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Rotations

~grain and straw yields equivalent to those obtained
~inthe alfalla-wheat cropping system, Cousidering the

- low y of alfalla and the velatively low cost of fer-

tilizer N,
duce cffects ove
to be competitiv

In samples taken in 1966,
slightly higher organic matter a3
stability on the alfalfa-wheat plots th
tinuous wheat plots, but found no diflerente
bulk density. (Tanchandrphongs. Seri. 1967
fect of different wheat land soil numagempt practicc
on bulk density, aggregate stability, ay orgaitic mat-
ter. MS Thesis, Oklahoma State U fenity.) So long
as yields can be maintained througdf use of N ferdlicer,
and alfalfa has only limited eMcts beyond supplying
N, there is Jitde justiticyigh for use of the alfalfa,
wheat system,

The N deficicncy i the grasswheat systemn possibly
masked any hegeficial cffect that grass might have
had on wheatSroduction. However, results obtained
in the alfalffwheat rotation indicate that unless grass
has sompeflect that alfalfa does not have, even with
ate N, a wheat-grass rotation will not outyicld
adequately fertilized continuous wheat.

thesglfalfa-wheat system would have to pro-
d above the wheat yield ellects
¢ with\ye continuous wheat system,
pchandrphongs found
Qraater aggregat

n the ¢
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.. Continuous wheat with added N fertilizer gave ‘|,'1;;.,1,c,-' S. A, 1030, -

ASH ®A@A) §6-69
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Iron and Zinc Response of Chlorotic Rice Grown on Calcarcous Soils'

D. G. Westfall, W. B. Anderson, and R.J. Hodges?

ABSTRACT .

Iron and Zn source and rate experiments were carried
out in the ficld on soils where rice (Oryza sativa L.)
“grain yiclds ‘had been reduced drastically in previous

years by seedling chilorosis,

Soils where scedling chlorasis oceurred were higher in
- PH, HCO, and Ca content and lower in Fe and Zn than

adjacent soils where normal growth occurred. Tron sul-
fate, alone or in combination with 7n80,, was the most
elfective in correcting seedling chlorosis, A maximum
yield increase of over 2,100 ko was obtained with the
application of 100 hg/ha of Yo (lrom Fe (80,).). Oiganic
sources of Fe and Zn were less effective in correcting
scedling chlorosis and producing yiehl jucreases,

Additional index words: Micronutvients,

ICE, Oryza sativa L., grown on calcareous soils in
the southern US Rice Belt has been plagucd witli

.

chlorosis for a number of years. “This condition ap-
pears during the second to {ourtls leal stage ol growth
causing scedlings to hecome unthrifty and Irequently
to die. Flooding the ficld scems to aguravite the chilo-
rotic symptoms in alfected arcas: however, plants
which survive will veeain color. vigor and produce
normal pavicles, Yield loswes of PRt o vedyeed

Slulidished ay Ve Vet o U UL ST TARTIRT
of the Diteetor, Tesas Agriveluoal Eaporient Sttion, Pre.
sented belote Div, 852, Soil Sci. Soc. of Amer, Detoit, Mich,,
Nov, 10, 1969, Received Dot 5, 1070,

AWML Professur, ‘Texas AdM University, Apricalineal Re.
search smd Excension Conter, Brasimeont, Fexas TrTO08 Asistant
Projesor il Agronomist, Teaas A&l Univensity, College St
i, Lexas 7intd, . .

e

lant population and delayed maturity, have occurred
in chlorotic fickls. ‘The area within a ficld affected
by scedling chlorosis is variable and may range from
less than 1 ha to several hectares. 'This abnormal
growth condition has been observed to occur in two
different soil situations: (2) where land leveling re-
moved the surface soil containing accumulated micro-
nutrients, and (b) on undisturhed soils with naturally
occurring high pH and CaCOy content.

Chlorosis of rice that is attributed to micronutrient
deficiencies in submexged soils is not fully understoad.
Brown ct al. (1) found that Fedeliciency chlorosis
under greenhouse conditions was overcome when cal-
carcous soils were flooded, That finding is contrary
to observations in the fickl hy the present authors.
Brown et al. (1) attributed Fe-deficiency 1o antagonis-
tic effects of P and Cu on Fe uptake and wtilization.

