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TABLE YiL-[,EOW::::~W EI'FECT 07 DI7'::E.':::EX';.' :.~l~UI\T:J OF' 
.~CID H.uE'flL~'l L .lU'l\E, AND n~ CO~~~_:;X:: T:ON Y/ :Il BLOOII 
?,LE.\L, "Tf'O)J .:.~'lU~~ITY, F.XPRESCE') B{ 'i'T.E F-E:J.CE::-.i?AGE 0:;;" 

IhATURE 'HEADS AT FIRST CUTTING. 

~~~~~~~~~~~,~e~,"·.TIil";z~'~'~~~'A~n~,,~u;;;nts fertilizer rf" rr Il' 
Pl<,n,tlS 

of la~d 
tn.l,ltmcn\ 

Cotton, fo'L I' HI 
Pi>:" cowpens 

('oiten. fol1ow~d 
b,' :;:~~~"1' Jnl~uw 

1--0-)-:\:0 EGO 700 Con­
____ IIJ~. lhs. Ills., Ibs. i ir01 
- 1 ~3r-=--Fcr-IPcr::- Per·'Per---:----­

I~pntl 'en'"'cent1centlcent 
Ima-l nr- mg,- 'mr- 'm:1· 
'tlrt- i "T· tnl'- ltur- ltur. 
i ity I ;·v I it\' I iiy I ity 

- ~Add phosph!lte I 19 -I "1 ))4; 18 1 3 
Ad(C phil-lip-hate I I I 
rn~l blood m<:>.:.I I 25 1 14 5, 4 i 

- ~\c;d-phosphate : 27 '-~5'-22 '20 I-I-­
Arid phosph.:.te-I--r--'- 1--1-­
and blood meal I 10 10; 6' 2 i 

-, -.- Ad.lPl1os:Jh;te-1 2! -6 -,-, -6 ~-O-
S'\'· ... d pot[l.'oes, Ac\l-pllosphate-I--I---I- -1---
fdlowed by co~vpea:, rTJd hlood meal I 5 I 9 I 4 1 

.\ycrage 
- 1_d~lphosphate-I-1G '18 '-211-15]-1-­

ieid-nhosPhate-I---I---I-I·---
'
----' 

I'ml blood meal 13 11 I 5 I 2 I 

TABLE YHr.-SHOWING EFFECTS OF DIFFEREN'I' AMOUNTS OF 
"CI!"l I'TfOt'PHATF1 ALONE, AND IN COMBINATION WITH BLOOn 
MEAL, UPON YIElD, AR EXPRESSED IN AVER\GE WEIGHT PER 

HUNDRED HEADS OF LETTUCE. 

Pl"('viotlfl ilcutmf'nt 
of l;>mI 

- I ~~el'tjlizer i-Arno unt of fcrtilizer per ac Te 
I 100 \ 1'100 1 500 700 1('011-

I 1 lbs. Ibs.: lhs. ! Ibs. troI 
-I - -----1 IbS:-I-lbs.r-lbl!' 1 Ibs. I lb~: 

! I l<:>t- let- I Jet- I let· Jet-
1 I tuee tuce 1 tuce I tuCf' ! tn~' 
i Acid PhOsPhate-I 131 I 148 I 143 -------U7 II:.! 

, Acid phosphnte I I -!'--~114 11-13' roUoll. follower! 
l~' _cowpea, I and blood meal I 158, ~' ~J~4~O~-+0-+cC 

-- -- IAcid - phosphatET144-1 1!}7 , 134 I 120 ·--11~; 
Cottnn, follo'\'\"('rl I Arid phosphate I 1 --,- - !-- -
h" ~llnl1l1Cl' r;tTJow lanrl blood meal I 125 147 1 141 I 139 

.- -- IAcid-phosph'lte-:-130 I~- 11!l 1 125 
S\\'f'ct noiatoC'll, I Acid phosphate' ,- -, - - : ~ 
f'ollowed hv cowpeas :aE:,d bl~<!..me~I.-!.40 I "~ , IJ!} I 155 __ _ 

I Acirl lJhoslJhate ! 135 ! 1 ;\R 132 I 131 117 
Average 1- ;"eid phosphate 1-- 1--1--

'
- ---

~~~~~~~~~ ,lnd blood meal: 139 144 133 14!l 
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EFFECT OF PHOSPHORUS IN THE FORM 
OF ACID PHOSPHATE UPON MATUR­

ITY AND YIELD OF LETTUCE 

By F. J. CRIDER'" 

