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THE EFFECT OF BORAX ON THE GROWTH AND 
YIELD OF CROPS. 
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Office of Soil-Fertility Investigations, Bureau of Plant Industry. 
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INTRODUCTION. 

The United States Department of Agriculture issued a report (12)! 
early in 1920 on crop injury by borax in fertilizers which was based 
partly on field experiments conducted in 1919 in cooperation with 
armers in the States of Maine, New York, New Jersey, Virginia, 
North Carolina, South Carolina, and Georgia and partly on investi- 
gations of the crop injury by borax in commercial fields of potatoes 
and cotton in certain Kastern States. 

_ These investigations were made by the department in 1919, as a 
result of appeals from farmers and fertilizer dealers in many sections 
of the Eastern States which indicated that important crops to which 
certain fertilizers had been applied were very seriously affected. As 
a result of the investigation by the department and by several of the 
State experiment stations, the trouble was traced to the use of a 
potash salt containing borax which came from Searles Lake, Calif. 

The results of the experiments in the States enumerated above 
showed that this potash salt containing borax was injurious to 
potatoes and cotton, but that the degree of injury was dependent 
upon the type of soil and the climatic conditions. In experiments 

1 Serial numbers (italic) in parentheses refer to ‘‘Literature cited” at the end of this bulletin. 
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carried on with potatoes, a decreased yield resulted in some cases 
where the potash was applied in quantities which would give 7.5 
pounds of borax per acre, while in other experiments as much as 18 
pounds was required to show injury. In some of the experiments 
with cotton a reduction in yield resulted where as little as 4 pounds 
of borax per acre were used, while on other soils no decreased yield 
resulted with the use of less than 12 pounds. 

That the injury caused by the Searles Lake potash was due to the 
borax it contained has been further demonstrated by experiments 
made in 1920. In these tests the effect of Searles Lake potash free 
from borax gave good results and compared very favorably with 
potash materials from other sources. : 

Owing to the great interest taken in the subject and its bearing on 
crop production it was felt essential to conduct further field studies 
in order to obtain detailed evidence on the effect of borax upon 
different crops with respect to growth as well as yield. 

This bulletin embodies the results of these field studies conducted 
cooperatively in the States of Maine, New Jersey, Virginia, and 
abana on several important types of soil. 

REVIEW OF THE LITERATURE. 

The injurious effects of borax in corn fertilizers were noted in 
Indiana in 1917 by Conner, which seem to be the first recorded field 
observations on the effect of borax and its occurrence in fertilizer 
practice. Conner (3) reached the conclusion from his experiments 
in pots that 100 pounds per acre of a fertilizer containing 2 per cent 
of borax when applied in the furrow caused injury to the corn plant. 
Work previous to this by Lipman (8) was confined to pot tests, and 
the work of Cook (5, 6, 7) was chiefly concerned with the action of 
borax in manure and is not directly applicable to present-day com- 
mercial-fertilizer practice; neither are the experiments of a number 
of European workers which are reviewed in Cook’s paper. 

Conner’s more recent report (4), giving the results of his work with 
borax on corn in two field experiments, confirms the data obtained 
from the pot tests. He found that borax caused the greatest injury 
when the fertilizer in which it was contained was applied in the row. 
From 0.5 of a pound up to 4 pounds of anhydrous borax per acre 
produced injury when drilled in the row, and 16 to 18 pounds were 
required to produce injury when the fertilizer was sown broadcast 
and worked into the surface soil. Conner also found that borax 
injury varies with the method of application, type of soil, seasonal 
conditions, and the crop grown. 

In field experiments reported by Blackwell and Collings (1), desig- 
nated a progress report, applications of a potash salt containing 17.75 

_ per cent borax (Na,B,O,), used in quantities varying from 25 to 1, 000 
pounds per acre, did not prevent germination of cotton and corn seed 
under the conditions of the experiment or hinder the normal growth of 
the young plants. Their experiments were discontinued when the 
young plants were 18 inches in height. Nor did applications of com- 
mercial borax ranging from 54 to 400 pounds per acre prevent germi- 
nation and normal growth of either cotton or corn. The planting was 
followed immediately by heavy rains, which it is stated may account 
in a large measure for the failure of these quantities of borax to show 
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harmful results. The plantings in these experiments were made late 
in the summer, and the crops did not mature. 
A general survey of the injury to the 1919 potato crop in Maine by 

borax in fertilizers is given by Morse (9), together with a report on pot 
experiments with borax fertilizer on potatoes, beans, oats, wheat, and 
buckwheat. Fertilizers applied to soil in pots so as to add 17.6 
pounds of anhydrous borax per acre produced severe leaf injury 
when the fertilizer was mixed in the upper 6 inches of the pot or when 
placed in the 3 inches of soil below the seed piece. The larger appli- 
cation of borax caused greater root injury and more stunting of the 
lants, but less tip and marginal injury to the leaves. An application 
ie means of the drill of fertilizer containing anhydrous borax equiv- 
alent to 4.4 pounds per acre caused severe injury to beans, while the 
same fertilizers sown broadcast in quantity equivalent to 8.8 pounds 
of borax per acre caused no apparent injury to oats, wheat, and 
buckwheat. 

The work of Neller and Morse (10) is also very conclusive in showing 
that borax is extremely poisonous to plants. A number of pot experi- 
ments are reported which were conducted under the joint auspices of 
eight different institutions, namely, the experiment stations of the 
States of Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New York, and New Jersey. The work was 
pamned in order to determine whether injury previously observed 
oth in the field and in the greenhouse was due alone to the borax 

present in the fertilizer applied and to determine the maximum 
quantity per acre that can be safely applied to land on which impor- 
tant food crops are to be grown. Potatoes, corn, and beans were 
gown, and borax was applied with fertilizers in quantities varying 
rom 1 to 20 pounds per acre. While these experiments were made in 
pots and a direct comparison with field conditions can not be made, 
the results obtained are very valuable and show conclusively that 
very small quantities of borax can be injurious to plant life. Corn and 
beans proved to be more susceptible than potatoes to the injurious 
effects of borax. Three pounds of borax per acre was the largest 
quantity that could be applied in drills with safety to beans; the 
limit for corn was under 5 pounds and for: potatoes slightly above 5 
pounds per acre. Mixing the fertilizer with the soil decreased the 
injury and slightly raised the quantity of borax that could be applied 
per acre with safety. These results were obtained with a typical 
greenhouse potting soil which had a water-holding capacity of 37.5 
per cent and was kept at an bp water content of 19.2 per cent. 
ubsequent experiments with beans showed that greater injury 

occurred where the soil moisture was kept at 15.2 per cent than where 
it was kept at 30.4 per cent. 

The damage to crops in North Carolina, principally cotton, tobacco, 
corn, and peaches, by borax in fertilizers, observed in 1919, is given 
in a report by Plummer and Wolf (11) in which they also include the 
results of their experimental work. Their experiments, using pots 
containing a sandy soil to which 5 pounds of borax per acre were 
2, ae showed considerable injury to corn, and when 10 pounds 
ot borax were applied the plants were entirely lacking in green color 
and soon died. Cotton did not grow where 5 pounds per acre were 
used. In clay soil both cotton and corn showed marked injury when 
the quantity of borax exceeded 7 pounds per acre, although in sandy 



= BULLETIN 1126, U. S. DEPARTMENT OF AGRICULTURE. 

soil as little as 1 pound per acre injured tobacco. The authors state 
that colloidal absorption is an important factor in enabling plants 
to tolerate larger quantities of borax when grown on clay abil 

The effect of borax on Sassafras loam (a brown or yellowish brown 
moderately heavy loam with a reddish yellow subsoil) in New Jersey, 
as presented by Blair and Brown (2), was to depress the yield of 
potatoes when as much as 30 pounds per acre was used in the drill 
and the seed planted immediately, while no appreciable decreased 
yield resulted with 50 pounds when the planting of seed was delayed. 
With 100 pounds of borax per acre the yield was cut one half. Where 
fertilizers were sown broadcast 50 pounds of borax per acre markedly 
decreased the yields. Applications of 100, 200, and 400 pounds of 
borax per acre either prevented germination or resulted in delayed 
germination. With corn, where fertilizers were applied in the drill, 
there was some depression in yield beginning with the 5-pound appli- 
cation, and with 50 pounds per acre and over the injury was severe. 
When the fertilizer was sown broadcast at the rate of 50 pounds of 
borax per acre there was a marked decrease in yield. It is noted that 
the rainfall at New Brunswick during the summer of 1920 was un- 
usually heavy, there being a precipitation of 2.01 inches in the 10 
days following. the fertilizer application. 

In the experiments on the Caribou loam? (a yellowish brown silt 
loam with yellow subsurface soil and gray subsoil) at Presque Isle, 
Me., injury occurred with an application as low as 5 pounds of borax 
per acre when put in the furrow and planting done immediately. As 
the quantity of borax applied increased, the injury became progres- 
sively worse. There was a moderate but not excessive rainfall in the 
early summer, which very likely accounts in part for the difference 
in the degree of harmfulness shown in this and the New Brunswick 
experiments 

_ The results of the investigation with cotton at Muscle Shoals,’ Ala., 
on two soil types showed that harmful effects resulted from the use 
of a quantity of borax as small as 5 pounds per acre. The use of 10 
ounds of borax per acre delayed and seriously affected germination. 
n some cases the plant outgrew its early shock where the smaller 

quantities were used. The degree of harmfulness of the borax in the 
experiments planted at different times correlates with the rainfall 
to a certain extent. When the rainfall was heavy shortly after the 
fertilizer application was made, the effect of the borax was less. 

Other experiments with cotton on both the Clarksville silt loam (a 
light-gray silt loam with heavy yellowish subsoil) and Colbert silt 
loam (a gray-brown silt loam with heavy reddish yellow subsoil) 
were made at Muscle Shoals, Ala., in cooperation with the Fixed- 
Nitrogen Research Laboratory. 

™~ 

SCOPE AND PLAN OF THE INVESTIGATIONS IN 1920. 

Extensive series of tests were made at the department experimental 
farm at Arlington, Va., on a silty clay loam soil. Corn, Lima beans, 
snap beans, potatoes, and cotton were grown. Records were kept as 
to the influence of borax on germination, on early growth, and on the 

2 Brown, B. E. Effect of borax in fertilizer on the growth and yield of potatoes. U.S. Dept. Agr. Bul. 
998,8 p., i fig.,4pl. 1922. : 

’ Skinner, J. J.,and Allison, F.E. Theinfluence of fertilizers containing borax on the growth and fruit- 
ing of cotton. Unpublished manuscript. 
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final yield of each crop matured. The records of these experiments, 
together with the data obtained in some of the experiments located in 
the States mentioned, are given in detail in this bulletin. Other tests 
were made cooperatively with the Maine and New Jersey Agricultural 
Experiment Stations, potatoes bemmg grown on Caribou loam at 
Presque Isle, Me., and potatoes and corn on Sassafras loam at New 
Brunswick, N. J. 

The experiments at Arlington, Presque Isle, New Brunswick, and 
Muscle Shoals were of the same general plan and afforded an oppor- 
tunity of studying the effects of borax on five soil types and five crops 
under different climatic conditions. Borax in all of these experi- 
ments was mixed with a fertilizer analyzing 4 per cent NH,, 8 per 
cent P,O,, and 4 per cent K,O and the fertilizer applied at a standard 
rate for each crop, namely, 400 pounds per acre to corn, 1,000 pounds 
to cotton and to beans, 1,500 to 2,000 pounds to potatoes. Fertilizer 
free from borax was used as a control. Sufficient borax was added 
and mixed with the fertilizer so that when applied at the rates just 
named 1 to 400 pounds of anhydrous borax per acre would be added. 

In addition to the experiments made on this general plan at these 
four locations, other experiments were made at Arlington, Va., with 
corn and cotton and at Muscle Shoals, Ala., with cotton, using a no- 
borax fertilizer, one which supplied 5 pounds, another 10 pounds, 
and a third 20 pounds of borax per acre. These experiments were 
inaugurated at intervals of about 10 days, to study the influence of 
weather conditions on the action of borax upon these crops growing 
on the same type of soil. : 

The experiments in each location involved applying the fertilizer 
in three ways: (1) In the seed drill and planting after an interval of a 
week or 10 days, (2) in the seed drill and planting immediately after 
applying the fertilizer, (3) broadcasting the fertilizer and planting 
immediately. 

Other experiments with potatoes were made in order to compare 
the effectiveness of commercial Searles Lake potash, designated 
1920 grade, which contained no borax with Searles Lake potash 
containing borax as it occurred in the trade prior to that year. The 
latter salt is called the 1919 grade. These experiments were made 
cooperatively with growers in the potato-producing regions of Vir- 
ginia, New Jersey, and Maine. 

EXPERIMENTS WITH BORAX AT ARLINGTON, VA. 

The soil on which the experiments at Arlington were conducted is 
a, silty clay loam, well suited to the growing of vegetables and general. 
farm crops. The land in question was filled with river-bottom mate- 
rial from the Potomac River some ten years ago. It has been tile- 
drained and in wet seasons does not suffer from an excess of water. 
In dry seasons it has a sufficient water-holding capacity to support 
good crop growth. The land was cultivated to corn for several 
years preceding the inauguration of the borax experiment. 

The area used for the experiment was 132 by 400 feet. Each row 
132 feet long was divided into three equal sections, providing plats 
one two-hundred-and-seventieth of an acre in extent. Im section 1 
the fertilizer was put in the drill, covered and mixed with soil to a 
depth of about 2 inches and the planting of seed delayed for 7 days. 
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In section 2 the fertilizer was put in the furrow and otherwise treated 
as in section 1, except that the seed was planted immediately after 
the fertilizer was applied. In section 3 the fertilizer was sown broad- 
cast over an area ad ee ie! 12 inches wide along the seed furrow. 
A fertilizer analyzing 4 per cent NH,, 8 per cent P.O,, 

and 4 per cent K,O was applied at the rate of 1,000 pounds per acre 
to beans, 1,800 pounds per acre to potatoes, and 400 pounds per 
acre to corn. The materials used in preparing the 4-8-4 mixture 
were acid phosphate, sodium nitrate, ammonium sulphate, cottonseed 
meal, and potassium chlorid. Sufficient borax was added and well 
mixed with the fertilizer so as to apply 1, 2, 3, 4, 5, 10, 20, 30, 50, 
100, 200, and 400 pounds of anhydrous borax (Na,B,O,) per acre. 
Five plats were used as checks, and to these was added the fertilizer 
which contained no borax. 

