Hydrogen lon Effects on the Early Growth of
Sugar Beet Plants in Culture Solution

Avsrry Unricn vy Kexsevn Ongy’

Sugar beer plants grow well in soils of pll 6.0 10 8.0 (12)7° but from
pH 7.8 1o 8.3 growth and pH have a negative correlation cocficient {8,
Tomuatoes and lettuce grow well in culture solutions kept ar pH 2.4, 6.0,
and 7.0 and Bermuda grass from pH 4 through 8.0, providing ivonr is suppliced
as a huwmate and all other nutricnts are kept relatively constant (2. Root
growih {ails completely at pH 3 and wop growth is greatly reduced {or all
plants at pH 9 ().

Sugar beets in greenhouses make oxeclient growth 1o cultare solutions
supplicd with iron sulfare, iron citrate or fron tartrate as a source of iron,
providing the pH of the culture solution remains below 6.8 w 7.0 (17

1

7).
Above pI 7.0 daily additions of dron salts are nccessary to prevent ivon
deficiency, or alternatively, the culture solutions have to be acidified with
sutfurte acid from tme o tme. The ltier course of actton s wsually the
simplest but even here the taking of pH readings and the addivon of acild
s time consuming, Care also has 1o be taken not to acidily the culture
solutions much below ptlL 5.0, sinee at pH 40 injury bas been observed
at times. Fortunately, these procautions now appear to be unnecessary with
the use ol iron chelates as o source of iron.

With chelated fron in cuture solutions it has been found that sugar
beet plants do not become chlovotic at o pH of 7.0, and in fact, they
remain quite green at o pH ool 70 and 7.6 (17). This observation sug-
goested that the entire matter of pH and is effect upon the growth of sugar
beet plants in culture solutions should be subjected to farther experimen-
tation. The present paper gives the findings {or sugar beet plants cultured
in solutions kept at a pH of 4.0, 3.0, 6.0, 7.0, 8.0 and 9.0.

Methods and Materials

The sceds of UL 80 22/3 and GW 804 A were planted on October 27,

o Twentyfive grams of sceds were wreated with 825 grams of Phygon
XI. and plavted 2.0 am. deep in o 31 x 76 x 20 om. germinating tray filled
with vermiculite No.o 20 The seedlings were watered daily with one-half
strength Hoagland's culeure solution WNoo 1 (3). Whaen the scedlings were
i the early 2-leal stage, they were careludly removed and the roots washed
nearly free of vermiculite by dipping in tap water. The individual plais
were supported inoa cork ring with non-absorbent cotton. Three sceedlings
prepared in this manner were taken at random for cach 20-liter tank. Five
tanks were used for a varicty and pH treatmoent, giving a totad of 60 tanks
for the 2 varieties and 6 pr values. The indddal composition of the nutrient
solution, in mitlimoles per Diter, was as follows: 1.0 KH, PO 23 KNO..
0.25 K, S0, L0 MegSO,. 25 Ca(NO .. 023 CaCl. and 025 NaSiG,.
The microclements in ppan. were added as follows: 0.25 B 0,23 Mn,
G.025 Zn, 001 Cu, and 0.005 Mo, Tron was added one time only at the
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rate ol 1.9 ppon. as the faric potassivw ethylene  diamine tetra-acetate
complex {7y, Adter the salts were added, the pH o walue of the solution
wiy 6.7, The pH values of the solutions were adjusted to 1.0, 5.0, 6.0, 7.0,
8.0 anedd 0.0 with cither 1.0 N 50, or 1O N NaOH, All pH measurcments
were made with the Beckman Model M pH ometer and cach 20-diter tank
was adjusted Individually with the appropriante reagent. Measurements for
pIT were waken every other day for the first 16 days and daily therealier,
At thoese times the solutions a pr 4.0 and 5.0 tended o increase by 0.1 1o
0.3 pH units, those at pH 6.0 and 7.0 by 0.2 pH units and those at plt
8.0 and 9.0 varied from 7.7 w0 8.0 and 8.5 to 9.0, rospectively, The culiare
solutions were acrated continuously starting the [0t day after vansplanting.
Distlled water was added during the experiment. The plants were har
vested on January 5, 1955, and fresh weights of the tops and beer toots
were recorded. The wops and fibrous roots were dried in o 707 (L forced
draft oven and the storage roots were frozen in a 2-ounce glass jar with
dry ice. The dricd tops and fibrous roots were ground o pass a 40-mesh
screen by means of an intermediate model, Wiley Laboratory Mill.

