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Predicting Nitrogen Availability to Rice: D. Assessing Available Nitrogen 
in Silt Loams With Different Previous Year Crop Historyl 

.T. L. SIMS A N D B. G. BLACKMON2 

ABSTRACT 

Soil test method s that measure NH,· .N in silt 100ms before 
and after incubation under waterlogged condiUons were evalu. 
ated .. predictors of N availability to 'Nato' rice (Ori_ 8Oti_ 
L.) frown in the greenhouse. Eighteen soils for each of five pre­
viou8 year crop histories were utlllzed. An so'18 were from crop 
rotations eontaining rice. 

Coefllelents of determination (rl) for the regression of N uptake 
by riee on NH.+-N after 6 days incubation of soil from the dif­
ferent crop histories increued in the order of cotton (Go/lllypium 
hinutum L.) < rice < lespedeza (ullpedeaG striata Thumb.) 
< soybean (Glyeine mas L.) < reservoir (irrigation water stor­
age or ftsh production), and ranged from .12 to. 77. Exchangeable 
Ca w .. inversely related to N uptake and accounted for signi8cant 
percentages of variation in uptake on all soils except those from 
reservoirs. ExchlUlleable Ca was not related to NH.+-N pro­
duction during incubation. For all previous year crop histories 
NH. -N in soil after 6 days Incubation was Ii better single pre­
dictor of N uptake by rice than soil organic: matter values. 

lRUiai NH.+-N content of reservoir soils was about 5 times ' 
"Nter than in soils of other crop histories. The amount in these 
!;iU loam soils from reservoirs (55 kg N/ha) w .. about half that 
found in previous sludies for reservoir soils of clay texture. 
Maltip&e regression analyses indicated that Including initial 
NH.+-N _ether "'ith NH.+-N production during incubation 
Improved the prediction of N uptake over NH. -N production 
values alone. Including exchangeable Ca together with Inilial 
NH. +.N and NH.+-N production values improved the prediction 
on all soils exrept those from reaervoira. 

Additional Key Words for Indesing: soil organic matter, . 
IImmonium. 

A VAILADLE N in soil after incubation under waterlogged 
conditions was a better predictor of N availahility to 

unfertilized rice in the greenhouse than methods measuring 
soil organic matter or tctal N (5) . Xinl'ty·one percent of the . 
variation in grain yield from 19 clay soils (l;ome of which came 
frem reservoir,,) could be linearly arcounted for by soluble 
plus cxtractable NH.+-N in soil after 6 days incubation. Only 
41 % of the variation in yield was accounted for by soil organic 
matter estimates. 

Although available N methoos provided good indexes for N 
availability on clay soils, soluble plu.~ extractable NH.+-N 
after incubation under waterlogged conditions accounted for 
only 18 % of the yield variation on 42 silt loam soils. 
The poor correlations on silt loams as contrasted with clay or 
reservoir soils may have been due to (i) a narrow range of N 

I Contribution from the Arkall~>\'~ Agr. Exp. St.a. Received 
Oct. 27, 1966. Approved June 30. H167. 
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contents, (ii) erganic matter that was relatively more resistant 
to decomposition in the silt learns, and (iii) the influence t)f Ca 
or Ca·salts on K IIptake . 

The generally lower rnrrelations for silt looms dctradro 
markedly from the u~cfulne!;s of thr incubation method tu 
assess N availabilit.\· in I iec soils evcn though a higher 
percrntage of fertilization related problems (lodging, dclayed 
maturity, and disca..~e incidence) generally occur on clay and 
reservoir soils. Approximately two-thirds of thc rice acn-Age 
of Arkansas is seeded on silt loam soils each year. On these 
soils ri('e is most c;)mmonly grown ill rotation with oat ,: ( :lvena 
satipa 1..) and soybeans (Glycine max L.) although other rrOI)S 

such !\:-; ll'spedeza (Le!rpcdeza striata Thumb.) cotton (Gouyp­
illm hirst/tul1I L) Ilnd fish (rcservc irs) may appear in the 
retation. Rice may also be grown two or more yen rs in 
succession. 