Three adjoining rows were used for each treatment; in the first 
row Lima beans were planted, in the second snap beans, and in the 
third potatoes. The experiment with corn was made on plats adjoin- 
ing those in the truck-crop tests. Records of the effect of the borax 
on germination, on the growth of the plant in its early stage, and on 
the yield were made in each case. The daily rainfall was recorded, 
and this factor will be considered in connection with the experiments. 

EFFECT OF BORAX ON LIMA BEANS. 

Lima beans were planted in sections 2 and 3 on May 26, immediately 
after the application of the fertilizers. The seeds in section 1 were 
planted 7 days later. Each section was planted with 90 seeds and 
on June 25 thinned to a stand of 70 plants. The experiment was 
discontinued on September 22, when the vines were cut and weighed 
ereen. The beans were picked as they matured, and the yield of 
beans in the hull as well as vine growth was recorded. 

In order to determine the effect of the borax on germination and on 
early growth, a count of the number of plants in each plat was made 
one month after date of planting and a measurement made of their 
height. These data together with the yields are given in Table 1. 

The influence of borax on germination can be seen by a study of 
columns 2,6,and10o0f Table 1. Thedata for the two outside control 
rows are not given, as these were influenced by other experiments in 
adjoining plats. 

In section 1, where the fertilizer was put in the drill and planting 
delayed for 7 days, the three no-borax or check plats germinated 73, 
82, and 83 seeds out of a possible 90. The 400-pound borax plat ger- 
minated 4 seeds, the 200-pound plat 37 seeds, and the 100-pound 
plat 48 seeds. The remaining plats receiving 50 pounds or less ger- 
minated fewer seeds than the no-borax plats, but the effect was not 
so marked as in section 2. 

In section 2 only a few seeds germinated in the 100, 200, and 400 
pound plats. Less than half germinated in the 30 and 50 pound plats, 
and a marked effect was produced by the smaller quantities of borax, 
especially the 10 and 20 pound applications. The three checks in sec- 
tion 2 germinated 82, 75, and 73 seeds, respectively, out of a pos- 
sible 90. 

In section 3, where the fertilizer was sown broadcast, there was a 
marked effect on germination with 20 pounds of borax per acre; 
smaller quantities than this had only a slight effect. There was no 
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ermination on the 400-pound plat, and only 7 seeds germinated 
where 200 pounds were used. 

TaBLE 1.—LEffect of various quantities of borax on Lima beans in field plats on silty clay 
loam at Arlington, Va., in 1920. 

Sec. 1.—Fertilizer applied in | Sec. 2.—Fertilizer applied in Sec. 3.—Fertilizer applied 
drill 7 days before planting. drill at time of planting. broadcast at time of planting. 

| H 
Borax per | Plantsup | Yield per plat Plants up Yield per plat Plants up Yield per plat 

acre. | June 25. (pounds). June 25. | (pounds). June 25. (pounds). 

| 
| Num- |Height, | | zc | Num-|Height,| |... | Num-|Height,|5. | ys ber. inches. | Pe@ns.| Vines.) “por. inches. | Beans. Vines. “her. | inches. | D&@ns-| Vines. 

Z | | ea | : 
1 2 |. 8 4 5 eee ca os Bae $0 (dds es 

| | | | | | 
1 pound..... 72. | 8.0 | 25.0 | 49 60 | Tete P2120 52 80 (ETN RS! 51 
2 pounds.... 73 | Qe 26:0: | 57 | 52 7.7 | 22.5 46 63 8.6 | 26.1 | 47 
3 pounds 62 | 7.8 | 26.4 | 46 | 60 LSE AE | 47 58 8.0; 25.0 | 47 
None. #2: :-2 73 | 9.4 | 24:7 | 43 82 8.7 | 20.0 | 47 78 | 8.9 | 22.9 | 49 
4pounds.-..}° 70| 7.5] 21.7| | 42 76 8.1} 21.8 44 76 6.8 | 21.0] 46 
5 pounds Ti | 420: | 27285" | 45 71 ae 2871s) 46 72 | 6:8 | 25.1] 43 
10 pounds 85 6.8 | 21.6 | 48 42 6.7 16.9 37 63 6.3 | 23.2 41 
None. -.-.-: 82 9.0 18.8) 4 75 | 9.1 | 22.8 49 70 8.8 23.5 49 
20 pounds 65 | 6.9 | 19.7 | 39 48 6.1 | 20.8) 35 4] 5:7 | 15:9-| 38 
30 pounds 77 6.2 | 19.8 | 31 32 | 5.2; 12.0 31 63 | 5.6 | 19.2 45 
50 pounds 74 5.2 | 19.0 | 34 19 | 3.8 9.5 | 21 39 | 4.1} 11.73 38 
Wone-2 3s: 83 9.3 19.9 | 46 73 S1°| 1625 42 83 | 8.7 | 17.8 | 45 
100 pounds 48 226 -| =. 0225 | 15 A ee Ss aa 2.6 | 15 Vy-|2 22 Seas 2 3.5 15 
200 pounds 3a. |S. ee | 48) 16 oye Ea 2.4 | 10 1 | scree en, 0 
eens Bo Ree O- | 0 Olan Ses. [38a | 0 02) see | 0 0 

: | | | | | 

Where the fertilizer was applied in the drill, the borax in as small 
quantities as 1, 2, 3, and 4 pounds per acre had a retarding effect on 
the early growth of the beans, and 10 pounds of borax markedly 
stunted the plants. There was not much noticeable depression of 
growth by borax in quantities under 4 pounds, and when the bean 
vines reached maturity they had outgrown all injury. 

in section 1, 20 pounds of borax decreased the growth of vines, but 
the production of beans was not influenced by quantities under 100 
pounds per acre. In section 2, 10 pounds per acre caused marked 
depression in the final yield of both vines and beans. In the broad- 
casted section 20 pounds per acre depressed the production of beans, 
but vine growth was not influenced by quantities smaller than 50 
pounds. There was some stimulation in all sections by the smaller 
applications. 3 

EFFECT OF BORAX ON SNAP BEANS. 

_ The experiment with snap beans was similar in all details to that of 
the Lima beans. The seeds were planted on May 26, somewhat thick 
in the row and thinned to 125 per plat on June 15. They had 
matured by August 13, on which date the experiment was terminated. 
The beans were picked weekly, and the record is given in pounds of 
green beans produced. 

The snap beans proved to be very sensitive to borax. During the 
first month the plants where 1, 2, 3, 4, and 5 pounds of borax were 
applied in section 2 showed a slightly lighter color of foliage than the 
no-borax plat, although there was no distinct bleaching. There was 
a distinct and marked bleaching of leaves with 10 pounds and upward. 
This effect was distinguished by a curled leaf having yellow and brown 
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tips, and often the entire leaf was affected. This characteristic be- 
came severe where 20 pounds were used. These same effects were 
noticeable in sections 1 and 3, but relatively large quantities were 
required to produce the symptoms. In section 1 there was no 
apparent change in color of foliage with quantities under 5 pounds per 
acre. The complete data are given in Table 2. 

TABLE 2.—Effect of various quantities of borax on snap beans in field plats on silty clay 
loam at Arlington, Va., in 1920. 

Sec. 1.—Fertilizer applied in | Sec. 2.—Fertilizer applied in Sec. 3.—Fertilizer applied 
drill 7 days before planting. drill at time of planting. broadcast at time of planting. 

Borax per Plantsup | Yieldperplat; Plantsup | Yieldperplat| Plantsup _ | Yield per plat 
acre. June 15. (pounds). June 15. (pounds). June 15. | (pounds). 

| | 
t : 3 ! 
Num- |Height, ps Num- |Height : Num- |Height a 
ber. | inches. | Beams) Vines.) “por, jhe Beans. Vines.! “her, | inches. | Beans.) Vines. 

None: ..22 55: 210 622: | (| 224:8:\ 37.0 162 %6 | 24.7) 34.0 132 7.9 | 25.5 30. 6 
1 pound..... 180 6.6 | 29.6] 34.0 154 6.8 | 26.0} 32.0 149 6.5 | .23.8 29. 0 
2 pounds 208 | 4.8| 26.7 | 34.5 93 6.7 | 22.6} 29.0} 129 6.7} 20.5 29.0 
3 pounds.. 213 | 5ad, | 2h 7 | 34.5 91 6.4} 20.0/ 27.0; 125) 7.0 | 19.1 26.0 
IN ONG: 2: os? 203 5.9 | 24.8 |, 33.0 109 7.0 | °21.6| 31.0 139 | 78} 20.8 28.5 
4pounds....| 180 Os 2) |e 2leOrp co2s0 113 | 5.5 | 20.8] 27.0 150 6.6: 19.2 24,5 
5 pounds... 224 | 4.2} 19.6} 25.5 84 60°}. 17.5. | 21.0 42 O58) |' s2b2 28.0 
10 pounds 208 4.8} 19.5 | 25.5 63 4.6 | 12.6/ 16.0 80 4.6 | 16.7 21.0 
None... .. 190 6.4 | 24.7] 33.0 94 6.0, 22.4 | 25.0 128 7.9 | 20.0 25.0 
20 pounds 223 AY | (10,8) 15.0 62 3.6) 9:2] 10.5 103 | 5D |) 122 1525 
30 pounds 210 A ADS | F120 55 ALO |. 43 9.0 83 | 4,4 8.4 11.5 
50 pounds 142 4.0} 10.4} 15.0 20 = 7 fal leo 2.0 68 3.6 7.5 1.5 
None...... 231 OnSa| aac ome tons 115 6.5 | 21.8] 27.0 128 7.5 | 20.6 24.0 
100 pounds 119 FO7F SrGyh ec Dialer es pater) Pcl ermraee ich i255 
200 pounds DSi Ae 0 0 1S eck aha O Ai Shi Meare ieee ae 0 
400 pounds:..|)°% Flosesee.: 0 0 13 ea ee 1erz0 Uitte | nie Bika Peer ease 1 50 0 
INONC 22 see. | 03 5: 9) |. 2828; |. 33.0 114 6.5 2145) 920.0 130 iL}. 16.8 23. 5 

| | 

Table 2 shows that borax in small quantities materially affected 
germination, especially in section 2, and that there was considerable 
retardation in growth in the early life of the plant. The effect on 
germination and growth is shown in Plate I, Figure 1. The plants 
shown were dug from the various plats in section 2 on June 15, each 
being a representative plant from the plat on which it grew. Where 
200 and 400 pounds of borax were used, the seeds germinated, but 
the sprout withered and died without pushing through the soil. The 
plants from the 50 and 100 pound borax plats were abnormal, weak, 
and very badly bleached. : 

The weights of beans and vines tell the story of the final influence 
of borax on the production of this crop. In sections 1 and 2 its harm- 
ful effect is first noticeable with 5 pounds per acre, which increases 
in degree as the quantity added increases. In the broadcasted sec- 
tion there is not shown much influence from quantities under 10 
pounds per acre. 

Plates II and III show the Lima and snap beans which were 
photographed on July 17. In Plate II, Figures 1, 2, and 3 show the 
Lima and snap beans grown on the no-borax, 5-pound, and 10- 
pound borax plats, respectively. In Plate III, Figures 1, 2, and 3 
show the beans in the 20, 50, and 100 pound borax plats. Figure 3 
also shows the plats having 200 and 400 pounds of borax. Here it is 
seen that these higher borax plats have supported no vegetation 
whatever. The effect of the varying quantities of borax is apparent 
and does not call for further comment. 

gt i 

ik ae 
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Fic. |—SNAP BEANS DUG FROM FIELD PLATS TREATED WITH VARIOUS 
QUANTITIES OF BORAX. 

Seeds planted May 26; plants removed from the soil and photographed June 15 

FIGS. 2 AND 3.—CORN PLANTS DUG FROM FIELD PLATS TREATED WITH VARIOUS 

QUANTITIES OF BORAX. 

Seeds planted May 3; plants dug from the soil and photographed May 28. 

EFFECT OF BORAX ON PLANTS IN THEIR EARLY STAGES OF 
GROWTH. 

The figures shown in connection With the plants indicate the number of pounds of borax applied 
per acre in the fertilizer used. 



Bul. 1126, U. S. Dept. of Agriculture. PLATE II. 

Fia. |.—No BORAX APPLIED. 

Fic. 3.—APPLICATION OF 10 POUNDS OF BORAX PER ACRE. 

EFFECT OF BORAX ON BEANS AT ARLINGTON, VA.—I. 
Seeds planted on silty clay loam May 26, using a 4-8-4 fertilizer with and without borax: Snap 

beans at left, Lima beans at right; plants photographed July 17. (Compare with PI. III.) 



Bul. 1126, U. S. Dept. of Agriculture. PLATE III. 

FiG. |.—APPLICATION OF 20 POUNDS OF BORAX PER ACRE: SNAP BEANS AT 

LEFT, LIMA BEANS AT RIGHT. 

FIG. 2.—APPLICATION OF 50 POUNDS OF BORAX PER ACRE: SNAP BEANS AT 
LEFT, LIMA BEANS AT RIGHT. 

FIG. 3.—APPLICATION OF 100 POUNDS OF BORAX PER ACRE ON RIGHT, 200 

POUNDS IN CENTER, AND 400 POUNDS ON LEFT. 

EFFECT OF BORAX ON BEANS AT ARLINGTON, VA.—II. 
Seeds planted May 26 on silty clay loam, using a 4-8-4 fertilizer with and without borax; plants 

photographed July 17. (Compare with Pl. II.) 
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EFFECT OF BORAX ON GROWTH AND YIELD OF CROPS. 9 

EFFECT OF BORAX ON POTATOES. 

The potatoes grown in the experiment were McCormicks and were 
planed on July 1 and dug on October 26. Hach of the three sec- 
tions was planted with 40 seed pieces. The record of the number 
of pieces that germinated in each plat is given, and it is seen here 
that the yield is coordinated to a certain extent with the percentage 
of germination. The rainfall in the first 7 days of July was approxi- 
mately 2 inches, which was sufficient to thoroughly wet the surface - 
soil a few inches, and the fertilizers doubtless were well diffused in 
section 1 before the seeds were planted. During July there were 4.97 
inches of rainfall and in August 4.91 inches, fairly well distributed, 
which made conditions ideal for potato growing during the first two 
months of this experiment. 

