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Effect of Rates and Timing of Midseason 
Nitrogen Application,s on Performance of 
Short-season Rice Varieties, 1964-1965] 

By JOHN L SIMS, V. L. HALL, T. H. JOHNSTON. 
and B. G. BLACKMON2 

Research conducted in Arkansas has shown the value of 
splitting nitrogen applications made to rice and the importance 
of proper timing of applications near midseason. Results of 
these studies recently were presented and references to the world 
literature on timing of nitrogen applications to rice were re­
viewed (14). 

Generally, studies conducted in Arkansas in the 1940's, 
1950's, and early 1960's (1, 2, 10, 16) revealed that single 
applications of nitrogen applied 6 to 8 weeks after seedling 
emergence produced higher grain yields than s ingle applications 
made prior to seeding or from 10 to 15 days after seedling emer­
gence. More recent studies (14) confirmed these results, but 
indicated that increases in grain yields (up to 1,000 lb/ acre) 
could be obtained from split applications made to rice growing 
on silt loam soils . Little yield advantage was obtained from 
nitrogen applied early in the season (10 to 15 days after emer· 
gence) to rice g rowing on clay soils (13). 

In field tests conducted in 1961 and 1962 on Crowley silt 
loam soil at the Rice Branch Experiment Station, Stuttgart, 
two or three varieties of rice in each of three maturity groups, 
three rates (75, 120, and 165 lb/ acre of actual N), and seven 
timing treatments of nitrogen fertilization were studied simul­
taneously and in combination with each other (14). The source 
of nitrogen was urea and all nitrogen was applied to dry or 
recently drained soil surfaces immediately before flooding. Nato, 
Nova, and Northrose were the short-season varieties. grown in 
the 1961 and 1962 tests . 

Results from the 1961 and 1962 tests indicated that the 
most advantageous time to apply nitrogen for maximum grain 
yield depended on the rate used. The three-variety average from 
the 75-pound rate applied at 14 days was one of the lowest 

1 Coopera ti ve in ves t igati ons , Uni vers ity o f AI"k a n sas Agricu ltura l Ex perim ent Stat ion, 
a nd Crops R esea l'ch D ivis ion, Ag ricultUl'al R esearch Ser v ice , U. S. Depart m ent of Agriculture. 

=.! Assis t a n t ag ro nomis t s (f o rm erly ) . A ,'ka ns:Js Ag l' icul t ura l E x p eriment Station; l'e­
seal'c h a gro n om ist, Crop s R esea rch Divis ion ; a nd resea rch a ssis t a nt (fo rme rly ), Arka ns as 
Agl"ic ul t ura l E xp erime nt Station. 
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yields but the 165-pound rate at this timing gave one of the 
highest yields. In contrast, the 165-pound rate applied at 38 
days gave the lowest yield of any treatment (4,897 lb/acre) 
whereas the 75-pound rate at 38 days gave a high yield (5,639 
lb/ acre). The highest individual treatment yield (6,021 lb/ acre) 
was obtained from 120 lb/ acre of nitrogen applied in a three­
way split at 14, 38, and 58 days from emergence. However, this 
yield did not differ significantly from the yields produced by 
split applications at 14 and 58 days of either 120 or 165 lb/ acre 
of nitrogen (14) . 

Nitrogen applied in single applications at 38 days to short­
season varieties stimulated vegetative growth and resulted in 
tall plants with delayed maturity and somewhat greater lodging. 
As compared with split applications of half at 14 and half at 58 
days, single applications of the same total amount of nitrogen 
at 38 days produced an average of 450 lb/ acre less grain, 277 
lb/acre less head rice, 3.5-inch taller plants, and 12.3 percentage 
points more lodging, and the plants required 2.4 days longer to 
reach maturity (14). 

The 120-pound rate produced an average of 5,644 lb/ acre 
of grain, compared with about 5,400 lb/ acre from the 75- and 
165-pound rates . In general, the 75-pound rate was most effec­
tive when applied in the latter part of the vegetative growth 
period whereas the 165-pound rate was most effective when at 
least a portion of the nitrogen was applied at 14 days. 

The preceding studies emphasized the value of applying 
part of the nitrogen early in the growing season t o short-season 
varieties growing on silt loam soils, and confirmed previous re­
sults regarding the importance of making applications near the 
stage of panicle initiation. The most advantageous time t o apply 
nitrogen was shown to be affected by the rate applied. Timing 
intervals in most of the above tests were 2 t o 4 weeks apart. Since 
seasona1 effects are known to influence greatly the rate of plant 
growth, additional information was needed regarding applications 
made near the time of panicle initiation. 

Objectives of the present investigations were (a) to deter­
mine the optimum time near midseason to make t opdress nitrogen 
applications to short-season rice varieties, (b) to study the 
interactions of timing treatments with nitrogen rates and varie­
ties, and (c) to determine the limitations in response of varieties 
to high rates of nitrogen applied at different growth stages. Such 
information could be used to refine recommendations on timing 
of nitrogen, thereby increasing production efficiency. 
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Methods and Materials 

The experimental areas used had been cropped to a rota­
tion of rice, soybeans, and oats in recent years. Soil test values 
determined by the Arkansas Soil Testing and Research Labora­
tory on a composite sample of surface soil from the experimental 
sites did not differ greatly between years. Values for pH, per­
cent organic matter, and pounds per acre of P (Bray No.1), ex­
changeable K, and Ca, were 6.5, 0.8, 13, 100, and 1,200, respec­
tively, in 1964 and 6.3, 1.3, 15, 120, and 1,400, respectively, in 
1965. 

The five varieties included were Nato, Nova, Saturn, Nova 
66, and Dawn. Nato was grown commercially on about 45 per­
cent of t he rice acreage in Arkansas in 1965 (12). Nova was re­
leased for commercial production in Arkansas in 1963 (7). Saturn 
was released in Louisiana in 1964 (5). Nova 66 was distributed 
to growers in Arkansas in 1966 (9). In 1966, Dawn was named 
and released in Texas (3), with seed also being distributed in 
Louisiana and Arkansas (6, 8). Dawn is a long-grain variety 
whereas Nato, Nova, Saturn, and Nova 66 are medium-grain 
varieties . 

Potassium fertilizer was applied broadcast just prior to 
&eedbed preparation at a rate equivalent to 50 lb/acre of potas­
sium. No phosphorus was added. 

Rice was drill-seeded in moist soil at the rate of 110 lb/acre 
in rows 7 inches apart. Individual plots were 8 rows wide and 
16 feet long. In both years plots were treated with propanil at 
the rate of 3 lb/ acre for grass control. Propanil applications were 
made after rice emerged, when the grass was in the 1- to 3-leaf 
stage of development. 

