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A previous contribution from this laboratory de · e I content of New 
·rsey soils and plants (10). Although the research evidence indicates that I 
lplication8 do not produce yield increases (2, 3, 4, 7, 8, 12, 13), some stimula
m has been reported (9, 15). Information on the effect of Br on plant growth 
very meager (3, 13). Lewis and Powers (8) found that Cl had an antagonistic 
~ect upon I toxicity in corn. No information is available on similar antagonism 
·tween I and Br, and little is known about the residual effects of I applications. 
The purposes of the present study were to determine whether tomatoes would 
>pond to I or Br applications to the soils on which they were being grown; to 
termine the residual effects of such I applications, using buckwheat as a test 
op; and to investigate I-Cl and I-Br relationships in plants. 

EXPERIMENTAL METHODS 

To study the response of tomatoes to I application, nine New Jersey soils 
crying from 0.0 to 12.1 ppm. in total I were selected (11). The soils were col
-:too from virgin areas, brought into the laboratory, air-dried, and screened. 
Uniform weights of the soils were placed in 2-gallc:>n ceramic pots, limed to 
~her pH 6.5 or 7.0 with CaC03, and treated with a 10-10-10 fertilizer equiva
lt to 1 ton an acre. N was supplied either as NHtNOa or KNOa, P as 
J.(HsPO,)t· H20, K either as KNOa or KCl, and I or B as the K salts. Mg, as 
e sulfate at the rate of 100 pounds MgO an acre, and Na2B,Or·10Hz0, MnSO,, 
d ZnSO, at 20 pounds an acre each were added to all soils except the Lakewood, 

1 which each rate of application was reduced one half. In all cases, C. P. reagent 
Ita were used. CaCOa and Ca(HJ>O,h·H20 were applied in the dry state and 
e other salts in solution, and all were thoroughly mixed with the soil. 
Specific treatments were in triplicate and consisted of: 1. Check, all K as 
~Oa; 2. One pound I an acre, remainder K as KN03 ; 3. Ten pounds I an acre, 
.~der K as KN03; 4. Ten pounds I an acre, remainder K as KCl; 5. Check, 
, K supplied as KCl (Sassafras sandy loam only). 
i'he soils were seeded to Rutgers tomatoes September 9, 1949. The plants 
,'~ ~binned later to two a pot and grown at optimum moisture levels by periodic 
.rltt1ons of water. They were harvested at the blossom stage December 15, 1949. 
Buckwheat was seeded February 26, 1950, following a second fertilizer treat
·nt at ha.If the rates us.ed in the initial I study. The plants were thinned to four 
r>ot. They were harvested April 3. 
For the Br studies, five soils were selected, fertilized, and limed as in the I 
1
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An accurate determination of the thermal conductivity of soils in situ is 
important in soil physics, meteorology, and agricultural and civil engineering. 
The- only method that could be found in literature is the one developed by 
Albrecht (1) and applied by Franssila (4) and Bracht (2). This method is 
based on the theory of steady flow of heat. 

BeCause the transport of heat in a moist porous material is accompanied by 
distillation of water vapor, the author has argued elsewhere (7) that a non
stationary method and the·use of small temperature gradients are preferable in 
measuring the thermal conductivities of soils. Such a method has been de
veloped by Vander Held and Van Drunen (5) for determining the thermal con
ductivity of liquids. Earlier work on this method was that of Stll.lhane and 
Pyk (6) and of Weishaupt (8). The method has already been applied by Van 
Dorssen (3) to the measurement of thermal conductivity of sand at low moisture 
contents in the laboratory. 

This article discusses the construction of a cylindrical element that can be 
placed in the soil to measure its thermal conductivity by the aforementioned 
method and presents some of the results obtained. An important feature is the 
small diameter of the cylinders,. which makes it possible to introduce them into 
the soil without markedly disturbing the natural structure. 