INTRODUCTION 

Phosphorous is known to have a very important place in plant 
development but itE. use as a fertilizer has not been considered of 
primary importance in the growing of succulent crops such as 
lettlice, Heretofore, the use of commercial fertilizers of all kinds 
has been thOllght unnecessary and a waste of money in Arizona. 
OUf fertile valley soils have produced excellent crops of lettuce 
and other truck crops without the application of artificial fertil­
izers, except in rare cases where light top dressings of sodium 
nitrate and ammonium sulphate were used. To the close ob­
server, hcwever, it has become eyident that the quality of the 
lettuce produced on some of OUf trucking soils has gradually 
fallen below the standard of former years. On the other hand, 
the demand for a large, uniform, solidly-heade.l product hag 
Increased. 

To determine the value and importance of comme~..;ial fertil­
izers in lettuce culture in Arizona, a series of fertilizer experi­
ments was conducted by the author in 1922 and 1923, which 
led to the discovery that the phospates in Arizona soils are not 
readily available and that the application of soluble phosphatE'~ 
in the form of acid phosphate has a most remarkable effect upon 
the leituce plant. The investigat:ons were made at the Yuma 
Experiment Farm upon soil which analyzed .095 uerc('mt phos­

phates (P_O;). Thi~ is equivalent to about 3,728 pounds of 
phosphorous per acre-foot and might be considerep sufficient, if 
it were available to plants, to supply the needs of lettuce erops 
for many years. 

"Formerly Professor of Horticulture, University of Arizona College of 
Agriculture, and Horticulturist. Agricultural Expeliment StatIon, Tucson. 
Alizona; now Director, Boyce Thompson Southwestern Arboretum, Super~ 
ior, Arizona. 
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FIRST SERIES OF EXPERIMENTS 

The fertilizers used in these experiments, together with the 
percent;:.ges of their leading constituents and the basic amounts 
of fertilizers used per acre, are given in Table 1. The general 
plan of the experiments, with the arrangement of plots and the 
different fertilizer combinations, is shown in Table II. Each 
plot consisted of a single row 400 feet in length. One-half of 
the ground had previously been plv nted to cotton and the other 
half to alfalfa, which gave two distinct factors influencing the 
results. 

'I'he variety of lettuce used in the eX!leriments was the New 
York Market, sometimes called the Los Angeles Market. This 
Yariety was introduced into the Wec:t by the Ari;:ona Agricul­
tural Experiment StaUon in 1914, and it proved to be of such 
splendid quality and adaptability that it is now grown almost 
exclusively by commercial lettuce growers throughout the entire 
region west of, and including, the Rocky Mountains. 

The lettuce was planted in single rows 30 inches apart, and 
the plants were thinned to 12 inches apart in the row. The date 
of planting was December 14, 1922. 

All the fertilizers were applied just previous to the time of 
planting except the sodium nitrate. Only one-half of this fer­
tilizer was used at the time of planting, the other half being 
applied as a top dressing 6 weeks later. The fertilizers were 
applied in the drill by use of a Planet Junior distributor which 
mixed them well with the soil. 

TABLE I.-SHOWING THE FERTILIZERS USED, THE AVAILABILITY 
OF THE LEADING CONSTITUENTS, AND THE RATE OF 

APPLICATION PER ACRE. 
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TABLE II.-SI:OWING ARRANGEMENT OF FERTILIZER PLOTS, 
ThE FERTiLIZER COMBINATIONS, AND THE QUANTITY OF THE 
DIFFEI.Er..T FEf.'TILIZERS USED, PER ACRE BASIS, IN THE 

Plot Fertilizers 
No·1 

I 
I 
I 
I 
I 
I 
I 

FIRST SERIES OF EXPERIMENTS. 
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TABLE II.-Continued. 

Plot I Fertilizers I-Planted to- t, 

;Ni,::.· (-I ~;~;;;;;o.::'~hat'ncotton 
:t I Ibs. 

I ", ... ,... lbs. 
Ibs. 

I 

RESULTS OF FIRST SERIES OF EXPERIMENTS 

During the progress of the experiments, observations were 
made to determine the influence of the different fertilizers on 
g-rowth, time of maturity, size, weight, and compactness of 
head. Acid phosphate produced the only striking effects. The 
effects of the phosphate were evident when it was used alone 
and with the other fertilizers. Of the different fertilizer com­
binations, acid phosphate and blood meal produced outstanding 
results. 