All nitrogen was applied in narrow bands approximately 14 
inches apart on dry or recently drained soil surfaces at rates 
equivalent to 80, 120, or 160 lb/ acre of actual nitrogen. The 
source was ammonium sulfate. All plots received 40 Ib/acre of 
nitrogen 10 to 15 days after seedling emergence and the remain­
der at midseason. Plots were flooded immediately after the 
first application. At midseason , plots were drained one week 
before nitrogen application and reflooded immediately after ap­
plication. Midseason treatments were made 43, 49, 55, 61, or 67 
days after seedling emergence. 

A 10-foot length of the four central rows of each plot was 
harvested for grain yield. Harvested bundles were threshed 
with a Vogel-type nursery t hresher that had been carefully ad­
Justed to prevent hulling and breakage of grains. Threshed 
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samples were dried overnight in a laboratory drier with air heat­
ed to about 95 °F to reduce grain moisture to 12 to 14 percent. 
Grain weight data were adjusted to 13 percent moisture. 

Plant height was determined just before harvest at three 
different sites within each plot; then the values were averaged. 
Height was measured in inches, from the soil surface to the tip 
of the extended panicle (head). 

Lodging was determined just before harvest as a visual esti­
mate of the percentage of lodged culms and the degree to which 
they were lodged. 

The number of days from seeding to heading, plus 35, was 
used as "days to maturity," as outlined previously (14) . 

The weight of 1,000 grains of rough rice was determined 
for a representative sample from each plot. 

Representative samples of rough rice from each plot were 
milled as described previously (14). The head rice yields are 
presented as a percentage of the cleaned rough rice (grain or 
seed), and in pounds per acre. Head rice yields in pounds per 
acre were determined by multiplyipg the percent head rice by 
the yield of rough rice in pounds per acre. 

A split-plot experimental design was used. To facilitate 
water management, time of nitrogen application was, designated 
the main plot and varieties and nitrogen rates were designated 
sub-plots. Treatments were replicated four times. 

Statistical analyses of data for each year were made fol­
lowing methods of Snedecor (15) and Cochran and Cox (4) . In 
the tables, letters are used to indicate the presence or absence 
of statistically significant differences in accordance with Dun­
can's multiple range test for split-plot designs as outlined by 
Koch (11). Any two individual means in the body of the table 
or any two averages within a column Or within a line that are 
not followed by the same letter, letters, or letter ranges are sig­
nificantly different at the 5 percent probability level. 

RESULTS 

Grain Yields 
Grain yields of short-season rice varieties increased with 

delay in time of midseason nitrogen application at all rates, but 
the magnitude of increase was greatest at the 160-pound rate 
(Table 1). Statistically significant (1 % level) rate x time inter­
actions existed in both 1964 and 1965. Highest grain yields were 
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obtained from the 40 lb/ A of N applied at 61 days in 1964 and 
a t 67 days after emergence in 1965. Lowest yields in both years 
were obtained from the 120 lb/ A of N applied at 43 days. Highest 
average yields were obtained at 61 days in 1964 (6,276 lb/acre) 
and at 67 days in 1965 (6,525 lb/acre.) 

Table 1. Grain Yields of Short-season Rice Varieties as Affected by Rate 
and Time of Nitrogen AI>plication, Stuttgart, 1964 and 1965 

N it l'Ogen 
I.'ate Time of N a ppli catiu n d ays fl 'om e m e l'ge n ce l 

( Ib/ A) 43 49 55 61 67 Ave rage!! 

1964 P ounds per acre-

80 5.3 14 a -d 5,627 b-d 6, 129 d 6,425 d 6,3 10 d 5,961 b 
120 3,968 a b 5,009 R·d 5,450 a-d 6,339 d 5,91 9 cd 5,337 a 
] 60 3,820 a 4,293 a -c 4,845 a ·d 6,06 3 d 5,952 cd 4,995 a 

A ve rage:~ 4,367 a 4,976 a b 5, 47 5 be 6,276 c 6, 060 c 

1965 

8 0 5,64 3 a -c 5, 433 a -c 5,82 4 a -c 5, 483 a -c 6,7 05 c 5,818 c 
] 20 5, 116 a-c 4,79 7 a-c 4,612 a -c 4,65 7 a -c 6,460 bc 5,128 b 
160 3,618 a 3,886 a b 3,877 a b 4,170 a -c 6,409 bc 4, 392 a 

A ve r age:1 4,792 a b 4,705 a 4,7 71 a b 4,770 a b 6.525 b 

1 'Wi t hin ea ch yea )', indi vidu a l m ea ns f o ll owed by t he sa m e letter are not s ig nificantly 
diffe r e n t at t h e 5 p e r ce n t level. 

:! A ver ages in t his col u mn i n e it h er year f o llowed by the same le tte r a r e n ot s ig nificantl y 
d iIfe l'en t at t he 5 pe rcen t level. 

:s A ve l'ages in ei t he r lin e f oll owed by t he sam e lette r are not s ig nifi ca n t ly diffe l'e nt a t the 
5 perce n t level. 

The 80-pound rate gave highest grain yieldb in both 1964 
and 1965. Within each timing treatment yields were reduced by 
the 120- and 160-pound rates; however the effect of rate was 
much less pronounced at the late than at the early application 
dates. Differences in yields between the 80- and the 160-pound 
rates were 362 lb/ acre at 61 days in 1964 and 296 Ib/ acre at 67 
days in 1965. In contrast, grain yields from the 80- and 160-
pound rates at 43 days differed by 1,494 and 2,025 lb/ acre in 1964 
and 1965, respectively. 

The varieties responded differently to time of nitrogen ap­
plication, as shown by grain yield data in Table 2. In general, 
yields of all varieties increased with delay in time of application . 

In 1964, Nato, Nova, and Saturn tended to reach near max­
imum grain yields from the 61-day treatment, 6 days earlier than 
Nova 66 and Dawn. In 1965, a ll varieties produced their highest 
gra in y ields from the 67-day treatment, However, many of the 
differences were not statistically significant. 

The magnitude of r esponse to time of nitrogen application 
differ ed among th e varieties t ested. Maximum differences in 
1964 grain yields due to time of nitrogen application to Nova, 
Saturn, Nova 66, Nato, and Dawn, respectively, were 2,812, 2,-
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Table 2. Grain Yields of Short-season Rice as Affected by Variety and Time 
of N itrogen Application, Stuttgart, 1964 and 1965 

Varie ty 

1964 

Nato 
N ova­
Satul'n 
N o va 66 
Dawn 

Ave rage:: 

1965 

Time of N app lica tion- clays fl' om em e l'gence1 

43 

4,300 a -c 
3,959 a 
4,234 a b 
4,4 36 n · d 
4,9 05 a -f 
4,367 a 

49 

4,584 a -d 
4, 634 a-d 
5,7 08 b - i 
5,202 a-g 
4,753 a -e 
4,976 ab 

55 61 

Pounds 1Je r a~-re 

5,269 a -h 
5,171 a -g 
6,537 f-i 
5,615 b-i 
4,784 H-e 
5,474 be 

5,882 d-i 
6,771 hi 
7,03 i 
6,56 1 g -i 
5, 12IJ a-g 
6,276 e 

67 

5, 277 a -h 
6,203 e-i 
6,396 f -i 
6,627 g -i 
5,71:15 c -i 
6,060 e 

N a to 4,437 a b 4,659 a -e 4,680 a-c 4,882 H-e 5,906 a-e 
N ova 4 ,09 1 a 4,647 a -e 3,980 a 4,2 68 a 6,754 be 
Satul'n 5,100 a -c 4,23 9 a 5,36 a -e 4,906 R - C 6,956 c 
N ova 66 4,454 a b 4,593 a-c 4,784 a -c 4,849 a -c 6,973 c 
Daw n 5,878 a -c 5,388 a -c 5,04 2 a -c 4,943 a -e 6,036 a-e 

A ve l'age:! 

