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THE EFFECT CF THE APTILICATICIT CF CCIZICH SALT
CH THE CClZCSITICH CF DIFFELENT VARIETIES CF

SUGAR EEETS, CELERY, AID PEAS.

INTRCDUCTICN

It his long been recognized thet cecrtain crops
show yield resjponses from the ecpplication of common
selt to the scil in which they grow. The errliest in-
vestigation of this subject in this country wzs pioneer-
ed in 1894 by iWheeler and Adams (1l2) and continued by
Hertwell (7,8) and his associates. Since then a copious
literature concerning this generel field hns accumulated.
It scems sufficient in o trectise of this nature, how-
ever, to cite only o number cf reviews of the subject.
Lehr (9) hes made a comprchensive survey of the
European literature. Severzl other excellent reviews
of the subject are ovailable, cmong the most notable of
which are the cbstracts of §illis (13). A concise sum-
mary of the literature concerning the effects of sodium
upon plant growth is presented by liller (10), while
Hees (Z2) gives a thorough discuscion of the informction
releting to the influence of chloride on plants.

Since 1924, Hormer et ldchigrn Stcte College hus



carried on rn extensive study of the effects of salt on
the yield of a number of crops grown on orgenic soil.
Yore recently Harmer and Benne (5,6) hove investigated
the effect of s=21t on the composition of crops, sodium
heving been given porticuler attention. Numerous other
investigators hcve worked with several crops responsive
to the addition of =2l1t, but only two have in any way
dealt with verietel differences. The first of these,
Van Itallie (9), compared the potassium and sodium con-
tents of four fodder beet verieties with one voriety

of sugar beets. The other, Haas (2), in his study of
the chloride content of the pinnce and fruit from =2
lorge number of dete palm varieties found o wide vor-
iction eamong the varieties grown under similar conditions.
The same variety, grown in different localities, also

showed considerable variation in chloride content.

EXPERILENTAL PRCCEDURE

This study has been confined to crops grown on
the set of twenty plots known as the "Salt series® on
the College Experimentrl Yuck Farm in Clinton Ccunty,
lichigen. These plots were estoblished by Tr. Permer
in 1942 on virgin muck. Five trecstments in duplicate
are concerned in this study. Eicht of these plots hod

received three annual zpplications of 1000 pounds per



acre of a 0-10-70 commercial fertilizer. The potash
in this mixture wes supplied from commercial muriate
of potash containing 60% potesh. The two remaining plots,
number 76 in ecch replication, were given an equivalent
amount of potassium in the form of Cerlstad l/ine-3Run
Potash. The plot designations together with the amounts
of salt applied are given below.

Plot Pounds of Salt per Acre

(East and wWest Neplication) (Applied Annually Since.l942)

23 Ione
74 500

z6 778*
29 1000
42 . None

Both the fertilizer and seclt were broadcasted on
the surface each spring cnd thoroughly disked ‘in. Fou;
- varieties of celery wére transplented to the plots in
the summer of 1945 while three varieties of sugor beets
were sown that spring. All were harvested in the fall
of 1945 and revresentative samples teken for chemical
analysis. .In 1945 samples of the entire plants of the

Lincoln veriety of peas sown in the syring were secured

*The equivalent amount of 25¢% Carlsbad Potash contains
569s8alt making en ennual salt application of 778 paunds
per acre.,
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Table 1. Effects of applying salt to muck soil upon the content of potash,
chloride, and soda in four varietles of celery grown thereon.
| Annual ‘1
Salt Yield 1 % Percentage in gpop
IPlot Appli- Tons Increase™ |Moisture
cation |per LERICRE ey ey Fresh Weight Basis
L goro K20 Tncl I o1 el | Nego I Inet | K20 I Tnet l c1 I nel | Nago | Tncl
‘ e 1
Summer  pascal
B3 £ 42 0 42.0 ——- 92.68 6.62 -—- 3.28 e 0.70 o= 0.485 - 0.240 === 06 || e
34 500 4647 alnbefz 93430 6.40 =33 4.67 4244 1.98 184.8 0,429 -11.6 0,313 30.4 0,133 160.8
39 1000 4942 Wrlsak 93406 6.21 =503 5437 63.6 2459 272.2 0,431 =11.1 0.372 5540 0.180 252.9
36 7782 51.9 2546 93+56 6,07 =843 5.68 6673.0 2.24 220.8 0.391 =19.4 0.365 52.1 0.144 182.4
B Kverage | Increase | 7.3 17.4 0.63 =0439 -5,0 1.96 59 1.57 226,0 -0,068 -14,0 0.110 45,8 0,101 198.0
}
I A and C Special 763
I B3 4 42 9] 4045 —— 91,60 5.58 —— 2.62 ——— 0.62 —— 0,468 etk 0,220 —-—— 0,052 ——
| 54 500 K8.2 19.0 92.80 5.44 -2.6 4470 7942 2.97 38041 04391 =16.4 0,338 5346 0.214 511.5
F‘ 39 1000 535 32.1 92.80 4.99 =10.4 6.17 13543 5.38 445.2 04360 =231 0.444 101.8 0.243 3673
{ 36 7782 5246 29.9 92.96 5.22 =64 +_§JZ§-.-_ 118.5 317 411.8 0.367 -21.6 0,403 83.2 0.223 328.8
k Average ' Increase [LO.9 26,9 1.25 ~0,36 =65 2.91 111.0 2455 412.4 ~0,095 =20.3 0,175 79.5 0.175 35645
il o Supreme Golden
| bo £ a2 0 9.9 - 91.92 6.12 o 3,13 = 0.73 hic 0.494 2==W{§0+258 === 50 05oRE 2o e
ib 34 500 BO.2 23.3 93,48 6.18 1% 5.90 8846 2455 248.8 04403 -18.4 | 0.385 52.2 0.166 | 181.4
| 5o 1000 k8.7 22,1 93.12 5.49 -10.2 6.48 103.0 | 3.14 SEOMTEN IR0 S =2CVaI S0V OO S BB IRG - TG |B2 60T
; | _#6 me? hs.2 20.8 95.36 4.81 21,4 6433 102.2 3.37 36240 0.319 -3544] 0.420 6641 0.224 | 279.7
~ Jverage Increase | 8.8 22.1 1.40 -0.63 -10.2 3,11 99.3 2.29 313.7 |-0.127 -25.7] 0.164 64.8 04143 | 242.4
Superplume
35 4 42 [¢] 34.0 - 91.52 6.03 - 2.81 ——— 0.67 - 0,511 - 0.238 - 0,057 _—
34, 500 44.8 31.8 92.78 5.51 -8.6 §.46 94,4 3,14 367.9 0.398 -22.1 | 0.394 6546 0.227 | 298.2
39 1000 46,3 36.2 93430 4.99 =17.2 6498 84847 3475 45744 043555 =34.4 0.468 96.6 0.251 | 340.4
36 7782 44,3 2055 93430 5419 GG 6e41 128.4 | 3.52 424.1 0,348 =31.9 ] 0.430 80.7 0.236 | 314.0
verage . Increase| 11.1. 32.6 1.61 ~0.80 -13,2 3,47 123.8 | 2.80 416.5 | -0.151 -20.6 | 0.193 8l.1 0.181 | 317.5

