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Most of the nitrogen fertilizer is applied to sugarbeet fields 
in southern Idaho before planting. During the early stages of 
plant growth the soil and fertilizer N is subject to leaching be­
cause the N0 3 -N concentratio ns in the soil usually are higher 
than later in the season. T he rate of ;\ uptake in this area, under 
conditions where N does not limit plant growth, increases rapidly 
beginning early in June, reaches a peak early in July, and begins 
to decrease in late July. If inadequate 1\ is available to meet 
crop needs then the addition of N fertilizer just prior to the 
period wh en the demand rate increases should increase the ef­
ficiency of sucrose prod uction and N fertilizer use. 

The practice of supplemental, midseason application of N in 
irrigation water is increasing in southern Idaho. It is not known 
whether this practice is resulting- in more efficient use of ;...; fer­
tilizer, increasing yields, or whether or not midseason applica­
tions have an adverse net effect on sucrose production. The ob­
jective of this study was to evaluate current l'\ fertilizer practices 
and the effect of irrigation management on root and sucrose 
yields. Major emphasis was placed on th e effects of N and irri­
gation management on petiole i'\'O,-N concentrations to refine 
the use of petiole analysis as a diagnostic tool in managing N 
fertilizer. 

Procedure 
Three field experiments were conducted in 1968 and 1969 

on loam and silt loam soils in southern Idaho. These soils have 
a weakly cemented hardpan at the 16- to 24-inch depth that has 
little effect on water movement when saturated, but may restrict 
root penetra tion. Ad equate phosphorus fertilizer (44 Ibs P / A) 
was broadcast on all experimental areas prior to seedbed prepa­
ration. Adequate potassium was present from soil and irrigation 
water sources. 

Experiment I (1968) was conducted on a Portneuf silt loam 
soil following unfertilized corn near Twin Falls, Idaho using 
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four replications of a randomized block. Nitrogen fertilizer rates 
of 0, 50, 100 and 200 Ibs N/ A .vere applied preplant, on July 
15, and part preplant with the remainder on July 15. 

M

Experiment 2 (1968) was conducted on a Declo loam soil fol­
lowing potatoes that had received 120 Ibs N / A near Pocatello, 
Idaho using three replications with two irrigation levels (M, and 

3 ) as main plots, and N fertilizer treatments as subplots. N 
fertilizer rates of 0, 90, 120, and 150 Ibs l\ / A were applied pre­
plant and part preplant with the remainder during midseason. 

Experiment 3 (1969) was conducted on a Pancheri silt loam 
soil following potatoes that had received 100 Ibs N/ A near Idaho 
Falls, Idaho, using three replications with three irrigation levels 
(M" M 2 , and M 3 ) as main plots and three N fertilizer rates as 
subplots. A uniform application of 100 Ibs N/ A \\las applied 
preplant, with three rates of 0, 40, and 80 Ibs N/ A applied on 
July 9. 

The preplant fertilizer in all experiments was broadcast and 
worked into the upper soil layer. Midscason application of N 
fertilizer was broadcast prior to a sprinkler irrigation . The N fer­
tilizer rates of 100, 120, and 140 lbs N/ A in Experiments I, 2, 
and 3, respectively, represent fertilizer rates common for these 
areas. 

The soils in southern Idaho have a very high mineralization 
and nitrification capacity. Soil samples taken from the root zone 
before planting and incubated for three weeks at 30° C produced 
190 Ibs N / A for the Portneuf, 139 for the Declo, and 168 for 
the Pancheri. \\-hen combined with the N0 3-N present at that 
time, a potential supply of 280, 255, and 225 Ibs N / A was avail­
able for the Portneuf, Declo, and Pancheri, respectively, before 
any fertilizer was applied. Since approximately 12 lbs of N is 
needed for each ton of beet roots produced, only limited response 
to N fertilizer was expected. 

Sugarbeets were planted April II in 24-inch rows in "Experi­
ment 1, April 24 in 22-inch rows in Experiment 2, and April 22 
in 22-inch rows in Experiment 3. The beets were thinned to a 
9- to 12-inch spacing in early June. Sprinkler irrigation was used 
in all experiments (Figure 1). Complete control of irrigations 
was limited because of tbe remote location of Experiments 2 
and 3, and the schedule had to be coordinated with the farmers' 
other irrigation requirements. 