In the previous study (5) most all silt loam ~all\ples came 
from fields cropped to soybeans the preccdin~ year. The 
present study was undertaken to evaluate incubation methods 
for assessing availa bili ty of N to rice in silt loam soils with 
different cropping histories. In view of the recently available 
methods for routinely measuring initial NH4+-N or NH,+-N 
production in soil , (1 , 2, 7) the !'Iteam distillation procedure 
vf Waring and 13remner (7) was modified and evaluated for 
aseessing soil N availahility to rice. 

EXPERIMENTAL METHODS 

Source of Soils 

Bulk ~/J il ~a llllJle8 tllken from the sUJfllce horizon ill !)() diflcrcllt · 
1i"ld ~ w('re HiI'd, ied for use in greenhout!(' and laboratory anaIYf<es . 
. \11 .oil~ were loessial terrace Boils; the majOlity were classified as 
erll" ley ~ilt loam~, while the remaining soilij were cl88l!ified us 
, ilt I"am~ ill the Calhoun, Olivier or Richland eeries. The no 
"ampie~ Wl're grouped into 5 previous yellr crop hi ~tory categories 
1':1<'1\ havilllot 18 soils. The previous year crops were cotton, ril'e 
;so~· t lClln s , re,;ervoir (irrigation water ~tornge or fish productioll), 
·:md lc~ped,,1.a . Rice had been induded in the rrop rotation Oil all 
:loil ~ sampled. When possible, fields representing all five cropping 
hi ~ I.orics w" rc 8ampled on the 8Ilme farm. Mean value~ and 
ranges for ,.oil pH, P (Bray no. 1), exchangeable K and e:1 for 
caelr crop category lit sampling time are shown in Tahk> t . 

Procedures in Greenhouse 

Hi(·(· ( Ur i za saliva L.) was grown u~ing proeedu res des"rillCJ 
I'reviull~ly (5). The variety (cultivar ) lJl'Cd was 'Nato'. Yirld 
of dry mattN and N was obtained on each soi l and previfluF. year 
(., op hi ~ t or~' wherein N \\'IIS not added to t.hc greenhouse ('ultlJre~ . 

Grain wei!!:ht was not determined I\S mOMt florets failed \.0 set 
I'CCd. Flowering occurred when maximum greenhou~ tempera­
tures were as great as 42C. Therefore the straw and the imma­
ture pall ide were harvested at the soft dough stage. WelICht of 
plant material WIIS determined after drying in the oven at 70C 
for ·lg hllllrR. Total N in plant materials W IIS determined by diges­
tion :\IId :'Ije~~ lerizlltioJl as outlined in \\'or\< by Walker anri Pt!~k 
(Ii ). 
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Table I-Means and ranges Cor pH. p. exchangeable K and Ca 
Cor soils oC each crop category at sampling time 

l'NYioua y_r 
Chemical property· 

arop pH P(kll/ha) Eseh. Esch. 
K(kalha) Ca(kil/ha) 

Cot\on 6.33(5 .3-7 . 6) 41(11-109) 188(78-403) 1.'>46(785-3026) 
Rice 6.26(5.1-7.5) 27( 8-611) 170(56-42(l) 1440(ll7~-2130) 
SOyl>. ... 6.26(5.0-7.9) 33( 9-171) 169(67-628) 1606(560-3699) 
Reeervoir 6 . 06(5 . 2-7.5) 36( 6-92) 142(78-213) 1527(560-2466) 
LNpedeaa 6.09(5.0-7 . 5) 17( .- 35) 141(67-269) 1440(44S-2242) 

• Valu .. out of bracket. arc mea ... ; values in bracketa are ranllea. 

LABORATORY MEASUREMENTS 

Ammonium and NO,--N present in the soil initially a.~ we)) ::8 
that extracted after 6 days incubation of soil under waterlogged 
conditions was determined in duplicate by methods 4, 5, and 6 
as de~crihed previously (5). Ammonium production in !'Oil was 
calculated by I!ub'tracting initial :\H,+-N values 'from NH.+-N 
obtained after incubation for 6 days. 