PRINCIPLE OF THE METHOD 

. The thermal conductivity of the material under investigation is measured by 
mtrodueing a long electrically heated wire in the (homogeneous) material, 
switching on the heating current in this wire, and measuring the rise of tempera
ture with a thermocouple somewhere near the middle of the wire. 
~or ~ linear heat-source of infinite length, the rise of temperature ( 8) at 

radial distance r from the source is represented by: 

8 = (q/ 4rX) I - Ei(- r2/ 4at)} (1) 

eq 
1 
The author is indebted toW. R. van Wijk for his interest in this work and for useful 
~· to.E. M. F. van der Held for his kindness in showing the thermal conductivity 
1\rueti nta m progress at his laboratory, and to L. Admiraal for his help with the con-

. Oil of the elements and the carrying out of the measurements . 
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study and were treated with KBr at rates equivalent to 50 and 100 p~un~ 
an acre. All treatments were in triplicate. Pots were seeded to Rutgers T'"'T"'"''"" 
on June 28, and the plants were thinned to one a pot when 2 inches high. 
were harvested August 24, 1950, in the preblooming stage. 

In the study of I-Cl and I-Br relationships in plants, solution culture 
niques (15) were employed. A standard nutrient solution of the following 
position was used in all tests: 

KH2POc 0.0023 Jf B as boric acid 0.25 ppm. 
(NHc)tSOc 0.0007 M :\In as sulfate 0.25 ppm. 
Ca(NO,)t 0.0045 M Zn as sulfate 0.25 ppm. 
MgSOc 0.0023 M Fe as sulfate 1.00 ppm. 
K,SOc 1 0.0020 M 

The standard nutrient solution had a pH value of 4.5. All cultures were reiJtew·eif''· 
twice weekly. 

Rutgers tomatoes were used in studying I-d relationships. They were 
in solution cultures containing 0, 0.5, and 5 ppm. I, respectively, in presence 
absence of chlorine. The I-Cl ratio was 1:15. Treatments were in ~~.t-~•-<>UI~ 
Seeds were placed in sand on October 21, 1949. Later, two uniform "'"'~'UJJlUI!ll'·· 
were selected and placed in 1-gallon solution jars. Plants were harvested . 
January 6, 1950, at the flowering stage and fractionated into leaflets, pelrJOitm 
stems, and roots. 

Similarly, I-Br relationships were investigated, the tomatoes being 
solution cultures containing 0, 1, 5, 10, and 20 ppm. Br in presence and a.u~cu~• 
of I. Treatments were in triplicate. Seeds were placed in sand on March 24, 
and small seedlings were transplanted to 1-gallon solution culture jars on 
20. Br treatments were started on April 27. The plants were harvested on 

Immediately after the harvest of each crop, the samples were 
approximately 70° C. in a forced draft air oven, weighed, ground in a 
Wiley mill, and stored. The samples were again dried at 70° C. prior to 

I was estimated by the chromic-sulfuric acid digestion method of Houston . 
Br by a modification of Hibbard's procedure (5); and CI was titrated elel!!tlli• 
metrically according to the Piper method (11) and with the apparatus 
by Best (1). 

RESULTS AND DISCUSSION 

Response of tomatoes to I applicat~ 

No differences in germination of tomatoes were noted because of the I 
ments. Seedlings growing on Lakewood sand, which received I at the 
an-acre rate, exhibited signs of poor growth. Toxicity symptoms were more 
nounced when K was supplied as the chloride. Retardation of growth 
observed initially on Copake loam with 10 pounds I when K was supplied 
KCl, but at harvest time these differences had disappeared. No other ·. 
differences were observed because of the treatments. 

2 The K,SO, was varied as necessary to make allowance for the K supplied as KI, K9-
M~. $ . ;t~:; 
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Yields of tomato tops were not increased with the 1-pound-an-acre rate of ap
plication of I. The 10-pound rate was toxic to plants growing on the Norton, 
Lakewood, Lawrenceville, and Washington soils (table 1). Yields were lower when 
K was supplied as the chloride. For example, when I was applied to the Lakewood 
soil at the 10-pound rate and K as the nitrate, the yield of dry matter was 11.8 
gm. a pot, whereas when the K was supplied as the chloride, the yield was only 
2.8gm. 

Cl toxicity was ruled out because the rate of application was equivalent to 
only 150 pounds Cl an acre, and it is known that 1500 ppm. Cl in solution cul
ture does not affect tomatoes adversely. Why Cl applied in conjunction with I 
should increase toxicity is not clear. 