o5
Percentage increase (/)

or decrease (-) resulting from

2
25% Carlsbad Potash containing 56% salt.

salt applications
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Chemical Composition

Water---yith every variety the application of salt
slightly increased the amount of water precent in the
plant at harvest time.

Potash---The percentoge of potesh in 2ll varieties
decreased with the applicaetion of sclt. Superplume
showed the greatest decrease while Summer Poscal dis-
played the leest. With the salt application Summer Pas-
cal averaged 17# more potash than did the yellow varieties.

Chlorides~---yith increessing salt applications thcre
was a mgrked rise in the chloride content of every var-
iety. ithout salt A&C Special 763 showed the lowest
and Summer Pascal the highest chloride content. Where-
as Superplume absorbed the most chloride with the addi-
tion of sult, Summer Pascal absorbed the lecst.

Soda---A marked rise in the soda content of all
varieties resulted from increasing applications of salt.
The greatest increase in soda as the result of salt ep-
plications was attained by Superplume while Summer Pas-
cal showed consideraobly less than any of the yellow var-

ieties.
ldneral Removal From Soil

Table 2 shows the effect of varying salt agpplications

with four celery verieties on the amount of potash, chloride,



Table 2.

i

Effect of applying salt to a muck soil upon the removal of po-

tash, chlorides, and soda by four varieties of celery and their

variation in their ability to recover applied salt.

Annual % oF
Plot Salt Pounds Removed Per Acre lepplied
Application ;0 [ Tnot l c1l l Tnet I Nag0 Tnel [odium
emoved
Summer Pascal
3 £ a2 0 107.4 i 201.6 | === 42.8 - -
500 00,7 =1.6 292.3 45.0 124.2 190.0 30,7
1000« 24,1 4.1 36640 8l.6 177.1 313.4 25.3
7782 105.9 =0.4 37849 88.0 149.5 248.9 2549
verage Increase 2.8 0.7 144.,1 | 71.5 107.5 250.8 | 27.3
A and C Special 763
3 A 42 [¢] B79.1 - 178.2 --= | 42.1 ame | ===
500 37649 0.6 325.8 82.8 [206.3 38946 | 61.9
1000 BB85.2 1.6 475.1 |166.6 |260.0 517.3 | 41.1
7782 861 1.8 424,0 |137.9 |234.6 457.0 | 46,7
verage Increase 346 1.0 230.1 [129.1 [191.5 454.7 | 49.9
Supreme Golden
3 4 42 0 394.2 --- [201.9 -—= | 47.1 - | —--
500 39646 0.6 378.8 8746 |163.3 246.9| 43.8
1000 36842 =646 434.,4 |115.2 |210.4 346.9| 3048
7782 3075 [=22.0 404.9 [100.5 [215.9 358,7| 40.9
verage Increase %3648 =93 ‘204.1 101l.1 [149.4 317.5| 3845
Superplume
42 0 347.5 —— 162.8 - 3848 | -
500 35646 2.6 353.0 | 116.8 | 203.4 424.7 | 62,1
1000 310.2 =10.7 | 435.4 | 166.2 | 252.4 499.7 | 3645
7782 30843 | =11.3 381.0 | 134.0 | 209.1 439.5 |41.3
verage Increase =22.5 ~6.5 22643 | 139.0 | 176.2 454.6 [46.6

ak
Percentage increase $£) or decrease

(-) resulting from salt applications.

2
25% Carlsbad Potash containing 563 salt.




and soda removed. The percent of the apnplied sodium
which vizs recovered by the variety is also given.

Potash---Summer P:rscol removed more potash from
the soil than did any of the other varieties while Sup-
erplume removed.the leacst. The salt ond nine-run ap-
plicotions did not apprecicdbly cffect the zmount of
sotash removed by Summer Pascal ané A & C Special 767.
The 5C0-pound salt appliccotion had no appreciable effect
on the pot: sh removal Tty Supreme Golden end Superplume,
but the heavier solt applicetions resulted in a slight
decrease in the amount removed. The leest potash wes
removed by Supreme Gclden receiving nine-run potosh.

