of maleic hydrazide in Yolo adobe clay. 
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Fig. 5. Toxicity of maleic hydrazide in Hanford loam. 
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Fig. 6. Toxicity of maleic hydrazide in Aiken clay loam. 
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Fig. 7. Toxicity of maleic hydrazide in Arbuckle clay loam. 
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Fig. 11. Toxicity of maleic hydrazide in Sierra fine sandy loam. 
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Plate 1. Toxicity of maleic hydrazide in Yolo clay loam, first crop. Top to bottom: flax, 
peas, andcrabgrass (Digitaria sp.) . Left to r ight : 0.0; 5.0; 15.0; 40.0; 80.0; 140.0; 220.0; 
340.0; 490.0; and 680.0 p.p.m. maleic hydrazide added, air dry soil basis. 
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Plate 2. Distribution of maleic hydrazide in Aiken clay loam treated with K H 2 P 0 4 ; first 
crop, 12 days after planting. Top : soil saturated with phosphate after addition of 220.0 
p.p.m. maleic hydrazide; bottom: soil saturated with phosphate before addition of 220.0 
p.p.m. maleic hydrazide. Left to r ight : control; 100-90; 90-80; 80-70; 70-60; 60-50· 
50-40; 40-30; 30-20; 20-10; 10-0.0 cms depth. ' 
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Plate 3. Comparing growth of Kanota oats in soil and "Hoagland" solutions. Top: 
Aiken soil solution without maleic hydrazide ; bottom : Yolo fine sandy loam soil solution 
containing maleic hydrazide. Eight to left : Full Hoagland, distilled water, soil solutions. 
Note leaf length. 
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Plate 4. Kanota oat plants grown in soil solutions and nutrient culture solution (30 days 
after s tar t ing) . Right to left: complete Hoagland solution; Yolo soil solution (contains 
maleic hydrazide) ; Aiken soil solution (no maleic hydrazide present) ; and distilled water. 
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