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t A greenhouse pot experluent with flooded rice was conducted on 
110catviee silt loam to determine whether grain yields fritn several N 

sources wert. related to their rares of nitrification during the preflood
 
period. Of seven N fertilizers used, four of tben-urea, urea-amontm 
phosphate (CAP), auwoniwi palyp .iophate phosphate
(Al"), ant diammoau 
(t*)-for alkaline solutions in the fertilizer-soil reaction zone. The 
renatning three-nnoan--nua phosphate (WA?). amnoniun sulfate (AS), &ad 
anwooium chloride (AC)-foru acid solutions. 

in sail of FU 5.5. graja yields and N contents of grain were 
lower (ron alkallae-fornfut, as coupared to acid-foaming materials. This 
was protably because the alkaline naterials nitrified at a faster rate 
and, therefore, more nitra;e derived fron these naterials was lost via 
deat trification. biferences mgong N sources inireasd with increase in 
X rate and pTiod of incubation precediri flooding. In soil lined to 
PiH 7.2, lesigaln was obtained from AS than fromequivallent amounts of $ 
frou urea. In all cases, yielJ and N content of grain decreased with 
length of preflood incubation period, indicating losses of Y from the
 
system.
 

The results of this experiment are ioasistent with the observa
tion that In acid field soils, AS usually is eiightly nore efficient thin 
urea for dlrect-seeded rice. 
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iX(KRD ND OBJECTIVE
 

A reviev of the domestic and foreign literature on N sourceu
 
for rice indicates that urea often is les4 efficient than AS. 
Dissfnilar 
Sitrilcatiou rates nay be Involved in the apparent lower effective s
 
noted for urea. In an acid soil, urea oftena'ltrifies at a faster rate
 
than AS because urea forms an alkaline solution around the particle which
 
favors nitrifyinag activity. Similarly, depending on soil nitrifying
activity and ralte and node of fcrtilizer application, IAP and DP (alkal.ne
forning naterials) may nitrify fuster than AS, ACI, and HAP. 

Therefore, when either of these tw classes of materials (alka
line vs. acid-forning) is applied to soil 2-3 weeks before flooding, the 
chance for sigrpificant nitrate formation and subsequent denitrificatlou 
may be greater for the alkalini-foriag materials. 

For 4irect-seeded rice, flooding usually follows 10-30 days
after seeding and fertilizer application to dry soil. Fertilizer' usually
is broadcast and harrowed in, althoagh the practice of drilling the seed 
is gaining favor'. 

The objective of this experiment was to deternine wihether dis
sinilar nitrificall,,ion rates, as affected by X source, concentration, soil
 
pH, and incu.ationl before flooding, can explain sone observed differences
 
in efficiency aon& N sources for rice. 

IATERIALS AND ETHODS 

All materials except rAP and APP were prepared from reagent
chenicals pelletized at 10,000 psi, crushed, and screened to pass -8+10 
mesh. TVA pilot plant UP and APP were used after screening to the above 
size limits. .wmtv5ew silt loan (5 kglpot) vas !hued to pff 5.5 or 7. 
with a 2:1 nixture of CaO JC:P.SOs. These pO values were established 
17 days after nixing 01a of P as CFP, 40 mg of K as KSo.., 4id 50 ng of 
complete nicronctriec, nixture per kg of soil. Sapplesental anounts of
 
CSP were adde at the ttA Of 39 application to equalize P additiOns to a 
total of 500 na of P per pot. Xitrogmen treatnents were nzde before 0, 10, 
or 20 days of preflond iucubation at 2,/3 field capacity (13t aistlre).
All N fertilizers were placed in a layer 2 inches bclow the soil surface. 
Characteristics of the M sources used are listemtf Table 1. Only urea and 
AS were compared in the high pi series. All treatuents were replicattd
three tines except those with ureaiand AS, which were replicated five tises. 
Three replicates of the latter treatments were cropped after flooding, while 
soil nitrate after each incubatiou period :receding flooding was detevutned 
on the remaining re;licates.
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After the required period of Incubation, the pots were cropped
to Nato rice (12 plants per pot transplanted Septesber 16, 1969) 3 *eeks 
after germination in sand treated vith nutrient solution. Veights and X 
contents of ofgrain but not striv were determined at maturity. 