Chlorides---The amount of chloride removed by the
crop increascd in ¢11 verieties with the smount of salt
applied. The mine-run potesh applicetion resulted in
less chloride removed than from the 1C00-pound s21%t ap-
plicetion with 211 varieties except Sumnmer Puscal. Sup-
erplume without salt removed the lecst chloride. With
the hecviest salt applicaetion the lergest amount of chlor-
ide was removed by A & C Special 762 ond the leact by
Summer Pascel.

Soda---The amount of soda removed by the crop in-
creased in all vearieties with the increscse in szlt appli-
cations., With Supreme Colden the =pplication c¢f mine-

run potash resulted in the removal of slichtly more soda



than from the 1000-pound salt application. With the
heaviest salt application A & C Special 763 removed the

most soda and Summer Pascal the least.

Proportion of Applied Sodium in Horvested Crop---

Superplume removed the highest percentage of the sodium
applied in the salt while Summer Pascal iremoved the

lowest percentace.

lineral Rotios

Teble 2 presents the ratio of these three mineral
constituents to each other as found in the dried plant
material.

Potash-Soda---The widest spread in potosh to soda

occurs in celery from those areas receiving no szlt.

This ratio decreased markedly with 211 verietics as the
salt application increased. Supreme GColden hcs a slight-
ly wider ratio with the 1000-pound salt apgplication than
with the mine-run potash. Cf all four varieties Summer
Pescal, a green veriety, showcd the widest ratio of po-
tash to soda whereas all of the other varieties showed

gulte similar ratios.

Potash-Chloride---¥{ith 211 four varieties the potash-
chloride ratio decreazses as the salt applications increas-
ede With all three salt treatments Summer Pescal showed

a slightly wider ratio of potssh to chloride while those



Table 3. Ratlio of contents of mineral constituents in four
varieties of celery grown on muck soill receiving salt
applications. (Water-free basis) |

Annual
Plot Salt Ratios
Application E20/Nag0 Ko0/C1 Nas0/C1
Summer Pascal
33 4 42 0 9.5 2.0 0.21
34 500 3.2 1.4 0.42
39 1000 2.4 1.2 0.48
36 T7a¥ 2.7 1.1 0439
A and C Speclal 763
33 4 42 0 9.0 | 2.1 0.24
34 500 1.8 1.2 0.63
39 1000 1.5 0.8 0.55
36 778® 1.6 0.9 0455
Supreme Golden
33 £ 42 (o] 8.3 2.0 0.23
34 500 2.4 1.0 0.43
39 1000 1.8 0.8 0.48
36 778* 1.4 0.8 0.53
Superplume
33 £ 42 0 9.0 2.1 0.24
34 500 1.8 1.0 0.58
39 1000 1.3 0.7 0.54
36 778" 1.5 0.8 0455

*
25% Carlsbad Potash containing 56% salt.
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of the other three varieties were very similar.

Soda-Chloride---This ratio increeses with the ep-

plication of salt, but there is no consistent variation
in the ratio with the different amounts of salt. iith
all four treatments Summer Pascal shows the narrowest
retio of soda to chloride. A & C Special 762 and Sup-

erplume are the highest ond Supreme Golden intermedicte.

M

Sucar RBeets

The data eppearing in table 4 shows the effect of
varying selt applications on the yield,* potesh, chlor-
ide and soda* con£;nts, both on a water-free cnd green
bases, of the roots, tops, and tops and roots combined

of three verieties of suger beets.**
Yield

With increasing amounts of sclt applied, Kuhn P and

S

Schreibers § S responded with concsiderable yield in-

——

*The yield data presented in this thecsis were obtoined
by Dr. Harmer and the Nay,0 analysis bty Dr. Benne and
staff while the author was in military service. The cdata
is used with their permission in meking comparisons cnd
drawing conclusions.

* K .

The crowns were cut from the roots as is done on a
commercisl besis. Therefore the yields and analyses
ere of the roots (crowns removed) and of the leaves ond
crowns combined. The crowns ond lecves were znalyzed
separately, but the results cre combined in this deata.
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Table 4. Effects of applying salt to muck soil upon the content of potash,