The yields and dee germination records obtained in the experiment 
are given in Table 3. 

TABLE 3.—Hffect of various quantities of borax on potatoes in field plats on silty clay 
loam at Arlington, Va., in 1920. 

| 

tied in drill y deve Sec. 2.—Fertilizer applied in drill} Sec. 3.—Fertilizer applied broad- 
P tara piantiay, at time of planting. cast at time of planting. 

Borax =| ——-__ a 
per acre. | Yield per plat (pounds). | Yield per plat (pounds). | pjants | Yield per plat (pounds).| plants 

up up 
July July 

Primes.| Culls. | Total. |Primes.} Culls. | Total. 30. | Primes.| Culls, Total. 30. 

None .2i6%) - 34 1 35 39 2s 41 40 | 43 2 45 42 
1 pound. 38 2 40 45 1 46 43 | 46 2 48 43 
2 pounds 38 i 39 38 2 40 41 50 3 Do 44 
3 pounds 40 3 43 40 2 42 44 49 4 woe) a4 
None....... 37 RAG 39 5 41 40 | 42 3 45 44 
4 pounds 40) 4 44 54 1 55 44 | 42 1 43 42 
5 pounds.... 39 1 40 33 1 34 39 | 45 1 46 44 
10 pounds... 36 3 39 39 1 40 38 49 1 50 42 
None.....-. 31 5 36 35 1 36 42 51 1 52 44 
20 pounds... 32 2, 34 30 2 32 30 | 45 1 46 43 
30 pounds 24 2 26 25 1 26 28 45 1 46 44 
50 pounds » 2 25 23 1 24 20 | 35 1 36 40 
None? 2042 30 rl eee oo 33 2 35 39 55 1 56 43 
100 pounds.. 14 2 16 | 14 1 15 9 24 0 24 24 
200 pounds.. 2 2 4 0 0 0 2 0 0 0 4 
400 pounds.. 0 0 0 0 0 0 2 | 0 0 3 
INONeG <3 22.- 39 2 | 41 44 2 46 41 | 42 2 44 43 

In section 1, where the fertilizer was put in the furrow and the 
planting of potatoes delayed, there was a slight stimulation with the 
smaller quantities of borax. The yield was depressed by 30 pounds 
per acre; quantities larger than this proved still more harmful. 

In section 2, where the potatoes were planted immediately (PI. 
IV, Figs. 1 and 2), the germination was affected, and there was a 
depression of yield with 20 pounds of borax per acre, while 30 pounds 
were more harmful. Where 200 and 400 pounds of borax were used 
there was no germination. In section 3, 50 pounds of borax was the 
smallest quantity which proved harmful and 100 pounds were 
decidedly injurious, reducing germination and yield approximately 
50 per cent. In Plate IV, Figure 3 shows the effect of 10 pounds of 
borax per acre in the three sections with different methods of fertilizer 
application. 

9094—22——_2 
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The following conclusions can be drawn from the potato experi-. 
ment: Borax in quantities of 4 pounds per acre and less was stimu- 
lating, in harmony with the effect of small quantities of poisons 
generally; the 5 and 10 pound applications showed no unusual effects; 
the application of 20 pounds per acre affected germination and 
reduced the yield when the fertilizer was applied in the drill and 
the potatoes planted immediately; 30 pounds decreased the growth 
where the fertilizer was applied in the drill and the planting delayed; 
and 50 pounds were injurious to germination and depressed the yield 
where the fertilizer was sown broadcast. 

EFFECT OF BORAX ON CORN. 

The experiment with corn differed from that with beans and pota- 
toes in that each plat was three rows instead of one, which made the 
area for each treatment one-ninetieth of an acre instead of one 
two-hundred-and-seventieth. The fertilizer was applied on May3, and 
the seed planted in sections 2 and 3 on that date, while planting in 
section 1 was delayed until May 12. 

The corn was planted thick, using approximately the same number 
of grains in each plat, afterwards thinning to a stand of 105 plants per 
section. Before thinning, a record was made of the number of plants 
which had come up in each plat and the average height of the plants 
was taken on that date. Notes made 25 days after the seeds were 
planted (on May 28) showed that in section 2 there was a decided 
difference in the color of the young plants where 2 and 3 pounds per 
acre of borax were used. Where 5 pounds were used they were 
badly discolored and the leaves were slightly curled. In the 10- 
ound plat the leaves were badly bleached. In section 3, where the 
ertilizer was sown broadcast, there was no leaf discoloration or bleach- 
ng with any quantity under 10 pounds per acre. This characteristic 
elie : ct was very marked where 20 pounds were used. 
A representative plant from each plat in section 2 is shown in Plate 

I, Figures 2 and 3. Here the characteristic effect of borax is shown. 
The records showing its effect on germination and on the plant in 
the early stages of growth, together with the final yields of stover and 
corn, are given in Table 4. 

Borax in quantities as low as 4 pounds per acre slightly depressed 
the yield of both stover and corn when the fertilizer was applied 
in the drill. Quantities larger than this decreased the yield con- 
siderably more. The use of 20 pounds was very detrimental, and 
there was an utter failure where 100 pounds were applied. 

In the section sown broadcast 20 pounds per acre caused some 
decrease in yield; the 50-pound application was very harmful; and 
there was no growth at all where 200 and 400 pounds were used. 

Plates V and VI show the corn in section 2 photographed on July 9. 
The corn in the 3-pound borax plat had not made as much growth as 
in the no-borax plat, and the corn in the 10-pound plat was a great 
deal smaller at this stage of its growth than the corn in the no-borax 
pal On the 30-pound borax plat shown in Plate VI, Figure 2, the 
roken stand and uneven growth of the corn is quite striking. An — 

inspection made on July 9 showed that the corn on the no-borax and 
on the 4-pound borax plats in the broadcasted section of the exper!- 
ment had made practically the same growth. 
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Fig. 1.—PLAT TO WHICH No BORAX WAS APPLIED. 

FIG. 2.—PLAT RECEIVING 3 POUNDS OF BORAX PER ACRE. 

EFFECT OF BORAX ON CORN AT ARLINGTON, VAI. 

Fertilizers applied in the drill; seed planted May 7 on silty clay loam; photographed July 9 
Compare with Pl. VI.) 



Bul. 1126, U. S. Dept. of Agriculture. PLATE VI. 

Fic. |.—PLAT RECEIVING 10 POUNDS OF BORAX PER ACRE. 

FIG. 2.—PLAT RECEIVING 30 POUNDS OF BORAX PER ACRE. 

EFFECT OF BORAX ON CORN AT ARLINGTON, VA.—IlI. 

Seed planted May 7 on silty clay loam; fertilizers applied in the drill; photographed July 2 
(Compare with Pl. V.) 

Sea abes Se ES ES 
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TaBLE. 4.—E fect of various quantities of borax on corn in field plats on silty clay loam 
at Arlington, Va., in 1920. 

See. 1.—Fertilizer applied in | See. 2.—Fertilizer appliedin | See. 3.—Fertilizer appiied 
drill 7 days before planting. | drill at time of planting. broadcast at time of planting. 

| 
| 

Tse ta ae ae ee Fae 
Borax per Plants up lYield perplat,, Plantsup ‘Yieldperplat, Plants up |Yield per plat, 

acre. June 8. | pounds. | May 28. pounds. | May 28. | pounds. 

Num- Height, | | Num- |Height, eae Num- |Height,}q, | ta ae a ‘Stover.| Ears. | her. | inches” Stover.| Ears. “yer inches” Stover | Ears. 

_| 

None.... | - 207 S2Gan 5s 106 | 214 6.5 136 | 91 237 6.0 | 120 96 
1 pound... .. 177 8.1) 147 | 81 221 | 5.2 118 | 88 244 aa 113 91 
2 pounds 167 iota! 130 96 191 | 4.5 113 }- 89 206 ALS? ert 2Sr| 81 
3 pounds 194 RO L47, 93 | 209 ed! 135 | 80; 208 4.2 92 | 84 
INGHEs 5 ac: 170 8.6 156 94 210 5.5 132 | 874) - 202 5-6 | 122 90 
4 pounds 162 7-9 120 | 87 179 4.2 128 | i 156 4.5 TSE 84 
Spgemids sp 5b. 7 181 |) 86,168) 4.1 | 125 1. 75.1) 184 4.6} 131] 97 
10 pounds 153 5.9 114 | 89 lil 3.2 116 7 180 4.3) 1314 92 
NOnes == . 170 8.5 146 94 225 | 5.5 140 | 97 229 5-4] 148 | 96 
20pounds...| 127} 5.7} 129; 87} 76) 3.1; 107) 7) 175 4.0| 142] --. 85 
30 pounds 74 3-3 | 90 | 66 | 70 3.4 90 | 60 187 3.9 | 140 54 
5) pounds.--} 51). 4.9). ‘7% 44 7h ee ey 82; 39 44 =a Deea 5) 56 
one... 177 | SST Lor 105 211 o-0 156 | 109 182 2-00 Asan 100 

100 pounds 26 3.5 | 50 eB ee: 3 eee Az, 69 Bee. 2: 74\--- 64 
200 pounds 6 oat Wy bee 13 | fate: Sie 1a eas (0 Ou eS 0 0 
400 pounds 0 0 | 0 0 Uy Siena se 0} 0 he Ses 0 0 
INunes2- 75: >. 189 8.4 135 96 | 133 9-2 137 | 99 82 4.3 115 86 

In section 1, as far as concerns the 200 and 400 pound plats, nothing 
grew. Where borax was sown broadcast over the entire area and 
mixed with the soil the growth of either grass or weeds was pre- 
vented throughout the entire summer. In section 2 these same 
plats allowed only a few plants to mature, and these were outside the 
drill rows. 

From the data presented in the foregomg pages it is apparent 
that borax is injurious to plant growth. The degree of harmfulness 
seems to vary considerably with the crop grown and the method of 
applying the fertilizer. It is apparent trom the data presented in 
this bulletin and from the work of others previously cited that borax is 
much Jess harmful when sown broadcast than when concentrated in 
the drill. Weather conditions following the time of applying the 
fertilizer and during the early life of the crop are an important factor 
which influences the action of the borax, as was pointed out in con- 
sidering the work already reported. 

INFLUENCE OF RAINFALL ON THE EFFECT OF BORAX. 

A daily record of the rainfall at Arlington was kept, which affords 
an opportunity to study its influence on the effect of borax on the 
various crops. The daily rainfall for May, June, July, August, and 
September is given in Table 5. 

Considering first the weather conditions connected with the plant- 
ing of beans on May 26, it is seen from a study of the rainfall record 
that there was no precipitation for 10 days preceding the application 
of the fertilizer and none for 10 days following the inauguration of 
the experiment. The first rainfall occurred on June 5, amounting to 
1.19 inches. The rainfall for the remainder of the month was well 
distributed and was sufficient to keep the soil in good moist condition. 
At the time of planting the beans and for 10 days following the soil 
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was dry. This period was followed by two weeks of optimum soil- 
moisture conditions. The effect of the borax in retarding the ger- 
mination of the beans and stunting the growth of the young plants 
was probably more pronounced than if there had been heavy rainfall 
for this period. 

TaBLE 5.—Record of daily rainfall at Arlington, Va., for the five-month period from May 
to September, inclusive, in 1920. 

[Data in inches.] 

Date. | May. ; June. | July. | Aug. Sept. | Date. May. | June. | July. | Aug. | Sept. 

| 

1 Lata 0.38 0 0 0 0 gS esc 0 0. 21 0. 07 0. 18 0 
Dele ee 0 0 0 44 Metis ba a 0 21 . 08 16 0 
See 0 0 1. 96 0 0 ke ae ae 0 0 OFs4 BW 0 
phe eeeate 0 0 0 0 OVA aes eene 0 0 . 89 . 80 0 
ONE sees 0 1.19 0 0 0 Wigaeecyeics ans 0 1,25 0 1.00 0 
Seen 0 . 83 0 . 26 Oris Soo ee 0 els) 0 0 0 
Ui ae 0 0 ieee Ol 2d | 2dee cee 0 0 . 22 1A Biseia ee (0) 
Beer: 41 0 . 62 0 0 I ae ess 0 04 0 0 0 
Qa ae ate 0 0 0 0 OI 2a eee. Se 0 24 . 80 0 . 03 

LOE SoS 0 0 0 . 04 FOO s\2Oeee we 0 0 0 0 0 
Ade acme 0 0 0 . 38 BCU a Rey a7 cei eat 0 0 0 0 0 
PIA eee bs 0 25 0 0 0 Ppa je hres 0 0 0 18 - 07 
DS Seas . 76 0 Pew si Gk SOL a ZO ke 0 0 0 0 . 02 
De aes 0 SUS ee) 0 0 NRL eases 0 0 0 ae 1. 34 
eee yee - 05 0 .3l 0 0 Sle 258 Oyo Te steers 0 Dora hese as 
IG 2a 0 . 09 02 . 36 0 

The weather conditions at the time of planting the potatoes on 
July 1 were somewhat different. For 10 days preceding the in- 
auguration of the experiment about 1 inch of rain had fallen, and 
the soil was sufficiently moist to cause germination and to support 
normal growth. On July 3, two days after the fertilizer was applied 
and the seed planted in sections 2 and 3, there was a rainfall of 1.96 
inches. While this depth of rainfall would not be likely to cause 
any considerable quantity of borax to be leached, it probably would 
be sufficient to dissolve the borax. By the natural movement of 
the soil moisture the borax would be well diffused in the soil. The 
borax in section 1, where the delayed planting was made, was probably 
well distributed before planting was done. Occasional rains during 
July kept the soil well supplied with moisture except in the last of the 
month, when a period of about a week without rainfall occurred. The 
rainfall in August was favorable, so that the potatoes germinated 
and grew under rather favorable moisture conditions, and only 
slight borax injury was experienced. It required relatively large 
quantities to produce a pronounced injury. 

The corn which was planted early in May started its growth under 
somewhat different weather conditions than did the beans and 
potatoes. When planted on May 3 the soil was in a good moist con- 
dition and. during the following 12 days there was a well-distributed 
rainfall of 1.22 inches, which was during the germination stage. The 
rainfall was sufficient to keep the surface soil in a moist condition, 
and at no time during the 12-day germinating period did the surface 
become dry. The following 3 weeks, which was the period when the 
young plants were beginning their growth, were without rainfall, As 
was pointed out earlier, there was considerable injury to the young 
corn by small quantities of borax, except possibly in the 3 plats of 
section 1 which received 1, 2, and 3 pounds of borax per acre. 
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It would seem that weather conditions at the time of planting 
exerted considerable influence on the effect of borax on the crops in 
the Arlington work. As this was apparent early in the investigation, 
experiments with corn and cotton were planned and inaugurated 
early in June to determine especially the effect of rainfall and 
weather conditions on the action of borax. Experiments with these 
two crops were begun on June 2 and repeated at intervals of about 
one week for a number of weeks. 