Three irrigation treatments were used (Figure I): 
M, - Considered to be a level adequate for optimum sucrose 

production. Irrigations were scheduled on the basis of 
estimated soil water depletion (3). The computer first 
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Figure I.-Irrigation water applied and rainfall. 

estimates the daily potential evapotranspiration rates since 
the last date of computation using climatic data. Then 
a crop coefficient, which is primarily a function of growth 
stage is applied to estimate daily evapotranspiration. Crop 
coefficients, derived from experimental data , are auto­
matically adjusted to account for surface wetness caused 
by irrigation or precipitation. Optimum soil water deple­
tions are based on maximum available soil water, crop 
tolerance to soil water stress, rooting depth, and other 
experimental data. 'With some irrigation systems opti­
mum depletion is that amount of soil water that normally 
can be replenished by the irrigation system. 

M2 	 (Experiment 3) . Soil water depletion before irri?;ation 
was intended to be 250/0 greater than M with more water

" applied at each irrigation. :'-Jormally this treatmer.lt would 
have resulted in about three more days between irriga­
tions. The 7/ 25 and 8/ 6 irrigations were inadvertently 
applied earlier than necessary. 

Yf3 Common irrigation practice in the area. In Experiment 
2, two more irrigations were applied on this treatment 

from 6/ 24 to mid-August as compared to M" but no 
irrigations were applied in early September. The total 
number of irrigations and amount of water applied for 
the season were about the same as that applied to the M, 
treatment. This treatment resulted in higher soil water 
levels and more water being applied in midsummer as 
compared to MI' 

http:treatmer.lt
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Petiole samples were taken at varying intervals in the three 
experiments and were analyzed for nitrates by methods suggested 
by Ulrich (4). 

The beet roots in Experiments 1, 2, and 3 were harvested 
for yield measurements on October 24 using eight 20-foot rows, 
October 1 using three 50-foot rows, and October 14 using fifteen 
70-foot rows, respectively. Random selection of beet roots was 
made during harvest for sucrose analysis. Sucrose analyses were 
made by the Amalgamated Sugar Company (Experiment 1) and 
the Utah-Idaho Sugar Company (Experiments 2 and 3) using their 
standard procedures. 

Results and Discussion 
Experiment 1 

Root yields were significantly higher when N was applied 
preplant than for the July 15 application (Figure 2). The greatest 
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Figure 2.-Effect of time of application and level of N fertilizer on 
sucrose production by sugarbeets (Experiment 1). 

increase in yield was obtained with the first 50 lb increment of 
preplant application. Sucrose percentages in the beet Foots de­
creased as N fertilizer rates increased with no significant effect 
of time of application of N on sucrose percentages. Consequently, 
sucrose yields were significantly higher for preplant than for 
July IS application of N. The highest sucrose yield occurred on 
the 50 lb preplant rate. 

Maximum yields of sucrose were obtained if the NOg-N con­
centration in the petioles was above 12,000 ppm early in July 
and about 1,000 ppm on August 20 (Figure 3). The optimum 
concentration during the peak period of N-uptake appears to have 
a greater effect on sucrose yields than the concentration about 
August 20 (Figures 2 and 3). All the treatments on which N fer­
tilizer had been applied July 15 had NOs-N concentrations greater 
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Figure 3.-Eff,ect of midseason application of N fertilizer on the NOs-N 
concentration in beet petioles (Experiment 1). 

than 1,000 ppm near August 20, but maximum sucrose produc­
tion occurred only if the N03-N concentration was near or slightly 
above 12,000 ppm early in July. 

The N0 3-N level in the petioles projected for the balance 
of the season from two midseason samples were based on the fol­
lowing equation (2): 

N=N e- Ct 
[ 1] o 

where N is the NOa-N concentration at time t, No is the concen­
tration at the first sampling date after the peak occurs, t is any 
time after the first sampling date (t 0), and C is a constant 
for any given treatment or beet field. 

The constant C can be evaluated by determining the NOs-N 
concentration at two dates any time after the peak occurs using 
either of the following equations: 

C=(1nNo -lnN)/t [2] 

C = (2.3/t) (logloNo - Log10N) [3] 
where No is the concentration at the first sampling date, N is the 
measured N 03-N conceneration at time t. C can be determined 
graphically by plotting the concentrations on semi-logarithmic 
paper. With N03-N on the log scale and t on the linear scale, 
the data can be represented by a straight line. If the points 10,000 
and 1,000 ppm are used, then 

C = 2.3/M [4 ] 
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where M equals the days for N03-N concentration in the petioles 
to go from 10,000 to 1,000 ppm. The number of days required 
for N to decrease from ~o until N ;= 0.3678 No is lie. 