Potassium and sodium were determined with the Perkin Elmer Model
52A flame photometer: nitrate-nitrogen with the phenol-disulfonic acid method
{9} phosphate-phosphoros soluble in 2 pereent acctic acid with the phos-
phomolybdate method (14} and calciune with the alcium oxalate pre-
cipitation method.

Table T.—Effccts of pH on the Growth of Sugar Beets in Culture Solution,

Fresh weight Dy weight
pH Tops Beers Tops Fibrous  Living Total Plant
culture TOOLS feaves leaves height
soliution  grams grams arams  Pereent grams  number  pumber  centimeter

pH Means

1.0 147 7.0 7.1 6.69 .86 34.5 41.7 27.2
3.0 170 P36 0.9 6,42 j.uz 57.8 45.% 32.8
6.0 218 16.6 3.7 645 1.26 59.2 47.1 31.8
7.0 244 22.9 153.6 6,50 1.42 41.7 49.8 .2
8.0 215 18.8 4.8 6,45 1.56 198 50.6 52.6
4.0 174 5.7 1.3 G483 1.58 42,0 40.6 T 31.6

L.S.D.x 51 3 1.9 0.25 0.20 3.1 3.7 1.9

Fovalue® 187 25.1 P94 379 13.0 2.3 6.8 4.6

U8 2273 177 14.8 1.6 1.15 39.9 47.4

G 3064 146 in.7 2.8 G.56 134 2494 46.8

1.51.2 13 1R 1.1 11,5, 412 .5, N 11

Fovalue 1.89 177 4.53% 0.04 11.19 0.23 1.24 11.83

S Aleans of 10 values, varicties pooled.

FLLS 0 = least significant difference ac the 374 devel, nss - not significant.
# Required Fovalue ar the 5% level is 243, at the 142 fevel, 046,

* Means of 20 viduex, treatments pooled.

FRequired Fovalue at the A9 level is 4.06, at the T8 Tevel. 7.21
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Table 2~~Effect of pH on the Mineral Composition of Tops, Filirous Roeots amd Bect
Pulp of Sugar Beer Plants.

Tops! Fibrous roots Ject pulp?
pH
culture NO=N  POP K N Ca K Na K Na
solution p.p.m. popan. Pereent Percent Percent Percent Peveent Percent Percent
pl Means®
4.4 T30 9440 7.52 1.83 .67 4.26 0.08 Rigt
5.0 IR 140 1030 G.03 1.349 U3 6.23 0.17 724 RERE]
6.0 18,180 3040 .40 0.95 {1,809 7.55 .20 (751 024
7.0 18,290 23854 975 1.02 .83 7.08 0,24 K RiaT
8.0 18070 2550 9.79 LS 0.67 7.6 0.27 Bl L0626
4.0 16,970 2146 9.46 .35 0.61 6.21 { 756 Rk
I.SD 1,616 510 .48 017 0.436 0.69 0.08 A2 KUt
F-valued 17.6 2103 355 321 30.8 24,5 6.5 3.8 3.2
Varicty Mceans®
U8, 2273 17,270 1070 9.24 1.27 4,76 6.16 0197 0727 051
GW 504 17400 3UR0 914 1.36 .76 6,68 0203 07149 0385
i.5.Df [N LK. 0.8 NS, NS .44 LS, .. .8
Fovalue? 0.20 (.32 .63 348 <1001 5.29 Hoy 0.45 .0

f Py basis

2 Fresh basis

8 Means of 10 values, varieties pooted

v Least signtficant difference at the 590 levell yus, 0 not significant
» Reguired Fevalue at the 597 level is 2435, at the 162 level, 5446
N eans of 20 values, treatments pooled,

P Required Fovalue at the 566 level is 406, at the 19

level, 7.24.

EXPERIMENTAL RESULTS

Effects Upon Growth

The hydrogen fon concentrations of the culture solutions had o marked
cffecct upon the overall growth of the sugar bect plants. Av pH 4 this
effect was manilested by o smaller size of the leaves, a darker green color
ol the leaf blades and a less vigorous development of the fibrous roots. From
pH 7 to O there were no visible changes in the growth of the plans and
neither were there any signs ol neaosis or ol chlorosiss. Without the use of
iron chelates as a source of iron. chioroesis would have developed readily
at pH 7, and at pH 9 growth would have been retarded greatly.