On nonsaline alkali soils, clilorosis of rice under
submerged soil conditions was ohserved to occur whien
the first true leaves were formed (3, 5). The plants
becamie more chlorotic with time and eventually de-
veloped dirk necvotic spots on the leaves. Plants gen-
evally died within 1 10 6 weeks, resulting in complete
loss of stnd, High vires ol FeddSO0N: (110 1o 560 ke
D) were the st succealut teenmrents in coryeninm
the chlorotic conditions. Svils with higher exchange
able Na required Luger amounts of Fe to corvect the
chlorotic condition (5).

Plice and Adams’ (9) reported that chlorosis of
seedling vice was corrected on calercous soils in 6 of

13 Jucations by applicadon of 112 e 336 hg A of
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e hom LFey(80g)s Lack of consistent correction of
iz chlorotic condition was attributed to the presence
. soluble salts and high amounts of Na in some soils,
j he occurrence ol chlorosis was more closely corre.
saed with the soil pIT and exchangeable Ca than with
ather routine soil test pavameters (1), Place (8) at-
winied chlorosis of seedling rice 1o 1JCQ; vievler-
e of Fe utilization and to an adverse Fe:Mn ratio
ander submerged conditions. Internnttent, draining,
o avoid continued submergence, alleviated the chlo-
witic condition to some extent.

Peterson and Sedberry (7) reported erratic occur-
ance of “browing” which appeared one scason but
ited to appear the next. Application of Zn or S
auvsed yields significantly.  However, “hronzing™
appeared later in plant development than doces seed-
e chlorosis reported hiere,

‘The purpose of this study was to determine if seed-
ter chlorosis of rice could be corrected by the ap-
dlication of Fe and/or Zn on undisturbed soils with
saavadly occurring high pH and CaCOy centent.

MATERIALS AND METHODS

Liehl experiments weie conducted for 2 vears at different
tations on Lake Chiles day soil in the “Fexas Gulf Coast

tee Belt. Severe chilorosis had vednced vice vields in previons:

wos ot the selected sites. Rice coltivar *Dawa’ was planted in
cad o CBluebelle® in 1969, Micranutvientr treatments were
suelost on L8 ¢ Glan plats alter sceding and lightly in-
crpotated into the soit with o hand rake, Treatents were
Cevtated four times, Analvsis of the fortilizer arade T'e, (80,
b 1eSOy showed the presence of trace wmmounts of 00N HCI-
wiuble Zn (0395 and 006925, The ZnS0O, matevial contained

“,uf 01N HCEsoluble Feo During the prowing scacon a total -

splication of 1554712 ke/he of N-P-K was applicd the fiist
caead 13421410 the second yea,

Composite soil samples from the cilmosis arveas and adjucent
weztnal vice-producing arcas in the same ficld were taken during
sothad prepasation ar 0 1o 15 cn, diied ot 55 C and ground
Srpassa 2emin sieve, The K, G, Mg, Navand Mn were extracted
sHeLLY (NTRYOAC (pH L2y and /i amd Fe with DPPACTEN
9ot Licdsay and W, A, Nonvell, personal connnunication).
Voasphorus was extiacted with dilute acid-Tuoride and analysed

wometrically (6. ’

Pt sumples were colleaed from the most recently matured
-3 at the ulleving stage of growth, dried at 70 C, ground in a
~aidess steed mill o pass i 2-mesh sieve, and diy-ashed, Cation
<tihyis on the soil extracts and tissue sinples wis determined
TECan atomic absorption spechiophotometer. hosphorus in
' A"il\l\“ﬁ’ samples wos determined by o molvbidenum  blue

caly e

Hhe €Oy, HCO, and E.C. (elecvieal conductivity) weve deter-

el onsaturation extracts (11). The pl of soil pastes was

couted with glass-calomel electiodes,

seenter portion (0.9 2 149n) of the plats was hand harvested

.l]ll\'\hl‘ll with 2 Vogel thiesher, AMier deaning and drying,
~ ol yough rvice vere detennined and ave reported o0 a
© mobture basds,