chloride, and soda in three varieties of sugar beet grown there-
upon.
Annual Yield
Plot li;ﬁcation g:?s TIncrease™] % Percentage in Crop
AehS fodsturo Water- free Basls Fresh Weight Basis
K20 ] Ene® T0141 ne® LNazol me* | kg0 l no* | 01 [ 1no® EEE
I M S C Muck Beet (Roots)
33 0 15.37 -—— 7729 eI -—— 0,104 —-— 0,079 - 0.402 - 0,024 -— 0.018 ——-
34 500 16.47 a2 76,33 1.61 -8.8 0,143 ||l 375 0.206 | 160.8 0.382 | -5.0 |0.034 | 41.7 | 0.049 | 172.2
39 1000 16.08 4.6 76.08 1.51 -14.6 0,192 8446 _0»:219 177.2 0.362 |=-10.0 0,046 91.%7 0,053 194.4
Average Increase 0.91 5.9 —-—— 0.21 =11.7 0.064 61.5 0,134 169.6 =0,030 =75 0,016 6647 0,033 183.,3
Kuhn P (Roots) _
33 9] 10.21 - 79.84 1.95 -—— 0,174 - 0.155 - 04393 - 0,035 - 0,032 -
34 500 12.56 23.0 79.02 1.72 =11.5 0,287 64.9 0,434 180.0 0,362 =7.9 0.060 | 71.4 0,091 184.4
39 1000 15.11 48.0 %2 1.32 =323 0,345 9843 _A___Q.SQZS 153.6 0,301 | =23.4 0,079 125.7 0,089 178.1
Average Increase 3.62 35.5 - 0,43 -21.9 0,142 8l.6 0.258 166.4_-\_ -0.061 | =15.5 0,034 | 97.1 0,058 181.2
: Schreibers S S (Roots) RS A
33 0 9.27 - 80.74 |1.78 - 0.159 | --- ]0.195| --- | 0.342] --- 0.05L | --= 0.038 -
34 500 12.24 32.0 80.00 |1.87 5.2 0.339 | 113.2 | 0.580 | 197.4 | 0.374 | 9.4 | 0.068 | 119.4 0.116 205.3 |
39 1000 13.94 5044 78 436 1.57 F11l.5 0.386 &2.8 0,495 | 152.8 04340 | =0.6 | 0.084 171.0 0,107 181.6 |
hverege _ Increase 3.82 41.2 --- __}0.15 | -8.% 0.204 | 128.3 | 0.342 | 175.4 | 0.015| 4.4 0.045 | 145.2 | 0.074.| 194.7
MSCMek Beet (Tops)
3% 0 15.76 e 83.30 |4.38 - 1.82 ——- 0.62 --= | O.732] --- 04303 | === 0.104 e
54 500 16.69 5.9 81.59 |3.85 -12.3 2.67 46.9 | 2.0¢ | 227.0 | 0,708 -53.3 0.491 | 62.0 0.375 260.6 |
39 1000 16.32 346 81,93 3.61 =17.7 2.61 98,8 1.90 205.6 (12_652 -10.9 0,471 | 55.4 04344 23048
iverage _ Increase 0.74 4.7 --- __po.66 | -15. 1.32 72.9 | 1.35 | 2B&.4 | -0.052 | -7.1 0.178 | 58.8 0.256 246.2
Kuhn P (Tops) ks
335 (¢} 7e42 - 80.86 3.86 —— 1.48- —— 0,55 ——— 04739 e 0.283 - 0.106 -
34 500 8485 19.3 79.25 3e34 -14.3 1.95 31.9 1l.52 _174.0 06693 | =6.2 0,405 | 43.1 0,315 197.2
39 1000 Q.72 31.0 80.63 5435 =15.2 2.86 93,0 248.6 0,649 |12.2 04553 | 95.4 0,374 252.8
verage Increase 1.86 25.1 ——- =0.53 =15.8 1.87 62.5 Ay, 211l.2] =0.,068 | =9.2 04196 | 69.3 0,238 22445
Schreibers S S (Tops)
33 [9) 8.45 - 80.41 4,17 —— 1,78 - 0463 - 0.816 - 0,349 - 0,123 -
34 500 11.40 34,9 8l.31 3476 =-9.8 2453 42,0 2,01 219.4 0,702 | =14.0 0,473 | 35.5 0,375 204.9
39 1000 13.24 5647 82.46 3.67 =11.9 3461 102.5 2+58 310.4 0,644 | =21.1 0,633 [ 8l.4 0,452 2675
jAverage Increase 3.87 45.8 === |=0.45 -10.8 1.29 723 1.66 265.0] =0,143 | =17.5 0,204 | 58.4 0.290 23548
M S C Muck Beet (Total)
33 [¢] 31,13 - 80.33| 2.89 -—— 0.84 -—— 0432 - 04569 - 0,165 - 0.062 —-———
34 500 35416 6.5 78.98| 2.60 =10.3 1.26 49,7 1.01 221.6 0,546 | =4.0 0.264 | 60.0 0,213 24346
39 1000 |32.40 4.1 79.05| 2.42 =16.3 1.24 47.8 0495 20289 0.508 |-10.7 0.260 | 57.6 0,200 222.6
kverage Increase 1.65 543 ~== |=0.38 -13.3 0.41 48.8 0.67 212,1] =-0,042 | =7.4 0,097 | 58.8 0,144 23243
Kuhn P (Total)
33 0 17.63 ——= 80e27] 2.3 —— 0.70 ol 0432 . ©.5501] mes 0,139 | === 0,063 e
34 500 21.41 21.4 79.11| 2.39 =12.6 9.97 38.¢ 0.88 1316.2] 0.499| -7.4 0.203 | 46.0 0.184 192.1
39 1000 24.83 40.8 78.52| 2.04 -25.5 1.25_| 35.3 | o.94 193.4| 0.437|-18.9 0.265 |90.6 0,201 219.0
hverage Increase | 5.49 3l.1 --= |=0.52 -19.0 0.40 567 0.59 185.0| -0.071 k13.2 0.095 | 6843 0.130 206.4
Schreibers s s (Total)
33 0 ) - 80.58| 2.92 - 0,94 e 0.41 e 04568 | === 6 16 || e 0,079 -
34 500 23464 35.4 80.63| 2.75 =6ol 1.36 44,2 1.24 205.6 0.532 | =6.3 0.263 43,7 0,241 205.,1
39 1000 27.18 53.4 80.36| 2.48 -15.1 1.79 89.7 1.40 244.0 0,488 |=14,1 0,351 91.8 04275 248.1
verage Increase | 7.69 43.4 === |=0.31 | =10.6 ] 0.63 6649 0.92 224.8| =0.058 }-10,2 0.124 | 67.8 0.179 226.6

ercentage increase (#) or decrease (-) resulting from salt spplications.
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crecses of toth roots and tops. The 17SC iuck Reet
showed = yield increase with tﬁc 500-pounéd treatment,
but the 1000-pound applicetion rcsulted in o slight
decreese in both root eond top yield below that with
the 500-pound cpplication. ZToth the hichest root cnd

top yield were attained by this voriety grown on ereas
receiving 500 ;ounds of sclt. Schreibers S S produced
the lowest root yield &nd Kuhn P the lowest yield of tops
on those arcas receiving no szlt. The 173C luck Ecet

showed the leazst yield response to the cddition of =1t

and Schreibters S S the greatect rcsponse.
Chemical Composition

The cnclysis egree with thpse of Fermer ond Renne (4)
in thet the roots conteoin the lowest percecntcgce of the
three constituents determined. ZEefore combining the per-
centeges found in the leaves and erowns, it vwes fournd
that the latter were intermedicte between lecves end
roots in content of the different constituents,

Potesh---\yith the single exception in the case of
the Schreibers S S roots rcceiving 5CO0 pounds of s=1t,
both tops ard roots of all three verieties showed a de-
crecce in potosh content with increase in sclt application.
When the entire plant is considered, Schreiters S S also
shows this decrence. The grentcet decrence c¢s the re-

sult of the addition of sr1t is shovwn by kuhn P}nd the



lerst by Schreiters S S.