In general, the two varicdies studied, T8, 2278 and GW 304, responded
cqually 1o changes in pH ol the enlture solution even though there were
significant differences in growth  (Table 1y and an occasional difference
in mineral composition of the plants (Tuable 2). When the results were
analyzed statistically (1), there were no significant pHevaricty interactions
and for this reason the values for the two varictics have been combined
in Tables 1 and 2 and in Figures 1, 2 and 3.

o
bl
{
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Fops: The lresho weights ol the tops Tor both varictios inercused rapidly
from pH 1 1o pH 6 (Figure I and Table 1y, From pH 6 (o 8 rop growth
attainned @ maxinm value at pHo 7 bue none ol these differences wre sig-
nificant at the 5 percent level {(FPable 1y, However, from pHE 8 10 U the
decrense in top weight (Figure 1y s nearly significant o the 1 percent
level (Tuble 1y,

Fhe dry weights ol the tops (Table ) in contrast 1o the fresh weights,
differ from cach other at approximately the 5 percent level or more at
cach pH interval. On this basis the optimum pH for dry weight produc
tion iy at pH 7 (Tuble 13,

The devoweight percentages of the tops (Table 1y are surprisingly
uniform over the entire pHorange of values especially when one considers
the Targe differences in Iresh and diy weights of the tops observed over
these pH ovalues, Phe lowest average value is 642 pereent and the highest
vidue 6.83 pereent or a difference of 0041 percentage units, While dhis dif-
fercnce is relatively smadl, an dncorease of only 80.25 and 053 percentage
units are reauired for significance at the 5 percent and 1opereent Jevels,
respectively (Student's ttest) (1) On this basis the percentage dry weight
increases are significant for pHo4 and for pH 4

Bect Roots: The storage root weights differed significanily brom cach
other at cach pH inwrval (Table 1) Starting at pH 4 the roots gradually
increasee in size until they attatped @ maximoam value ot pHl 7 (Figare 13

The dedine lrom pH 7 1o 9 while small, is significant statistically (Table 1y,
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Figure l.—Relation of top and root weight (lresh basis) of sugar beet
plants to the pH of the culture solution.
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Fibrous Rools: The dry weights of the fibrous roots (Table 1) increased
gradually undl pH 7, and thereafter, from pH 7 to 9, the pH ol the cul-
rure solution had no effect upon the growth of the fibrous roots. Other
than this reduction in growth, the fibrous roots remained filmnentous in
nature and appeared normal in all respects.

Leaf Formation and Plant Helght: The wouwd number of Jeaves produced
by the beet plants at cach hydrogen ion concentration was aflected adversely
only at pH 14 and 3 (Table 1). These decreases in total leal production,
while significant, were nevertheless rather small inomagnuude, From pll
6 to 9, hydrogen ion concentration had no cffect on the number ot lcaves
produccd by the beet plants.

The number of living leaves at the time of harvest was related to the
hydrogen 1on concentration of the culture solution in the same manner
as the total number of leaves produced during the course of the experiment
(Table 1y. Apparently, leal formation and the number of living lTeaves on
a plant are aftected ess by the pH of the calture solution than the top and
beet root growth.

Similarly, plant height (Table 1) is affected only slightly at the extrane
pH values ol the culture solutions used within this experiment. As with
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Figure 2—Relation of nitrate-nitrogen and phosphate-phosphorus of
the tops (dry basis) to the pH of the culture solution.



270 Jouvrsar or 1k AL SO S BT

o 1 T B i ! P
) ToPS i
0.0 -
POTASSIUN PR —o
P ~®
Lead e
2 9.0 - ¥ -
3 . t
k. . e B
< N P !
o | 7 |
8.0 ?— P d -
L@
; 7,
| ~ 8 =
i J =
SODIUM t
b e
. .
.
S ... I I
. Ci“/ﬂlﬂ_f]:i_,.
- QISR T
2
(| ! | l
4.0 5.0 8.0 7.0
pt

Figure 3.—Relatdon of potassium, sodiam and calcium of tops (dry
basis) to the pH of the culture yolution.

the other measurements made on growth, the offecrs on plant height would
have been greater had o wider range ol hyvdrogen ion concentrations been
usedd experimentally.