EFFECT UPON GENERAL GROWTH 

The influence of the acid phosphate was ouserved first on the 
growth of the young plants. The plants so fertilized grew faster 
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~ ... _ , ... '.0-;. , .. 
, -- . 

>. ,.,;. "'~-k -"_~"-'t_j 

FLit. !..--Yi('\\· of lettuc(' fl'l"tiliz,>l' r.)"ls I; we«k,; aftcr lli:;l1llil1g, showing 
the ,'Ir"d 01' adJ jJh0S]Jh"i.l· I'llon I. h\.· ('<ll']r -g"HlWlh <)f ,n'" III IIi!, I'l:lllt­
ilO!~!\ in till' IHl("lq~"I"'JUnd ['-1"1;';;';(''] wIth nei(t Ilhos;Jhul_'; j.b:",Llb'~ ill the 
]'''l"l'gn,und, with.;ut ~dd ph· ,phd," 

Fif!". 2. -Shuwillg" incrc:l:'~'d g['oll"lh IJf yuun~ lettuce ph'H.:.! HS thp l"Ic;;ult 
01" the UP1,jk~ltj,m ()f lIcid phn"'phal,\'. J....,ft-with neid ph""]']II,I", Right­
without .1";<1 ]1ho~:qlhah'. J'il'hu'(' tak('n 6 weeks aft"I' pJ<1I1~;~I';, 

tlIHl lIwlurgcr leaf Stlrral'(' in the e.arly ;.;taj'·I;'fI of fr\,()wth wa" 
\l'l'y Ill'nIlOUnced wher!;' the 1'i1"I'phate was wwd alf)n(~ (J1' ill com­
Idnl'.tioll with othCl' fel'tilizt>1"s, Thb illcre~H'ed .~I'o\\"th and size' 
oj" the .... oung plant:': oMained from anplkatioD~ of <leid ph()~­
rhatt>, 1\l'C ~~hown in f1gUl'l'R 1 and~. Th's Ii>nd ill 'tl'f,\\'th bC:'1t:ne 
~till Ill\)n~ lloticeal)le <I..'> tIl(' plnut:l became ollie'\'. About the tillll' 
he:idjll~ ~tHrlcd, hrJ\W'\'C'l', the Im'gel' foliayC' OC(:lT1Tld v.-!w"P lhe 
acid JlllO~Jlhatc wag comhined with the llilI'OgL' IHJlI>i fertilize!',", 
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rartir.ularly blood m('al. The usc of nitrogenous fcrtilizer:-l alone 
(without acid llhcsphate) pl"oducednoincreasc in :-;ize of foliage 
o\"cr the unfertilized or contl'ol plots. 

EFFECT UPON ;\IATt:RITY OF III':.\D 

Acid 11hosphate \Va:.; found to have an outstanding effect in 
hastening maturity. The tin;t mature he:lCls in the plots ap­
peared 93 days from plantinl!. which was 20 days carlier than 
thc lettuce prcduccd on the cont1"ol plots. or by the lise of other 
fertilizers. This clrcct is understood best by observing Table 
HI. which g-i\'cs a tabulation of the percentage of the iettuc(1 
crop from each plot that was ready for ha1"\'(,,,t at the first gen­
eral culting, 107 day~ from the time of planting. It will be noteJ 
that o\'el' 50 pcrcent of the crop was ready for hal'\'est in all the 
plots where acid pho:lllhate W.lIS applied, either alone or in com­
hination with other fertilizer:-;; w~~r{'a:,<, only a very ~mall per­
ccntnre, and in mo::;t ca::>es no:-.'., of th~ crop in the remaining­
plots had reached the proper stage of maturity for harve:lting. 
The effect on the earliness of maturity is "till further emphasized 
in figure 3. This photoj:n"aph was taken on the datc of the first 
?eneral cuUinl!, tniJulated in Table Ill, and ~ho\\"s the comnal'­
uti\'c state of maturity of ht'ad~ harvested from plots fertilizcd 
with the ~ingle fo!'m" of fertilizel's and the controls. Head!'; 
rcpn'Kentati\'l~ of the aver~lge Ktute of mattll"ity were sccurl~d for 
the picture. Note lh(' E'vidence of lack of maturity of all the 
head.!!, as Rhown by the 100scneKK of texture. except the one 
fertilized with acid phosphate. It is casily se<"11 that the head 
fertilized with acid phoSIlhate is the only one of ::>ufficient ma­
turity and compactne~s to warrant being cut at that time. 