Chloride---y/ith the exception of the tops of the 1.5C
luck Beet, both rcots ond tops of ell vorieties chowed
a decided increcce in chloride content with each in-
creasing applicetion of s-1t. The tops of the 113C luck
Peet showeld & slight decrecse with the 1008pound below
thet of the 500-pound zpplication. !ost noteworthy is
the fect that the roots of the 1:SC luck Beet contained
only about half os much chloride e#s did those of the
other two varieties even though the chloride content of
the tops of all vorieties wecs somewhat similer.

Soda--~The 1000-pound £-1%t 2»plication produced

slightly less soda then did the 500 pound rpplicotion

in the tops of the !5C luck Eeet end the rcots of. Khhn
Fand Schreitbters 3 S. Cn the other hend the roots of

the 1SC YMuck Leet and the tops of Iuhn P and Schreibers

S S showed e¢n increasing arnount of sods «s the selt op-
plicetion wos increased. Considering the entire pleont,
'£he highest increese in socda as the result of salt appli-
cations wcs shown bty Schreiters S S =2nd the least ty

Kuhn P. The most important difference in the composition
of the three verieties is evident in the much lowcr con-
tent of soda in the roots of the 1’SC luck Eeet then in
those of the other two vorieties, even thourh the socda

content of the tops is similer in 21l verieties.,
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ineral Lemovael From Soil

Tcble 5 shows the effect of verying sazlt applications
with three sugoar beet vorieties on the crmount of po-
tash, chloride, and sode removed from the soil. The
percent of applied sodium recovered by the plant is olso
showno.

rotash---Fuhn rand Schreibecrs S S removed increcs-
ingly larger cmounts of potcsh with increcsing s: 1t ap-
plications. The 173C luck Zcet removed elightly less
potash from the crea receiving 1000 pounds of sclt then
from the erea receiving none, while the 500-pcund s:1lt
application showed no apnprecictle effect on potrsh remov-
al. All three treatments showed considcrnbly rmore po-
tash removed ty both roots ond torns of the 1.SC !uck Reet
than by those of either of the other vorieties. Con-

otoch.

&

sidering the entire crop, luhn r remcved the lerst
The grcatest increcse in the emount of pot:sh removed cs
the result of s«lt applicrtions wes given by Schreiters
S S while the }SC luck Becet shovwed o slicht decrecse.
Chlorides--~Schreibers S S and kKhhn P in both their
roots and tozs and the 1.5C luck Pect in its roots remov-
ed more chloride with increcsing s:-1t applicetions. The
MSC luck Ieet rcemoved in its tops more chloride with
the cddition of s-1t, but less with the 1CCO than with

the 500-pound trectment. ithout the s-1t cpplicction
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the 1:SC Juck Tect -emoved concilercbtly morc chloride
in the ~ tops <then éid the other veorietics tut, with
salt applied, the Schrcibers § S showed the crectest
incresnsc in rcmoval of chloridle.

Sola--=In rcenercl lccs sole wes removed by the roots

and more by the 1ope of the }.3C ucxk Teet then Y; the

m

other vierietics, whethcr oxr rnot celt w
ergs 3 S  Showed the gpreatcecst ¢nd the 178C luck Beet the
leest dncrerse in  Sodq renovel resulting frem the
solt coplice tions.

Prorortion of A-nlied Sodium in ITervested C105---

ER

Schreitecrs S 3 removed in the rocts the highect percent-
cce of the scodium cpplied in the s: 1t from thie rreo re-
celv ing the 5CO-pound trectment while the lowest er-
centoge was removed fron thc.ylots 1eceiving the 1CCe-
pound epplication by the I23C 2uck Feet. This lzst men-
tioned variety removecd in its tops and in the entire
slent the higheet percentcocge of eopplied socdium from the
500-pounc. cxrce, while the lowest _ercentege vics removcd

from those plots receiving the grectect :mount of s:1%

by the tops tnd total plont of Iubhn 2.
ldnecrel Zotios

Toble 6 presents the rotios of these three constitu-
ents found in the ¢éried rl-rt mrtcrial.

Potoch-Scdo---Considcring #11 three suscr tecet vor-

couplicds  Ochicil-
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*
Percentage increase (£) or decrease

(=) resulting from salt applications.