Lffects Upon Mineral Composition
Even though a pH of 4 10 9 had no visible clfect o the leal color of
the sagar bect plunts, there sull remained the possibility ol w0 nutrient
dehiciency that could be revealed only by a chemical analysis of the Teaves
and the eoots themselves. For example, quite often the only sign of a
phosphorus deficiency in sugar beet plants iy o reduction of leal size and
anintensified green color of the Teaves. Under these condiddons, the plints
appear perfectly normal and frequently the deficiency is not dewected, even
by an experienced obscerver, unless plants with ample wmounts of phos-
phorus ave adjacent 1o the deficient plants. At low pH values cations,
such as potassium (8, 10) and calcium (1}, fail 1o be absorbed readily
and the symptoms as ordinarily manifested at pH ovalues from 6 1o 7 conld
conceivably he absent ar pH 4. 10 the hydrogen don concenrations that
cause decreases in growth are not associated with nooient deficiencies, then
the alternative possibility of a direct ellect of the hydrogen jon or hvdroxyl

ton on growth reduction would thus appear quite Hikely,

Nitvate-nitrogen: The nitratenitrogen concentrations of the tops of the
beet plants were relatively constant from pH 5 to 8 (Table 2 and Figure ).
Only at pH 4 and again at pF 9, wore there significant deoreases in nicate-
nitrogen concentrations bur these decreases were far from indicating o
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nitrogen deficiency of the plants. A defidency would be mndrcated by values
of 1000 p.p.m. nitrate-nitrogen or less (13 and herclore, the cause ol
the growth reduction must be sought clsewhere,

\s to the reason Tor the decrease in nitate-nitrogen concentration of
the tops at pH 4 and 9. 0t does not seem to be a matter of dilution cither
by an increase in percent dry matter of the tops or by an ioereased groweh
of the planes (Tuble 1. Thus, at pH 4 and 9 the grams ol dry matter
produced are less than at the intermediate pH ovalues and also the dry
matier percentages are relatively coustant {or the entire pH o orange study
{(Table 1y, At pI 9 the competitive acton of bicarbonate fons (8, 11} or
a decrcased capacity of the nitvaie carricr system (6) may account for the
decrease in absorption of nigate but at pH 4 the nature of the dearease
is not at all clear at present,

Phosphate-phosphorus: The phosphate-phosphorus concevtrations within
the tops of the plants formed an interesting pattern relative to the hydrogen
ion concentration of the culture solution. At pH 4 the phosphatce-phosphoras
concentrations of the tops are exceedingly high (Table 2). This s Jol-
lowed by a precipitous deddine ar pH 5 and therealter, the decreases are
rather moderate in magnitude, ending at pH 9 with an average value of
2190 p.opo of phosphate-phosphorus. This value s still well above the
critical phosphorus value set for cither pedoles or blades of sugar beet
plants {(18) and accordingly, the differences in growth associated  with
pH of the culture solution ainnot be direetly attributable to a phosphorus
deficiency within the sugar heet plant unless one is to assume that the
plant requires more phosphate at pH 9 and that the phosphorus vidue of
2,190 s oritical, whereas the value of 2530 ac pH 8 Is not. At pH 4 there
is the possibility that pbosphate-phosphorus concentrations as high as
9440 p.p.m. may be inhibitory to growth but as vet no definitive experi-
ments have been run covering this situation.

Potassium: The changes in potassium content of the sugar heet plant
relative to pH (Table 2 and Figure 8) offer no clue as to the cause of the
decreases in growth obscrved at the extremes in hydrogen ion concentration
of the culture solutions. Fven the low
exceedingly high in comparison 1o the critic

potassium  value at pIT 4 s
al value of 1.0 perent potassium
(16} and of course nonc ol the values can be considered toxic becawse the
potassiin values from pH 6 to 9 are approximately identical and this
includes the region of hest growth, Similar conclusions can he drawn from
the potassiam values of the fibrous roots and of the heet pulp (Table 2).