The time required for N03-N to decrease from No to 1,000 
ppm can be calculated as follows: 

t' = In (No/lOOO) x (lie) [5] 

where t' is the number of days. 
The sucrose percentage at harvest was inversely related to 

the amount of fertilizer that had been applied, but there was 
no difference between the preplant, July 15, or split treatments 
(Figure 4). The sucrose percentage also was inversely related to 

% SUCROSE 

, 0 N 19 
"" SUCROSE N F~r lilinr Aponed 

N FUlilinr Apphtd 
, 0 N 

" • Preplont 

y. r8 . ~7-0.0096 N 
r • 0.99 • PrfplQ (If 

Y' 18 55-0.00034 N 
r • 0 .96 

~ July I~ 

Y • 18.'1- 0 .0102 N 
~ Jul y 1.5r • O.9~ 

9· 18.49-0.00022 N 

18 

~ Preplan' + July 1.5 
r • 0 .92 

r • 0.9 6 
All F.nllizer 

Y-16.!S2-Q,0096N IS 

Treo'menn 
An lerlilizer ." • 9· IB.47-0.0094N 

,reo';;'en"ll. r' a.9!> 

Preplonl- ""'-July 1.5 

17 17 

16 ';;-0- --,''"''0 - ' 1''''00,-----'1''''0,------00 16 a I 2 3 4 .5 6 7 e 9 
N APPLIED (lbIl/A) ppm N0 3 -N(XIO-3) on 8 /2 1 

Figure 4.-Effect of applied N and petiole N03-N concentration on 
sucrose percentage of sugarb,eets (Experiment I). 

the N03 -N concentration on August 21 (Figure 4) with a tendency 
for a more sensitive relationship when the fertilizers was applied 
before planting. In other experimental work (1), wh~n soil 
NOs-N was intentionally moved out of the root zone by heavy 
water application late in August with a corresponding decrease 
in petiole NOs-N , there was little, if any, effect on sucrose con­
centration. These data indicate that even though the sucrose con­
centration in late August is inversely related to sucrose con­
trations, the N level at midseason, when the growth and N up­
take rate are highest, may have a greater effect on sucrose yield 
and sucrose percentage. 

The sucrose percentage was also inversely related to the 
average NOs-N concentration in the petioles from July 8 to Aug­
ust 21 (Figure 5). The integrated average is preferred because it 
can be predicted at midseason using equation (1]: 



11 VOL. 17, No. I, APRIL 1972 

N=_No (e- Ct 2 -e- Ct l) [ 6] 
C t2 - tl 

,. 


'8 

... 
'"0 

:'; 

" 
~ 

'7 

I. 


, 
~yeraoe 718-8/21 
'f • [9.14 - 0.00025 N ~ 
r ·0.99 
~teQraled Average 718-8/21 
Y • 19.01- 0.00029 N 
r • 0 .99 

Integrated Average __ _Average 

'\
0 4 6 8 '0 '2 

ppm N0 3-N(XIO-3 ) 
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applied preplant on sucrose percentage of sugarbeets (Experiment 1). 

where N is the integrated average, tl is the first sampling date after 
the peak, and t2 is anytime after t l , but preferably in late August. 
This method enables a midseason prediction of the sucrose con­
tent and sucrose production (Figure 6). However, in this experi­
ment a midseason decision and application (about July 15) to 
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correct a N deficiency (N<2500 ppm), wou ld not have increased 
sucrose yields (Figure 2). T hese data indicate also that the 
NOs-N concentration in the petioles prior to J uly I would 
be needed to determine if greater net returns from an additional 
application of N fe rtil izer are to be obtained. If excess N is 
present at midseason for maximum sucrose production, maintain­
ing a much higher irrigation level th roughout the remainder of 
the season should lower the N available to the sugarbeets and 
increase sucrose concentration, yield, and purity. 

Experiment 2 

Beet root and sucrose yields also increased significantly in 
this study with the fi rst increment of N application on both mois­
ture levels (Table I) . There were no further significant increases 

Table l.-5ignificance of irrigation treatment, N level, and time of N application on 
sucrose production (Experiment 2).1 

Treatment M1 

Beet root yeId Sucrose 

Fert. 
M. means M1 M. 