Fi~. 3.-CQmpnmlh·e maturity of heads of lelluce frOM f·lots with the 
single treatments of fertilil':er and the control plot. Ca) Acid phofJlhale; 
(b) potassium sulphate; (c) sodium nitrnte; (d) blood m>.!a:; (e) sulphur; 
(f) control, no fertilize-r. 
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TABLE III.-SHOWING EFFECT OF DIFFERENT FERTILIZERS 
UPON MATURITY AND YIELDS, EXPRESSED IN PERCENTAGE OF 

MATURE HEADS AT FIRST CUTTING, AND AVERAGE WEIGHT PER 

Fertilizer 
plots 

100 HEADS. 

\ Percentage of 

I mature heads at Weight per 
first cutting hundred heads 

, 
Follow-IFollow-IAv. of II FOllOW-IFOliOw-IAv. of 
mg al-ling cot-I both ing aI-ling eot- both .-======= falfa I ton I fields falfa I ton I fields 

Control_ I 0 I 0 I 0.0 I lo2I 89 I 95 
Tankage 1 0 I 0 I 0.0 I 114 I 100 I 107 
PotassIUm sulphate I 0 I 0 1 0.0 I 104 I 91 I 97 
SodIUm mtrate I 0 I 0_1_0.0_1 107 I 100 I 103 
Sulphur I 0 1 0 I 0.0 I 115 1 89 I 102 
Blor:d meal 1--5- 0 I 2 5 I 113 I 106 I 109 
~IlOsPhate I 56 74 1 65.0 I 137 I 129 I 133 
ACId phosphate 1 1 1 1 1 
Pot:l';sium Bulphate 1 57 72 64.5 143 167 155 

Add phosphate I 1 1 I 1 
SodIUm mtrate 1 47 51 49.0 144 135 139 

ArM phosphate 1 1 1 1 1 
Sulphur 51 23 37.0 155 133 144 
Jo {,ld phosphate I I 1 I 1 
Blood meal 1 57 99 178.0 189 160 174 

f. dd phOsphate I 1 I I 1 Blood meal 
Potassium sulphate 32 51 I 41.5 166 133 I 149 

"(,ld phosphate 1 I I I I 
Blood menl 1 1 
S"lnhur I 78 96 67.3 158 137 157 

f dd phosphate I I I I I SodlUm mtrate 1 
Sulphur 1 55 64 I 59.5 153 146 149 
Acid phosphate I I I I 

Sod>um nit"te 1 I I I Blood meal 
Sulphur 1 61 73 68.5 168 170 I 169 
Pota"Ium ,"Iphat. 1 I I~ 
~odium nitrate 8 0 1 4.0 114 105 109 
Potassium sulphate 1 1 1 1-
~ulphur 0 0 0.0 115 105 110 
PotaSSlUm sulphate I I I-I~ 
RJoC'd meal 0 8 I 4.0 108 104 106 

Potassium sulphate I 1 I I 
Sodium nitrate 11 
Blood meal 0 0 1 0.0 115 1 113 114 

PotRssium sulphate I I I I 
Sodium nitrate II 
Blood meal 
Sulphur 1 0 0 1 0.0 111 I 100 I 105 



128 E.YPERhllEXT S'J'rlT/(J.V En,I .. !;,TI,\' .\0.1 '[ 

TABLE III-Contm1..l.'d. 

FCli,,I,;er 
plotG 

- - --= ----~ 
I Peldml'lf''' 0: 

flu,t cuttlllB' I h ' ·("he,llls I 
m.ltUle hC'.'tis ~t Wt'[·ht nor 

I 
Fo1l0v. Ipo!lo - _'-Yo til j ,) 1.' - :-'nllu\\_\Av. ot 
m~ ,11- !'n, lOt- h" h lll~ .,1- ml-\ (ot· bolh I 

lnL't : h,)11 I L .tL l.<,oa I 'lon ficldb I 
Po~c.~ 1[',11 £'ulph.1ttl -- I I I i I -

~~1?(1";4~~~?'_'~1~ ____ I 0 I 0 0(1 lC" 10, 1'07 
S""~m m("t, - - -- - 1 
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EFFECT UPON YIELD AND RI7.E 

In addition to ha"1tening maturity, the aci(l phOf~phate \Vaf, 

found to haye a decided illftuence on yield and ~ize of hC':ld, Thr­
ayer~ge weight per hend from the acirl pho~llhat(' plot wm~ 1.:JJ 
p01mds which was .28 of a pound gl'eater than the aYel'llp-1: fl'om 
the control plots and ,28 of a pound more than th0' ('ombire,! 
Hel'['ge from the plots on which 0ther single forms of [ej'tiH7l'l'R 
were used. Expressed in weight per 100 hNul.R, thil'l i~ an ill­
C'l'e~lle of 28 pounds oyer the controlR and 28 pounds over the 
oti'er fertilizers, used singly. (Fig. 4.) 