5, 062 a 
5,348 ab 
5,983 c 
5,688 bc 
5,07 3 a 

4,91 3 ab 
4,74 8 a 
5,314 ab 
5, 131 ab 
5,45 7 b 

Ave l'_a~ge_' ______ 4~,_79_2 __ a b _____ 4~, 7_0_5_a ______ 4~,7_7_1_a_b _____ 4~,7_7_0_a_b _____ 6_,5_2_5_b ____________ __ 

1 Within e it her yea r, indi vidu a l means f o ll owed by t he s am e l et ~el' ~lI"e not s ig nifi ca ntl y 
d iff e r en t at t he 5 p e rce n t level. 

:J Ave rages in this co lumn in eit h e l" yea )" foH owed by t he sa m e le tte r a l'e not s ig nifica n t ly 
diffe rent at t he 5 percen t level. 

a A verages in e it he r line fo ll owed by t he sa me lette r are not s ign ifi cant ly diffe rent at t he 
5 p e rcent level. 

804, 2,191, 1,582, and 1,042 lb/acre. In 1965 the maximum dif­
ferences were, respectively, 2,774, 2,717, 2,519, 1,469, and 1,093 
Ib/ acre. These results emphasize that time of midseason appli­
cation is considerably more critical for Nova, Saturn, and Nova 
66 than for Nato and Dawn. 

Average grain yields of Saturn, Nova 66, and Nova were 
somewhat higher in 1964 than in 1965 whereas the opposite was 
true for Dawn. Nato yields averaged about the same for both 
years. 

Table 3. Grain Yields of Short-season Rice a s Affected by Variety and Rate 
of N itrogen Application, Stuttgart, 196,' and 1965 

Ni tl'uge n Variety] 

nlle N ato Nova Satul'n Nova 66 Daw n A vel'ag~ 

( Ib/ A ) 

19C4 IJottncis ucr (teTe 

80 5,695 a -d 6, 132 cd 6,466 d 6,158 cd 5,354 a-d 5,961 b 
120 4,767 ab 5, 17 1 a·c 5,933 bod 5,674 a-d 5, 142 R - C 5,337 a 
160 4,72 5 a 4,742 a b 5.549 a~d 5,232 a-c 4,725 a 4,9 95 a 

A ve l'age:1 5,062 a 5,3 48 a b 5,98~ c 5 ,688 bc 5,07 3 a 

1 ~ 65 

80 5,355 b · d 5,795 cd 6,339 d 5,824 cd 5,77 9 cd 5,818 c 
120 4,894 R-C 4,556 a-c 5,421 bod 5,326 b·d 5,445 b ·d 5,128 b 
160 4,491 a -c 3,894 a 4,182 ab 4,244 ab 5,148 bod 4,392 a 
A ve l'ag~ 4 ,913 a b 4,748 a 5,3 14 Rb 5, 131 a b 5,457 b 

1 Wit hin e ithe r yea I.' , indi vidu a l mea ns f o ll owed by the sam e lette l' a re not s ign ifi ca nt ly 
diffe ,'e nt at t he 5 percent leve l. 

~ Aver ages in t his co lumn in e ith er yea r f o llowed by t he same Jetter a l'e not s ig n ificantl y 
d iffe re n t at t he 5 perce n t level. 

!J Averages in e it he r li ne f o llowed by t he sa m e let ter a l'e not s ig nifica n t ly diffe re n t at t he 
!1 pe rcent leve l. 
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In both years and for all varieties, an increase in rate of 
nitrogen above 80 pounds per acre caused an accompanying de­
crease in grain yield (Table 3). However, in many cases the 
decrease was not statistically significant. Two-year average dif­
ferences between yields from the 80- and 160-pound rates were 
about 630, 900, 1,250, 1,525, and 1,650 Ib/ acre, respectively, for 
Dawn, Nato, Nova 66, Saturn, and Nova. 

Plant Height 

Plant height of short-season r ice decreasEd as time of 
nitrogen application was delayed for all time treatments in 1964 
and 1965 (Table 4) . 

In 1964, plant height measurements showed no statistically 
significant differences (5 % level) among timing treatments, 
rates, or varieties. However, Saturn tended to be shorter and 
Nova 66 somewhat shorter than the other varieties . 

In 1965, there were statistically significant differences. Plant 
height averages from applications made at 61 and 67 days were 
significantly less than from applications made at 43 days, and 
the height from the 67-day application also was significantly less 
than from that at 49 days . By delaying midseason nitrogen 
fertilization from the 43- to the 67 -day timing, plant height was 
reduced by 8.9 inches. Average height from the 80-pound rate 
was 1.2 inches less than from the 160-pound rate, a significant 

'fable 4. Plant Height of Short-season Rice as Affected by Time and Rate 
of Nitrogen Apl) iication and by Variety, Stuttgart, 1964 ami 1965 

Time of N application (days from emenrence) 

43 
49 
fi5 
6l 
67 

Rate of N application (lb/ A) 

80 
120 
160 

Variety 

Nato 
Nova 
Saturn 
N ova 66 
Dawn 

Average 

1964 

52.1 a 
51.0 a 
47.7 a 
47.9 a 
46.8 a 

49.1 a 
49.1 a 
49.1 a 

50.2 a 
50.4 a 
46.4 a 
48 .9 a 
49.8 a 

49.1 

I-I eight in 1:nche~1 

1965 

55.9 c 
54.4 be 
51.8 a -e 
50.1 ab 
47.0 a 

51.3 a 
51.8 ab 
52.5 b 

52.0 b 
54 .3 e 
49 .7 a 
52.1 b 
51.1 b 

51.8 

1 Within each yea r and each grouping averages foll owed by t he same lette r are n ot s ig· 
l1ifi cantly diffe r e nt at the 5 pe l'cent leve1. 
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difference. Saturn was significantly shorter and Nova signifi­
cantly taller than the other varieties. 

In both years, plant height tended to decrease with each 
6-day delay in timing from 43 to 67 days. 