Bancan's Multiple Range ‘Test (5%, level) was used to deter-

© slatistieal ddifferences,

RESULTS AND DISCUSSTON

Soil Analyses

hanical analyses of soil samples collected from
“iwo experimental arveas where seedling chlorosis
“ed and frow adjpeent weas of ol ) lee
Crare presented i Fatl e oy 0 e aiteerd
"" V'\'l‘]';ll Tttt gy ey bttt P were
oty diflerent trom the normal situation, Vhe
Cealues of soils where scedling ehlorosis occurred
S o 06 10 08 units higher thun the pil of
ltom noymal growth aveas, The G concentra-

.
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Tuble 1, Soil anulysis results from areis of chlorotic and noynial
rice growth,

Coltlvar wnd area pll KC €a Mg Mn Na K B Fe Zn €O, HCO,

Dawn (1948) mmhas/em ppm.
Scedling chlorosts 7.8 0,90 11,370 452 2% 124 140 16 13 4,7 0 104
Normal growth 6.7 0,92 4,430 678 32 137 231 26 46 127 0 39

Bluebelle (1969)

Seeditrg chiorosts 7.4 L& 11,070 370 16 71 337 16 16 LT O 59
Normal growth 68 1.33 4,20 S48 30 296 162 18 2 3.2 0 b3

tion was approximately 2.5 times greater in affected
soil than in normal soil; no significant wend in E.C,,
Na or P was found. The Mg, Mn and K concentra-
tions were fower in chlorosis-affected soils as com-
pared to normal soils. Bascd on data showing a lack
of yicld increases from muerials supplying these ele-
ments (1. G, Westlall, W, B, Andersou, R, J. Hodges
and N. S. Evatt, unpublished data), it is concluded
that Jack of Mg, Mn or K was not a limiting growth
factor. No trend in the Fe:Mn ratio was evident to
suggest the existence ol an adverse FesMn ratio that
might affect scedling growth,

A marked dilference in D'TPA extractable Zon and
Fe was observed between soil where ¢hlorosis and nor-
mal growth occurred (Table 1), Extractable Fe was
lower where scedling chlorosis occurred in both ex.
periments. Zinc levels were also lower in soils from
chlovotic arveas than fromy normal areas. However,
there was a Imge diffarence in extractable Zn between
the two experimental sites, and the normal level of
one was lower than the level where scedling chlorosis
occurred in the other. ‘This same anomaly has been
cncountered in soil analysis data from other areas
with Fe as well as Zn. For this reason, it is difficult
to set an absolute value for a soil test rating. "Lhis
suggests it may be more meaningful o analyze paired
soil samples from affected and normal growth areas
and evaluate them on a comparative rather than on
an absolute value of Te or Zn. Cuwrrent soil tests are
inadequate to measure and predict Fe and Zn avail-

< ability under these soil conditions.

The IICO; content ol saturation extracts was cone
sistently higher from the scedling chlorosis area than
from the normal growth arca. Detrimental effects of
HCO; on the growth of rice has been reported pre-
viously (4, 8, 10), but no agreement cxists on the ac-
tual mechanism of its antagonistic cffcct on growth,
It is generally concluded, however, that HCO;3 plays
a part in Fe uptake and/or metabolism,

Similav differences in pH and concentrations of Ca,
Zn, Ye and 11CO; have Ueen observed between other
chlorotic and normal rice-producing soils.  Utiliza-
tion of comparative values of pH, Ca, Zn, Fe and
ITCO; has proven successful in determining where a
response (o applications of Fe and/or Zn will occur.

Micronutrient Responses

Visual ohscrvations of young vice plants indicated
that only the highest vites of TFe sullate, alone or in
combination with 7o, had o benelicial effect on
wrowtl, Youny scoedlines maintined theiy aereen color
sl tillered pronsels in hoth expevinienis. Plane pop.
ulations were 1educed as much as Y095 by treatments
which did not contvol seedling chlovosis,

Plants which smvived to the d-eal stage of growth
appeared to outgrow the chlorotic symptoms,  Even

2
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though chlorasis disappeared, plamts which had heen
affected in the scedling stage matured several days
later, weve shorter in height, and had lewer tillers
than plants not suffering from secdling chlorosis,
Leafl samples ware eollected for tissue analysis at
the tillering stage of growth  Since no significant dif-
ferences in nutrient clement levels were evident, only
representative data e presented (Fable 2), This lack
of inlluence on nutrient eontent was quite unexpected,
particularly where high rates of Fe and Zn wiere ap-
plied at sceding, about 35 days helove sampling. Fail-

ure of plant tissue to reflect applicd Ve and Zn casts

skepticism on the validity of rice fertilizer recommen.
dations based only on plant analyses. Nevertheless,
the visually observed response to high rates of Fe and
Zn carly in the prevention of chlorosis and mainten-
ance of plant population was substintiated by signifi-
cant yield increases (Tables 8 and 4).