In addition,' NH,"-N was determined in duplicate on each soil ' 
after incubation under waterlogged conditions. The procedure 
of Waring and Bremner (7) wat! used but modified in the follow­
ing manncr. The incubation temperature was increll!Oed from 
35 to 40C, time of incubation was shortened from 14 to 6 days, 
and NH,+-N was not dctermined prior to incubation. These 
modification~ were made Iwcaul'e previous data showed (i) solu­
ble plus extrartahle NH,+·N from incubation pcriodR ~ 12 days 
had het ter predictive value than for longer periods, (ii) initial 
:-;H."·~ plus NH .. ··~ produc'cd during incuhation provided a 
he-tler index of N :w:lilllbilit.y to ricl: thlln NH,"-~ production 
l\lnnp, and (iii) temJ)('rnture in thc range of 25 to .J5C had little 
""fOCt on the relation of N availabilit~,. t" plant ICr,,\\'Ih even 
though NH.+·:-J production increased markedly with inrreasing 
temperature . A temperature of 40C \I'll.!' UHed to in('fea!Oe mea!!- ' . 

ureable amounts of NH.+-N from relatively small famples of 
soil (5 g). 

Values by t.he modified procedure reflect the NH.+-N preeent 
after incubation, which was composed of (1) NH."-N released 
from Of'ganic form during incubation, and (ti) that portion of 
NH.+-N preHent in soil prior to incubation, which remained in 
the soil in the NH." form during incubation. 

. Organic matter was determined by wet digestion' (modified 
Walkley-Black) and subsequpnt visual comparison of thl' ~"mple 
digept with known standards. 

RESULTS AND DISCUSSION 

Soil and Plant Cbaraeteristics 

Initial NH.+·N in rescrvrir seils was ahout fi\'(~ times 
greater than that in soils of other crop history Crable 2). 
Wher(' cotton was the prl'viotls crop, initial NH~+-~ was the 
least. Although soib from reservoirs contained more i'\H.+-N 
initially than other soils, during incubation they relea..<;ed no 
morc NH,+·N than soils from lesl~('za or rice fields. There 
\\'1'1'(>' no I'tatistically significant differences brtweensoils of . . , 
diff(,l'cllt previous hi"tury with rl'!'pcct til initial XO,--~~or 
pcrc<'Ot organic mattl'r. 

3 NH.+.N by the modified steam distillation proredlll'p "f " 'nr­
ing and Bremner was closelv related (Fig, 3)' to ~H.+·:\ as de· 
I f'rmined hy dis t illation afier extractiOl! with acidified. ~.aCl 
(r' = .84··). These data are of inte!'ellt 1'l1lce the steam dI8tlll,,­
I ion procedure is rapid enongh for Tontine testing of lI<.il" for 
illil i:Ll :\H,+·N contcnt or ;'I; H. "-N production' dUrlllg incubation. 

• Appreciatioll is cx pressed I" the ElllItem Arkansas Soil Testing 
:mel Research Laboratory, MI~riannll, Ark. for milking 1 ht'8e 
dell'rmilllltiolls. 

Table· 2-Me8n ulut'8·for plant and soil chars.('t .. ristics for t'ach of 5 previous crop histories 

Previo ... crop hiltory-""":"-

Cottun 
Rice ' 
Soybean. 
Resen'oir 
LNpedeza 

Average 

Initial 
~H.+ 

IIlg N/IOO /I. 