RESULIS A1, DISCUSSION 

Grain weights and X contents of rice grown in soil of pIH 5.5

and 7.2 are 
reported as the average of three replicates per treatment in

Tables 2 and 3 respectively. Resp'o" 
to X was marked for both pff levels.Further yield Increases probably 'v-..ld have been obtained at highei X 
rates. 
Yields and X uptake for both treated and control plants tuere
 
greatest ihen X vas added iamediately before flooding. There vas a pro
gressive dezllne in yield with length of incubation period. This.is con
sistent vith the vieu that nitrification during incubation under aerobic
 
soil conditions is follwed by denitrification after flooding.
 

Fig. 1 gives a plot of grain yields at either X rate vs. N sourceafter 0, 10. and 20 days incubation in soil of paE 5.5. The N sources were 
arranged so as to make a linear plot of X source with yield. This plot

also corresponds to their arraneaent froa left to right in approximate

order of decreasing nitrification rates in acid soil, 
as expected on the

basis of previous observations. 
Certain trends art apparent. For both 3
 
rates there was essentially no difference a=ong X sources 
 ben they were
applied inmediately before flc1ng. When applied 10 or 20 days before
flooding, differences anonS N sources appear as functions of both period of 
incubation and X rate. 

In acid soils, differences mang N sources vith respect to

nitrification appear wben 
 either the X rate or the disposition of M fe
tilizer particles in soil are such that alkaline cr 
acid nicroenviroaments
 
persist in the fertilizer-soil reaction zone. 
At the 400-aig rate, urea.
 
UAP, APP, and DP are expected to nitrify at a faster rate than AS and AMl.
Nitrification followed by denitrification lowers the available 3 supply and
thus yield. Lowr grain yields were obtained for the alkaline-forming mate
rials added at the 40 07Mu rate 20 days before fl'odin;. The same general

trend, but to a 
 much lesser degree, vas obtined at the 200-tag 15 rate. At

this Iwer rate, nicrosite effects on nltrif.cation are less pronounced.
 

An exception to the aboie trend is MEAP, the nitrification of which 
has been found in previous studies ?to be not entirely predictable. This is
perhaps due to the comparatively low X content of AP1and the resultant 
salt effects at high rates of N application. 

Nitrification in soil appears to proceed at the mest rapid rate
wben the cosbination of N source, rate, and dlspostlona s well as soil 
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factors results In a fertilizer-soil reaction of p1 7.2-7.8. Therefore, 
one vould ezpect diiffereni aRkaiire-forming Materials to nitrify at dif
ferent couparative rates, depending on the extent to wich each fertilizer
soil nicroenvl31e1nt approaches the optfiuw conditions for nitrification.
In acid soils, the alkalfne-forning materials usually forn a &icroenviroa-
Meat which Is nere favorable for nitrification than acid-forming oes.
Table 3 gives results uhich sbov that nuch more nitrate uas forued during

the preflood incubation period fron urea than from AS.
 

In soli of high p, urea nitrifies at a slower rate than AS hwea
 ever the coination of 3 rate and disposition creates a urea-soll r~eaction 
zone Ethat is too high for rapid nitrification. Oa the other hand, the
nitrification of AS is favoredtial nitrification by the higher soil pH1. Again, the differenretes of urea and AS are reflected in the grain yields 
of rice grom in the Mountview soil tined to pI 7.2 (Table 4). The faster
 
rate of AS nitrification during the preflood period resulted in lower yields
from AS. 

The ,el~tioaships betweeu soil pHE, period of prtflood incubation,

and X source are apparent from Table 5, which gires grain yields and 3 
contents averaged over two rates Af AS and urea N applied to soil of pH1 5.5
and 7.2. 

Total X in grain (Tbiles 2, 4, 5 and Fig. 2) followed the trends 
established for grain veights but the results 6ere less consistent. The 
apparent recovery of 5 in grain is presented in Table 6. Without incuba
tion comparatively high recoveries were obtained, averaging 572 and 602 for 
the soils of FU 5.5 and 7.2 respectively. with incubation, the recovery
decreased rather narkedly for both soils. 