The maximum grain vield of 4,670 ke/ha was ol
tained with an application of 112 kg ‘ha of Ye plus
121 kg/ba of Zn (Table 8). Signilicant grain yield
increases were also obtained from a hish re of e
and from a lower combination rate of Fe plus Zn.
"he low rates of Fe or Zn did not significunly inaease
vields,

The following year the number of Fe and “n teal-
ments wsed were increased to include eSO, and or-
ganic sources (Table 4). The maxirum grain yield
of 4525 kg/ha was obtained with n application of
100 kg ha of Fo (from Fey($Qy)y). Comparable yickl
responses of the higher rates of Feu(50.),; and FeSO,,
botli in combination with ZnSQ, or alone, indicate
that T'e.(SO,)3 and FeSOy are equadly effective where
seedling  chlorosis exists. At the tillering stage of
growth, plants in the plots that received FeyS0,);
were grecner in color than those that reeeived FeSOy.

Contamination of Zn in the Fe sulfates and Fo in
the ZnSO, probably plaved a part in correctiiz the
micronutrient deliciency. Its actual significzice was
not quantitatively known, but since yields from low
rates of Fe/Zn sullate were comparable with high Fe
“sulfate alone, a deficiency of Fe and Zn was indi-
cated. Some acidification of a soil may result from
addition of Ye sulfate (11). This undoubtedly oc-
curred with the high rate used, and possibly increased
the availability of native Fe ana Zn. Tts significance
to yield is ditficult to determine but may have affected
the results.

Two Zn poiyllavonoid materials applied at equiva-
lent rates of Zn resulted in a yield response from Zn
polyflavorsid wmaterial A but not from polyflavonoid
material B, "This indicates a difference in availability
under these soil conditions.

The Zn-Y'TA was applied alone and in combina-
tion with Ye-EDDHA, which is more stable at high
soil pIT values than any other Ye chelates, “The results
wore compared with diclated Fe and Zn from N'T'A
finitoniacetic acidy (Puable 1), Noosignificant dif-
A LT TR Ty

S aaquate st shodkd Tae e bean applicd by
the (NSO, N fertilicer sounee, any S aesponse
from e o Zay sl fate wonld he doubtfal, Also, pre-
vious yescarch I;?' the anthors has revealed that a re-
sporse to 5 apphicd at seeding s not obtained.
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Table 2, “Tissue anadysiv of the most recandy mataved leaf
collected at the bate tilleving staze of prowihr from seleetad
treatments in 1969 (cultivar ‘Bluehelle'),

Freatmont K " Ca My b Mn  Zn Fm

i e F e e

59 Feyf<y), LUl 027 0 0B 1N sy
250 Fey(30)y + 13,5 2080, LEL W2 02 035 32l 3 s
Cheek . LA 03 030 b2 U8 w gy

Table 3. Influence of Fe amd Zn on the yield and matwnity of
rice grown onan alhaline soil in 1968 (Cultivar ‘Dawn’).

Beluilve
Treatment Matertal FElemeaial Yidd maturty
PRI V. 75 Y - — -days

Fey{30,3, + 7050, S60 +31.6 M2 Fe v 12170 4,670 9
Feg(#,) 560 12 Fo 4,440y 4
Fayf20 1y 4 7260, w0412 5 Fe 44 7n 4,35 ah ]
Feylauy), 209 5 Fe 3,1 Lhe 2
7850, 216 12,1 Zn 3,050 be s
7550, 11,2 4 7n 3.0 e 4
Chedk [} (] PRALEY 0

* Luacan's Multlnle forgs (5 ),

Table 4. Influence of Fe anmd Za on the yield of rice grown on
an alkaline soil in 1959 (cultivae Bluchelle),