0 . 44 a·t 
.48 a 
.4S a 

2 . 28 b 
.511 • 
.84 

------_ ... ------ --------

Inilikl 
:-':0,' 

/til< 1\/100 II 
0 .62 a 

. .'i8 a 

.74 a 
.72 a 
.5~ a 
. 64 

~<. il ~ l'iulfRcteriltira 

t;·dav :\11.+ -1\' " :"'-Jh.ble + .Extract-
produC'tion ahle ~H.+-~ 

'lig 1\' / 100 II 
2 . 58 a 
~ . IS bc 
:l . S4 b 
5. 24 c 
.; . 12 c 
·1.20 

I) days 

In K ;\ / I00g 
3 . 02' • 
~ . f\6 be 
~ .24 b 
7 . 52 d 
;,.1;8 e 
5.02 

._---
O,.~anjc 
matter 

'70 
2 . 94 a 
a. 42 " 
:1. 44 a 
:1.08 a 
:l . 3S a 
:1 . 26 

Plant grmll.-th eharae-tenatNo? 
-

Dry X 
,...ilIht l1} .takt 

/I: / eaD nlg/ can 
9.33 a n .9a 

11.14 ab \l6 .7.b 
U . 95 be 101.2 be 
14. 15 cd 117.2 c 
15 . 02 d 125 . 2 c 
12 . 32 103.2 

• M~ follo"" ed by' the .. me Jetter or lett!""' ,,-ithin Nr), ('ohuun arE" not ai&nifiC'antlv differt·nt at the .r; perre nt 1(' \"('1 bv Ount'an 's ran~e test. . 
t Range of initial !\:11.'4 -!'oJ in eoil ,,' •• 4 to :?f1, (i to 18. I to 18. fi to HiS. aodS .to a:fk~ ' 1111. fo r cotton . .. ire. soyheans. reservoir. and leepcd(·7.R Jlrfwiou," y t"Qr rrop 

biatoriee, .... 8pt'Cti \·dy. 

Table 3-Linear regression estimates and coefficients of determination (r') (or the relation of soil test values (X) and weight of ~ taken up 
(Y) (mlf/ can) by Nato rice (rown in the greenhouse on silt loam soils of dill'erent previous ·crop history 

Re~reMjon extimates for th~ indica.tt!d soil test method. 
I'ro\';ouS Crop -----

hi.tory '7c orgllnir. nuttter 

Intcreept Slope " Int(>rf'Ppt :-O:lul le 
Cotton ~fi . n ZQ .7 . !IS !H." -27.7 
Rice 30 .7 :19. 1 . :!:!. I(~I I -~I(). ~ 
SoybeaN! 7 . 2 5H. 5 . 1:;- Ht; . J 11.0 
R.ervoir 21.5 li4 . 0 . :18·· 1111 . 7 !!8 . f • 
Lepede&& 157 . :.1 -IS .4 . ()2 115 . 7 HI.G 
All eoila 1:1.3 56.3 .lfi" JOI .n .; . 4 

• aDd •• significant at . 0:) and . 01 probabili t ~· Je\'c) •• r.epeocth,t"ly. 
t X espreMe<i .. mg N / IOO ~ lOil. 
: X expr_d u m~q Ca/lOO I lOil. 

" Interr.ept :-o'iopc T' 
. IS 68.~ 11I . li . 0.1 
.07 \/ 1.3 I:!.S < .01 
. 01 tiS . 7 S7 . ~ . 15 
. It 88 . 0 I" . :! 

. .28 ' 
. 04 9S .5 ,5U. ~ . 18 

<.01 93 . 5 14 .0 . H·· 

r. day 80luble + 
extractable N H.+ -:'\t 

Intercept :-;Iupe r' 
45. 7 10. 5 . 12 
47 . 7 10 . 7 .34' 
3 1.2 17 . 2 .53·· 
~S.2 12 . 3 .77·· 
18 . 0 19 . 1 . 3S·· 
45. 4 11.9 .52" 

InwrrclJt , ;o.:lol'~ · ':' 
11 2. i -11.1 . :1\' 
103 . :3 -2 . 0 < .(ll 
H!l . O -13 . 4 . :.!S' 
94.0 8 . 1 .09 