Lodging 
The degree and extent of lodg:ng decreased with each delay 

in time of midseason nitrogen application in 1964 (Table 5). How­
ever, the rate of decrease was greater at the higher rates. By 
delaying the application from 43 to 67 days, lodging was reduced 
by 58, 72, and 75 percentage points for the 80-, 120-, and 160-
pound rates, respectively. Lodging averaged 73 percent for 
applications made at 43 days and only 5 percent for applications 
made at 67 days. Within each timing treatment lodging was 

Table 5. Lodging Percentage of Short-season Rice Varieties as Affected by 
Rate and Time of Nitrogen A pplication, Stuttgart, 1964 

Nitrogen 
J'ate Time of N ap!>Ji catio n- days fl 'om emergence] 

(lb/ A) 43 49 55 61 67 Average!! 

Percent 

80 64 ab 66 ab 41 ab 28 ab 6a 41 a 
120 75 ab 67 ab 37 ab 34 ab 3a 43 a 
160 81 b 65 ab 49 ab 36 ab 6a 47 a 

Avel'age3 73e 66 be 42 be 33 ab 5a 

l Indi v idual m eans fo llow£d by the same lette r are n !Jt s i2 nifi .::antly different at the 5 
pel'cen t le vel . 

2 Avet'age8 in th is column fo lic-wed by t he sa me lettel' a l'e not s ig nifican t ly diffe ren t at 
t.he 5 peJ'cent level. 

;j Averages in t his lin e f o llowed by the sa me lettel' a l'e not s ign ifi ca ntly diffeJ'e n t at th e 
5 percen t level. 

Table 6. Lodging Percentage of Short-season Rice as Affected by Variety 
and Time of Nitrogen Apl)lication, Stuttgart, 1964 and 1965 

Time of N ap!l li cation- days f l'o m emel'ge n ce' 
Variety 43 49 55 61 67 AveJ'age!! 

1964 Pen't nt 

N a to 78 e-g 78 e-g 33 a-f 20 n -d la 42 b 
N ova 84 fg 83 fg 67 d-g 57 c -g 11 a-c 60 c 
Satul' n 88 J.( 85 g 56 C-g 50 a -g 8 a-c 57 c 
Nova 66 85 g 69 e-g 54 b-g :1:~ a-e 1 H 48 be 
Dawn 32 a -e 15 a-c 1 a 4 a 5 ab 11a 
A ve l'age~ 73e 66 be 42 be 33 ab 5a 

1965 

N ato 80 ef 81 ef 93 f 59 e-f 6 a b 64 b 
Nova 83 ef 83 ef 85 e f 82 ef 47 b-f 76 b 
Saturn 91 f 92 f 93 f 88 ef 16 a -e 76 b 
Nova 66 74 ef 74 ef 82 ef 73 ef 15 ab 64 b 
Dawn 19 a -d 43 a -e 63 d -f 20 a -d o a 29 a 

A verage3 69 b 75 b 83 b 64 b 17 a 

J. Within either yea r , indi vidual m eans f o ll owed by the same le tt e,' are not s ig nificantly 
different a t the 5 percent level. 

2 Averages in t his colu mn in e ither year followed by the same lette r are not s ign ificantl y 
di fferen t at t h e 5 pel' cent leve l. 

3 Averages in eithe l' li ne foll owed by t he sam e let te r are n ot s ig nifi ca n t ly different at t h e 
!) per cent level. 
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not significantly affected by rate of nitrogen. The rate x time 
interaction for lodging was not statistically significant in 1965. 

Time of midseason nitrogen application affected lodging of 
varieties differently, as shown by results in Table 6. In contrast 
to other varieties, lodging of Dawn was not affected significantly 
by time of application in 1964, although values from applications 
at 43 and 49 days were somewhat higher than for later applica­
tions. In 1965, Dawn showed no lodging from the 67-day treat­
ment but lodged 63 percent in the 55-day and 43 percent in the 
49-day treatment plots. In general, noticeable reductions in lodg­
ing occurred earlier with Nato and Nova 66 than with Saturn 
and Nova in both years. 

As an average for all short-season varieties, lodging de­
creased from near 70 percent at 43-day nitrogen applications in 
both 1964 and 1965 to near 10 percent at the 67-day applications. 
Lodging of Dawn was significantly lower than that of the other 
varieties in both 1964 and 1965. Nato and Nova 66 showed 
somewhat less lodging than Saturn and Nova in both years. 

Data shown in Table 7 reveal that lodging of Nova, Nova 
66, and Dawn was noticeably higher from the 160-pound than 
from the 80-pound rate in both years. Nato and Saturn lodged 
very little more at the 160- than at the 80- pound rate. Dawn 
lodged less than the other varieties in both years, averaging 
only 11 and 29 percent in 1964 and 1965, respectively, as com­
pared to about 60 and 76 percent in 1964 and 1965, respectively, 
for Nova and Saturn. Lodging of Nato and Nova 66 was inter­
mediate in both years. 

Table 7. Lodging Percentage of Short-season Rice as Affected by Variety 
and Rate of Nitrogen Application, Stuttgart, 1964 and 1965 

Nitrogen 
I'ate Varie ty I 

( Ib / A) Nalo N OVH Sa tu) 'n N ova 66 D'awn A ve l'age:? 

1964 Pc"rcent 

80 40 be 57 c 56 c 46 be 6a 41 a 
120 44 b e 59 e 57 e 48 be 8a 43 a 
160 43 be 65 e 59 c 50 b e 20 a b 47 a 

Ave l'agen 42 b 60 e 57 e 48 be 11 n 

1965 

80 63 e-e 64 e-e 74 de 51 b-d 20 a 54 a 
120 61 e-e 77 de 76 d e 67 de 28 a b 62 a 
160 67 e-e 6 e 78 d e 73 de 40 a -e 69 a 

Avel'age:l 64 b 76 b 76 b 64 b 29 a 

l Wi t hin e it he r year, indi v idu a l m ea ns fo llowed by t he sam e letter al'e not s ig nifi cantly 
diffe l'ent at t he 5 pe l'cent level. 

:! Ave rages in t his co lumn in eithe r year fo llo w ed by the sa me le tte r are not s ignificantly 
differ ent at the 5 pel'cen t level. 

3 Averages in either line fo llowed by t he same letter a re not s ignificantl y different at 
t he 5 p er ce nt level. 
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These five plates show effects of time of midseason topdressing 
on lodging of short-season rice varieties at maturity. Since the 
I60-pound rate was excessive, grain yields given are the two-year 
averages for the 80- and I20-pound rates of nitrogen for all five 
varieties grown. The length of the longest internodes of the main 
culms (stems) and the time of midseason nitrogen fertilization (in 
days after seedling emergence) are listed on the opposite page. 
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A (top left)-Topdressed at 43 days when about half of longest 
internodes meas ured at least 1/16 inch . Note severe lodging of all 
varietIes. Average yield was 5,010 pounds per acre. 

B (center left)-Topdressed at 49 days when about half of longest 
inte rnodes meas ured at least 1/8 inch . Note heavy lodging of most 
varieties. Average yield was 5,216 Ilolmds per acre. 