. 

PERIODIC PLANTING OF CORN AND COTTON. 

CORN. 

The experiments planned especially to study the effect of borax 
under different weather conditions were similar in design to the former 
experiments described as far as the method of applying the fertilizer 
is concerned. Only two quantities of borax were used, however, 
namely 5 and 10 pounds per acre, and these are compared with a 
fertilizer containing no borax. Each treatment comprised one 
row 44 feet long, which is one two-hundred-and-seventieth of an acre. 
The outline of the experiments with dates on which each was in- 
augurated is given in Table 6, together with the data obtained. 

TaBLE 6.—IJnfluence of weather conditions on the action of borax on corn at Arlington, 
Va., in 1920. 

Yield per plat. 

| | 
Sec. 1.—Fertilizer applied | Sec.2.—Fertilizer applied | Sec. 3.—Fertilizer applied 

in drill 7 days before in drillat time of plant- | broadcast at time of 
Experiment, date F F : 

started, and borax planting. ing. | planting. 
per acre. 

| In- In- | | In- In- | | In- In- 
Sto- | crease crease; Sto- | crease |crease | Sto- | crease. crease 
ver. | or de- Ears.) or de-| ver. | or de- Ears. oy de- | ver. | or de- Bars, or de- 

crease. crease. | crease. crease.| | crease |erease. 

Series A, June 2: Lbs. | P. ct. | Lbs. | P.ct. | Lbs. | P.ct. | Lbs. | P. ct. | Lbs. | P. ct. | Lbs..| P. ct. 
N@NCH o2.- 32:2... Sh eee 7A al eee ae See Baar ie eee = 7 oe leregoc eee Slee awes 
5 pounds. ......... 45 |+50 31 |+24 44 (+37.5 33 |+37.5 41 14-24-92 36 |+16.1 
10 pounds......... 33 |+10 28 |+12 39 +21.9 34 |4+41.7 | 34 |+ 3 32 |+ 3.2 

Series B, June 9: | 
MVOHE 4. 232125 fe ee Bel Goat Bee aee DE rhs GE iecee. 25 23 See ee | sueatiedr [epee ee 38elae ae 
papOUNGS: == =..- = = 29 |—12.1 20 |—16.7| 47 —29.8 98 |=-38.2°|7 46°|—13'2 | 334 Sis4 
10 pounds......... ; 28 —15.1 19 |—20.8 50 —25.4 33 |—15.4| 58 |+ 9.4 46 |+21 

Series C, July 7: 
ih i 1 OAR eM ea, aad a ele | ASRs ARs SAC ae PAR re S| ee) Be ae Bot Bn yeaa 3 

5 pounds.......... 3 2 Ske 6) eras 74 Sees beg ASG he ok chess Sale ees 143 1963.5 eae [aoe 
10 pounds......... 125%|—s6. Sik. nee ae fon oe ES SLR Soares Re eae 2 L426 117 ee 

Series D, July 15 | 
Oli! ease eee acre Eas RE, Ae) Bea ERS 7d, Se ee Be cies 9 eee 124 oA EBPs Rasen 

TRPOUHOS=.- 2.5... i end a acy BREE Eo 1Q9— 1060452 .<4/ 4 oe: TATE. GSS es Se eee 
10 pounds........- 64 |—31. 2y)sasec2it 3-233] OT 620. 0, |= saad. =e LS Be eee ee 

Series E, August 3: 
None-332 stesso. 1h Sie ee | RI es he eee OTE EaSS Ft | See OF ike 52st Ha lSoeee 
5) pountis. 5.53... cot al ES 5 | eae | ee ee fo) = 108) 8 ee oe see 4G-\|—1655 ||-. Js... eee 
1G pounds... 55. -- Gtr | tS. ee | se ee 5836.2 125-22 ee LHS 22 oo FF SR oe 

| 

In the first experiments of the series, A, the fertilizers were applied 
on June 2, and the seeds were planted on that date in sections 2 and 3 
and on June 9 in section 1. There was an increased yield of both 
stover and corn in the 5 and 10 pound borax plats in each section 
over the no-borax plat. There was a marked stimulation apparently 
due to borax, which was as much as 50 per cent in stover in one case 
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and 37.5 per cent in ear production in another case. The third day 
after the fertilizers were applied there was a rainfall of 1.19 inches 
and the fourth day 0.83 inch. This depth of moisture falling in 2 
days undoubtedly diffused the borax in the soil. At any rate the 
borax in the quantities applied, 5 and 10 pounds per acre, under 
these weather conditions had no harmful action. 

In series B, which was started on June 9, the borax caused some de- 
crease in both stover and corn. This decrease was most severe in 
section 2, where the yield of stover was decreased nearly 30 per cent 
and of ears 28.2 per cent by 5 pounds of borax. The yield of stover 
was decreased 25.4 per cent and that of ears 15.4 per cent by 10 
pounds of borax. At the time of applying fertilizers and planting the 
soil was moist, but there had been no rain for several days. The light 
showers which fell within the 10 days following the.planting were not 
more than would moisten the surface inch of soil. 

Series C was not planted until July 7, and no yield of ear corn was 
produced by this and the subsequent planting, as the planting was 
made too late in the season to mature. The yield of stover, however, 
is given. The effect of the borax in this planting was to cause no- 
decrease with 5 pounds in section 1, and only slight decreases in sec- 
tions 2 and 3. ‘The decrease with 10 pounds was more marked in sec- 
tions 1 and 3 and especially in section 2, where it was as much as 30 
per cent. The soil was moist at planting time, and there was 0.62 of 
an inch precipitation the next day, after which there was no precipi- 
tation for a week. The second week after planting there were light 
showers daily which were sufficient to keep the surface moist. 

Series D was planted on July 15, and the action of the borax was 
somewhat more severe than in series C. A slightly decreased yield 
in each section was caused by 5 pounds of borax. The use of 10 
pounds of borax caused a considerable decrease in sections 1 and 2, 
ut a slight increase in section 3. The first 10 days after this experi- 

ment was begun the soil was rather moist. There were light showers 
for the 4 days following the planting, amounting in all to 0.48 of an 
inch rainfall, and on the sixth day, July 20, there was 0.89 inch 
precipitation. 

The last planting was made on August 3, and series E in Table 6 
shows that the borax was harmful to growth in sections 2 and 3 with 5 
pounds per acre, and its harmful effects were very marked in each 
section where 10 pounds were used, amounting to a decrease of 36.2 
er cent in growth in section 2. The rainfall in the 10-day period 
ollowing the planting was moderate, amounting to 0.69 of an inch, 
which was well distributed. In the second 10-day period, 3.38 inches 
precipitation occurred, but this, too, was well distributed, and there 
were no heavy rains during the 20-day period. 

In each of these series, excepting A, the borax had a harmful action. 
However, the degree of harmfulness in the several series varied, and 
in series C it was very mild. The experiments generally were made 
under favorable moisture conditions, the depth of rainfall which oc- 
curred shortly after the fertilizer was applied in each test did not vary 
greatly, except in series A, where there was a precipitation of 2.02 
inches-in the four days following the fertilizer application, and in series 
C, where the planting was followed on the second day by a rainfall 
of 0.62 of an inch. . 

Etat 
= HS 
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COTTON, 

Experiments with the Cleveland Big Boll variety of cotton similar 
to those with corn just described were also made and some interestin 
results obtained. Cotton planted as late as June at Arlington patil 
not mature. The effects of borax, however, were noted on ger- 
mination, growth, and boll formation. In these tests each treatment 
occupied one row or an area of one two-hundred-and-seventieth of an 
acre. The 4-8-4 fertilizer was used at the rate of 1,000 pounds per 
acre. Thé cotton was planted thick and thinned to 45 hills per plat, 
with 2 plants to each hill. The complete data are given in Table 7. 

TaBLE 7.—LHffect of various quantities of borax on the growth and fruiting of cotton on 
silty clay loam at Arlington, Va.; in 1920. 

{The measurements of height of plants were made in experiment series A and B, for sections 2 and 3 on 
July 27; for section 1, on August 3; those for experiment series C, sections 2 and 3, on August 3, and for 
section 1, on August 10.] 

Yield per plat. 

Sec. 1.—Fertilizerappliedin| Sec. 2.—Fertilizer applied | Sec. 3.—Fertilizer applied 
eerimont drill 7 days before planting. | in drill at time of planting. |broadcast at time of planting. 

date started, 3 a 
and horse per | Plants. + at. 2 Plants. | 3 a. 2 Plants. | 2 . i) 

Bie 42 Sees oe tee ee Se Nee 
eo sme cae 8 S earl ese rel en ics 3 | oa Ses ey ESS tes a 193s was ~Y - n n wn ro) » we wn oO n wn ® + »~ AD n AD 

4 (m8 35 )/oe/35 | 5 les) $5 (25/85 | 3 ee 8s |sa| 35 
Tah OS OF. 65 ‘3 (S21 6 erate ta OMS ES) oO Fats 
scl AEaa hg © fea) Paualene Segaetec pelea aaWteleeIei-ayumiglt sara lejsc(Wll- acu Shea ij=ey INS 

Series A, June 2: | Ins.|Lbs.| P.ct.| No. | P.ct.| Ins.|Lbs.| P.ct.| No. | P.ct.| Ins.|Lbs.| P.ct.| No | P.ct 
Jone). 5522. 1G Sipe Gl 2 aes. = 1 680525. PEO (Ula sBoEe LSTA AS ARE 14,8) 73)...... 1,435)...... 

5 pounds. 12.4) 56/— 8.2) 1,295;—22.9) 11.6) 59)/— 1.7) 1,000|—43.7| 14.1) 80)+ 9.6) 1,252;/—12.7 
10 pounds 11.2} 58)— 5 | 1,315)—21.7| 10.1) 61)4+ 1.7) 967)/—45.6) 11.0) 55)—24.7; 901|/—37.2 

Series B, June 9 
Ono. fost" Sst ez. 2 147g SA HL. 57h 1 P4Ad) 081 13: Os 72s 1,595) 2225 

5 pounds 8.1} 69/+ 3 | 1,400\— 5.3) 7.3) 62;—14 | 1,305)\— 9.4) 10.0' 79\+ 9.7) 1,503\— 1.4 
10 pounds 6.9| 67) O | 1,302,—11.9) 6.5) 58/—19.5) 1,361;— 5.6) 8.8) 68/— 5.6) 1,600/+ 5 

Series C, June 18 
None.......- 9.6{ 62).....: Mi OOO Fs acizye's 10! 2) - 69)... LOO die22ee2 LOS GS eee TG92 seta 
5 pounds....| 7.0! 62; O | 1,590+ 6 9.6) 70)+ 1.4 1,750,+ 3.1) 9.1) 71/+ 4.4) 1,800)/+ 6.4 
10 pounds. ..| 6.7| 57/— 8 |1,490— .7| 8.7| 72/+ 4.4] 1,505|-11.3| 7.8] 64|— 5.9] 1,613/— 4.7 

a 20 ones .-| 6.5) 56|— 9.7) 1,380 — 8 6.8} 49|—29 | 1,480,—12.8) 7.2) 53)—22 | 1,520)—10.2 
eries yeu! 

ma tel ae illes weep TehOOletey Lome AB eee L5a0l.. ect Bale te L610 ee 
5 pounds. .-.|--:.- 37|— 7.5} 1,000)— 9.1]..... 49|+ 8.9) 1,392|— 9.5]....- 51/— 5.6} 1,630/+ 1.2 
10 pounds. ..|...-- 29|—27.7! 760)/—30.9)....- 33|/—26. 7) 1,050)—31. 7)|....- 41|—24, 2) 1,210)—24.8 

, 20 ce el ere 21|\—47.5| 597|—45.7]....- 29|—35. 5}  930/—39. 5)..... 35|—35. 2) 1,030)—36 
eries E, July 15: r 
“eto eel ae ilies OES CHM ae tiee Nae iF Bo rte. 1146 
5 pounds a is ssp 26| O 680/+ 9 |..... 24;,—14.3) 822;— .1)..... 36/— 2.9) 1,137)/— 0.8 
10 pounds. ../....- 21|\—19.2| 585)— 6 |-.... 23|—18 78 |\—12s-7)\ 5. oe 33/— 5.8] 1,005|—12.3 

a 20 pends ee eres 21|—19.2} 560\—10 |..... 18|/—36 434|—47,2)..... 30)/—14. 3) 1,020)—11 
eries ugust5d: 
a TO acy Ob Faneoes eile see iTbeametce ae 5 ini eee Qs. 

5 pounds....|....- 10/ O Ue els oe a 11/—15. 4 Oats oees 14;—17.6 Uaacho 
10 pounds...|.--... 8|—20 OSs eles: 12/— 7.7 0) .fea-ca|tese 14/—17.6 ipeeses 
20 pounds. ..|..... 9|—10 Se S984 Oooo | fal Moana «ey Olk coke 

An examination of the data given in Table 7 shows generally that 
the growth was checked and the fruiting decreased by the borax. 
A record of the height of the plants, made when the crop was young, 
shows that the growth was checked in the very beginning by the borax. 
The degree of injury, however, varies with the different plantings and 
with the different methods of applying the fertilizers. ‘The germina- 
tion was rather irregular where 20 pounds of borax were applied, 
and in spots the young cotton died. The use of 10 pounds of borax 
had a decided effect on the color of the foliage in each experiment, 
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as the foliage was much lighter where the borax was applied. The > 
5-pound application of borax produced the least injury. 

In section 3, where 5 pounds of borax per acre were applied, no 
injury was observed in series A, B, and C, and the reduction noted 
in the fruiting of the plants in series A and B was not serious. With 
10 pounds of borax there was a further decrease in growth and, in 
general, in the number of bolls formed. Where 20 pounds of borax 
were used there was a decided harmful effect. In series C, D, E, and 
F there was a reduction in growth of 22, 35.2, 14.3, and 23.5 per cent 
respectively; and in series C, D, and E a reduction in boll formation 
of 10.2, 36, and 11 per cent, respectively. : 

In section 2, where the fertilizer was applied in the drill and the 
seed planted immediately, the harmfulness of borax with 10 and 20 
pounds per acre was quite marked, especially in series D, HE, and F, 
and the fruiting in series A was adversely affected. The growth was 
checked more im this section than where the fertilizer was sown broad- 
cast. The use of 5 pounds per acre reduced growth to a much less 
extent than the 10 or 20 pound applications. 