It is of l)articular interest that this increase in ,,,eight Vlao:, 

!"rel'lter with the use of acid phosphate than with the nitrog'C'lloll<) 
fertilizers. Thl::. increase in the average weight 'Per head with 
phosrhate oye1' blood meal, sodium nitrate. and tankage was: 
.24. •. 30, and ,26 of a pound, respectively. This fiu.lin't is im­
rortant, since it has been generally understood that hiQ,'her yields 
of lettuce may be expectetl from the use of nitrogenom~ fertil­
izers. The effects of all the fertilizers lipan yield, aR expressed 
in weight per hundred heads, are shown in Table III. 
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Fig'. ,I.-Showing tlw effect of acid rhnsphalC' upon the ;;j;n and CQlllp.'Id­

lI(,SS uf h..,fHl. Ldt-,avl'"l"t!g"e hl'mls Iromarid ph·c ph3.le pi 'h, Riglot­
U\'l'l':W': hl'ad::; from unierlilizerl plot:;. 

In studyinJ! the influence of pcid ri1o~nhate in e;omuin:liion 
with the cthC'l" fertiliz:cr . ..:, i: ,va, f'!ll11,1 ) :':'uh:ce a ;.:, ':!:in'~ 
eiTt'cf when lI~i\~d with bload rr.eHL ft. il'ere' ~eJ Lr:th 'he '''''!·y'U 
and the ""i.el! (If the head, In vt!ntl [i"' n:,.q, the k:'l"e""l) in <1','­

('l'agp weight per head ohtailwti from the n:id ph(1!'.:'~l:.h\"blooJ 
meiil crmhination ()W~l' ~cid jlhn~phl'lte rdllllf' w.qs Al or nead;; 
nnc-hltlf of .1 round, It ,yill J;~. ,;('en fr"TI1 ;, ."Cudy of T:.lbh' III 
thai acid ph(l~~'hate in cnmbip.ati(l]l with the other [c'rtiti:>:cl's, 
P'IlY£, some incrciCsc in ykld, hilt the r(>::,ult:-: \\"cre not 50 lJro­
lloLlnced a~; they were with h1ClOd mcal. 

The cft·f'ct of l.~dd phc:mh:1tc I~])cn the :,izi? of hefd, \\·hen w~ed 
al0lle or in ('ombinathn with hloorl me"d, is stitl fllrther em~ 
ph;dzf'd in Table IY, Thj:;; tuLle .",11,.\\,.,,; the ,':/e cf lwad. a:, ex­
)ll'c;-,;ccl ill c(mllnerciul f!n\d,~~ (:" 1.r,_· nl n If}' ;)1' ''''1 ,., ')1')' :-;:01'101-
arr\ crate, usil1~; only the ~i~l~!lf' fe;·lili.zf''''1 "~1'\ the :,,:,id pho!o;­
phak-})Jood meal c"l11hil1ution. Tn ~{)rnpal'ing the tiifl'el'enl fel"­
O)ii':ers l.1f:(d f:ingl,Y, it h; ::;pen that J1ot<1,.,~.il!m s,l1ph<,te, tflol\i.l\.\"l', 
~('(lillm nit!'21c, ,.,lllphuL .'.nd blood m':':ll. I~~1 \':~~1 ::.~ th:' (;:~:l~!'o!~. 
1n'1l0Uf"l'd lpltw(J that g'l'ad(>d !) dozpn hf'arls 1)('1' crate: wher('a~, 
th(' !lcid pllO~,dwtc pl"odllccfl grade!'! ,.,hrnrin? :11 pe'"ccnt of the 
i~ dozen, and 68 percent of the .J dozen sizcs, It is observerl flll'­

nWl' that the arid phm~';h.'·'1.e-hlo()d me~l cnmLination prmlueetl 
78 rf'rcent of hear!,; ,rrr~H!inf" 3 dozen, and 22 percent gnldin.g "1 
dozen, l1E'r ('n1.1(', 1'11€''\e f-i.trl1rE':l. I'("~r","r~nt the avet"a{!'c sizes for 
I.Tfll'''' Pl'f,{l,'cetl on alfalf:-l nil,] C'lttnn ~r(lunrl. \Vhet'()yer the 
acid phm··rhRte W<I'\ CO!"'1hine~l with a nitrn(.~(>'1'1l1S fel"tiliz'2r the 
l'N:d .. · Wf'l'(, l~ITg(,l", Lul the ':lr~{':".l ~i)',e lJeCllrre'] with hlond me~l1. 
Tf,.. ip('r~""e in size of lW'Hl dU0 h c"l'1t'iniIw Lb()~l mt'al vl'ith 
reid ]"hn",,11:1te, {)\'('l' flcid phosJ'lmll' n]r,uE', is shnwn in J-ig-m'p .5 

