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Experimental applications of ferric 
sulfate to nonsaline alkali spots in ricc 
fields have greatly increased y ieltls. 

Failure C J F  rice in  alkali spots-limited 
areas within otherwise productive fields 
-has bcen a prohlern for a number of 
years. I n  some instances. the spots are 
on soils that are clearlj alkali and where 
other crops such as harlcy. sugar bects 
and safflower also fail. In different spots. 
nonirrigatrtl barley ant1 other crops gi ow 
reasonably well, but rice dies when 
planted in the same area&. 

However, in the fall of 1953 almost all 
the rive d i d  i n  R firld O I I  ;I ratic.h eight 
rriiles south of Grimes. Ody a strip of 
excellent rice cxisted along the course 
of a narrow slough meandering through 
the field. Normal growth of previous 
crops of harlej on the same land had 
been reported. Preliminary examination 
of the soil where the rice had died 
showed no appreciable salinity because 
the conductancc was 1.23 niillimhos per 
centimeter. much below the 4.0 valur 
considered t o  he the lower limit of sa- 
linity. aeither was it an alkali soil be- 
cause i t  had only S: i  exchangeable 
sodium as compared to the 15%- coin- 
monly used as threshold value. 

Soil Samples Tested 
Samples of the good rice soil and of 

the had rice soil were taken to Berkelel 
for nutritional studies in the greenhousc 
arid for rheiiiical ana&sis in  the lahora- 
tor). The standard fertiliti assay for 
nitrogcri, phosphorus and potassium was 
set up in the greenhouse in the spring of 
1954 on both good arid had soils. Half 
of the pots in each treatment were 
planted to barley and half to rice. 

Harley plants grew well in the surface 
foot of both types of soil, showing only 
a nitrogen deficiency in the good soil 
and nitrogen and phosphorus deficiency 
in the bad soil. 

Rice plants grown under flooded con- 
ditions germinated well in both good and 
bad soils. In the good rice soil plants 
showed only a slight response to added 
nitrogen. I n  the bad ricc soil plants 
rapidly he.c*anne chlorotic and within five 
weeks nearly all died. regardless of fer- 
tilizer treatmrrit. When not flooded. the 
rice plants remained alive on the bad 
soil. 

Effectiveness of 500 pounds per acre of ferric sulfate broadcast on a rice field 
just prior to planting i s  shown by the vertical strips through the field. The carry- 
over effect from treatment the previous year i s  shown by the horizontal strips 

crossing the vertical strips. 

Sirice n o  major nutrient was respon- 
sible for rice failure, foliage sprays with 
the several micronutrients M eie made. 
Repeated sprays with iron tartrate caused 
a greening of the plants grown on the 
bad soil. 

Soil treatments M i th  frri ic. sulfate. 
fer ric tarti at(. and Versenol. a coinriier- 
cia1 product containing 4 ' (  iron de- 
rived froin an iron salt of ti t:EL)TA-- 
hytli oxyethy I ethylene diaininrtriacetic. 
acid-kept plants green and healthy. 

Later greenhouse studies showed that 
iron deficiency did not occur if the soil 
was acidified prior to planting. The 
studies also showed that surface broad- 
cast treatments with granular ferric sul- 
fate gave correction at lower rates of 
application than did finely ground ferric 
sulfate mixed with the soil. 

Field Tests 
Field treatments were begun in Colusa 

County and adjacent areas in Yolo 
County in the spring of 1955. Soil treat- 
ments were made with iron chelates, 
commercial agricultural ferric sulfate- 
21.054 iron-at 1,000 and 2,000 pounds 
per acre and technical fcrrons sulfate- 

19.976 iron-at 1,000 pounds per acre. 
Al l  materials were broadcast upon a 
rough clodd) seedbed. The field was 
flooded and seeded immediately follow- 
ing treatment. 

Rice germinated well throughout the 
entire area but bcgan to turn y c l l o u  and 
tlir Ira\ es floated upon the surface of the 
Matel after about a month. In the areas 
treated with ferric sulfate. ferrous sul- 
fate and Vcrsenol i i o r i  (*helate, rice re- 
mained green and continued to grow. 