In section 1, where the planting was not made until after the fer- 
tilizer was applied, the harmfulness of the borax was on the whole 
less than in sections 2 and 3, except in series D and E, which is prob- 
ably due to drier soil conditions. 

In connection with the rainfall record, it was stated that the 
moisture condition of the soil was about optimum at the time and 
after the plantings were made in series A, B, and C. The rainfall 
was, however, very light during the weeks of July 4 and July 11 and 
was again light the weeks of July 25 and August 3. The effect of the 
borax in series D and E,-which were planted in the period of dry 
weather, was more severe than in the experiments which were planted 
when the moisture was more nearly normal. For example, in section 
1, 20 pounds of borax per acre reduced the growth 9.7 per cent in 
series C, 47.5 per cent in series D, and 19.2 per cent in series E. In 
section 2 the growth was reduced 29 per cent in series C, 35.5 per 
cent in series D, and 36 per cent in series EK. In section 3 growth was 
reduced 22 per cent in series C, 35.2 per cent in series D, and 14.3 per 
cent in series EH. The formation of bolls was also reduced more in 
series D and EK thanin C. A few days after the plantings were made 
in series D, E, and F, a light rain fell, which was followed by a dry 
period. While the plants were young in the earlier experiments 
there were occasional heavy rains, and at no time did the soil become 
very dry. It is not probable that a rainfall of 1 to 1.7 inches in one 
week distributed over a period of several days would wash very much 
borax out of reach of e roots of the cotton. However, it would 
result in the diffusion of the borax through the soil, and this diffusion 
might easily account for the lesser extent of injury in series A, B, and 
C. Under the rainfall conditions of series D and E the borax was 
concentrated in locations surrounding the roots of the young plants 
and would naturally cause a more severe injury and a greater 
retardation of growth. 2 

The data in general show that the action of borax on cotton under 
the weather conditions prevailing at the time of this test was decid- 
edly harmful when 20 pounds per acre were applied in the drill or 
sown broadcast. This quantity showed aaa effects whether the 
seed was planted immediately after the fertilizers were applied or 

SERS io: 
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whether they were planted after the intervening of a light rain. 
The use of 10 pounds per acre decidedly checked growth when applied 
in the drill, but was only slightly harmful when sown broadcast. 

FIELD EXPERIMENTS USING FERTILIZERS WITH AND WITHOUT BORAX. 

A COMPARISON OF TWO GRADES OF SEARLES LAKE POTASH IN THE FIELD. 

In connection with certain studies in commercial fields to deter- 
mine the comparative effectiveness of different potash carriers on 
the potato, a test of two grades of muriate of potash from Searles 
Lake was included. The two grades differed in that one, the so-called 
1919 grade, contained 6.25 per cent of borax, while the other grade, 
designated 1920, contained practically none. 

The tests were conducted cooperatively in Virginia, New Jersey, 
and Maine, as follows: : 

At Cape Charles, Va., in cooperation with the Virginia Truck Experiment Station; 
on Sassafras sandy loam; fertilizer application, 1,800 pounds per acre; average con- 
trol, 7-8-0; variety grown, Irish Cobbler; yield, 161.7 bushels per acre. 

At Norfolk, Va., in cooperation with the Virginia Truck Experiment Station; on 
Norfolk sandy loam; fertilizer application, 1,800 pounds per acre; average control, 
7-7-0; variety grown, Irish Cobbler; yield, 221.3 bushels per acre. 

At Holmdel, N. J., in cooperation with the New Jersey Agricultural Experiment 
Station; on Sassafras loam; fertilizer application, 1,500 pounds per acre; average 
control, 4-10-0; variety grown, American Giant; yield, 246 bushels per acre. 

At Presque Isle, Me., in cooperation with the Maine Agricultural Experiment Sta- 
tion; on Caribou loam; fertilizer application, 1,800 pounds per acre; average control, 
5-10-0; variety grown, Irish Cobbler; yield, 243.7 bushels per acre. 

The detailed results are shown in Table 8. 
The data in Table 8 disclose the fact that in most of the tests, 

especially as the quantity of borax was increased, the yields were 
reduced. At two of the stations the fertilizer mixtures containing 
the 1919 potash salt (6.25 per cent borax) were applied in two ways: (1) 
by means of the planter which applies the fertilizer in a furrow 
made by the planter plow and (2) by means of a fertilizer distributer 
which gives a somewhat greater spread to the application. It will 
be noted that the former method, which presumably afforded a 
greater concentration of the fertilizer-borax mixtures near the potato 
seed pieces, gave the poorer results. The fertilizer mixtures con- 
taining the so-called 1920 grade of potash salt (practically free from 
borax) gave excellent returns, comparing very Favorable with other 
potash carriers.‘ In the experiment at Holmdel, N. J., it will be 
observed that the fertilizer-borax mixtures gave better results than 
the no-borax mixtures when applied with the distributer. The chief 
explanation for this lies perhaps in the heavy rainfall following plant- 
ing which undoubtedly was sufficient to reduce the concentration of 
the borax to a point whereby stimulation, rather than injury, may 
have resulted to the extent of increasing the yields. When applied 
with the planter in the drill row, as is ordinarily done by the potato 
rower, the degree of injury was considerable, as is shown in the first 
gure column of Table 8. It is well to state in this connection that 

the results obtained during the same season at New Brunswick, 
N.J. (2), tend to support the foregoing explanation. At New Bruns- 

4 A report on the effect of various potash salts upon crop yields on prominent soil types is in course of 
preparation. 
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wick it was found that a fairly high concentration of borax was j 
required to produce injury, and it is significant, moreover, that the q 
rainfall there, which would be approximately the same as at Holmdel, j 
was quite heavy. 

f 

TaBLE 8.—Total yields of potatoes grown on different types of soil treated with fertilizers 3 
of stated composition, applied at given rates per acre, and containing varying percent- 
ages of borax, tests of 1920. 

Application of muriate of 
potash. | 

Items of comparison. With 
planter in 
drill row, 

1919 
grade. 

At Cape Charles, Va., on Sassafras sandy loam: | 
Potash CxcO 5 per acres. oes. sot. POURS 2s eee ee 
Borax (Na2B407) per acre.....:.-.---- G02 22 bee Seen 
Viel di peracres2se-5255 2 Sake es ee bushels 3 =c.25- 282 

Potash (720) per acre. ...- a pounds <s\e= ee eens 
Borax (NasB407) per acre...-....-.--- dogs iss e 
Wacldoper acres. toes Sos kcine bushels: .|----2423- 

Potash (7720) per acre. ............ pounds. ose 
Borax (Na2B4O7) per acre..-......---- (6 ofa Sa Ley Seeks ee 
Micld Weracle. Oh <ciseed ase a ae bushels: 2)2- 22-22 2- 

At Norfolk, Va., on Norfolk sandy loam: | 
Potash: @ sO) per acres-23-2 2 3se Pounds =)- sss 
Borax (NaeB407) per acre...........-- QOz eles a ee 
MICha*ner acres 25 225.545 eee sane Dushelse i: 425-3 

| 
Potasit (iO) per acre. =. Lee - ee. poundssal_. Sess es 
Borax (Na2B4s07) per acre. -.--.-.----- doze Sree 
WHelhdepeRacke--=.2c. eee 2 ee bushels. wocescee tees 

iPotashy(SseO) per acres so. =o 5 pounds. a ae ie 
Borax (NazB407) per acre.......------ dol AS SCs iF 
Mirel daperracre™. Se. e hence Ses uShelsen | see eee 

At Holmdel, N. J., on Sassafras loam: | 
Potash (oO) per acre-<. so) see pounds. .| 45 
Borax (Na2B4O7) per acre....-...-..-- dows: 7.5 
NCUGHG By aXe @ Neher Se antenatal Me bushels. | 262 

Potash (x90) per acre.-...-.. eee pounds. .| 75 
Borax (Na2B407) per acre......-.----- qdoes—=| 12.5 
Wireldipenacresis — ii: Pier yee ss bushels. - 256. 0 

Potash: (220) *per-acre. = 42>. 237s pounds..| 105 
Borax (Na2B407) per acre........----- dO: ==.| 17.5 
Micld per: ackes** | 22 Space Sees bushels..| 226.0 

At Presque Isle, Me., on Caribou loam: 
Potash* (@<cO): per acre- > 4... 4 = - pounds..| 54 
Borax (Na2B407) per acre..-.-...--.-- dors=s| 8. 85 
NarelLdepel: AGRE yoo a5 eye otic bushels..| 331.4 

iPotashiGx>@)spermacre >). Fass 2 2a pounds. -| 90 
Borax (Na2BsO7) per acre.--.......-.. do. -..| 14.75 
Vickd Peracre 2 ps2 228s asl ee bushels..| 301.5 

Potash: (250) per acre> 2222 ¥.. o£ pounds. .| 126 
Borax (NaeB4O07) per acre...../.....-- do. 43} 20. 65 
Perclaunemacne 4 ees aes eee bushels..| 232. 1 

With distributer. 

1919 1920 
erade. | grade. 

Composition of fertilizer 
(per cent). 

NHs3. 

405. 9 

| 

| 

P20. 

~ s | 

7 8 

7 8} 

7 7 

7 7 

C} 7 

4 10 

4 10 

4 10 

5 10 

5) 10 

5 10 

jx20. 

Or 

a 

en 

Waiting capone 

Oe ee ee ee eS 

as 

NE ate ree eRe free ea ee aE ee, eae ee ee a Oe ee 



EFFECT OF BORAX ON GROWTH AND YIELD OF CROPS. 19 

At the other stations the fertilizer-borax mixtures were injurious 
and when applied in the drill caused lower yields than when applied 
with a fertilizer distributer. The illustrations shown in Plate VII, 
Figures 1 and 2, and Plate VIII, Figures 1 and 2, will give some 
idea of the effect of borax in fertilizer upon the yield of potatoes on 
two soil types. 
What is brought out here as well as in other parts of this bulletin is 

convincing proof that borax caused injury. [ven were the rainfall 
heavy in one section, thereby mitigating the injury, it does not follow 
that the same weather conditions would prevail elsewhere or in another 
season, and since it has been definitely brought out herein that borax 
is quite apt to be harmful, it should be practically eliminated from 
fertilizer salts. Fortunately, this is already fully recognized. The fact 
is further brought out from thé field tests on several soil types that 
practically borax-free potash salts give good results. 

FURTHER RESULTS WITH POTATOES AND CORN. 

Results obtained with potatoes and corn at New Brunswick, N. 
J. (2), and with potatoes at Presque Isle, Me.,’ are again referred to 
here, with certain tabular presentations of yields and rainfall data, 
in order that the results may be assembled in their entirety, the 
details having been presented elsewhere. 

The plan of the experiments in New Jersey and in Maine was 
similar to that at Arlington, Va., particularly as applies to the quan- 
tity of borax used. In New Jersey, fertilizer at the rate of 1,500 
pounds per acre was applied to potatoes and at the rate of 400 pounds 
to corn; and in Maine, at the rate of 2,000 pounds to potatoes. The 
results are presented in Tables 9, 10, and 12. 

TABLE 9.—LZfect of various quantities of borax on potatoes in plats on Sassafras loam at 
New Brunswick, N. J., wn 1920. 

{Fertilizer application, 1,500 pounds per acre; variety grown, Irish Cobbler.] 

Yield per plat (pounds). 

Borax per acre. | Sec. 1.— Fertilizer applied | co, 9 Fertilizer applied | Sec. 3.—Fertilizer applied 
lw. soe. nahese Pre- | in drill at time of planting. |broadcast at timeof planting. 

| Primes. Seconds Total. | Primes. Seconds. | Total. | Primes. |Seconds.| Total. 
} | 

| | | 
None (check 1).....; 78. 25 7. 50 85. 75 75. 50 5. 50 81.00 58. 25 TO" = BGO D 
Popp. eS. 2 ; 64.20 9.05 69.95 | 56.30 6. 85 63.15 41, 40 5. 00 46. 40 
2 pounds=22 52202. 75. 55 4.65 80. 20 72. 50 9. 00 81.50 58. 05 5. 80 | 63. 85 
ZapOENGS soos. | 75. 65 6.65 82.30 | 65.60] 9.10 74. 70 60. 15 5.75 | 65. 90 
None (check 2)..... 79. 75 a20 87. 45 62.95 | 10.35 73. 30 65. 70 4,45 70. 15 
#poands? (Li 525.. 88.35 6. 40 94.75 69.55 | . 7.60 77.15 66. 35 4,95 71.30 
DEPOUINOS: 222-2 os 85. 20 6. 00 91. 20 ido 4,65 81. 80 62. 20 8. 00 70. 20 
Tinounds. 2 2052 2-- | 88. 60 5. 90 94. 50 64.55 | 6.45 71.00 60. 80 5. 10 65. 90 
None (check 3).-....| 86.90 5. 75 92.65 67.75 8. 60 76.35 65. 80 4.10 69. 90 
Pe pounds. <= >=. 85. 70 3.75 89. 45 68.75 | 6.90 75.65 79. 00 3. 00 82. 00 
So pounds G26 2. js 76. 95 3. 00 79. 95 55. 00 3. 85 08. 85 74. 00 3. 59 77.55 
PMLVOUTGS - 5. | 67.95 3. 55 71. 50 25.35 | 1.40 26. 75 45. 70 2.00 | 47.70 
None (check 4). .... | 65.15 7.65 72. 80 60.35 | 6.00 66. 35 66. 85 6. 55 73. 40 
100 pounds.........) 43.75 3.00 46.75 2.00] 1.00 3. 00 1,25 . 50 1.75 
200 pounds. ........ | 22. 50 1.25 23.75 | None. . 125 .125 | None. | None. None. 
400 pounds. ........| 4.00 - 50 4.50 | None.  None.; None.| None. | None. None. 