C (lower left) - Topdressed at 55 days when about half of longest 
internodes meas ured at least 1/2 inch. Note fairly heavy lodging 
of some varieties. A verage yie ld was 5,504 pounds IJer acre. 

D (to,l right)-Topdressed at 61 days when about half of longcst 
inte rnodes mea s ured at least 112 to 1 inch. Note moderate lodging 
of some varieties. Average yield was 5,726 Jlounds per acre. 

E (lower right)-Topdressed at 67 days when about half of long­
est internodes measured at least 1 to 1 1/2 inches. Note very little 
lodging in any variety. This treatment Ilroduced, the highest aver­
age yield of 6,348 Jlounds per acre. 



14 ARKANSAS EXPERIMENT STATION, REPORT SERIES 154 

Maturity 

Data presented in Table 8 reveal that time of nitrogen ap­
plication did not have a statistically significant effect (5 % 
level) on maturity of short-season varieties when either the 80-
or 120-pound rates were applied in 1965. However, when these 
varieties were fertilized at the 160-pound rate, maturity was 
shortened 3 to 4 daYfl (from 130 and 131 to 127) by delaying 
time of application from 43 and 49 days to 67 days. When all 
rates of nitrogen were averaged, time from seeding to maturity 
was decreased by only 2 to 3 days by delaying midseason appli­
cation until 67 days from seedling emergence. Maturity data for 
rates in 1964 are not presented because no statistically signifi­
cant differences occurred. Within a given timing treatment, rate 
of application did not affect maturity in either year. 

Table 8. Maturity of Short-season Rice Varieties as Affected by Rate and 
Time of Nitrogen Application, Stuttgart, 1965 

Nit r og en 
rate 

( lb / A ) 

80 
120 
160 

Aver age!} 

Time of N ap!) licatio n- days fro m em e l'gen ce1 

43 49 55 61 67 A verag e!! 

129 ab 130.be 130 bc 128 ab 128 a b 129.0 a 
130 be 130 be 130 be 128 a b 128 a b 129.2 a 
130 be 131 e 129 a b 128 a b 127 a 129. 0 a 
129.6 b 130.4 b 129.8 b 128.0 a 127. 7 a 

.1 Ind ividual m ea ns f o llowed by the sa m e letter a r e no t s ig nificantly diffe l'e nt at the 5 
pe r cent level. 

:! A ver ages in this column f o llo wed by t he sa m e letter a r e n ot s ig nificantl y di f fe re nt at 
t he 5 pe rcent level. 

:1 Aver ages in this lin e fo ll owed by the same lette r a re n e t s ig nifi ca ntl y diffe t'en t at t he 
5 pel'cen t leve l. 

Table 9. Maturity of Short-season Rice as Affected by Variety and Time 
of Nitrogen Application, Stuttgart, 1964 and 1965 

Time of N a ppli cation- days fl'om em e rgen ce1 

V a rie t y 43 49 55 61 67 Average!.? 

1964 D Ol1 l'J 

Nato 127 e f 125 d e 1H cd 122 be 123 cd 124 b 
N ovn 12 1 a -e 120 a b 120 ab li n a 120 ab 120 a 
Satul'n 121 a -e 120 a b 120 a b 120 a b lHl a 120 a 
Nova 66 122 be 121 a-e 120 a b 120 a b 121 a -c 121 a 
Da wn 130 g 129 f g 128 f g 127 ef 127 ef 128 c 

Ave rage:: 124 b 123 ab 122 a 122 a 122 a 

196. 

Nato 132 g h 133 hi 131 f g 129 de 128 ed 130.6 d 
N ova 129 de 129 d e 128 ed 127 be 126 a b 127.8 b 
Sa t urn 127 be 127 be 128 cd 126 a b 125 a 126.6 a 
N ova 66 128 cd 129 de 129 d e 128 cd 128 cd 128 .4 c 
Da wn 132 g h 134 i 133 hi 131 f g 130 ef 132.0 e 

A vel'age=: 129 .6 b 130.4 b 129.8 b 128.2 a 127.4 a 

1 Within eit he r year, indiv idu a l m ea n s f o llowed by the sa m e letter al'e not s ig nifican t ly 
d iffe "e n t a t the 5 peree nt level. 

2 Avera ges in this co lumn in eithe r yea r f o ll o wed b y the sam e lette r are n ot s ignificantl y 
d iffe rent a t the 5 p ercent level. 

:1 Ave r'a ges in e ithe l' lin e f o ll ow ed by the sa m e lette r a loe not s ig nificantl y diffe t'ent a t 
t he 5 p e r een t level. 
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When maturity data from the three nitrogen rates were 
combined, delaying time of application from 43 days to 67 days 
decreased the days from seeding to maturity by about 4 days 
for Nato and Dawn and about 1 to 2 days for Saturn, Nova, and 
Nova 66 (Table 9). All varieties except Dawn matured about 
7 days later in 1965 than in 1964; the difference for Dawn was 
about 4 days. Nova and Saturn matured 1 day earlier than 
Nova 66 in 1964; in 1965 Nova matured 1 day earlier and Saturn 
2 days earlier. Nato matured 3 to 4 days later than the other 
medium-grain varieties in both years . Dawn averaged 4 days 
later in maturity than Nato in 1964 but less than 2 days later 
in 1965. 

Head Rice Yields 

Nato produced a significantly higher and Dawn a signifi­
cantly lower percentage of head rice than Nova, Saturn, or Nova 
66 in 1964 (Table 10). Nato averaged 65.2 percent and Dawn 
50.3, in contrast to a range of 58.6 to 60.0 percent for the remain­
ing varieties. In 1965, head rice yields from Nato were signifi­
cantly higher than those from the other varieties. Dawn aver­
aged 61.7 percent in 1965 but only 50.3 percent in 1964. 

Table 10. Percent Head Rice Produced by Short-season Rice Varieties, 
Stuttgart ]964 and 1965 

Va riety 

Na to 
N ova 
Satu l'n 
Nov a 66 
Dawn 

Avel'age 

19 64 

65 .2 c 
58. G b 
59 . ~ b 
60 .0 b 
50.3 a 
58.7 

1965 

66.0 b 
60. 0 a 
6004 a 
60.1 a 
61.7 a 
61.6 

1 Within each year avel'ages f o ll owed by the sam e Jette)' are not significantly diffe rent 
a t. the 5 percent level. 

Since percentages of head rice were not affected s ignifi­
cantly by rate or time of nitrogen application, head rice yields 
in Ib/ acre generally paralleled grain yields. Hightest average 
head rice yields per acre were obtained in 1964 from the 61-day 
treatment and in 1965 from the 67-day treatment (Table 11). 
Lowest yields were obtained from the 43-day treatment in 1964. 
In 1965, average yields for the 43-, 49-, 55-, and 61 day treatments 
did not differ greatly and were much lower than the average 
yield of 4,119 Ib/ acre for the 67-day treatment. 