Sl
mable 5. Effect of applying salt to a muck soil upon the removal of
potash, chlorides, and soda by three varieties of sugar beet
and their variation in their ability to recover applied salt.
f' Annual i % of
Plot Salt Pounds Removed Per Acre Applied
Application Kg0 Tno™ c1 l Inc* Nag0 Tno*  [Sodium
[Removed
M S C Muck Beet (Roots)
33 0 123.6 - 7.4 - 5.5 —— —
34 500 125.8 1.8 1152 51l.4 16.1 191.9 4.0
rse 1000 116.4 =5.8 14.8 99,9 17.0 208.1 2.2
verage Increase =2.5 =4.0 5.6 75.7 11.0 200.0 a1
Kuhn P (Roots)
33 o] 80.2 —— Vi —-——— 6.5 - ———
34 500 90.9 13.3 15.1 110.8 22.9 250.1 642
39 1000 91.0 13.5 23.9 23348 26.9 311.9 3.8
iiverage Increase 10.8 13.4 12.3 172.3 18.4 281.0 5.0
o y Schreibers S S (Roots)
L 33 0 63.4 - 5.8 —— 7.0 -—— ———
LGk = 500 _»_-91.6 4444 16.6 189.6 28.4 30364 8.1
39 e _H_l_OQO _94.8 49.5 2344 30743 29.8 32367 4.3
Average Increase 29.8 46,9 14.2 248.3 22,1 313.6 6.2
(SEERS TN, e M C Muck Beet (Tops)
33 0 ] 230,7 - 9545+ S | __%2.8 —— o
34 500 236.3 2.4 |168.9| 71.6 | 125.2 281.7 34.4
39 1000 212.8 = S| 1558 NN G 0 9 112.3 242.4 15.0
verage Increase =6.2 2.7 633 66.3 86.0 262.2 L 24.7
Kuhn P (Tops)
R 0 109.7 -—-- | 42.0 e 15.7 s o
34 500 2RI 11.8 71,7 0T 55.8 255.4 15.1
O 1000 126.2 15.0 | 107.5 156.0 72,7 363.1 10.8
Average Increase 14.8 13.5 47.6 ishs 48.6 309.6 13.0
Schreibers § S (Tops) i
3% 0 137.9 === 59.0 |  =--= 20.8 ink S
34 500 160.0 16.0 107.8 82,1 85.5 31lel 24.4
) 1000 170.5 23.6. | 167.6 | 184.1 119.7 475.5 L0
Average Increase 27.4 19.9 68.8 | 116.6 8l.8 398.3 206
M S C Muck Beet (Total)
35 [ 35443 e 102.9 === 3843 ks e
34 500 562.1 25200 iGN B70% 141.3 268.9 g2l
39 1000 529.2 -7.1. _ |168.5 | 63.8 129.5 237.6 17.2
Average Increase -8.6 -2.4 68.9 | 67.0 97,0 2580 27.8
Kuhn P (Total)
33 [¢] 190.0 —— 4942 - 22.2 S s
34 500 213.6 Azt 86.8 | 76.4 787 25440 21.3
39 1000 217.2 14.3 131.4 [167.1 99.6 348.0 14.6
Average Increase 25.4 13.4 59.9 [121.8 67.0 301.0 17.0
Schreibers S § (Total)
3% 0 201.3 - g4 |t 0 27.8 B s
34 500 251.6 25,0 124.4 | 92.0 113.9 309.7 3245
39 1000 265.3 51.8 191.0 fo4.8 149.5 437.8 23.0
verage Increase 57.2 28.4 92.9 [143,.4 103.9 373.7 27.8
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ieties, the wicdest sprerd in potsosh to solc occurs in

those plents grown without sclt. This rctio decrecses
creatly &s the salt applicotion increcses. There 1is 2o
wider ratio in the roots than in the tops of eoch var-
iety. Considering the entire plent the widest roatio of
rotash to scode occurs with the 17SC !Muck Fect while Schreib-
ers S S has the nerrowest.

Potash-Chloride---In all three sugsr beet verieties

the widest spread in potash to chlori‘e occurs in plants
from those areacs receiving no szlt. As the s-~lt trect-
ments increase, this ratio decreascs. There is also o
wider ratio in the roots then in the tcps of esch var-
iety. MTrking the entire plent kuhn P hos slightly the
widest ratio ond Schreibers S S the nrrrowest.

Soda-Cnloride---In each veriety the n:r.owest sprecd

in soda to chloride occurs in those plonts from the crea
receiving no salt. There is ¢ wicer rotio in the roots
then in the tops. With ewch voriety the rotio with the
500-pound s:1t applicetion is slightly hicher then with
the 1C00-pound treetment. Conscidering the entire [ lent,

the retios are clmost identical.

Peos
o soda determinantions were merde on the pecse. Since
the dry weight of the straw wns not determined, no figc-
ures os to the totzl zmount of minercl constituents re-

moved from the soil c:cn bte ¢iven.



il
gble 6. Ratio of contents of mineral constituents in three varieties
of sugar beeb grown on a muck soil receiving salt applications.
(Water-free basis)
Annual Ratlios
Plot Salt
Application | K20/Nag0 J Kg0/01 Nag0/C1
M S C Muck Beet (Roots)
33 0 22.4 17.0 0.8
34 500 78 11.3 1.4
39 1000 69 749 Lol
Kuhn P (Roots)
33 0 12.6 1l.2 0.9
34 500 4.0 6.0 1.5
39 1000 3.4 348 el
Schreibers S S (Roots)
33 (0] 9.1 11.2 1.2
34 500 3.2 5.5 oot
39 1000 3.2 4.1 1.3
M S C Muck Beet (Tops)
33 0 7.0 2.4 0.3
| 34 500 1) 1.4 0.8
39 1000 1.9 1.4 0.7
Kuhn P(Tops)
33 [9) 7.0 2.6 0.4
34 500 242 3t 0.8
39 1000 A/ 1.2 0.7
Schreibers S S (Tops)
4
53 [o] 646 243 0.4
34 500 1.9 1.5 0.8
39 1000 1.4 1.0 0.7
M S G Muck Beet (Total)
33 [*] 9.2 3.4 0.4
54 500 2.6 2oLy 0.8
39 1000 2.5 2.0 0.8
Kuhn P (Total
335 %] 8.6 3.9 0.5
34 500 2.7 2.5 0.9
39 1000 2.2 el 0.8
Schreibers S S (Total)
33 o] 7e2 3.1 0.4
34 500 242 2.0 0.9
39 1000 1.8 1.4 0.8
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Table 7 presents dota showing the effect of varying
salt applications on the yield,* potash, and chloride

content on a wrter-free basis of the pea grein end strew.
Yield

The yields of both pea grain and strow vicre very
erratic. The 1000-pound s:1t application resulted in a
marked decline in the gr:in yield of «ll verieties 2nd
in the strew of every variety but Bliss Everbearing.