Treatmicrt Mottt Flerental Yiald
bg/m

Fey(s0a sy pN] . 300 Yo 4,30 08
Fe30, + Zn s, 2% 4105 ST be 44,97 3,939 ab
Fey(5u,) + 7050, 250 +13,5 53 be 4.9 ¥n 1,937 ol
Fea 53, ¢ 7%y, 16 +13, 8 20 Fe 44,9 7a 3,748 1he
res0, 0 100 Fe 3,718 :hey
7n Poly* 16,6 27n 3,523 Lede
FefD, 4 4us0y, 100+14. 8 WFet4. Y7 3,453 bede
Fe-EDDUA 4 Zr-FDTA 6.3341,76 0.5¥e10,257u 3,354 bede
7n-NTA-2 13.8 17n 3,377 beudet
7rsn, 14 Zn 3,143 edel
Fo-NTA-2 5 Zn-YTA-2 6,4143,17 0.5Fe 402870 A, M2edn!
7580y 4,97%n A,(45 cda!
Fo Paly + Zn Pyipe 8.29+4. 14 1V¥e +0.%2n 3,07 ot
Zr-EDTA . 17n 2,924 defg
Fe Polv 4 Zn Polyt LI¢S 1Fe40.87n 2,730 el
7n Pyt 20 2%n 2,503 e
Chees ¢ 0 2,19p

"'l;ofyﬂ:\‘.':rc!d materlal A, ¢ Poly{lavonold materlal b, 3 Dunen's Multiple Hange
7).

Considerable variation in date ol waturity was ob-
served among treatments. ‘Uhe Fe and Zn combina-
tion treatments matured 8 and 9 days before the check
plot (Labic 8). Application of Fe or Zin separately
enhanced early matarity irrespective of a significant
increase in yicld, Maturity ratings were not wmade in
1969, hut vends similar to 1968 were noted. “Lreat-
ments which gave a significant yicld response, partic
nlarly those contitining Fex(8O,), FeSOy, and ZnSOy,
matured before other trearments,

Early suaturity can be very important if a ratoon
(second) crop is to he abiained the same erowing sea-
son. In the Gull Coast Region, low temperatures and
reduced sunlight in the fall are major Tactors which
limit yiclds of the ratoon crop. An carlicr matwvity
of 7 10 9 days on the {irst crop can result in as much
as a 10 1o 157, increase in yield of the ratoon crop
(J. W. Stansel, personal communication). Conscquent-
ly, this cavlier maturity gives an even more pronising
potential under a ratoon cropping system than for i
first crop only, as reported in this paper.

SUNMMARY

Soily wheee vice ceedtae chlorosis orcured  were
higher do pll, Gicaed TICE, wodd Tower in Fe ared m
thim soils where normal growth oceurred, Compari-
son ol these values between chlorotic and normal soil
arcas has proven successlal in detenmining the need
for Te ind 7,
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Paraffin Oil and Granules as Carriers for Trifluralin’

D. N. Weaver, R, E. Meyer, and M. G. Merkle?

rd

ARSTRACT lengthen the persistence of trifl
face. X losses of trilluralin [y

alin on the soil sur-

1 the soil surface could

This study was\¢ondudied to determine the effects of

the curtder on the Nahility of tiflurddin (aa,a-triflusro- be reduced, the wer wouldhave more flexibility in
2dinino-N,N-dipropNep toluiding) at the soil surface, time of incorporation fgrcither ground or ucrial ap-
hifluvaling concentratidgs were deteaminel with o gas lications

ratiie IHEALIBG - were .plications.
thiomatograph equipped\with an clectvoncapture de- :
tter, In the Labotatory, Sore trifGnadin disappeared AR of > \ Y .
frome wet soil (8097 Jiedd cap{y) after 91 howrs when MATEBAALS AND.MLTHODS
applicd in water than when appPRed iy poaltin il At Effects of Soil Moisture on the Persistence of Thifluialin A p-
M 2000 fiedd capacity there was T dif Gerence heiween Hied in Water fr Pavaffin Oil. We placed 50 g of Miller ¢lay

the caniers. Vapor sanpling experdngats shawed  no il in PyrexAeni dishes and added water as neecesry to pive
dercetable volatihization of tillurabin howg air dry suil moisture gitents equiralent- 1o O qair dey), 20, and 80¢, ticld
wee a D hour period e 38C, and conlivend that JTess capaeityZNI samples were sprased with 1242 kgoha (1 Ih/acre)
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