Calcium: The caleium concentrations at pH 4, 8 and 9 decreased very
little in compurison to the best plants (Table 2 and Figure 3). Since the
decreases were rather smalll v is unlikely that the low calcium vadues were
associated with o calcinm deficiency. Apparvently. the calcium absorbed was
ample to meet the needs of the plant cven though the hvdrogen ions of
the cnlture solution at pH 4 may have reduced the absorption of cations
and the hydroxyl fons at pH 8 and 9 tend to precipitate the calcium ay
walcium phospliate. Thus, it scems that the reasons for the reduction in
growth associnted with pH must be sought elsewhere,
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Sodium: The sodium concentrations of the tops of the sugar beet plants
are affected by the pH ool the culture solution (Table 2 and Figure 3).
Strangely enough, the highest sodivm svalues (183 percenty  were ohserved
for the plane grown in selutions with the highest hydrogen don concen-
ration. A pH 7 1o 9 the sodium concentrations of the tops inereased again.
Most likely these increases are the result of adding the sodium hydroxide
needed to maintain the pH ol the culture solution at the specified value.
Sodium addition 15 noet a factor at pH 4 and 5, where sulluric acid was
added 1w mabuain the solutions at the specihed pH o values. As with
potasstun, the accumulation of sodium was not great cunough o be toxic
to the growith of the sugir beor plant

The sodium concentrations ol the pulp lor cach pH level we in
accord with those of the wps but v the fibrous roots the concentrations
follow those of potassium {Table 2y,

Discussion

The hvdrogen jon concentration ol the culture solution bas been {ound
to have an important offecr upon the growth of the sugar heet plant (Table D).
Significant reductions in top growth took place at pH 4, and conrary 1o
expectations, at pH 5. Growth was excellent at pH 6, 7 and 8 and only
at plT O did a significant reduction in top growth again take place.

Storage root growth for young plants differed significantly at cach pH
fevel of the culture solution. I similar effects carry over to older plants,
then slight deviatons rom pH 7 may diminish storage root weights sig-
nilicantdy. Experiments with larger sugar beet plants with larger storage
roots would add mudh 1o our knowledge concerning the Tong term effects of
pH upon the growth and sugar concentation of plants in culture solations,

The chemical analysis of the tops, fibrous roots and pulp (Table 2
and Figures 2 and 3), revealed no important factor that could account for
the decreases in growth observed at pH 4, 5 md 90 Av pIT 4 the hyvdrogen
tans of the culture solution did not prevent the absorption of adequate
amounts ol potassiuim and calcium, and i face, appeared Lo enhance the
accumulation of sodium in the wps of the plans. At pH 1 phosphate
accunudated to o very high concentration within the tops of the” plants
and 110 possible that thiy may have interfered with the metabolism ol
the plant, Nitrate concentrations wore reduced only slighily and could
not have causced o defidency of nitrogen in the plants. Unless further
analyses reveal a specific cause ol the decrense in plant growth a diveet
effect of the hydrogen jons e pH 4 and of the hyvdroxyl fons of pH 9 appears
most [ikely to have been the cause for the dearease i growth of the plants
at those pIl jevels.

Summary

The diect of the pH of the calture solurion on the growth and mineral
vomposition of sugar beet plants was investigated Irom pll 4.0 to pH 9.0
for two beet varieties, U, 80 2278 and GW 304, Chelated jron, instead of
terrous sutlate, turtrate or citrate, was used as a source of iron.
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Over the pH orange studied there were no visual deficieney
of iron nor of any ower nurient. Io tact, the plants appueared
normal except for a reduction in size of tops at pll 405 and 9. Maximum
top growth took place at pH 6.0, 7.0 and 8.0, Storage root growith differed
significanddy at all pH ovalues, with an indicated optimum ac pH 7.0, Plant
height and the totad number of leaves formed or living at the time of
hurvest were reduced mainly ar pH 4.0,

VPO
periectdy

Potassiuny, sodimn, calcinm, nitrate and phosphate dons were present
in the topy ol the plants i amounts suflicient o maintain good growt
Nouc of these jons were below the aritieal Tevel, and accordingly, the reduciion
in wp and root growth that ok place mainly at pIl 1, 53 and 9 appears
o be associated with a “direct” effect of hydrogen or hydroxyl lons on the
metaboltsn of the plant rather than with an Vindifeet” effect upon ion
absorption or upon the availability ol nuwicnss from the culture solution,
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