The filet that nnne of ihe (lther f()l"tiliz!'rs, whr-n uscd ~ingly, 
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produced heads which graded above 5 dozen per crate may ~e 
explained partly by the l~teness of the s:ason. However, thIS 
sel ves to emphasize earl'tl1eS8 as an attamable factor through 
the use of acid phosphate. 

TABLE IV.-SHOWING EFFECT OF ACID PHOSPHATE ALONE, ANn 
IN COMBINATION WITH DIFFERENT FERTILIZERS, UPON SIZE, 

AS EXPRESSED IN COMMERCIAL GRADES. 

Fertilizer 

49 I 51 

I 
I 
I 

lAve-rage gl'ades 

164.5 35.5 
--I - :--

53.5 46.5 
~ I-~ I 

I 42.51 57.5 
I --1--

() 78.0 

I 

An important consideration regarding the incre-aRe in size, 
caused by the addition of blood meal to the acid phosphate, is 
the fact that earliness is not sacrificed. In fact it iR seen by 
observing Table III that the first general cutting yielded even 
a higher percentage of marketable heads from the phosphate­
blood meal combination than from the phosphate alone, the 
actual difference being .13 percent in favor of the former. It 
should be stated, however, as shown in figure 5, that while the 
beads produced from the acid phosphate-blood meal combination 
were large, as well as early in maturing, they were a little less 
compact than were those produced by acid phosphate alone. In 
the former the foliage was distinctly heavier. 
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, 

Fig. 5.-Acid phosphate versus acid phosphate and blood meal l'orubined. 
Ll!fl.--letlucc head {rom plot fr:rlilil.ed with acid P.h')SL,lhlL.· Itl{)nC; less 
leafy, ~maJ!(!r, but compact. Righl-r"l-tilized with both acid pholiphatc 
Hnd blood meal; more leary, IU1'gel', and less compact. 

HEl,.nrVE EFFECT OF FERTTLrZEHS AS INFI .. UENCED BY 
PRI::CEDING CROPS OF ALFALl"A AND COTTON 

['abJes III and V show interesting dNta relative to the effects 
of the different fertiiizCl'S, as influenced by the preceding crops 
of alfalfa and cotton. It is noted that alfalfa, preceding the 
lettuce crop, bad the effect of increasing the size of the head 
CIt the expen~e of early maturity. The average incl'ea!:le in weight 
of heads, for the different fertilizers, singly and in combination 
with ~1cid pbo::;phate. was .16 of a pound; the average decrease 
in eal'liness 5.37 days. The greatest increase in weight OCClIrred 
where blood meal ,vag used with aeid phosphate, the least in­
(' rease where blood meal and sodium nitrate were used with acid 
phosphate. due, in the latter case. to the looseness of the heads. 
The influence of the alfalfa on yield was distinctly <:;ccn, as evi ­
denced by the control plnh; which gave an average increase in 
weight pel' head of .13 of a pound. The use of acid phosphate 
alone, following alfalfa, showed no striking increase in yield, 
being only .08 of a pound. 

Decl'ea::;e in the earliness of the lettuce crop. following alfalfa, 
was noted tnroughout the entire ~eries of lettuce plantings. 
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':Ar::LE r.-s·~o ,-:ING Tr;Z 2E:'.'l.TIVE ~NFLUENCE 0_" ?R3r'E'JI~!J 
L1C?G 07 AL}}\.L!'A Ui'ON yr:i:ZC;-:T :;:"E!l HEA!) AICI ':'iL:E OJ' 

l\i:ATURlTY 07 l..Z7TUCE. 

Fcr'.ilizer 

6 d~ys .22 po,~u"n"d ____ "--"-"",,,-____ _ 

Acid phosphate 
Sodium nitrate 
Sulphur 
Acid phosphate 
Sodium nitrate 
Blood meal 
Sulphur 

.2!l pound 

1 .05 poulld 

I .18 pound 
I 
1 .07 pound 
I 

!~ound. 