The straw end grain yield from the Lincoln voriety and
the straw of Dworf Telephone and V/isconein Perfcction
decreased with =211 salt treatments. The strew yield of
Rliss Everbeoring incresccd with the eopplicction of s-lt
although this increase showed no relction to the amount
of added szlt. The grain yields of Eliss Everbeuring,
Dwexrf Telephcne, and ¥Yisconsin rerfection increcscd con-
siderably with the 500-pound ¢nd mine-run pot:sh treot-
ments. The greatest decrcacse in yield os the result of
the salt applications wes shown by the crein of Lincoln

end the strew of y/isconsin Yerfection.
Chenicsl Composition

Potash---The poteosh content of the straw w-s nrmore

* . . . . .

The yield data prescnted in this thesis wcre obtroined
by Pr. Iarmer. The dnta is used with his perniscsion in
moking comprrisons ocnd drawing conclusions.
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than twice &s great as that of the groin. The percent-
age of potash in the groin of ©ll varieties incrensed
with the BCO end 1000-pgound solt tresctments ond with
the exception of Uisconsin FPerfection decreased with
the mine-run potash. Wicsconsin rerfection showed o
gotash content increcse with the mine-run potash. The
potash content of the straw of 11 verictics but Lin-
coln decrersed with the epplicgtion of s=lt. ILincoln
showed en incresse with the EOCO-pound trestment end o
decrease with the mine-run nsot:sh 2nd the 1C00-jpound
salt treatment. viisconsin Perfection showed the high-
est increcsc in jotcsh content of the grein s the re-
sult of epplied s-1t while the incré?SCS in the other
verieties were rather uniform.

Chlorides---The different peo straw varieties con-

tained frem 5 to 15 times =s much chloride as did the
grain. The percentage increcscd with inereecsing eppli-
cetions of sc1%t in both stroiw ond grain of ¢ll verieties.
With both Lincoln end Wisconsin Perfection therc wos 2
glight decrease in the chloride content of the grein
grown on the rreas receiving mine-run potosh telow thet
grown on the plots receiving 500 pcunés of s:lt., The
least percentage increcse of chlorides in the strew cs
the result cof epplied o1t wos given by VWicsconsin Ferfec-
tion and the grentest by Bliss IEverbesmring. The lencst

increcce of chloridcs in the griin vics given ty ILinccln
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end the grectest bty Wisconrnsin Terfection.

"inersl nR~tio

Toble 8 presents the rontio of rot-sh to chloride
in the dried pecs ond strew. In each pnea veriety the
widest sprcad in potash to chloride cccurs in both the
grain and straw of plonts from thoce crees receiving no
salt. The ratio in the strew is much more nocriow the
in the g¢rain. ith the strcw of every voriety #nd vwith
the grain of £11 but Yisconsin Frerfectiorn &nd Lincoln,
the retio of potish to chloricde dcecresscs with ench in-
creasing sclt application. These two voriceties show a
broader retio with the mine-run rot-sh thoen with the 500-
pvound sclt epplication.

Immeture Lincoln Feo

Teble 9 precsents on ¢ woter-free bacsis the per-
centege of potrsh, chlorile, cnd co0. 2% cnd the rotios of
these constituents found in Lincoln pe:s harvested just
as the peas were hordeninge There is o deerease in the
potesh content with 11 cpplications of sclt clthouch this
shows no relaticn to the rmount of s2lt crpplied. Zoth the
sode end chloricde ccntents consictently incieccse rs the

cmount of €71t 1s incrcased. The potrsh-soda rotio is

* - ]
The IInoC rnclysis were perforred by Dr. Renne ond gt-~ff
while +fe :uthor wus in militecry scrvice. The dcte is
iss

‘ion in moling compoiicons +nil

4
uscd with thelir pearn
creviing CUnclusions.
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of four vericties of

T.atio of cecntents of jotach to chloxide in the

Jco crovm

1t c;plic-ticns.

Lot Annual 1.o0/C1
Plo So1% - —
ppplication Grain Straw
Lincoln

77 4 42 0 12.6 2,8
24 500 7.5 1.8
79 1000 5.8 1.0
76 nrg* 8.8 1.5

Bliss Everbearing

22 £ 42 0] 16.8 2o
74 500 10.5 1.
29 1000 5.9
Z6 nng* 7.4 1.0

Dwarf Telephone

73 £ 42 0 17.7 2.1
7 500 9.5 1.5
4 looo 4:. 6 l.O
Z ¥ 8.0 1.1

Wisconsin Yerfection

7% £ 42 0] 15.0 266
24 500 6o 1.6
< 1000 D66 1.0
2 77o* 9,1 1.7

[») ]
ab

¢ Cnrlsbod Potoch cont-ining 560 c-1t.
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T ble 9. ITffcets of - plyin~e orlt to rmucl soil cn
the percentorse of mincr:l conclituents on? the rotio

of thcse conntituents found in immeture Linecln peres,.