By mid-June many of thr plants in 
the untreated area had died and open 
water remained. with some few plants 
surviving. Thebe remaining plants re- 
covered in July, tillered well and madr 
a fair crop. At maturity. cut quadrats 
showed that the yield had been increased 
froin about 1.100 pounds of rice per acre 
to oker 3.700 pounds with the applica- 
tion of 2.000 pounds ferric sulfate. 
Where 1,000 pounds of material was 
used ferric sulfate gave a yield of 2,800 
pounds, ferrous sulfate 2.500 pounds, 
and Vt'rsenol at 800 pounds per acre 
gave a yield of 3,000 pounds rice per 
acre. The rcsults of this first demonstra- 
tion showed clearly that the failure of 
rire to survive was related to an iron 
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Summary of Tests with Ferric Sulfate to Correct Iron Deficiency of Rice 

Alkali-saline status of soil prior to planting Location Yields of rice with ferric sulfate 

Applications-pounds/acre 

None 250 500 1000 2000 

good good good 

Salinity ECe Exchangeable County year pH values Alkali-salinet 
classification 

Paste l:lo dilution millimhos/cm sodium, Yo 

6.6 0.46 2 Glenn 1958 good . . .  
7.0* 0.93* 4' Yolo 1953 good . . .  . I .  

7.5 0.61 6 Glenn 1958 4758 . . .  5076 4740 4542 

1.18** 3 Yolo 1958 1625 1937 3583 3792 . . .  

Nonsaline 
Nonalkali 
Normal pH 
Nansciline 
Nonalkali 
High pH 
Nonsaline 
Near-alkali ;:; 
High pH 
Nonsaline 1 
Hiah DH f 

8":9". * 1.23 5'* Yolo 1955 1132 . . .  . . .  2827 3765 

... fair good good 
9.3 2.05 11 Glenn 1958 2236 . . .  3072 2551 2854 

9.4 1.85 39 Colusa 1956 200 . . .  4577 4340 3565 

? 1.30 15 Glenn 1957 poor 

Alkali 10.0 2.20 34 Colusa 1958 5 00 900 1900 2300 . . .  - .  
Saline 
Alkali 1 8.9 10.1 4.80 66 Glenn 1958 1410 . . .  1698 1932 2058 
High pH J 

~ 

t Saline: Conductance over 4.0 millimhos/cm. Alkali: Over 15% exchangeable sodium. 
*,** Analytical data an samples of good* and badx* rice soils which gave the first iron responses in the greenhouse in 1954. 

dcliriency, and could be corrected by 
applications of iron sulfates-as well as 
b j  a suitable iron chelate. 

In the spring of 1956 additional dem- 
onstrations were set up to test the effec- 
tiveness of agricultural ferric sulfate on 
problem soils. One such test was set up 
on a known alkali spot on a ranch south 
of Grimes. Uuplicate quarter-acre plots 
were treated with 500, 1,000 and 2,000 
pourids of material broadcast on the sur- 
face just prior to flooding. Gjpsum at 
five tons per acre was applied to a small 
area in one of the untreated areas. Re- 

sults from ferric sulfate were most strik- 
ing. Nearly all of the rice in the control 
and gypsum treated areas died. Yields 
in the control areas were estimated at 
200 pounds per acre. Where treated with 
ferric sulfate, whether 500, 1.000 or 
2,000 pounds, the rice grew well and 
measured yields of 3,6004.500 pourids 
of rite per a c ~ e  \+ere ubtaiiied \\ itli d 

conimercial harvester. The folloc\ing year 
iafflower was planted in the ewperimcntal 
area and died from alkali damage, e\en 
iri the areas where good rice had been 
grown with ferric sulfate treatments. 

In 1957 a number of strip treatments 
were made in areas known to be affected 
with alkali. or on soils where rice had 
failed following successful crops of bar- 
ley, sugar beets. or other field crops. In 
a test on a ranch just south of the Yo10 
County line the effectiveness of 500 
pounds of ferric sulfate broadcast just 
piioi to plaiiting showcd clecirl> as did 
the sctond )ear effect of the ferric sul- 
fate applied in 1956. 