The results of this experla nt validate r! hypothesis that
differentizl nitr'ficaticn of different 3 sources acded to direct-seedal
 
rice is related to Vield responses to these fertilzers. 



Table 1. Characteristics of X Sources Used. 

rotal x Acid- or Alkaline-
Source 2 Forstca 

Urea 46.1 Alkaline 
Urta Imm phosphate (Wt) 38.1 Alkaline 
Am m polypsphate (APP) 15.2 Alkaline 
Dblmmmimu phosphate (It) 21.2 Alkaline 
Moommooium phosphate (AP) 12.2 Acid 
ALomoem sulfate (AS) 21.2 Acid 
Ammonfun chloride (ACI) 26.2 Acid 

Table 2. ice Grain Yields and X Contents, As Affected by X Sources. Ratem, 
and Incubation Prior to Flooding (Omncviev sll, pHl 5.5). 

says iJbba. Ion 
10I 20 o 20 u Rate of N Grain Weight Grain N content 

Source u/not &/got ne/sot 

Alkallue-foral n sources 

Urea 200 21.3 17.7 13.1 319 229 176 
400 28.6 26.3 19.5 446 347 251 

UA? 200 20.5 17.1 13.1 331 224 168 
400 30.1 26.3 18.7 431 337 245 

Dip 200 21.3 18.3 12.2 293 240 l0S 
400 28.6 26.2 22.2 403 360 264 

APP 200 21.4 18.8 14.1 300 251 178 
400 29.4 26.3 21.5 423 173 267 

Acid-forning sources 

AS 200 20.6 18.0 14.1 316 23; 185 
,400 28.2 28.0 23.0 415 35- 289
 

ACI 200 21.7 18.6 15.0 266 238 186 
400 29.5 27.5 24.3 403 354 286 

MAP 200 22.2 18.3 13.5 306 252 190 
400 28.6 26.9 e1.9 426 379 293 

No, x 13.1 8.6 7.7 197 138 122 

Note: Analysis of variance of yield shoes highly significant effects of 
source, rate, incubation, and source-by-incubation interaction, 

....... ..... -----...
 



Table 3. 'Xitrate Form During Preflood lacubatio Period 
in mUtveV sil of pl 515. 

SRate of N Days Incubation 
Source ta/pot 10 20 

Nw0- at tine of transplanting 
.6/pot 

Urea 	 200 110 200 
400 130 330 

AS 	 200 75 135 
400 60 135 

3. - 65 	 75 

Table 4. 	Rice Grain Yields and X Contents, As Affected by N Sources, Rates 
ind Incubation Prior to Flooding (3funtvieu sil, pH 7.2). 

Days IncuLation 

N 
Source 

Rate of N 
wre/pot 

0 10 
Grain Uleiht 

1lpot 

20 0 10 
Grain N Con

aslpot 

20 
tent 

-

Urea 	 200 22.9 16.8 19.2 332 217 229 
400 30.0 27.1 28.5 454 327 339 

AS 	 200 21.9 18.b 17.8 317 224 210
 
40 31.0 24.6 24.0 451 295 277
 

No , 	 15.6 12.9 12.1 217, 166 159 

Table 5. 	 Grain Yield and U Content, As Affected by Source, soil VUE, and 
Incubation Period (Averaged over Rate). 

PH 5.5 PH 7.2 
0 10 20 0 10 20 

rain vield, alpot 

Urea 24.9 22.0 16.3 26.5 23.0 23.8 

AS 24.4'k 23.0 18.6 26.4 21.7 20.9 

W content. wlpot
 

Urea 	 332 288 214 393 272 284 

AS 	 366 295 237 384 260 24
 



7able 6. A2 aretRj-v -, N"ir -,rin, As Affec:tI by. S ource, 

Source __________ _" 20 

10rea 63 5 36 61 .L0 45 

LAP 62 52 36 

52 58 39 

APP 57 626 

AS 57 56 ,6 59 35 31 

AC1 50 56 

NA p 58 63 4,7 
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Fig. I. Grain yield of rc. as o fec? d by prel lod incu uti ion, source, and rate of N (PH 5.5). 
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Fig. 2. Tota l N cotiltt'n of tpattm, n. jf 1e-t, t,' p.t,,lomc ,ncubation, source, and ra 
of 'I (plH 11 1)., 