TABLE 1 
~ 1DftQI&t ,wLU ond I ond Cl C<mUnt of lomotD lopa 

';: .: DIY W>:IGHTt I I CONTXNT CJ CONT,ENT 

~ " ~- ,. ' 

I llllcied-.... .• . . 0 I I I 10 10 0 0 I I I 10 10 I 0 0 I I I 10 10 0 
FOllll o1 X ...... KNO.·KNO. KNO. KCI KCI KNOo•KNO.,KNO. KCJI K.Cl KNOoi•K.NOo KNO. KCI KCI 

: ' '"'· ,.... I"'· ,.... ,.... ;tm. ;tm. ;tm. ;tm. ;tm. ;tm. ;tm. ;tm. ;tm. ;tm. 
Labnrood 

-.Jad ........... 22.2 20.0 11.8 2.8 - 0.20 1.20 61.20 73.65 - 7201 820 1,&40 9,030 -
Copake looun .... 29.8 29.2 27.f 28.8 - 0.30 0.65 8.90 11.65 - 8201 820 920 13,200 -
&qwr.Joam .... 21.6 22.2 22.1 20.7 - 0.50 0.50 3.20 3 . .0 - 720 1,130 820 10,500 -
WubiDcton 

loam........... 6.8 5.9 2.8 2.0 - 0.60 0.60 2.35 2. 75 - 2,050111,640 2,460 9, 750 -
Ho..ieotony 
~ .. ·.;.;~d; 20.9 21.4 23.5 22.1 - 0.60 0.65 4.90 5.30 - 1,23011,0301: 1,130 6,770 -