Annuszl g .
Se1t Percentore Compocsition I-tios

foplie . Inc* cl * [Nao0 * | L0 110 fro o0
‘i%jon ko0 Inc o Inc —— e
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.
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.
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o
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L ]
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[ ]
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A4 | a7,2 lo.164|1128.7 6.7 | 1.
6 1

1625 |0.415)457.7 |7.3

1
1CCO 2410 -2.2]2.6
1

778,’* 2085 -1107 '02 0'166 :l_”l-"7 1702 2.

ivreo | Ine |-0.72 [-10.4]0.84 | 87.0 J0.280[771.1 | L

very hich in th t m *ericl g2cvim on the ~reo receiving

P i

no =-1t., Jith the 1C0CC--oured ticotment it iz +he noe-

roweot btut is sli~htly higher with the rmirnc-1un _ctrch
then wid the pire-rur otttk *h:n ;ith 1thc¢ BCC-_.cund

ooplie:ticn. ™he _otigh-chlozice ritio verico =imil: -

ly vhereen “here iz ¢1lisht chinee in the rofr=chlezide

eree (£) o érererre (=) zoraliines from

C
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It clso contoinced ¢ hirsher pereentocrc ¢f potoch ond
rereved roze zotrch in the totcl crop thn wes removed
by the colécen cclery.

mhe cusnry beet voricty, Schzceibers S8, shouing

the greotect totrl the recsult of cclt

-

asplicoticone, <lco corntoined the hichozt [ereentsrzce

of toth colc ¢rd c¢hlcoxiic. Tere the zorecentrre of chlor-
ifde w8 incrcecscd by the ¢ 1t c_plicctien from 50 to 100
nercent ond the sode from criprorim-tely Z00 to 280 pereent.
It scemes s-fe to ccoure tht thoce voricties of both

ceclery rnd cuctr bects which chew the crectest yicld

recoonce to crpliecticne of o 1t crc rmozre copcble of

r
e

utilizing these censtitucentc in their met:bolic cetivi-
ties,

The slisht dcercece in fotosh in the éricd plont
netericl cg the recult of eclt orplicntions, os show
in the foeregoing dote, hos clzo tcecn obscrved by pes
investigcotors (5,6,12). The *totel :mount of Jotrsh
remcved from the ccil is generelly hicher with o 1t -
plicertions. Toviever, the cclery verictices Supreme Colé-
cn cnd 3upcrplume fo chow o clight dcerecse in the cmount

cAngs

}e

of _otcsh removed frcem the coil with the cn c¢f
crlt.

Hermer ond Zenne (5,6), in »cforring to the 1oz _once
cf various crope to the applicrtion of o 1%, oto ted mihot

the necrroucr the lotosh-scla rotio, the ~zcoter the in-

a
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crence in yiclé which ey be erzected frem o onlt o2 11-
cotion clong with poteche™ Thie stotement wos o plicd
to the vorictics of ecch cf thece crols tolidng into
considercticn cnly the ot:ich-coda zoctio of the _.loint
motericl grown upon the crece which rcceived no colt.
mheir stotement holds truc for crech voricty of the cug-
or becfs, but coce not for *the celery vizictics cs Su-
preme Colden is en crce, tion since 1t h'c the lowcecet
cotreh-zolz rotio with » yield increocce crnly slicon’ly
creoter then Summer Zrcecl which ke the hichest o tio.
moviever, there is o dizcet zcl-tion with the yicld
increcces cg the result of o1t o nliccoticn ocn? the
pcreentoce of sode found in *he 2lent ~nd *he :rmount

1

removed from thc ecil. The higher the pcrcentrre cf

ez ond

"

gcda in the [1l:nt, thce crcoter the yicld incoen
the more code removed frocm the coll. This holéds truc
for toth the celcry cnd the cusir becte,

Froccscors (1, 11), in the extroction of cusrr fronm
the cuzger beet, hrve long held thet the preccence of cx-

1
%

ccecive cnounte ¢f ecde ©nd chloridce in the Yoote Iater-
fered with the extroetion ¢of susire In fret vhen o1t
1 Fal

wes first rceommended ¢t Michisrn Slotc Collceoce for the

o

fertilizeticon of the muels tect, coopocition woo veicecd

cf the poccibility, of cuch intixforencee in rusrr extroe-

tion by *the edc¢itioncl o4 ~né chlorile ctoerked. In
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this ccnnection it ic intcrcoting to note thot the 175C
tuck Ecet ceturlly cboorbs o scmevhot gmeller scereent-
cce of sodo ond chlorife in the rootco th'n <dous the
othcr two verictics, rlthouch the pereentoge in the tops
is feirly uniferm in 011 thrce vericties.

Meither the rotrsh-chlorilc z¢tio noxr the »nercent-
ore of chlorilc found in the zlont motcriczl chow cny
rclotion to yield ieszonse of the pene to o lt. Fur-
ther study with this croz, using dicccse-frce scced is
nlenned.

Von Itollic (9) in hie comzaricen of *he sotrcscium
end sodium contents of the complete lant of four veori-
etics cf foddcr beets with thrt of ILuhn 2 found the
vorious trpce chowed o lor e éiffcrence in the rscimila-
tion of these constitucrts, tut the retio of ot ccium
to sodium in the dry motitcr woe clmost constrnt, rong-
ing frem 2.1 to 1.8s This 1o ¢ gnrecd of conly 0.7,

The vorictics conesidercd in this popcy when 2ceciving

-

the g-ne trestment exhibited « much widexr 22n0¢ (2 to Q.6

in their potosh to coda ratics.
FPens cre ot puncrelly e rfed 8 rocrel bencefited
ty the coflicrtion of & 1t., In 19245 Imrnmer (4) found o
.
reeponsce in yiceld of this crop dircetly propcrticnsl to
the cmount of ¢, 21ic? ¢ 1%, It is surzcested th t o the

relotive resjonse of *he oolt-rer _orncive ciclc is corre-

loted with the renconsl climede (F)s Mhis  kancamelly



drouchty scoson of 1246 moy heve tecen onc which would
recult in jeas shouing detrimentcol cffects of so1t.

The fret thet the creo wes rether boily «fflicted with

~
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