A replicated rate test was set up in 
19 ,3  on the same ranch and on the areas 

Continued on nrxt pagr 

A ferric sulfate plot on a ranch near Grimes. The area on the left was treated with 500 pounds of ferric sulfate to the acre 
and produced better than 40 sacks of rice per acre. The untreated area is on the right and in the background 
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RICE 
Continued from preLeding page 

left untreated in the two previous jears. 
Rates of 250. 500 and 1.000 pounds 
ferric sulfate were applied as long strips. 
each replicated three times across the 
affected area. Yields. as ineasured b j  a 
commercial harvester cutting out each 
strip.  ere increased from 1.625 pounds 
per acre on the control up to nearly 
3.583 pounds per acre where 500 pounds 
ferric sulfate were used. On this soil 250 
pounds per acre were clearlj riot enough 
and no advantage resulted b j  increas- 
ing the application to 1.000 pounds per 
acre. 

Glenn County Tests 
Field tests were initiated in Glenn 

County in 1957 on an alkali area 12 miles 
east of Wil1o.rc.s. Treatments were laid 
out to compare ferric sulfate with fer- 
rous sulfate at 500, 1.000 arid 2,000 
pounds per acre and with a treatment of 
900 pounds of wlfuric pcr actc. 211 
treatments were crossed with a strip of 
five tons of gypsum per acre to prolide 
calcium equik alent to the exchangeahle 
sodium in the top 6" of the soil. Y o  effect 
of the gypsum and on11 slight result of 
the sulfuric acid uere obsened. 

At each rate of application comnicrc.ia1 
ferric sulfate ga\e better growth than 
equivalent iron from ferrous sulfate. No 
carryover effect of an) treatment was oh- 
served on rice grown in the experimental 
area the folloning 4 ear. 

Replicated late tests to determine for 
each case the effectixeness of feiric sul- 
fate were set out in 1958 on fields ~ i t h  
a wide range of alkali conditions. Three 
plots \%ere hanested. Two showed defi- 
nite increases in yield of rice from the 
usc of ferric sulfate. with no effect at 
the third site. where production \\as 
good. 

There  ere definite responses to fer- 
iic sulfate on a bad alkali spot five i d e s  
south of WilloHs but total J ields were 
low. 

On a less severe alkali spot fixe miles 
north of Glenn and two miles west of 
the Sacraiiiento River, striking differ- 
ences in early growth were observed. By 
mid-July rice in untreated areas had re- 
cobered and at  harvest jield increases 
due to ferric sulfate were onlj 500-800 
pounds per acre. 

Soil Conditions 
The spots &here rice fails because of 

iron deficiency usually represent from 
3 3 dLie5  up t u  30 d( re$. Eadllii~idlion 
of the soils where responses to ferric sul- 
fate have been obsened show a \tide 
variation in alkali status. 

The first group of three soils shou n in 
the table on page 7 would be classified 
as normal nonsaline. nonalkali soils with 
pH-relative alkalinit! -acidit>--\ alues 
in the neutral range. a little abme and 
a little lielow pII of 7. Rice froiii these 
three locations grew normally . produced 
good crops and shol+ed no response to 
ferric sulfate. The salinit) values ranged 

froin 0.16 to 0.93 millinihos per centi- 
meter conductance. Prom 25, to 6' c ex- 
changeable sodium was present. 

The second group of soils upon which 
striking responses of rice to ferric sul- 
fate were obserled are ones where other 
field crops. such as barle). grow nor- 
mally. These soils differ from normal 
soils onl? in the fact that the pH \dues  
increased with dilution to an alkalini 
of nearly 9. Also. they show 3'(-5 
exchangeable sodium and a slight11 
higher salinitj than the soils where rice 
grows normally. This group of soils may 
be classified as nonsaline. nonalkali soils 
with high pH. Carryover effects of ferric 
sulfate on succeeding crops of rice have 
been observed on such soils. 

The third group of soils contain 1 17; - 
15:; sodium. with low salinity. These 
show good responses to ferric sulfate. 
but little carryover effect. Since percent 
sodium values were at or below the 15:( 
value these soils are classified as non- 
saline, near-alkali soils of high pH. 

The fourth group of soils contain 
higher amounts of exchangeable sodiuiii 
-30'; to 4O'(-and about the same 
salinitj as the first three groups. They 
are soils where crops such as barley and 
safflower fail. but where rice iiiav be en-  
couraged to grow if iron is supplied to 
overcome iron deficiencj. These soils 
would be clearl) classified as noiisaliiie 
alkali soils of high pH. 