173 .2 - 1.;. 7 .as·· 
127 . 5 -7.2 .00·· 
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Fi,. 2-The relation of N uptake by rice arown in the areenboue 
and soil or,anic matter (%) content. E:rciudin, the two dots 
(®z and 0") marked with an s Crem the rear_ion rHUlted in 
a value Cor r' of .30. 
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Fi,. 3-The relation oCNH.+.N in soli as determined by the modi· 
fied Warin, and Bremner steam distillation pr"'ure and 
NH.+.N determined by acidified NaCI extraction and subse· 
quent distillation. 
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The average initial NH.+-N content of these reservoir soilS 
of lilt loam texture (55 kg N /ha) was about half that accumu­
lated in reservoir soils of clay texture flooded for about the 
lIIUlle lengths of time (4). The source(s) of this NH.+-N that 
accumulated during submergence is not known with certainty. 
It is interesting that the amounts in silt loam soils are sufficient 
W make a sizeable contribution to the N needs of the rice crop 
while the amounts in clay soils often are excessive and cause 
lodging. Since clay soils generally contain more N than silt 
loams and NH.+-N production under flooded conditions was 
significantly related (1 % level) w total N, (5), it is reasonable 
w &98ume that much of the accumulated NH.+·N was reI ased · 

. from native soil organic matter during submergence, · How­
ever, it is known that certain blue green algae fix atmospheric 
N and these may have been a source of N in reservoirs (3). 

The dry weight of plant material and N uptake by rice was 
greatest on soils from reservoirs and lespedeza fields and least .. 
on soils from cotton fields (Table 2). Nitrogen uptake from 
eoils d cotwn fields was only 60% of that from lespedela 
field!. The percentage of N in plant materials did not differ 
statistically among the cropping histories. 

Relations Between Plant Growth and Soil 
Measurements 

The linear relation of soil test values (X) and N uptake by 
rice (Y) revealed little variation in slopes of regressiun lines 
among crop hiswries for tests of initial NOa-·N, 6-day 
NH.+.N production, 6-day soluble + extractable KH.+·N, or 
exchangeable Ca (Table 3; Equation 1, Table 4). The 
variation in slopes among crop histmies was greater when 
initial NH.+.N and the organic matter test were involved. 
However, statistical analyses revealed nQ significant differ­
ences (5% level) among slopes within any soil test. 

Since the slopes did not differ among crop histories within 
. either soil test, data (or all crop histories were combined into a 
single regression of N uptake on soil test values (Fig. 1 and 2) 
for the organic matter and 6-day NH.+.N tests. Data of 
Fig. 1 indicates some curvilinearity but the coefficient for the 
quadratic term was not significantly different from zero. 

Ammonium N values after 6 days incubation for reservoir 
!'oils gl'nerally were higher but below the regression line 
(Fig. I). This indicates that plants were less responsive to 
the pool of 6-day NH.+-N in reservoir soils than W the same 
pool iu other cropping hiswries. The range of NH,+·N values 
in reservoir soils was 0.42 to 5.8 mg N /50 g soil. The range 
for the other cropping hiswries was much narrower with the 
range for cotwn soils being only 0.75 to 2.17 mg N /50 g soil. 

Data shown in Fig. 2 reveal two extreme values for organic 
rna.tter content and N uptake by rice. Eliminating these 
values frem the regression increased the correlation coefficient 
(rt) from .12 to .30. Noting these same two points in Fig. 1 
rewals that one soil had a relatively high organic matter 
content (2.5%) but low NH.+-N content (1.4 mg N /50 J!: soil) 
after incubation; N uptake on this soil was small (3.3 mg 
N Ican). The other extreme soil (Fig. 2) contained 1.2% 
organic matter, 4.5 mg N /50 g of soil after incubation and 
22.2 mg N /can was taken up by rice plants. Nitrogenuptake 
on these two soils was much more closely related to NH.+-N 
after 6 days incubation than to organic matter. 