loam ........... 30.6 30.f 31.2 31.0 32.0 0.65 0.50 11.70 77.90 0.50 6001 620 590 ll,f20 13,000 
NononaUi 

~~~d; 26.2 23.0 19.6 15.8 - 0.80 0.80 1.25 1. 70 - 3, 29013,1801" 3,280 6,050 -

loam ........... 6.4 7.1 8.0 6.5 _ 0.65 1.00 4.00 5.30 _I 2.460 2,150 1,850 7.700 _ 
La~-~e ! 

aililoam ...... 12.1 10.3 8.6 3.3 - 1.06 1.80 6.55 8.06 - 2,aso', 1,950, 2,150 8,620 -

•In pounds per acre, oa KI. 
t Averace yields of triplicate treatmenta. 

The I content of tomato plants grown on the untreated soils varied consider
ably and ranged from 0.20 ppm. on the Lakewood to 1.05 ppm. on the Lawrence
ville soil (table 1). Addition of I at the rate of 1 pound an acre generally increased 
the I content of the plants. No increases in I content were obtained with plants 
grown on the Squires, Washington, and Norton soils, but large increases resulted 
on the Lakewood, Copake, and Lawrenceville soils. Very slight effect was noted 
on the Hoosic soil. At the 10-pound rate of application of I, large increases in I 
content of tomato tops were noted on all soils. The highest I content, 61.2 ppm., 
ocCurred on the Lakewood and the lowest, 1.25 ppm., on the Norton soil. 

When all K was supplied as the chloride, I uptake was increased. These results 
are in contrast to those of Lewis and Powers (8) with corn. Why the presence of 
Cl should increase I uptake by tomatoes is not clear. 

Cl uptake is affected by I applications cannot be answered. The Cl 
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conte~t of tomatoes varied with the nature of the soils, and ranged from 600 
to 3,290 ppm. on the no-I treatments when K was supplied as KN03 (table 1). ~ 
Addition of 150 pounds Cl an acre as KCI markedly increased the Cl content of 
the plants. 

Variations existed in the I content of fractions of tomato plants grown on 
Sassafras sandy loam at different levels of I (table 2). When I was not supplied, 
the I content of the fractions decreased in the following order: roots, upper leaves, 
lower leaves, lower stems, and upper stems. When I was applied at the 10-pound
an-acre rate in conjunction with K supplied as the chloride, the order of decreas
ing I content was: lower leaves, lower stems, roots, upper leaves, and upper 
stems. When comparison is made of the I content of the various fractions of 
tomato plants grown at the I applications of 10 pounds an acre and K supplied 
as the chloride or nitrate, the relative distribution of I was found to be the same, 

TABLE 2 
Distribution of I and Cl in various fractions of tomatoes grown on Sassafras sandy loam 

TR.EATKENT I CON'rENT Cl CONTENT 

I added" Form ol K. Upper Lower Upper Lower Roots Upper Lower I Upper Lo .. ·er I R 
Leaves Leaves Stems Stems Leaves Leaves Stems Stems oots 

I ----------
lb./ A. Ppm. Pf>m. f>frm. f>frm. f>frm. f>frm, -;;;-I~ -;;;-I Pfrm. 

0 K~Oa 0. 95 0. 70 0.451 0. 50 3.25 820 510 1, 130 410 3H 
1 K~Oa, 0.6.5, 0.90 0.35 0.25 1.55 925 615 1,330 3101 41! 

10 KNOa u.4oi 9o.oo 4.55 14.80 23.00 720 410 1, 230 410 311 
10 KCl 24.40,153.40 14.40148.70 30.60 6,360 10, 260i 14,990 13,24017' 291 
0 KCl 1.00 0.751 0.60 0.15 1.30 6,980 13,750115,290113,750 6,67• 

I ' 

* I added a.s Kl. 

but the actual amount of I found in the fractions was higher when K was sup 
plied as the chloride. 

Residual effects of I applications 
Buckwheat yields were not increased by I applications except on the N orto 

soil, and these may be considered to be well within experimental error (table 3 
It will be recalled that I at all levels on this soil initially were toxic to tomatoe~ 
Buckwheat on the Lakewood and Lawrenceville soils exhibited toxicity simila 
to that noted with tomatoes. Buckwheat yields were reduced on the Hoosi 
although tomatoes had not exhibited symptoms of toxicity when previous 
grown on this soil. Yields of buckwheat from Copake, Collington, Squires, ar 
Sassafras soils were not significantly affected by previous I treatments. In mo 
cases, yield decreases from I applications at the 10-pound rate, with K added 
KCl, were more pronounced than when K was added as KN03. Cl seemed 
increase rather than counteract I toxicity. 