9 days 

5 d:JYs 

" (hy~ ., 

6 days 

10 da~'s 

6 days 

SUMMARY OF RESULTS, FIRST SERIES OF EXPERIMENTS 

Acid phosphate produced the only striking effects upon the 
lettuce plant, as follows: 

(a) Produced a more rapid growth of the young plants. 
(b) Hastened maturity by as much as two weeks. 
(c) Increased the weight and size of head. 
(d) Increased the compactness of head. 

Combined with blood meal, acid phosphate increased the 
weight and size of the lettuce head above that of acid phosphate 
alone. 
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The increase in weight and slze of head, resulting from the 
acid phosphateMblood meal combination, did not decrease rna. 
terially the earliness of the crop. 

Lettuce after alfalb showed increased size of head but was 
not so early as lettuce following cotton. 

SUBSEQUENT EXPERIMENTS 

Realizing that additional data were necessary for dependable, 
conclusive results, a more comprehensive series of experiments 
was made the following year. Since the :first esries of experi. 
ments showed that acid phosphate alone, and in combination 
with blood meal, produced the only marked effects on the lettuce 
plant, the second series cf experiments was planned with special 
reference to the influences of these two fertilizers. 

EXPERIMENT A 

PU1-pose :-To determine the effect of acid phosphate alone, 
and in combination ,,,ith bleod meal, upon the lettuce plant, as 
influenced by the time of planting. 

Outline :~This experiment consisted of a series of plantings 
made at intervals of one week, from September 17 to December 
31. The arrangement of plots, and the amounts of fertilizers 
nsed in each series are shown in Table VI. Each plot consisted 
(If a single row 400 feet long. The rate of application of both 
ecid phosphate and blood meal was 375 pounds per acre, the 
same as used in the experiments of the previous year. The 
variety of lettuce and method of planting were also the same 
[IS in the first experiments. The only difference in cultural 
methods was that of thinning the plants to 14, instead of 12, 
inches in the row. The lettuce crop was preceded by cowpeas, 
grown for seed production. 

Plot No.1 
Plot No.2 
Plot No.3 

Plot No.4 

Control 
Acid phosphate 
Blood meal 
Acid phosphate 
Blood meal 

375 pounds 
375 pounds 
375 pounds 
375 ounds 

Results :_The effect of acid phosphate on the time of ma­
turity and yield was apparent throughout the whole series. The 
difference in time of maturity of the lettuce crop under the dif-
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Fig. 6.-Showing the effect of acid phosphate and blood nlulll singly :md in 
combination with each other, upon time of maturity, ,).s influenccd by the 
time of planting. 

ferent treatments, as influenced by the time of planting, is shown 
in figure 6. The average number of days between planting and 
maturity was as follows: 
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Control plots..... ... . .................................................... 118 days 
Blood meal ................................................................... 117 days 
Acid phosphate .................................... _ .................... 110 days 
Acid phosphate and blood meal, combined .................. 108 days 

It is thus seen that acid phosphate when combined with blood 
meal shortened the time of maturity 10 days. This substan­
ti2ied the findings of the previous year, namely, that the ad­
dition of bleod meal in reasonable c;:uantity di::l not counteract 
the influence of acid phospmte in inducing early maturity. At 
the same time, as shown in figure 7, the addition of blood meal 
gave a decided increase in yield OYer that of acid phosphate used 
~lone. This average increase in weight per head for the entire 
series was 1.53 ounces. The increase in weight produce:i by add 
I hosrha'e alone, o\"er the contro!s, was a'so ap~arent throughout 
the series, amounting to an average of 1.35 ounces per head. 

30 
A.CID l!I[OSl'llU1: -, 
ACID PHOS!IU.~_ 
NII1 BLOOD ImlL 

--- , co,.,"" ....... -
, 

, , , 
• M 

~ 1 

, 
, 
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, 

" ~ 1 
, ", 

s , ... 
" 1 " 

, 
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" " 1 • 1 1 1 

l-u' • n<, "" .. ."', ... , 
PLlHl1JG D4BS 

Fig. 7.-Showing the effect of acid phosphate alone, and in combination 
with blood meal, upon weight per head, as influenced by the time of 
planting. 