The fifth group, soil both saline and 
alkali. is represented b j  a single test. 
The soil had 66't exchangeable sodium. 

Concliided on page 14 

An outstanding response from ferric sulfate in a rice field near Grimes. This area was treated with 700 Ibs. of ferric sul- 
fate per acre. Note the skip marks where the easy flow missed. 
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MEALYBUG 
Continued from prercdinq pagp 

bined with dormant oil. The same spray 
equipment was used. and an average of 
GOO gallons was applied per acre. 

With the fall and winter sprays, a n  
attempt was made to determine the per- 
centage kill of crawlers h j  removing the 
o\ e m  intering cottony egg- sacs from the 
liinbs and trunks of the trees. The) were 
brought to the laborator? and examined 
under a binocular iniscroscopc in order 
to determine the nuniher of l i i ing and 
dead crawlers. The plots weie finally 
e~ aluated IJ) counting the n u i n h i  of 
tlamagcd fruits a t  the har les t  period in  
late June. 

In  Section C, the petal fall treatrrienti 
a ere applied on March 27. Continuous 
rains during late February and early 
Varch  pre\ ented spray applications and 
the tiiniiig of this treatirrent Mas late. 
The inclement weather also affected the 
meal\ hugs. ‘is no actk i t j  1% as ohicri ed 
prior to nritl-Marc 11. The  rnateriali uscd 
at the petal fall stage were applietl rtith- 
out oil. and ail  average o i  6.50 gallons 
was applica 1 per a( re. 

‘411 plots. f d .  winter. atid spring. Tiele 
checked €or the presence of inealjbugs 
on the fruit a t  harvest. Six hundred 
fiuits were exainined per treatment. and 
f ru i t  was picked a t  random Iiom the 
tiees. The  fruits with mealj bug present. 
o r  those showing honeydew and black 
fungus. w ere I ecorded as inlestecl. 

In  general. the fall and winter treat- 
nients were less eflective than the spring 
spi a) s. The nrealj hug crawlers are M ell 
protcctetl, not only  hy their location, but 
I ) \  the waxj fibers in the old egg sac. and 
it is pirtuall) impossihle to wet all the 
colonies. The fall treatineuts 1% ere not 
as  effectiic as the winter, prohabl\ be- 
cdnse the presence of foliage made it 
digicutt to  obtaitr bai k c ove1 age. The fall 
ant1  inter counts of crawler niortalit\ 
did not c orrrlate \+ell 11 ith the final l rui t  
counts. The technique of examining 
colonies Isas not too feasible. as the 
numher of living meal) hugs deperrded 
upon how well the coloni 11 as protectrd 

not possible to select 
colonies with the same clegrcc of pi o- 

ion. 11 11 as possible. h m e \ e t .  to 
iriatc some materials that did not 

effecti\clj cor i t ro l  the c r a ~ l e r s .  As an 

example. malathion ga l  e a \ er \ poor 
kill in the fall spray, and therelore that 
material was not used (luring the \tinter 
or spring. 

Of the compounds used. pdrathion arid 
Uiarinon g a l  e the best control. regard- 
less of the timing of treatments. Ti ithion. 
Phostex. and Sevin. although retluc in? 
fruit damage below that of tlie checks. 
did not conlpare with either parathion or 
Uia/i ir  o r i  . 

n o n e  of the sprays caused an? scrious 
ph! totouic effects to  tlie t i e  
the fall spraTs in combinat 
ccius~>il a little foliage damage. Thrsc ie-  
sults are  p~eliininary and additional plot 
~ o r k  is planned ior the 1950 seaion. l t  
ma\ b e  possible that tieatmenti mole 
cloeel) timed to the first or second gen- 
eration nil1 g i \ c  I ~ t t e i  coiitrol. \\ ith 
piesent kno\dledgr. a petal fall s 
either paiathion 01 I)ici/iiion se 
m o s t  feasible inethod of coriti 01. 
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PINE ROOTS 
Continued Elom p a w  12 

~ e i e  r e r n o ~ e d  froin the ~ a t e r  baths and 
the seedlings carelully washed froin the 
sand. The new roots. Mhich had j u s t  
stat ted to harden -hut could he recog- 
rriied as new roots- were counted and  
those 0.5” and longer were measured. 
I he air temperature in the gt errrhouse 
did not fall helow G;”F at night and 
XIith but few exceptions did not exceed 
95°F during the dav. T h u s  the seedling 
loots Mere exposed to  a constant tein- 
perature. an abundant suppl) of mois- 
ture arid nuti ients. and the top mas ex- 
posed to a \ ar l  ing dii ternperatuie and 
a changing photoperiod. 