Residual effects from the initial I treatment at the rate of 1 pound an ac 
were still reflected in the I content of buckwheat grown on all except the Norte 
Copake, and Washington soils (table 3). On the Sassafras soil, the I content i 
creased from 0.85 ppm. to 1.00 and 2.85 ppm. as the initial I application '~> 
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from 0 to 1 and 10 pounds an acre. ';rhe residual effect from the 10-
application was more pronounced than that from the 1-pound rate and 

was greater on the Sassafras, Collington, Squires, Copake, and Lakewood 

TABLE 3 
Dry wei gilt yield• and I and C! cofllent of buckwheat gr01D1\ "' ruidu<>l crop 

DIIY ~IGBTt I I CONTDIT I Cl CONTENT 

. . 0 ! I i 10 110 0 I 0 i I 10 . 10 0 I 0 I I 10 10 10 
JF.i:r---· KNO,IKNO.ilL"0• KCI KCI KNO,,KNo, KNO, KCI KCI :KNOs·lL"<Os KNO, KNOt KCI 

~- ~ ~ ~ ~ ~~~~~~~-~~~~~ ~~~~ 

4.1 3.9 3.4 2. 7 
1.30 2.!0 12.35 10.30 1,330 1,330 1,330 4,920 
1.05 1.00 9.45 11.56 1,950i 1, 540 1, 740 8,930 

3.8 3.5 3.6 3.4 0.75 0.80 6. 75 9.45 820i 720 820 11,300 
3.2 3.0 2.8 2.8 0.56 1.05 2.40 6.00 '·"'I '·'~ 1,230 9,240 

2.6 1.4 2.3 2.1 0.80 0.80 1.50 1.20 ~,130 1,440 1;540 8,460 

3.0 2.5 2.3 1.7 0.95 0.85 8.75 9.451 82011,030 1,130 8,460 

3.2 3.0 2.9 3.1 3.tt 0.85 1.00 2.85 3.85i 0.00 92011,130 1,030 9,450 7, 700 

3.3 3.5 3.6 2.8 0.85 0. 70 1.561 1.401 - 1,850[ 2,050 2,050 4,720 

2.1 2.2 1.8 1.8 1.05 1.25 8. 75
1

11.351 I, 540\ 1, 740 1, 740 7,080 

2.8 2.1 1.7 1.5 11.00 1.50 3.40: 3.401 - . 1,640i 1,330 1,640 3,800 

TABLE 4 
Dry weight yield of Rutgers tomatoes as affected by Br applications 

DJ.Y WEIGBTSt 

........................................................ ----~----,-----

~~ .. uu''"" loam ................................. . 
silt loam ................................. . 

...... UIIIl~Ir,,.... sandy loam ............................ -
loam .................................... . 

,,._ 
12.4 
5.9 
9.9 
9.4 
9.6 

50 

, .... 
12.0 
5.0 

10.3 
10.1 
10.4 

100 

'"'· 11.5 
5.2 

10.5 
10.7 
8.7 

on the Norton, Lawrenceville, and Washington soils. The effect of Cl on 
uptake was still reflected in the second crop on all soils. The Cl content of 

lltu•lr.,.,·hoat was unaffected by the previous I applications (table 3). 

Response of tomatoes to Br 

visual differences were noted in tomatoes grown on the five soils following 
of Brat rates of 50 and 100 pounds an acre. Slight increases in yield 
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were noted on the Sassafras and Squi_res soils (table 4). A slight increase was also 
noted on the Collington soil at the rate of 50 pounds an acre. The increases were 
not significant. A slight reduction of yield was noted on both the Annandale 
and Norton soils, but this was probably not significant. 

TABLE 5 

Dry weight yields and I, Cl, and Br content of leaflets, stems, and roots of tomatoes 

TUATllL'<T I DRY WEIGHTs* I CONTENT Cl coNTENT I Br CONTENT 

-I-1~ Tops 
1
Roots I Total Leaflets I Stems i Roots I r:~,t Stems ! Roots I r.·~f- Stems I~ 

ppm. ppm. gm. I gm. gm. nm. ppm. I ppm. I ppm. ppm. . ppm. ppm. ppm. PPm. 

0 0 15.713.4 19.1 1.55 0.90, 3.80 410 410 410 40 - -
0 0 12.9 3.1 16.0 533.90 603.001 275.10 410 410 510 <4 - -
2 1 14.913.0 17.9,651.70 575.501

1' 313.20 720 620 510 <4 - -
2 5 13.71 2.9 16.6 717.30 433.80 275.10 820 1030 620 <4 - -

I 2 10 16.L 3.4 19.5 647.50 581.90, 317.4011440 2050 1750 <4 - -
i 2 20 12.4,3.1 15.5 760.70 558.601323.751 2050 3490 2050 <4 - -
~ 0 1 11.8 2.6 14.4 2.70 0.401 5.401 615 720 620 1440 - -
!.0 5 16.6[2.8 19.4 2.10 1.60: 4.751030 1540 1030 850 - -
tO 

1

10 15.1',3. 3 18.4
1 

2. 05i 1. 25~ 3. 35,1540 2670 1440 1450 - -
r.o 20 J18.8 4.1 1 22.9

1 
1.30'1 1.25[ 2.40 2670 5130 12460 2825 

1 
6320 

1 
2100 

*Average of triplicate pots. 

TABLE 6 

Dry weight yields and I and Cl contents of leaves, petioles, stems, and roots of tomatoes 

TR.EAna.NT DI.Y WEIGHTS• I CONTENT Cl CONTENT 

I Cl Tops Roots Total Leave Petioles Stems Roots Leaves Petioles Stems~~ 
- ---- -- -- -----
ppm. ppm. gm. gm. gm. ppm. ppm. ppm. ppm. ppm. pp..o. ppm. I pp..o. 