Highest head rice yields (lb/ acre) were produced by the 80-
pound rate in both years . Head rice yields were significantly 
lower from the 120- and 160-pound rates. 
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Table 11. Head Rice Yields of Short-season Rice Varieties a s Affected by 
Rate and Time of Nitrogen App lication, Stuttgart, 1964 and 1965 

Nit l'oge n 
rate 

(lb/ A ) 

196 4 

80 
120 
160 
A ve l'age~ 

19(,5 

80 
120 
160 

A ve l'age!1 

Time of N ap!>1icat ion- days from em e l'gen cel 

43 49 55 61 G7 

Pounds /t end n:ce 1Jer acre 

3,228 a -c 3,267 n -c 3,565 bc 3,917 c 3,54 4 b c 
2,306 a 2,946 a -c 3, 121 a -c 3,790 c 3, 717bc 
2,2 11 a 2,534 ab 2,845 a -c 3,617 bc 3,416 n-c 
2,582 a 2,916 ab 3, 177 a -c 3 ,77G c 3,559 be 

3, 487 ab 3, 429 ab 3,59 1 ab 3,387 ab 4,225 b 
3, 197 ab 2,992 ab 2,835 ab 2,870 ab 4 .038 ab 
2,209 a 2,399 ab 2,307 a b 2,496 ab 4,095 a b 
2,%4 a 2,94 0 a 2,9 11 a 2,918 a 4,119 b 

Aver age2 

3,504 b 
3,17 6 a 
2,925 a 

3,624 c 
3, 186 b 
2,70 1 a 

I Wi t hin el t he r year, indi v idual mea n s f o ll c w ed by t h e s a m e lett e r a l'e not s ig nificantly 
diffe l'e n t at th e 5 !)erce n t level. 

:.l Averages in t hi s column in eithe l' yea r f ollowed by the same let t e r a l'e not s ig nifica n t ly 
diffe l'e n t at t h e 5 pel'cent level. 

:: AV€l'a ges in either Jine f o ll owed by t he sa m e Jetter a re not s ig n ifica n t ly d iffe re nt at 
t he 5 per'cent leve l. 

The optimum time to apply nitrogen for highest head rice 
yield was affected by the rate used. Generally, highest yields 
were produced from the 40-lb portion of N applied at 61 or 67 
days while lowest yields were obtained from the 160-lb rate with 
the midseason portion (120 lb) applied at 43 days. 

Time of nitrogen application had greater effect on the head 
rice yields (Ib/acre) of Nova and Saturn than it did on yields of 
Nato, Nova 66, or Dawn (Table 12). In 1964, the maximum dif­
ference in head yields attributed to time of nitrogen application 
on Nova, Saturn, Nova 66, Nato, and Dawn, respectively, was 1,-

Table 12. Head Rice Yields of Short -season Rice a s Affected by Variety and 
Time of Nitrogen AI)plication , Stuttgart, 1964 and 1965 

T ime o f N app lica tio n- days fro m em el'gen ce1 

Va l'iety 43 49 55 61 67 Ave toage2 

1% 4 PO'l./,Il d.~ hClul 'rice per acre 

Nato 2,795 a -d 2.992 u -e 3 . ~79 a-f 3 ,988 e f 3,676 b-f :3,366 be 
N ova 2 ,3:3 4 a 2,?:l7 n-c :3, 079 a-e 4,079 e f 3,420 a -f 3. 130 b 
Satul'n 2,523 a :1,272 R- f 3,873 d-f 4,264 f 3,778 c- f ~ , 5 42 c 
Nova (){) 2. 721 a-c 3.132 a-e 3 .169 a-f 3.951 e f 4.075 ef :3,410 bc 
Daw n 2,535 a 2,4 49 a 2,383 a 2,593 ab 2,844 a -d 2,561 a 

Ave r age-'1 2,582 a 2, 916 a b 3, 177 a -c 3,77 5 c 3,559 b c 

1965 

N ato 2,919 a -c 3,031 a-c 3,064 a -c 3,244 a -c 3,965 a-c 3, 245 ab 
N ova 2,4 66 a 2,880 a -c 2.382 a 2,438 a 4,220 b c 2,877 a 
Saturn 3,040 a -c 2,588 ab 3, 241 a -c 3,012 a -c 4,459 c 3, 268 a b 
N ova 66 2,699 ab 2,847 a -c 2,848 a -c 2,884 a -c 4 ,171 b c 3, 090 ab 
Da wn 3,698 a -c 3,355 n-c 3,021 a-c 3,010 a -c 3,781 a -c 3,373 b 

A ver age-"l 2,964 a 2,940 a 2,911 a 2,918 a 4,119 b 

1 Wi t hin e it her year, indi vid ua l mea ns f ollowed by the sam e letter a re not s ig ni fi cantl y 
d iffe re n t at the 5 percen t level. 

:J Ave l'ages in this cc lumn in e it he r year f oll owed by t he sa me lettel" are not s ign ifican t ly 
differen t at t he 5 ])ercent level. 

a Aver ages in e it he r line fo ll owed by the sa m e letter a re n ot s ig nifica nt ly d iffe loent at 
the 5 per cen t l evel. 
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745, 1,741, 1,354, 1,193, and 461 lb/acre. In 1965, the respective 
yield differences were 1,838, 1,871, 1,472, 1,046, and 771 lb/ acre. 

Average head rice yields (lb/acre) of Nova tended to be 
lower than those of the other medium-grain varieties in both 
1964 and 1965. Average yield of Dawn was significantly lower 
than that of the other varieties in 1964 but in 1965 Dawn pro­
duced the highest average head rice yield (3,373 lb/ acre) . 

Weight of 1,000 Grains of Rough Rice 
The weight of 1,000 grains of rough rice increased with de­

lay in time of nitrogen application in both years at all rates 
(Table 13), with applications at 61 and 67 days giving highest 
weights. A verage weight decreased with increase in rate of ni­
trogen in both years. The lowest weight in 1964 was from 160 
pounds of nitrogen at 43 days and in 1965 it was from the same 
rate at 55 days. The lowest weights from all rates were at 43 
days in 1964 and at 55 days in 1965. 