Coefficients of determination (rt) were greater for ~D8 
involving NH.+-N after 6 days incubation in lOil thaD for the 
other tests of N (Table 3). They were also greater for 
reservoir soils than for other crop hiswries within lOil tests. 
This may be due in part w the greater range of soil test values 
found in reservoir soils than other categories in this particular 
study. Seventy·seven % of the variation in N uptake from 
reservoir soils could be explained by regression on 6-day 
NH.+·N values whereas only 12% of the variation in N uptake 
from cotwn soils could be explained by regression on 6-<1., 
NH.+·N values. However, regression estimates and co- . 
efficienls shown in Tables 3 and 4 reveal that exchangeable Ca 
may have influenced the uptake of nitrogen by rice in soils 
with crop histories other than reservoir. Exchangeable Ca · 
was significantly related to N uptake for the cotton, soybeal1, 
and lespedeza previous crop histories and accounted for 28 to 
38% of the variation in N uptake frem these soils. . 

Multiple regression analyses were made Wiing 6-day .. . · 
NH.+-N production (Xl), initial NH.+-N prior to incubation "·. 
(X 2), organic matter (X,), initial NO, - -N (X.), and exchange­
able Ca (Xs) as independent variables andN uptake by rice . 
(Y) as dependent variable for each previous year crup history 
category and for all soils combined (Table 4). Includirig 
initial NH.+·:N together with 6-day NH,+.K pl'oductioB 
improved the prediction in most crop history cat<'lrories and 
in regressions involving all soils, over that obtainM hy a 
simple regression of 6-day NH,+-N production valU('3 alune uo 
~ uptake. The effect of initial NH.+·N was greatNlt for the 
reservoir and lespeJeza categorieS and least for the ricC', cotton, 
and sO,\'bcan categories. In contrast, the effect of initial 
X03- -N was greater for the rice, cotton, and soybean than for 
rp8('rvoir and lespedeza categories when initial XOJ-·X was 
iru:\uded together with 6-day NH.+-N production alld initial · 
:\H.+·N in rl'gressions on X uptake. Including exchangeable 
ea togcthl'r wit.h initial NH.+-~ and NH.+-X produetion 
improv('(\ the prediction on aJ.l soils except tho;;(' from 
reservoirs. Orll:anic matter values in addition to 6-d&y 
:\H.+-~ production and initial XH.+-K did not im\lI'lJ\'(~ the 
-prediction in an~· · case. 

Coefficients (If determination shown in Tahl€';; 3 and 4 
indicate that a simple r€'gression of X uptake with 6·day 
soluble + extractable KH.+-~ provided prcdiction~ equal to 
those obtained by multiple regres.<;ions of K uptake with 
initial XH.+-N (X!) and 6-day KH.+-N production values 
(XI). 

In an attempt to furthl'r elucidate the effect of ea lin N 
uptake by rice, additional regression analyses were maol'. 
F~ing data of the previous study (5) in which the average Ca 
content of silt loam soils was nearly double that of So)ils in the 
present study, annlyses revealed that Ca was significantly 
related to grain yield (y = 4.59 - .20X; r' = .It)··) on silt 
loam soils but these variablf's were not related on clay soils. 
Further, in the present study Ca. was related W soil pH 
(y ~ 4.88 + .42X; r2 = .60··) for all soils where y is the 
estimated pH and X the meq of Ca/loo g soil. In neither the 
previous study nor the present was exchangeable Ca related 
to NH. +·N production during incubation ncr did iron chlorosis 
S) mptom~ develop on the rice foliage in any treatment. 

ConSf'quently, the activity of the microbial population 
ca.rrying out anunonification does not appear to lun·c been 



,: ... , ' "t'~ -':~-:.~ • ~ tt -,:":- :.. .. 
~.. ~ 

SOIL SCI. SOC. AMER. PROC., VOL. 31, ·1967 

affected by Ca. The lolw correlations obtained for N soil testa 
and N uptake oli silt loam soils more likely resulted from the 
influence of Ca on plant growth and N uptake. The influence 
of Ca may be explained on the basis of either CIl-NR. ion 
antagnni8m or a cation-anion balance phenomena occurring 
wh£'n XR,+-X wa.-.; the I>rt'dominant form of N for Ihe plant. 
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