0 0 17.0 1.7 18.7 2.80 2.75 1.50 10.60 720 920 510j 310 
0 7.5 22.0 1.9 23.9 2.95 2.40 2.25 6.40 2,050 6,880 7,800 3,800 
0 75.0 21.6 2.3 23.9 3.55 6.15 2.40 7.50 3,900 14,880 16,620 8,620 
0.5 0 16.4 1.6 18.0 255.20 302.00 216.00 380.00 510 720 510 510 
5.0 0 9.2 1.5 10.7 744.80 1,523.50 1,555.00 603.00 920 1,640 820 1,130 
0.5 7.5 18.0 2.0 20.0 338.00 281.20 214.00,338.00 1,330 3,900 4,310 2,770 
5.0 75.0 6.3 0.8 7.1 952.20 2,190.00 1, 785.00 687.00 4,510' 14,370 - 5,390 

I 

• Average yield of duplicate pots. 

I -Cl and l-Br relationships in tomatoes 

Observations made on tomatoes grown in solution cultures at varying I and 
Cllevels showed that 5 ppm. I produced severe toxicity effects 12 days after the 
treatments were started. The leaves were mottled, lighter green areas appearing 
between the veiM, while the areas immediately around the veins remained a 
healthy dark green. Some leaves showed a few necrotic spots along the edges and 
tips, while others were slightly curled along the edges. The presence of Cl in the 
nutrient solution augmented these symptoms. Two parts per million I produced 
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only a slight mottling, whereas 0.5 ppm. had no visible effect. Plants that received 
7.5 or 75 ppm. Cl in absence of I appeared to grow vigorously. 

Cl at levels of 7.5 and 75 ppm. stimulated growth in absence of I. Some stimula
tion was also observed at the 7.5 ppm. Cl and 0.5 ppm. I levels, whereas 2 ppm. 
I proved somewhat toxic, and the 5 ppm. I markedly reduced growth (tables 5 
and 6). In the latter case the toxicity was increased by the presence o£75 ppm. Cl. 

Both the I and Cl contents of the plant fractions increased directly with the 
levels of these elements in solution (table 6). Generally, the I contents of the 
various plant fractions were increased by the addition of Cl. For example, the 
leaf portions of the plants receiving 5 ppm. I and no Cl, contained 744.8 ppm. I, 
whereas when Cl was present to the extent of 75 ppm., the I content was 952.2 
·.·,n,c. 
ppm. The effects of I on Cl uptake were variable. 
· Br additions up to 20 ppm. did not affect the growth of the plant (table 5). 

In a manner similar to I, the Br content of tomato leaflets generally increased as 
tlie .. Br level in the nutrient solution was raised. Increasing Br levels in the sub
strate did not affect the I content of tomatoes. Although Cl-Br relationships 
'~~<-t-· 

were' not a part of this study, the data show that an increase in Br in the substrate 
&tided to increase Cl uptake. , 

-· SUMMARY 

~l~lie~\tions of KI were made to nine New Jersey soils, and tomatoes were 
UBed to test the effect of the added I. Residual effects of the I additions were 
~Cued on buckwheat as a test crop. A preliminary test was made of the effect 
ofBr additions. I-Cl and I-Br relationships in tomatoes were studied by use of 
solution-culture procedures. 
· Yield responses were not obtained with tomatoes on any of these soils when 
I was applied at rates of 1 and 10 pounds an acre. I at the 1-pound rate had no 
effect on the growth of tomatoes on the soils, but at the 10-pound rate it was 
toxic to tomatoes on the Norton, Lawrenceville, Washington, and Lakewood 
soils. 

Addition of Cl as KCl tended to increase toxicity symptoms of I in soil cul
tures and also to increase I uptake by both tomatoes and buckwheat. 

Residual effects of the initial I applications were observed on thP. vield and I 
COntent of buckwheat from several soils. 

Yield responses from Br applications at rates of 50 and 100 pounds an acre 
were not obtained on five typical New Jersey soils. 

I-CI antagonism was not observed in tomatoes in either solution tests or soil 
tests. 

I uptake was increased by addition of Cl, but no effect of I on Cl uptake was 
observed. 
. 1-Br antagonism was not observed in solution cultures, although Br seemed to 
lncrease Cl uptake. 

The Br content of leaflets of tomatoes grmvn in the tests ranged from less 
than 4 ppm. to 2,825 ppm. depending on the amount of Br present in the nutrient 
eolution. 

.I' ' 
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