Table 13. Weight of 1,000 Grains of Rough Rice of Short-season Varieties as 
Affected by Time and Rate of Nitrogen Application, Stuttgart, 1964 and 1965 

N itrogen 
ra te T ime of N apvli ca tio n- daY8 fl'o m em e l'gen ce] 

(Ib/ A) 43 49 55 61 67 Ave l 'ageZ 

1964 Gnt'lns 1Jer 1.000 grains 

80 23.0 a -e 23 .1 b-e 24.8 ef 25 .8 f 25 .9 f 24 .5 b 
120 21.5 ab 22 .5 a -d 24.3 d-f 25.6 f 26.0 f 24 .0 ab 
160 20.9 a 22.0 a-e 23 .9 e-f 25 .0 ef 25 .5 f 23.5 a 

Average1 21. 8 a 22 .5 a 24. 3 b 25.5 be 25 .8 c 

1965 

80 23.8 a -c 24.0 a -e 22 .6 a -e 25.4 b-e 26.0 de 24 .4 b 
120 22.9 a-d 22.H a-d 21.8 a 24 .7a-e 26 .4 e 23.7 a 
160 22. 3 ab 2 1.8 a 21. 5 a 23.9 a -e 25 .8 c-e 23 .1 a 

A ve rage:: 23.0 ab 22 .9 ab 22 .0 a 24 .7 be 26.1 e 

I Wi t hin e it he l' yea I' , indi v idu a l m ea ns f u ll uwed by th e SHm e lette l' are nu t s ig nificantly 
d iffe r e nt at t he 5 p e r ce n t le vel. 

~ A verages in t his co lu mn in e:thel' yea l ' fo llowed by t he sam e let t e r are not s ig nifi c:l ntl y 
diffe .'e n L at t.h e 5 ,per ce n t level. 

J A ve1'ages in e ithcl' line follow ed uy t he ~ame lette l' arc nut ~ ig ni(i ca ntJ y uiffe l'ent at 
t h e 5 pe l'ce n t level. 

Average grain weights for each variety were approximately 
equal in 1964 and 1965 (Table 14). Nova and Nova 66 had al­
most identical average weights, exceeding those of Saturn, Nato, 
and Dawn by about 1.1 to 2.2, 2.8 to 3.6, and 3.7 to 4.0 gm per 
1,000 grains, respectively. 

The weights of 1,000 grains of Nova and Nova 66 rice were 
affected to a greater extent by time of nitrogen application than 
were weights of the other varieties. Weights of Nova 66 and 
nitrogen applications from 43 or 49 days to 61 or 67 days. 
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'fable 14. Weight of 1,000 Grains of Rough Rice of Short-season Rice a s Af­
fected by Variety and Time of Nitrogen Application, Stuttgart, 1964 and 1965 

Time of N appli cation- days fro m em e rgen ce l 

Variety 43 49 55 61 67 Average 2 

1964 G rams 1)e'r J ,VOO grains 

N ato 21.2 a 20.7 a 22 .9 b 23.2 b 23. 8 be 22.4 a 
Nova 22.9 b 24 .5 b-d 26.9 ef 28. 0 f 27.9 f 26.0 e 
Saturn 20.9 a 23.0 b 24.5 b-d 24.9 b-d 25.5 c-e 23 .8 b 
Nova 66 22.9 b 24.3 b-d 26.1 d e 27.9 f 28 .1 f 25 .9 e 
D awn 21.2 n 20.2 a 21.2 a 23 .3 b 23 .9 be 22 .0 a 

Aver agel 21.8 a 22.5 a 24.3 b 25.5 be 25 .8 c 

19(,5 

Nato 21.7 a-e 21.8 a-e 20.6 ab 23.8 e-h 24. 1 d oh 22.4 b 
Nova 24.4 e-i 24.1 d-h 23 .6 e-h 27 .0 ij 28.1 j 25.4 d 
Saturn 23.4 b-g 22.9 b-f 23 .6 e-h 24 .8 f-i 26.0 g - i 24.1 e 
Nova 66 24.2 d-h 24.4 e-i 22 .8 b-f 26.3 h-j 28.1 j 25 .2 d 
Dawn 21.5 a -d 21.23-e 19.2 a 21.4 3 -d 24.0 e-h 21.5 a 

Averag~~ 23 .0 a b 22.9 ab 22 .0 a 24.7 be 26 .1 e 

.l Within each yea r , indi v idu a l m ea ns f c ll owed by t he same lette r are not s ig ni f icantl y 
different at t he 5 percent leve l. 

:! A verages in thi s co lumn in eithe r year followed by the sa m e letter a r e not s ignificantly 
different at t he 5 P€ l'c€nt level. 

:: Averages in eithe r lin e foll o wed by t he sa m e iettel' are not s ig nif ica ntly diffe r e n t at 
t he 5 p e l'cent level. 

DISCUSSION 

Nitrogen applied in large amounts to rice during the latter 
half of the vegetative growth period (43-, 49-, and 55-day appli­
cations) stimulated vegetative growth and resulted in taller 
plants with greater lodging, delayed maturity, and lowered grain 
and head rice yields (see Figures 1 and 2 as well as tables in the 
Results section). Nitrogen applied at 38 days to short-season 
varieties in previous studies (14) had caused excessive vegeta­
tive growth. Consequently, knowing when not to apply nitrogen 
may be as important as knowing the proper dates for applying 
nitrogen. 

Existing information does not permit accurately delimiting 
the period during which topdress applications of nitrogen should 
not be made. Among factors of importance are season, soil fer ­
tility levels, and water management. However, for the short­
season varieties presently being grown in Arkansas, it appear3 
unwise to apply nitrogen between 35 days and 55 days after 
seedling emergence, primarily because of the likelihood of ex­
cessive plant height and lodging. 

The significant rate x time interactions for grain and head 
rice yields, lodging, and maturity obtained in this study indicate 
that moderate vegetative response and high (but seldom max­
imum) yields may be obtained from low to moderate nitrogen 
rates applied during the more vegetative stages of plant growth . 
However, in some years considerable amounts of nitrogen may 
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DAYS AFTER EMERGENCE 
Figure 1. Effect of Time of Midseason Nitrogen Application on 
Grain and Head Rice Yield s of Short-season Va rieties, Stuttgart, 
1964 a nd 1965 

S i n ce the 160-pu und I'ate wa~ exce~s i ve. t he ave l'a~cs ful' o-nly t he XO- and 120-puund 
nitl'ogen ratel:> are pl'esented. 

be released from soil organic matter in the field and this, COm­
bined with fertilizer nitrogen, may provide an excess of nitrogen 
and greater likelihood of lodging. Plots were harvested by hand 
in this study and a much larger percentage of the grain from 
lodged plants probably was recovered than would be possible in 
combine harvesting of commercial fields. 

The rate x time interactions a lso suggest that excessive 
rates of nitrogen are less likely to reduce yield if applied near 
the early jointing stage of development (e.g. 60 to 65 days after 
seedling emergence to short-season varieties) than during the 
latter half of the vegetative growth stages (35 to 55 days). This 
finding is important since the nitrogen soil test methods com­
monly used, on which fertilizer recommendations are based, 
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Figure 2. Effect of Time of Midseason Nitrogen Apl>lication on 
Plant Height, Lodging, and Weight of 1,000 Grains of Rough Rice 
of Short-season Variet ies, Stuttgart, 1964 and 1965 

0 

S in ce the 160-.pou nd rate wa::; excess ive, t h e aver ages for on ly the 80- and 120-JIUUIHl 
nit.rugen rates are presented. 

often fail to predict accurately the optimum amount of nitrogen 
fertilizer needed. 