The 19X-s5i seiies Tias handlrd in 
the iarne fashion (ax( E ~ I  that sponzc-rock 
\ tab suhstitutcd f o r  the i and .  

7 .  

Findings 
Sccdlings frotn Zonc. V 

thc blt. Sh‘l~ta \ u l s e l \  17 

en t 1 J th an frorii %one 1 I I seed 
$1 O M  t i  a t  ille. although both 
groups s h o ~  ed a pronounctd seasonal 
periodicit! in root elongation and root 
initiation \ \hen t i  ansferred at  rirotrtlil~ 
inter1 als to the gicenhouse. Root elonga- 
tion on qecdliiig; ironi j , i ~ t l ?  sonci oc- 
curred front September through Ma\  
and was absent. oi of a limited nature. 
from June thiough August with the peak 
occurriac on Zont. V seedlinss in Map 
and on Zone 111 seedlings two niotrths 

earlier i n  March. Some root initiation 
\\as el ident i rom Srpternber to  June  1)ut 
TI as prominent on Zone V seedlings on11 
durin;; April and Ma\ and on Zone I i I  
seedlings only f iom Deceinhcr to M a \ .  

‘1 he seasonal ability to initiate I oots 
iiriglit or1 occasion he an impoitant fac- 
tor  in determining the relative abilit! 
o f  fall and spring planted seedlings to 
s u n  ix e. In  the pi ocess of lifting, storing, 
shipping-. and planting a nuniher of the 
short laterals are  destroyed. I t  it  is a 
spring lifted seedling it will readill re- 
generatc, a iiuin1)er of new laterals some 
of c\hich will then tapidly elongate; if 
lifted in the fall re\+ if an7 tie\+ laterals 
11 i l l  b e  ioriiird. 

4lthough Zones TIT and L’ stock 
&o\ t  etl iignificaritli diffet ent heha\ ior 
the difference must be interpteted with 
caution. Oh\ iouili . different loti of t~ o 
T cdr old ponderosa pine seedlings (‘in 
lie eupec ted to perloini tliffererrtl\ 1% hen 
fieltl plart(>d. Ho\ie\er. ~I ie t l ic i  in not 
the differ cnce in these two particular 
lots was due to  the sccd /one. the cliinate 
in which they uerp grown, the the\ 
Tt(1ie lifted. the kind of tetiipoiari stoi-  
asp. the shipping conditions. oi s o m e  
urirecogrri7ed factor can not he dctci- 
iniried f i  om aJailahle data. 

~ ~ 
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RICE 
Contini:ctl f i  0111 paqr 8 

along \+ith a conductance value of 6.1: 
niillinihoS -just 0’1 (71 the saline tliresh- 
old. Tron sulfate clearly increased 1 ields 
1)ut pi odui tion 11 as low 1 egardless of 
iron treatnicnt. Whether thv poor per- 
formance \+as due to high sotliuin. to 
high s a l i n i t ~ .  or t o  both i s  not Lnowi i  at 
present. 

Soili \ \h r re  rice fails are calcareous 
and tharac teriied by a high pH, along 
TI ith a i elatil eli lor+ saliriitT. Rice plants 
d i e  of iron deficient) as seedlings he- 
cause of lo~z  iron-suppl\ ing po~z  e i  of the 
coil. which ~ e e m i  to  be aqsociated ni th  
hivh pH under flooded contlitioris. 

’Ihv use ol lei ric siilfatc appears ail 

cKecti\ c nleans of raising rice pi  oduc - 
t ion to ecorioniit lerels on hlgh pH. non- 
saline, soil5 which occut as localisrd spot< 
in iii‘in\ fields in Glenn and Colusd 
(ounties. \\ heie high salinit\ is en- 
count(Xrec1 ferric. sulfate treatinents ma\ 
not he c,xprcted to be c+Fecti\cl until the 
soluhlr salt rorrterit of the soil is rc- 
tlucecl In Iv,ichin+ 

~~ 
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