Sucrose yield 

Fert. 
means M1 M. 

Fert. 
means 

Ibs N/A Tons/A % Tons/A 

0 20.6 1B.l 19.41>2 1B.6 IB .6 IB.6a' 3.B3 3.36 3.60b" 

90 21.B 21.B 2l.Ba 17.9 IS.5 IS.2ab 3.90 4.02 3.96a 
preplant 

90 22.4 20.6 2L5a IS.3 .1.S.l IS.2ab 4.~. 1 3.79 3.95a 
split' 

120 22.5 22.5 22.5a 17.7 17.9 l7.S b 3.97 4.03 4.00a 
preplant 

120 22.2 21.3 21.Sa IS.1 IS.O IS.Iab 4.01 3.S7 3.94a 
split' 

150 22.9 22.1 22.5a 17.7 IS .O 17.9 b 4.05 3.97 4.01a 
preplant 

Moisture 
means 22.2a 21.0b2 IS.la IS.la2 4.01a 3.B01>2 

1 Means within moisture or :\ levels followed hy the same letter are not significantly 
different at the given level according to Duncan's multiple range test. 

• Significance at the 5% level. 


8 Significance at the 10% level. 


• Average of preplaot and midseason application On 6/ 30, 7/ 16 and 7/3 1: 

90 = 60 + 30 + 0 + 0; 60 + 15 + 15 + 0; and/or 30 + 30 + 15 + 15 


120 = 90 + 30 + 0 + 0; 90 + 15 + 15 + 0; and/or 60 + 30 + 15 + 15 


in root or sucrose yields by rate or time of N application. Yields 
were not affected by split application of N on the Ml moisture 
level, but on the Ms treatments, yields on all split applications 
were slightly lower than on the preplant application. After the 
initial yield increase with the first 30 lb/ A of N applied before 
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planting, sucrose production on the Ml moisture treatment was 
not affected by additional preplant N treatments. In contrast, 
sucrose production on the Ms moisture treatment increased with 
up to 120 lb/A of preplant N application (Figure 7) . These data, 
along with the petiole data, indicate that more frequent irriga­
tions from Ju ne to mid August on the Ms treatment resulted in 
a more severe N deficiency early in the season (8,160 vs 12,500 
ppm petiole NOs-N on July 9) (Figure 7). 
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Figure 7.-Effect of prep1ant N fertilizer application and moisture 
level on sucrose production (Experiment 2). 

Sucrose percentages in the beet roots decreased with increas­
ing levels of N applications as in Experiment 1 (T able 1). Light 
midseasonal applications of N did not reduce the sucrose per­
centage in the roots over similar amounts of N applied before 
planting. T he irrigation treatments caused only small, insignifi­
cant changes in sucrose percentages . 

. Experiment J 
There was no significant variation in root or sucrose yield due 

to the N fertil izer or irrigation treatments. Preplant application 
of N increased the N level in the soil, as shown by petiole analy­
sis, to give maximum root and sucrose yields. 

Summary and Conclusions 
Experiments were conducted to evaluate current practices of 

applying split applications of N and the effects of irrigation on 
root and sucrose yields. Major emphasis was placed on the use 
of petiole NOs-N concentration to evaluate the effects of these 
practices. 

These investigations have shown that maximum root and 
sucrose yields are obtained if adequate N fertilizer is applied 
before planting. Midseason applications of N to correct obvious 
deficiencies did not result in maximum sucrose oroduction since. 
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the greatest requirements of the plants had already occurred. Split 
applications of N did not increase root or sucrose yields over 
similar amounts applied preplant. Over-irrigation early and in 
midseason amplified the effects of limited N levels. However, 
when adequate N was present for maximum yields, excess mid­
season levels of applied irrigation water produced comparable 
yields. 

The results of these studies emphasize the importance of de­
termining the available N in the soil early in the season or before 
planting. A reliable soil test for this purpose would enable ap­
plying adequate N fertilizer as a broadcast before planting or 
as a sidedressing early in the season to maximize root and sucrose 
production. The results also showed that the exponental relation­
ship of N Os-N concentration in the petioles with time can pro­
vide additional guides to the efficient nitrogen-irrigation manage­
ment and the production of high quality sugarbeet roots. 
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