Maximum grain yields tended to be produced from earlier ap­
plications of nitrogen (61 days) in 1964 than in 1965 (67 days). 
Also significant reductions in plant height and lodging occurred 
from earlier applications in 1964 than in 1965. All these short­
season varieties matured earlier in 1964 than in 1965. These 
data reveal the limitations of basing recommendations for tim­
ing of nitrogen solely on the number of days from seedling 
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emergence. Many factors such as temperature, duration and in­
tensity of sunlight, soil fertility, and water management prac­
tices may cause rice plants to reach a certain stage of develop­
ment much earlier in some years . 

Data in Tables 13 and 14 reveal that the weight of 1,000 
grains of rough rice increased as application of nitrogen was de­
layed from 43 days to 67 days after seedling emergence. These 
data suggest that at each time treatment grain yields were in­
fluenced by yield components as well as by lodging. Grain weights 
might differ because (a) later nitrogen applications usually 
produce grains that are plumper and/ or have higher density 
than grains from earlier applications even on unlodged plots, (b) 
plants in plots topdressed early lodged earlier in the season than 
in plots treated late, or (c) both a and b. Lodging of rice culms 
before the grain is mature often hinders transport of carbohy­
drates and nutrient elements through the stems to the seed. The 
nitrogen supply apparently was adequate at all times and since 
in both years there was a differential in time of lodging this 
may have been the factor having greatest influence on weight 
of 1,000 grains . 

It is believed that the stage of plant growth when topdress­
ing is applied has an important effect on the response of rice to 
nitrogen fertilizers . In previous studies (14, 16) the optimum 
time to apply midseason applications of nitrogen was found to be 
very near the midpoint of the growing season; consequently the 
time to apply nitrogen should be closely related to maturity of 
rice varieties. Results of this study indicate that factors other 
than maturity, such as strength of straw, height, and yielding 
potential, also need to be considered when determining the op­
timum application time. Whereas the maturity of all varieties 
varied less than 8 days within a given year (Nova, Nova 66, and 
Saturn differed by as little as 2 days), varieties differed con­
siderably in the magnitude of their response to time of nitrogen 
application . Dawn, a relatively stiff-strawed variety, was af­
fected by differences in timing to a much lesser extent than 
Nato and Nova 66, and these varieties were affected less than 
Nova and Saturn. Generally, varieties that are highly subject 
to lodging because of relatively weak straw, high yielding ca­
pacity, or greater plant height should be fertilized somewhat 
later than varieties less subject to lodging. 

Disregarding characteristic differences among varieties, 
grain yields of all varieties generally increased by more than 
1,000 Ib/ acre as nitrogen applications were delayed from 43 days 
after emergence to 61 or 67 days . 
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Based on results from these tests, using a total of 80 lb/­
acre of nitrogen on Nato rice with the midseason portion being 
applied at 61 days after emergence in 1964 and at 67 days in 
1965 would have resulted in about 43 and 70 dollars per acre 
higher returns, respectively (at 1965 market prices) than an ap­
plication of the same amount at 43 days. 

SUMMARY 
Field studies were conducted in 1964 and 1965 at the Rice 

Branch Experiment Station, Stuttgart, on Crowley silt loam 
soils that had been cropped for many years. Five short-season 
(early) varieties of rice (Nato, Nova, Saturn. Nova 66, and 
Dawn), 3 rates of nitrogen, and 5 times of midseason applica­
tion of nitrogen were studied simultaneously and in combination 
with each other. The source of nitrogen was ammonium sulfate 
which was applied to dry or recently drained soil surfaces imme­
diately before reflooding. 

The objectives of the investigations were (a) to determine 
the optimum time near midseason to make topdress nitrogen ap­
plications to short-season rice varieties, (b) to study the inter­
actions of nitrogen timing with nitrogen rates and with varieties, 
and (c) to determine the limitations in response of varieties to 
high rates of nitrogen applied at different growth stages. 

Grain and head rice yields, as an average of all varieties and 
rates, were inversely related to plant height, lodging, and matur­
ity, and generally increased as time of nitrogen application was 
delayed from 43 days to 61 or 67 days from emergence. The 
grain yields of 6,276 lb/ acre for the 61-day applications in 1964 
and 6,525 lb/acre for the 67-day application in 1965 exceeded by 
1,909 and 1,733 lb/ acre, respectively, the yields from applica­
tions made at 43 days in the two years . Head rice yields from 
applications made at 61 or 67 days in both years were more than 
1,000 lb/acre greater than yields from applications made at 43 
days. 

Nitrogen applied at 43, 49, or 55 days after seedling emerg­
ence produced greater vegetative growth than applications made 
at 61 or 67 days. This resulted in taller plants, increased lodging, 
and slightly delayed maturity. As contrasted with 43-day appli­
cations, nitrogen applied at 67 days in 1964 and 1965, respec­
tively, resulted in reductions of 5.3 and 8.9 inches in plant height. 
68 and 52 percentage points in lodging, and 2.0 and 2.2 days in 
maturity. 

Statistically significant rate x time interactions were ob­
tained for grain yield, head rice yield, lodging, maturity, and 
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weight of 1,000 grains of rough rice. Generally, highest yields of 
grain and head rice and highest weight of 1,000 grains were ob­
tained from 80 lb/ acre of nitrogen when the midseason portion 
(40 lb) was applied at 61 or 67 days, and lowest values were ob­
tained from 160 lb/acre when the mid season portion (120 lb) 
was applied at 43 days. In contrast, highest values for lodging 
and maturity were obtained, generally, from the 160-pound rate 
when the mid:3eason portion was applied at 43 days, while lowest 
values were obtained from the 80-pound rate when 40 pounds 
were applied at 61 or 67 days after emergence rather than at 43, 
49, or 55 days after emergence. 

Significant variety x time and variety x rate interactions 
were obtained for grain yield and lodging, and significant variety 
x time interactions were obtained for maturity, head rice yield, 
and weight of 1,000 grains of rough rice. The maximum differ­
ences in grain yield due to time of nitrogen application to Nova, 
Saturn, Nova 66, Nato, and Dawn, respectively, were 2,812, 2,-
804, 2,191, 1,582, and 1,042 lb/ acre in 1964 and 2,774, 2,717, 
2,519, 1,469, and 1,093 lb/ acre in 1965. The same ranking of 
varieties also prevailed for maximum reduction in yield due to 
nitrogen rate and maximum difference in lodging due to time of 
nitrogen application. Generally, Saturn and Nova showed the 
greatest response to time of application, Nova 66 and Nato were 
intermediate in response, and Dawn showed the least response. 

The rate of nitrogen application had more effect on lodg­
ing of Nova, Nova 66, and Dawn than it did on lodging of Nato 
or Saturn. 

Head rice yield (in percent) was not significantly affected 
by rate or time of nitrogen application. Head rice yields of Nato 
(in percent) were significantly higher than those of other vari­
eties tested. 
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