* Brown B. E. Effect of borax in fertilizer on the growth and yield of potatoes. U.S. Dept. Agr. 
Bul. 998, 8 p., 1 fig., 4 pl. 1922. 
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In section 1 of Table 9 it is shown that the yields of potatoes were 
not greatly influenced by the borax until large quantities were applied. 
In this section the fertilizer-borax mixtures were applied some time 
before planting, and during this period the rainfall was at times quite 
heavy. In section 1 an application of 100 pounds was required 
before any marked depression in the yield took place. . 

In section 2, where the fertilizer-borax mixtures were applied and 
planting done immediately, the first obvious depression in yield took 
place with the 30-pound application of borax. 

In section 3, where the fertilizer-borax mixtures were sown broad- 
cast as much as practicable, no distinct depression in yield can be 
attributed to concentrations of borax under 50 pounds. 

TaBLE 10.—Effect of various quantities of borax on corn in plats on Sassafras loam at 
New Brunswick, N. J., in 1920. 

[Yields stated in pounds, air-dry basis; fertilizer application, 400 pounds per acre.] 

| 

Grain. Cobs. Stalks. 

Borax per acre. | | 

Sec. 1.a| Sec. 2.0 | Sec. 3.¢| Sec. 1.a | Sec. 2.0 | Sec. 3.¢ | See. 1.2] Sec. 2.6} Sec. 3.¢ 

| 
None (check 1)..... 11. 30 19. 88 19. 59 2. 43 4, 32 4.33 24, 25 22. 00 21.40 
EMOUNG eee SS: 7.96 | 16.79 17. 39 1.63 3.73 3. 44 25. 00 26. 95 18. 90 
AMOUNOS 22 8 Fo 8. 87 14, 93 20, 53 1. 81 3. 18 4, 33 23. 00 25. 75 | 23. 60 
Bpoundsa cee | A 14. 30 13. 36 16. 79 3.05 2. 69 3. 44 21.15 18.20 | 20.80 
None (check 2) ..... 13. 47 13. 00 13. 91 2. 81 2.35 2. 82 19. 30 18. 55 | 20. 20 
ASPOWMMGS se's 52. 3. oe 9. 82 12. 00 11. 97 2. 07 2. 50 2. 36 14. 60 17. 50 17.05 
Bb pounds 22. -S..401 8.79 8. 60 9. 97 2. 00 1.65 2, 04 14. 20 12.55 13. 80 
LG poundse 22.7 3. - 10. 85 9. 47 11.73 2. 30 1.97 2.61 14, 85 15. 90 16. 70 
None (check 3)..-.-| 7.95 11. 68 15. 90 1, 83 | 2. 44 3. 16 18. 70 ‘16. 52 | 19. 85 
20 pounds........-. 8. 64 9, 24 13. 90 1, 93 1. 78 2. 84 18. 10 15.13 | 21.05 
sO:pounds 3.2 52-2. 11.77 7.57 12. 63 2. 67 1.99 2. 86 22. 95 16. 70 | 21.70 
SO pounds... 2... 11. 08 3.41 6.79 2. 62 | 92 1. 66 18, 75 7. 30 | 15, 65 
None (check 4).....| 10.55 19, 12 20. 90 2. 23 4, 27 4. 90 22.50 | 24.35 31.50 
100 pounds........- 6, 44 | . 62 2. 82 1.76 19 . 86 20. 90 1.70 | 9. 46 
200 pounds......... 1, 23 0 0 32 0 0 2.60 eae | 0 
400 pounds......... 40 0 0 15 0 0 2.70 | Oo 0 

| 

a Fertilizer applied in drill some time previous to planting. 
b Fertilizer‘applied in drill at time of planting. 
c Fertilizer applied broadcast at time of planting. 

In the corn experiment (Table 10) the normal fertilizer and fertilizer- 
borax mixtures were applied at the rate of-400 pounds per acre; the 
quantity of borax, however, was the same as that applied to the 
potatoes. 

In section 1 very little depression in yield, if any, occurred below 
the 50-pound application, but with quantities in excess of 50 pounds 
the injury was quite severe. 

In section 2 the yields are somewhat confusing, but there was some 
indication that, beginning with the 5-pound application, some injury 
ensued, although it will be noted that with applications of 10 and 20 
pounds per acre the yields were approximately the same as with 
the 5-pound application. 

In section 3 some evidence is shown that, under the seasonal con- 
ditions prevailing, fairly high concentrations of borax were required 
to produce serious injury. | 

t will be noted (Table 11), as previously brought out, that the 
rainfall at New Brunswick during the growing season of 1920 was 
unusually heavy, which probably reduced the concentration of borax 
through solution and diffusion into the soil mass. At other stations 
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FIG. |.—COMPARISON OF PLATS 43 AND 46. 

FIG. 2.—COMPARISON OF PLATS 45, 46, AND 47. 

EFFECT OF BORAX ON POTATOES AT CAPE CHARLES, VA. 

Quantities of borax applied per acre: Plat 43, none; plat 45, 8.85 pounds; plat 46, 14.75 pounds 
plat 47, 20.65 pounds. Soil, Sassafras sandy loam; area of each plat, one-fortieth aere. 
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Fic. |.—EFFECT OF BORAX ON POTATOES AT NORFOLK, VA. 

Quantities of borax applied per acre: Plat 45 (at left), 8.85 pounds; plat 46 (in center), 14.75 
pounds; plat 47 (at right), 20.65 pounds Soil, Norfolk sandy loam; area of each plat, one- 
fortieth acre. 

FIG. 2.—EFFECT OF BORAX ON POTATOES AT PRESQUE ISLE, ME. 

Quantifies of borax per acre applied with fertilizer: Plat 44 (at left), none; plat 47 (in center, applied 
with distributer), 20.65 pounds; plat 50 (at right, applied in the furrow with planter), 20.65 pounds. 
Soil, Caribou loam; area of each plat, one-fortieth acre. 
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where the rainfall was not so heavy and was more uniformly distrib- 
uted the injurious action of borax was much greater. 

TasieE 11.—Record of rainfall at New Brunswick, N. J., during the growing season, 
in 1920. 

{Data in inches.] 

Items of comparison. Apr. | May. | June. | July. | Aug. | Sept. 
| 
| | 

Lae = ie: So ue Saab i | ae 4.28; 3.56]. 9.64 | 6:00. 1. 48 2h- to ae 
w0-year. average, 1910 to 1919... 2. on nie esc lees 3. 66 3. 85 3. 52 | 4, 67 5, 07 2.95 

Table 12 shows the results obtained with potatoes in Maine. 

TaBLE 12.—Effect of various quantities of borax on potatoes in plats on Caribou loam, 
at Presque Isle, AMe., in 1920. 

[ Yields in bushels per acre; variety grown, Irish Cobbler; fertilizer application, 2,000 pounds per acre.] 

Borax per acre. Sec. 1.a| See.2.6| Sec. 2.¢ | Borax per acre. | Sec. 1.a 
| 

Sec. 2.5 | See. 3.¢. 

go ee Se 

None (check 1)........... 362.7 | 326.6 | 337.3 || 20 PGUNGS? . 3f2 SEL Eee 201.3 | 150.7 | 200.0 
BBG eee ees Sele Ss UM) S495 | BLS. wad) BO POUNES]..626 5,-2.0 252% (e tBS7 b2. 0 81.3 
PROMOS ea cose ss aoe Sic o | 381.3 | 362.7 DlAO ico0 POWNOES-ccases eee eee 88.0 | 26.7 56.7 
Guadsrsere ss) tee 390.7 | 305.3 | 304.0 || None (check 4).........-. | 338.7 | 294.7 | 321.7 

None (check 2)..........- 342.7 | 376.0 317.3 | 1DO pounds. +). s25. 2225 2 9.3 Brel 10.7 
POUR ES ee) So 2! a) 341.3 | 330.3; 328.0 || 200 pounds..............- 4.0 1 30 oA 
SWORBGS®. yb 55-15-25 328.7 | 202.7 329.3 || 400 pounds..............- 1.3 67 | 1.3 
JOMOUNOS=. = so 5-52} 293.3 | 228.0 264.0 || None (check 5)........-.- 309.3 | 316.0 | 237.3 
None (check 3).......-... 348.0 | - 350.7 | 313.3 || 

a Fertilizer applied in drill some time previous to planting. 
v Fertilizer applied in drill at time of planting. 
e Fertilizer applied broadcast at time of planting. 

In section 1, where borax was applied in the furrow, injury defi- 
nitely occurred in the case of the 10-pound application of borax and 
became progressively worse. It will be noted, however, that the 
degree of injury was less than in section 2, where the borax was ap- 
plied in the furrow and planting done immediately. The applica- 
tion of 1, 2, and 3 pounds of borax per acre apparently stimulated 
plant growth. 

In section 2, the borax showed injury with the 5-pound application, 
and the injury with 10 pounds and larger quantities was great. The 
yields obtained from the plats receiving the large applications of 
borax, namely, 50, 100, 200, and 400 pounds per acre, are shown in 
Plate IX. 

In section 3, the general trend of the results is fairly similar to that 
in sections 1 and 2, the first sign of injury occurring in the case of the 
10-pound application of borax. In this section the method of apply- 
ing the fertilizer-borax mixture in the case of the 400-pound applica- 
tion apparently depressed the yield of the last anes 

The record for Presque Isle, Me. (Table 13), indicates that the rain 
which fell during June, subsequent to planting on June 5, was fairly 
well distributed. It would seem that there was hardly enough rain- 
fall to cause the borax to be leached to any marked extent; in fact, 
only sufficient to keep the soil in good condition and the borax con- 
centrated at the seed piece. The relation of the rainfall to the degree 
of injury sustained by the plants during the period is emphasized 
at this point, owing to the fact that the first three or four weeks after 
planting embraces germination and the early life of the plant. 
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TABLE 13.—Record of rainfall at Presque Isle, Me., for June, July, and August, 1920. 
[Data in inches.] 

[ ° | | H | 

Date wae: July. Aug. || Date. en ray Aug. || Date. June.) Tuly. Aug. 

| I} re } {| | Keeeeaee 

: Sd asain Pera ES dB Sac Nese pear sie | 136 lle ee nee Pear poe | 0.23 
Sb is i is eh Seta ecanl| iF See eee nomena PRIMO! (;” i Meee FO eree a SG SS 
Aare [xeon 63 Pee ieee Rees See ee es i) ee 
eee |. at fi -sabSiag jeauk | EELS Te TA. Ee aie Of 25:63 Iecteeeit | 0 er ees 
PEE se Oe Oe Bierce EtQes es 16 ee 0.04;|- -004 83 peer el oe ae Ol 
Teeseseeecites cer ae Peers Rae 1) epee (zee ae eee [pe 

: Py eS Sac 00 2s ET aaa ae ROVE eae 0 bees, Oe | ates 2 eee Bi ae | ake. 
ae eat as, a3 hone ae Eee a5 i). | S0%c, casee eee laot |208| 208 
ieee eee ASN: | 12i| 2b | (Dy Naat pecusees Bj React eat fee eee 15 

EFFECT OF BORAX ON COTTON AT MUSCLE SHOALS, ALA.® 

PLANTINGS ON COLBERT SILT LOAM. 

An experiment with cotton similar in plan to that at Arlington 
and at other locations with potatoes and corn was made on Colbert 
silt loam at Muscle Shoals, Ala. It included the application of 
fertilizer in the row as well as broadcast and also the immediate 
and delayed planting of seed after applying fertilizer. The quantity 
of borax used varied from 1 to 400 pounds per acre, and two rows 
each 70 feet long were used for each treatment. The fertilizers were 
applied on May 10. The rainfall for the month prior to starting the 
experiment and for a like period afterwards was exceedingly heavy. 
The soil became very compact from the excessive rains, and a very 
poor stand over the entire area was secured. The experiment was 
continued, however, in order to observe the effects of the borax, but 
a ead was not made, as the broken stand appeared to make it 
useless. 

TABLE 14.—Effect of various quantities of borax on the growth of cotton on Colbert silt 
loam, at Muscle Shoals, Ala., in 1920. 

Fertilizer applied in the row. 
Borax per Fertilizer applied broadcast 

acre. at time of planting. 
At time of planting. Planted 10 days later. 

INonG 2 i222 SiS la. Poke Peo eases SEER EY CE Ae. SSA ee 
1 pound...... Normal < lesa i 8 aoe INornial 2k be 5k oon ae Normal 
2 POUNES: 2 =~ =o 1s ~ otk (0 (Cy pee es Saat eae ants Et al a Aa em Sr fe) 
3*pounds::::/.|2.':<- Gost. eee isle iceee ss 0.273 55...-2 NS eee Do 

ONC. .2525.<- Pace Se oaks cee ao acs wiaiwis wees Peek oe Sats wibmnae see eee eee 
4 pounds...-..|..... ROSS ee ai ceed eee O: 225 2 eee Do 
5 pounds...-.. INEM AL Fer Ss bey NOR mabe 8 Ue eae cere oe Do 
{0 pounds:: --<[s.2 = WOE Sao ne ee ee ee Ont cake oe Oe ee ee Do 
Norle S23. 52:|2- epee Sek eee ee SSS. ES Sst. Gos oe ee See ‘ : 
20 pounds.-...| Slight injury ........:.....-. Slight retarding............. Slight retarding. 
30 pounds.-..-.| Plants small; many dying..| Somewhat stunted....-..... Slightly retarded , 
50 pounds.....| Germination low; plants | Germination low; plants | Somewhat stunted. 

dying. show yellowing. 
NOQRGE Soo fa 2 eA I2S SAS SABES yes se See ae eee rrp 
100 pounds....| Only an occasional seed ger- | Germination about 50 per | Germination decreased and 

minated: plants dying. cent; plants dying. plants dying. : 
200 pounds....| 7 seeds germinated; plants | Only an occasional seed ger- | Germination decreased about 

about dead. minated; plants about 70 per cent; most plants 
dead. dead. ; 

400: pounds....; No germination............. No germination. .........--- 12 seeds germinated, and 
plants died. 

JOS TCS ee aes SE ee ARR 2 Seek one me ME etal 5 rae meen, MANOR a Ao SES 

6 The immediate supervision of this experiment was under the direction of Dr. F. E. Allison, of the Fixed- 
Nitrogen Research Laboratory of the United States Department of Agriculture. 
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Borax caused the greatest injury to cotton in the early stages, 
either preventing germination or in lesser amounts merely retarding 
growth and preventing chlorophyll formation. A record of observa- 
tions three weeks after planting is given in Table 14. 

The quantity of borax required to produce a noticeable injury to 
cotton receiving fertilizer in the row was 20 pounds. Fifty pounds 
were necessary to appreciably lower germination and cause the death 
of any very large percentage of the plants. Where the fertilizer was 
used in the row and planting delayed for 10 days the injury seemed 
to be decreased about 50 to 75 per cent. Distributing the fertilizer 
broadcast decreased the injurious effects as much or possibly slightly 
more than delaying planting. It is shown that any method employed 
which decreased the concentration of the borax around the plant 
roots markedly decreased the injury. 

During the 10 days preceding planting, May 1 to 10, 2.06 inches of 
rain fell, and for the 10-day period following planting 3.34 inches of 
rain fell. The second day after planting 1.6 inches precipitation 
occurred, which was followed by hight showers for several days. The 
seventh day after planting there was a rainfall of 1.56 inches. The 
total rainfall for the month was 5.70 inches. 
Even with this great depth of rainfall there was unquestionable 

injury from the borax with 30 pounds per acre. With 50 pounds per 
acre germination was low, and many of the plants died after germi- 
nating when the fertilizer was put in the drill and seed planted imme- 
diately. When the borax was sown broadcast the plants were 
stunted. With 100 pounds of borax per acre and over there was 
practically no germination. 

PLANTINGS ON CLARKSVILLE SILT LOAM. 

An experiment at Muscle Shoals, Ala., was also made on Clarks- 
ville silt loam located on a gentle slope and well drained. The 
soil is fairly retentive of moisture and doesnot becomecompact. The 
plan of the experiment differed somewhat from that at Arlington, 
Va., with cotton in that the fertilizer was applied only in the drill 
and the seed planted immediately, as in section 2 of the Arlington 
test (see Table 7). The 4—8—4 fertilizer was used at the same rate of 
application per acre, namely, 1,000 pounds, and borax applied at 
5, 10, and 20 pounds per acre. The test was repeated six times; the 
first test was started on June 12, and the others followed at intervals 
of about one week. The separate plats are designated as series A, B, 
C, D, E, and F. The Cleveland Big-Boll variety was used. 

Table 15 shows the results for this set of plats, including the height 
of the cotton plants at intervals during growth, the number of bolls 
which formed, and the green and dry weights of the plants, including 
the roots. Table 16 shows the weekly record of rainfall, so that the 
relation of the rainfall to the degree of harmfulness of borax in the 
different series can be compared. The effects of borax on germina- 
tion, growth, and boll formation are noted. The cotton did not 
mature, so no yield records were obtained. 



24 BULLETIN 1126, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 15.—Hffect of various quantities of borax on the growth of cotton on Clarksville 
silt loam at Muscle Shoals, Ala., in 1920. 

Experiment, date started, and borax per acre. | 

Series A, June 12: 

a pe@unds:<. £44k S3a oF Re ee 
10 pounds 
20; OUD ES Ses eae ee ne ee ne ee ee 

Series B, June 19: 

IGT BEES Saas ere tea See eet anne 

INO OB Ass fam oe ee ess gs Ce RES ee Pk Sex eae 
PPOUNGES Sli 5188. Lee. SIs see EEE Sisk 

20 pounds 

TABLE 16.—Temperature and rainfall at Florence, Ala 

Se i ee i ee a 

SOS C00 Ge NO) 3s tet SONY) 

O29 pe 

July 
28. 

NOrNNW COW, OCOUD ODO 

eee eee ee! 

Average height of 
plants (inches). 

Bolis 
Oct. 26 

Aug. Oct. 
20. 16. 

25.3 45.5 667 
21.8 | 44.4 583 
E734 we: 93 | 456 
13.2 32.6 242 

28.6 | 50.0 716 
2506 | 43.3 563 | 
24,1 |; 743.0 576 
15.6 | 39.1 | 383 

Pod ow A542 337 
15.1] 40.5 | 220 | 
12.9 39.9 224 
SG) lie Sle 97 

16.1 42.2 112 
15.1 41.6 94 
1240°| 32.9 92 
Teo 29.3 | 53 

£2.32. 36.5 45 
11.5 33.7 48 

| 9.9 |- 31.3 46 
8.4}; 26.1 14 

| 

OLOUN 2628.2 
8.9.) 7 29.0); 
Sites 2572 
be Ogle Boe 

July, 1920. 

Week of— 

Temperature 

Rain- (*E.). 
fall 

(inches). | | 
Max, | Min 

0 97 | 53 
52 98 | 63 
. 58 92 | 56 | 
. 08 93 | 61 
. 76 94 | 62 
. 98 93 | 61 

1.50 98 | 63 
. 06 95 | 57 | 

} 

ee SI Or 

Green weight 
of plants. 

Dr 
weight 

Increase} of 
or de- | plants 

Pounds.) crease | (Ibs.). 
(per 

cent). 

a0 eb oes | 36.0 
86.0 | —7.5 | 3358 
85.0 —8.6 | 32.0 
44.0 | —52.7 15.0 

EOS. CO ts.2 22 40. 0 
84.0 | —19.2 34.5 
78.0 | —25. 31.5 
63.0 | —39. 4 25.0 

ro Ua a 34, 0 
78.0 | — 9.3 28.5 
75.0 | —12.8 26.0 
43.0 | —50. 15.0 

G3. 0 [5 52585-5 25.5 
62.0 | — 1.6 24.0 
59.0 | — 6.3 23.0 
39.0 | —38.1 13.0 

D570 [eee A Ps 
56.5 | + 2.7 20.0 
50.5 | — 8.2 20.0 
38.0 | —30.9 11.0 

A625: (eee 15.0 
47.0} + 1.1) 15.0 
41.0| —11.8| 11.0 

—24.8 | 8.0 

. (near Muscle Shoals), in June and 

Week of— 

§ to '4 62) b. s22 

Io Ie een 
29 to Sept. 4. ....- 

SCPE. 0.b0 Pee sae 
VACA oehen ABER - 

26 stO:OChe 2a ae 

| 
} 

Temperature 
Rain- (sal De 

fall | 
(inches). 

| Max. | Min. 

0 94 60 
5.10 90 | 66 
4, 46 91 64 

. 59 91 56 

.42 96 61 
21% 93 | 55 

. 32 93 | 55 
. 54 92 | 55 

0 92 37 

The relation of rainfall to the degree of harmfulness of borax to 
cotton is apparent from a study of Tables 15 and 16, and this has 
been considered in detail in an earlier paper.’ From the results of 
the experiment as a whole it will be observed that 5 pounds of borax 
per acre produced some injury to cotton when applied in the rows, 
and larger quantities showed even greater toxic effects. The results 
are in harmony with those obtained at Arlington, Va., showing that 

1 Skinner, J. J.,and Allison, F.E. Theinfluence of fertilizerscontaining borax on the growth and fruiting 
of cotton. Unpublished manuscript. 
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borax in small amounts is harmful to cotton and that its effect is 
influenced to a certain degree by weather conditions. Wherever 
light rains occurred soon after planting, followed by a dry spell, the 
effect was severest. If heavy rains followed periodically after plant- 
ing the effect was less severe. 

THE RESIDUAL EFFECT OF BORAX. 

In order to determine whether there was any residual effect of 
borax onthe succeeding crop, the field which was used for beans, 
potatoes, and corn in the experiments at Arlington, Va., was planted to 
wheat in October, 1920, following the harvesting of summer crops. 
eer soil was disked and harrowed and the seed drilled over the entire 
field. 

As the wheat pushed through the soil, the plants in the drill rows 
immediately over the area where the borax fertilizer had been applied 
in quantities of 50, 100, 200, and 400 Saray per acre showed a 
bleached appearance, and the stand on the 200 and 400 pound plats 
was poor. Plants taken from the fertilizer drill rows are shown in 
Plate X. These plants weakened as the winter came on, and by early 
spring the stand was not more than 25 per cent on the plats with 
fie 200 and 400 pound applications. At harvest time in June, 1921, 
the single drill rows immediately over the original fertilizer-borax 
drill row were cut separately and the weight of straw and grain is 
given in Table 17. 

TABLE 17.—Hffect of borax on wheat planted after potatoes and corn which had received 
fertilizer containing borax in various quantities, at Arlington, Va., in 1920. 

| 
Yield of wheat per plat (pounds). | Yield of wheat per plat (pounds). 

. iJ | 

Borax per acre. | Potato section.| Corn section. | Borax per acre. | Potato section.| Corn section. 

Straw.| Grain.| Straw.| Grain. | Straw. | Grain. | Straw. } Grain. 

| : | | | 
ASD QUITE eee 21.0 1.75 21 3.0 20 pounds....... 21.0 15 18 1. 75. 
APOUNGS 4.5 oes 14.5 2.0 21 2.25 || 30 pounds....... 20.0 15 19 | 2.0 
3 pounds......... 12.0 1.5 19 3.2 50 pounds.....-. 18.0 1.0 17 1.6 

(01 0S ae 21.0 1.75 20 2.5 OWES . asso 9: 23.0 2. 25 21 3.0 
4 pounds.....-.... 16.5 1.5 19 2.7 100 pounds...... 10.0 1.0 19 1, 25: 
5 pounds......... 14.5 1.2 18 2.6 200 pounds....-. 8.0 Bi (5) 12 1.0 
IG-pounds=:% 2 =... 17.0 ey 17 2.75 || 400 pounds...... 4.0 .6 6 . 75: 

GHe Sas. bass: 26.0 2.0 18 2: 250} INometss. Sse ei 19.0 1.6 18 2.0 

The yield of straw and grain from each drill row in the potato 
section varies considerably among the checks. While the growth 
was less in the rows where the smaller quantities of borax were used, 
it was as great as in the rows which had received 20 and 30 pound 
applications, so it would be presumed that these decreases may be 
due to causes other than borax. The yield from the 50-pound plat 
is slightly under the no-borax plat, and where larger quantities of 
borax were used the yield is cut more than 50 per cent. A somewhat 
similar effect is noted in the corn section. It is apparent that the 
borax, when used in the higher quantities, still remained of sufficient 
concentration in the soil to exert a harmful residual effect on the 
succeeding crop. It should be remembered, however, that the soil 
was disked and not plowed in the preparation for the wheat, so there 
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was very little mixing of the soil. The only plants which were 
damaged were those in the seed drill row immediately over the old 
fertilizer-borax drill row. 

An interesting case was encountered where cotton in a commer- 
cial field was damaged by Searles Lake potash in 1919. This field 
was again planted to cotton in 1921. The growing crops for both 
seasons on the same field are shown in Plate XI. In Figure 1 of 
Plate XI (photographed August 27) is shown the cotton in 1919 
which had been fertilized with a mixture analyzing 3 per cent NH,, 
8 per cent P,O,;, and 3 per cent K,O at the rate of 800 pounds per 
acre and in addition had received 100 pounds of Searles Lake potash 
containing 12 per cent of borax. This is a 12-acre field and yielded 
that year between 3 and 4 bales of cotton. The soil is the Norfolk 
sandy loam and is well suited for cotton production. In Figure 2 of 
Plate XI (photographed August 22) the field of cotton is shown 
as it appeared in 1921 after being fertilized with a similar mixture 
containing no borax, and it was estimated that the 12 acres would 
yield about 12 bales of cotton. From this it is apparent that all 
effects of the borax applied in 1919 had disappeared. 

SYMPTOMS OF BORAX-AFFECTED PLANTS. 

The descriptions of borax-affected plants as observed by the 
various investigators are here given in order that the reader ma 
recognize the abnormal characteristics produced by this chemical, 
especially if compared with the photographs shown in this and the 
other papers cited. These characteristics are as follows: 

Poiatoes.—Potato plants affected by borax present rather striking characteristics, 
as noted in the field experiments reported. The seed piece often fails entirely to 

»Ortcp germinate, or it may be delayed in germination. When germination has failed, 
_there was an @#btrmdence of decay in the seed piece even after the lapse of considerable 
time. In cases where germination is not seriously affected, the young sprouts are 
often killed. There is an absence of roots at the seed piece, but root development 
often occurs above the seed piece in the upper layers of soil. The small plants always 
have a poor root development. The stalks of affected plants are not as thick as those 
of normal plants and are very spindling, the leaves are small and narrowed, light in 
color, and bleached, or at least there is a marginal yellowing of the leaflet. This is 
prominent on the more severely injured and dwarfed plants. The yellowing is of a 
bright golden color and not the pale yellowing usually present in plants that are 
normally or prematurely ripening. In milder cases the abnormal color is restricted 
to the extreme edges of the leaves, particularly the lower ones. While the lower leaf 
was badly affected, young shoots formed on its axis would appear entirely healthy 
only to suffer the same difficulty in their laterdevelopment. The dead tissues suggest 
more of an olive color than a green and resemble most closely a potato leaf which had 
been rapidly killed and quickly dried with little yellowing. The marginal injury 
appeared to be caused by an accumulation of borax. In severe cases the leaves at 
the top of the plant are noted as folded upward on the midrib. Commercial fields 
where borax caused injury presented a broken appearance in stand, with plants of 
irregular size, often very weak and spindling. 

Corn.—The toxic action of borax on corn may result in the prevention or delay 
of germination and in distorted and bleached plants. In severe cases following 
germination the seedling has not sufficient vitality to push through the soil, and in’ 
such cases it withers and dies. The stalk frequently fails to develop its leaves after 
having pushed through the soil. With as small a quantity as 5 pounds per acre, 
borax was observed to produce a slight bleaching when the plant was 2 to 3 weeks old. 
Badly bleached and distorted plants resulted where larger quantities were present. 
The injury by borax is always at germination and during early growth, for if the 
stalks were not killed they finally produced good ears of corn. Young plants injured 
by borax tend to be lighter in color and in some cases are bleached entirely white. 
This prevention of chlorophyll formation may be due to an interference with the 
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EFFECT OF BORAX ON WHEAT PLANTED IN THE FALL FOLLOWING THE 

APPLICATION OF BORAX TO CROPS IN THE SPRING. 

Injury to the wheat was shown only in the drill rows. The plants shown were taken from the 
fertilized drill rows of the previous crop: No borax, 10, 20, 50, 100, and 200 pounds of borax 
per acre, respectively. 
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Fic. |.—FIELD OF COTTON IN I919Q9. 

Fertilized with 800 pounds ofa 3-8-3 mixture plus 100 pounds of potash containing 12 per cent borax. 

FIG. 2.—COTTON ON THE SAME FIELD IN 192]. 

Fertilized with a similar mixture containing no borax. Itis apparent that all effects of the borax 
applied in 1919 had disappeared. 

EFFECT OF BORAX ON COTTON GROWN ON NORFOLK SANDY 
LOAM. 
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assimilation of iron, similar to the action of an excess of calcium, or, as observed, with 
an excess of manganese compounds. Injurious quantities of borax cause tipburn; 
in still stronger concentrations wilting ensues, first of the older leaves and then of the 
entire plant. Borax toxicity is also evidenced in the foliage by a banded bleaching 
of the chlorophyll of the leaves especially marked at the margins. The extreme tips 
are often killed, but not the margins. When the injury is less severe the leaves are 
at first streaked with pale green and may later regain their normal color. 
Beans.—Borax is especially injurious to beans and is harmful at germination and 

retards development in the early stages of growth. The injury first appears on the 
margins of the first leaves which unfold, especially the tips. Where injury is severe, 
the entire leaf soon turns yellow, then white, which is followed by a killing of the 
tissues, working from the margin inward. It has been observed that the taproot 
of the bean plant was the most injured portion in the poisoned seedling. The root 
nodules were markedly reduced in size and number. In all cases of borax injury 
to beans, a dwarfed plant resulted with a final reduction of both vines and fruit. 

Cotton.—Cotton plants affected by borax both in pots and under field conditions 
are weak, slender, and frequently die after having made a growth of an inch or two. 
At the time when the first pair of true leaves should appear, the seedlings show no 
apparent growth for several weeks, dead sections appearing along the margins of the 
seed leaves which eventually become dry, and the plant dies. Where injury is less, 
the plant shows a stunted growth and early maturity. The foliage shows a yellowed 
effect, and the leaves become dish shaped. The resultant effect is a broken stand, 
oun plane in the field of the same age vary greatly in size. The yield is greatly 
reduced. 

Tobacco.—Plummer and Wolf (17) describe the effects of borax on tobacco as fol- 
lows: The roots of borax-affected plants are severely stunted, tend to be densely 
clustered near the end of the main root, and are all short and fibrous. The lower leaves 
are pale green, thicker, and less broad. The tissues most distant from the principal 
veins are palest and may become dead and dry. The leaf margins and tips are rolled 
downward and become rimbound. The root development of plants which made 
considerable growth is near the surface of the soil and near the tip of the main root, 
with few or no roots between these two groups. The stand in borax-treated fields 
is broken, and the plants lack uniformity in size. 

It would appear from the symptoms described for the various crops 
that the main characteristics of borax-affected plants are (1) retarded 
germination; (2) general dwarfing of the plant including both roots 
and tops; (3) absence of normal color, which may be characterized 
by bleached and yellowed foliage, especially leaf tips and margins; 
and (4) reduced growth and yield. ’ 

SUMMARY. 

_ The results presented herein show that borax proved to be harmful 
to plant growth. The experimental work was designed in order to pre- 
clude any other possible harmful factors. For one thing, practically 
ure borax was employed to mix with the fertilizers. ‘The fertilizer 

itself was made from practically borax-free nitrogen, phosphoric acid, 
and potash salts. Varying quantities of borax, ranging from 1 to 400 
pounds per acre were mixed with fertilizer and applied to the soil in 
three different ways. In order to properly compare the effect of the 
borax, one application of borax-free fertilizer was made in the same 
way and applied in the same quantity. Fimally it was decided 
essential to carry on the experimental work on a number of soil types 
and with different crop plants as indicators of borax injury. 

The results show that the potato can tolerate a greater quantity 
of borax than plants like corn or beans, which were injured by com- 
paratively small quantities of borax. The degree of injury, however, 
was modified considerably according to the rainfall. Apparently the 
depth and distribution of rainfall is the most prominent factor con- 
cerned. Heavy rainfall in one section caused the borax to leach 
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or diffuse into the soil mass, thereby enabling plants to withs and 
eater applications of it than in other sections where less rainfall 
ad occurred and where only light applications were necessary to 

produce injury. 
The way in which the fertilizer was applied exerted considerable 

influence, and in practically every case the fertilizer-borax mixtures 
drilled in the furrow, followed by immediate planting, produced much 
worse injury and with lower concentrations than by applying the 
fertilizer-borax mixtures some time before planting or by broadcasting 
and planting immediately. 

The effect of borax on the germination and yield of Lima beans at 
Arlington, Va., was most noticed where the fertilizer-borax mixtures 
were applied in the furrow and planting done at once. Less than 
50 per cent germinated with an application of 10 pounds of borax 
per acre, and with even less quantities the effect was marked. The 
10-pound application of borax caused marked depression in the final 
yield of both vines and beans. In the section where the mixtures 
were sown broadcast, it required 20 pounds to produce injury, while 
in the section where the fertiline® Boba mixtures were applied in 
the drill some time before planting, 20 pounds also were required to 
produce injury. 

The effect of borax on snap beans at Arlington, Va., was quite 
marked, injury being noticeable with small quantities of borax, and 
the yield was curtailed with an application of 5 pounds of borax per 
acre, and with quantities below 5 pounds the vines showed a color 
lighter than the no-borax plats. | 

The effect of borax on potatoes at Arlington, Va., when used in 
quantities less than 5 pounds per acre was one of stimulation. Where 
the borax application immediately preceded planting, 20 pounds of 
borax produced injury and a depression in yield. With the other 
methods of applying the borax mixtures the potato withstood greater 
concentration of borax. 

Corn displayed a marked reaction to borax. In the case of 
immediate planting, where the fertilizer was drilled in the furrow, 
only 2 or 3 pounds of borax were required to produce lighter colored 
lants, and with 5 pounds marked discoloration ensued. When the 
ertilizer was sown broadcast no discoloration took place until 10 
pounds or more of borax per acre had been applied. 

Four pounds of borax in the drill depressed the yield of both 
stover and corn. When sown broadcast, 20 pounds were required 
to depress the yield. Practically no plant growth took place where 
the application exceeded 50 pounds of borax per acre. 

The effect of borax on cotton in experiments conducted at Arling- 
ton, Va., and Muscle Shoals, Ala., was to severely injure the plants 
with 20 pounds of borax per acre and to slightly injure the plants 
with 10 pounds per acre. With high rainfall the degree of injury 
was slight, and with low rainfall the injury was more severe. 

In experimental work in Virginia, New Jersey, and Maine the 
effect of borax was more marked on sandy soils than on the heavier 
soil types, and the effect of the borax was modified by rainfall. 

Experimental work conducted at New Brunswick, N. J., with 
corn and potatoes on Sassafras loam showed strikingly the mfluence 
of rainfall, for it required comparatively high initial applications of 
borax to produce the degree of injury noted elsewhere. : 
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The experiments on Caribou loam in Maine showed that 5 pounds 
of borax applied in the drill at the time of planting produced 
definite injury, but the methods of applying the fertilizer-borax 
mixtures, such as early application before planting and broadcasting, 
tended to reduce the degree of injury at the lower concentrations. 

While there was evidence of borax remaining in the soil for a 
period of some months even with considerable rainfall, the injury 
was practically confined to the drill rows with high initial application 
of borax. In a commercial field under observation no injury could 
be observed -the second year after the failure of the cotton crop 
caused by borax in the fertilizer used. 

In all of the work where comparisons were made, it was shown 
that the potash salt from Searles Lake, Calif., when practically 
ee ron borax, gave satisfactory results as measured by actual 
yields. 



LITERATURE CITED. 

(1) BLacKwELL, C. P., and Cotnines, GirBEart H. 
1920. Trona potash: A progressreport. S.C. Agr. Exp. Sta. Bul. 202, 24 p.: 

(2) Buarr, A. W., and Brown, B. E. 
1921. The influence of fertilizers containing borax on the yield of potatoes 

and corn. Season 1920. Jn Soil Sci., v. 11, no. 5, p. 369-383, 4 pl. 
(in text). Refereftces, p. 376. 

(3) Conner, S. D. ; 
1918. The injurious effect of borax in fertilizers on corn. Jn Proc. Ind. 

Acad. Sci., 1917, p. 195-199, 2 fig. 
(4) and Frereus, E. N. 

1920. Borax in fertilizers. Ind. Agr. Exp. Sta. Bul. 239, 15 p., 4 fig. 

(5) Cook, F. C. 
1916. Boron: Its absorption and distribution in plants and its effect on 

growth. Jn Jour. Agr. Research, v. 5, no. 19, p. 877-890. Literature 
cited, p. 889-890. 

and Wixson, J. B. 
1917. Effect of three annual applications of boron on wheat. Jn Jour. Agr. 

Research, v. 10, no. 12, p. 591-597. Literature cited, p. 597. 

(7) 1918. Boron: Its effect on crops and its distribution in plants and soil in 
different parts of the United. States. Jn Jour. Agr. Research, v. 13, no. 
9, p. 451-470. Literature cited, p. 470. 

(8) Lipman, Jacos G. 
1911. Relations of lime to ammonification in soils. In N. J. Agr. Exp. 

Sta., 3lst Ann. Rpt., [1909]/1910, p. 114-117. 

(9) Morse, W. J. 
1920. Some observations upon the effect of borax in fertilizers. Me. Agr. 

Exp. Sta. Bul. 288, p. 89-120, fig. 14-17 (in text and on pl.). 

(10) Neuer, J. R., and Morss, W. J. 
1921. Effects upon the growth of potatoes, corn, and beans resulting from 

the addition of borax to the fertilizer used. Jn Soil Sci., v. 12, no. 2, 
p. 79-132, 13 pl. (in text). References, p. 104-105. 

(11) Prummer, J. K., and Wo tr, F. A. 
1920. Injury to crops by borax. Bul. N. C. Dept. Agr., v. 41, no 15 (whole 

no. 275), 20 p., 8 fig. References, p. 20. 

(12) ScHREINER, OswaLp, Brown, B. E., Skinner, J. J.. and SHapova.ov, M. 
1920. ep injury by borax in fertilizers. U.S. Dept. Agr. Cire. 84, 30 

p., 20. fig. 

(6) 

30 

ee ee ee se ee ee, . ee ee 

ee a eee ee ee. Ee eee eee 

ee Oe 

ee ea ve a eee 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF 
AGRICULTURE. 

SCCRELOTY Of AAGTICUILUTE® 222222) 5a. - eos lee Henry C. WALLACE. 

Missvsant Sccreltunyae. 9285.22... 2..... C. Ws PUGSLEY- 
DIRECHOE OF CICNDIILC WOT 2. = 215. .025--- - EK. D. Batu. 

Director of Regulatory Work. .....-..-.---- 
UCU CRU UNU fo S ORS 5 is CHARLES F. Marvin, Chief. 

Bureau of Agricultural Economics......... HENRY C. Taytor, Chief. 
urea of Ammoal Endustry. <0. 2-.2--- =. : JoHN R. Mower, Chief. 
Bureau of Plant Industry.....- tae ee Wiiuram A. Tayior, Chief. 
MOT EST DS CRINGE pre ae Re eS oe W. B. GREELEY, Chief. 

EremeOy CROMISTY ocean oe Se WALTER G. CAMPBELL, Acting Chief. 
ERGOT Oi ONG ere ere Sai se ds Mitton Wuitney, Chief. 
BRUTE OF FENIOMOLOGY): «222... 22222. o L. O. Howarp, Chief. 

Bureau of Biological Survey......-...-..... E. W. Netson, Chief. 
UTERUS OFF Whe ROCKS. 52 s2.. 2. eo THomas H. MacDona tp, Chief. 
Fized- Nitrogen Research Laboratory. .....-- F. G. Corrrett, Director. 
Division of Accounts and Disbursements. .... A. ZApPone, Chief. 
DDSI Of PUDICANONS soon ee ee Ls Joun L. Cosas, Jr., Chief. - 
MVOROTY Sac Seis Oe ri Gd ES Ss were CLARIBEL R. BaRNneET?, Librarian. 
iNiatcs RClALIONS SETDICE. 3 2aee en 2... ... A. C.-TRuet, Derector. 

Federal Horticultural Board...............- C. L. Maruart, Chairman. 

Insecticide and Fungicide Board.....-.-.---. J. K. Haywoop, Chairman. 
Packers and Stockyards Administration..... . ee Morri.1, Assistant to the Sec- 

Grain Future Trading Act Administration. .) retary. 
Waijicesof the SOuCcHtOr o.. 3S ess eee. R. W. Witturams, Solicitor. 

This bulletin is a contribution from the— 

PPCRIE OF Pig POMUSiY ce Neon cio. 3. os 2s 25 2-~--s---- WILLIAM A. TAYtor, Chief, 
Office of Sowl-Fertility Investigations. OswaLD SCHREINER, Biochemist in Charge. 

31 

ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 

THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 

WASHINGTON, D. C. 
AT 

15 CENTS PER COPY 

PURCHASER AGREES NOT TO RESELL OR DISTRIBUTE THIS 
COPY FOR PROFIT.—PUB. RES. 57, APPROVED MAY I1, 1922 

A 



Sete poo 

oe os Soar af aide As) a ; ; : Ee HOMERS. wv lone ie aN 
1 253 : E ak wank. aia a oe: 

ar AS sorte oe SEALIGIVE oS: bixy-seaysy nea) 

6 aQul? gees {Ves oo Ae sy hiite 3 
ee De se ates Bin 2p Beet sea ze ae 

7 
o) 

© 

fg Degen SCH ganeaee ae tp 
sae ets: ise: Beason’ — 
ae fi bead ome 5c pies ey 

: | ; pass ae ee eos 

ee SOS att; wet La MEMES. Uses 
eae bs: ku pees: ee re 

Si: a catiy: ue mutes le a Poe. pe - ae . 

ae ay le 3 od ne % ig? PRS, ¥ yale! 

Pe fie . EAT TES We : ¥ ie eae a8 

Paes 8S thy fayetineay cae ats Spy: 
E 4 = bs <“é , Sad és 

; eg ee. pote, Aehe tess}. epmeapcaiaist 

ries. 

g aw Bd: oko ‘eet 

ese = a 

r ee 2 tenes mp reese eee RE eh 

erg BaITO5 sLAMoeTEdas 

> 4Ogt GNBUIORT SA -TAW “eopeseaayd ¥ 
a Bago ey AG mnt retusa 

Str ORiTaRC TH ueeg 

ee ROvONTRERT 

. ¥860: UT. aEnaS ar 

7 Ree joa. cian gn aan oy aan 
ah partie oa 5S AE RUSE 