The effect of acid phosphate, as influenced by the time of 
planting, was most marked in the earlier plantings, i. e., from 
September 17 to the latter part of October. This was true with 
reference to its effect upon both the yield and the time of ma­
turity, as shown in figures 6 and 7. It was thought that perhaps 
the acid phosphate would have a tendency to cause the early 
plantings to produce seed before heading, but this was not the 
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case, The heads produced from the earliel' plantings wer~ ap­
ral'ently as compact a!; were those from the later ones, 

It is seen that the late fall and early \vinter plantings were 
lle-tidedly IOllger in maturing, which was to he expected 011 ac.­
count [If the cooler weather. To offset this. hOWOVOI', the yields 
were greater from pla.ntings mado at this time, 

SIIN11IW1'!J 0/ E',!'pel'ilJl(!;i.l It:-1'110 resultR of thi,'i expcd111c11t 
are briefly as follmvs: 

1. Acid pho<>phate had a dl::!cided influence in hastening ma­
turity, and in increasing the size of head, 

2. Blood meal combined \yith add phcsphate increased the 
weight of head without delaying the time of matudty. 

3. The predominating effect of acid phosphate in hastening 
maturity Wag not inf1uencC:!d materially by the time of planting, 

4. The eO'cd of blood meal in combilHllion with l;ltid pho:'l­
phate in incl'e.asing size \Va:; not influenced gl'(eatl)' uy {.he time 
of planting . 

• 

• 

Fig. 8,- Showing the I'clnlivc I'ITc(,ts of dijf('rent arn(lun~~ "r :J..-id phos­
phate alUll{) upon m<1.tUl'ity and yielrJ., ,IS (>XP1'csscd in size and eOlllp:lctness 
o.f head, Reading' fJ'l)U1 j{'it to l'iglit: Conll'oI; lOu, :30(1, ;iOtl, und 71',.1 
pounds re~Jlediv(Jly of urid phr'"ph'lte, Ile!' a,:rc, UIlIF'r 1'll'V, r,,1hwinJ,': 
cowpeas; middle .row, following' Sllnllll(,], fallo\\': lower I'O\\', fuli()winl< 
cowp('aS, Note that the g)'{'at;'l' ;llllounts of fc'rlilil\p\' "hl)w \'(,l'~' little 
increase in size and eOnllla4ttness of head ()ver the le~ser nnlOu)lts mll'd. 

Exp~:RnIENT B 

PHrpnse :-To determine the effect of arid pho~phate alol1e, 
itlld in combination withlJloou mea), upon the lettuce plant, a$ 
influenced by the amount of fertilizer used, 

Uutlille :_1n this experiment each plot con:;isted of fOlll' l'OW;';, 
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400 feet in length, and subdivided crozswice into three areas ac­
('oniing to the previous treatment of the land, as follows: 
~1) Land plcnted to cotton the previous year, followed by cow­
leas; (2) land planted to cotton the previovs year, foHowea by 
summer fallowing; (3) land planted to sweet potatoes the pre­
vious Ytar, follo,\ved by cowpeas. The varieties of le_tt'ce and the 
rrethod of plrnHn.Q' and cultivating the crop were the same as 
those used in Experiment A. The date of planting was November 
29,1923. 

The following plots, each consisting of three different soil 
treatments as already noted, with the rates of application of 
fertilizer per acre given below, made up this experiment: 

1- Control. 11. Control. 
2. Phosphate, 100 pounds. 12. Phosphate, 300 pounds. 
0 Control. Blood meal, 300 pounds. v. 

4. Phosphate, 300 pounds. 13. Control. 
5 Oontrol. 14. Phosphate, 500 pounds. 
G. Phos:)hate, 500 pounds. Blood meal, 500 pounds. 

'" Control. l5. Control. 
8. PhcJphate, 700 pounds. 16. Phosphate, 700 pounds. 
9. Control. Blood meal, 700 pounds. 

10. r:10s)hate, 100 pounds. 17. Control. 
:C'o.:d meal, 100 pounds 

Results :~T:re ('ffect of different amounts of acid phos1)hate 
rlone, fI.nd i'l] cOr1 .... ination with bleed meal, upon maturity is 
~hcwn in Table VII. These tiq,-pres '\""'-1'e obhdned by determin­
inn; tbe rercel'ltl';c of m['t,l're hef''''''1 th"t were available in each 
plot al the first general cuttinQ.'. In observing the aver['O'e De1'­
ccntf'ge cf l'Y1a~ure heads fcl" the different subdivisions in each 
r10t it W"·S fOl'11i! that vcid phOS1)hate. w"en useri alone, pro­
dl'ced a c'edc1ed insrC"l'e in e!>rlines'J over the control plots; but 
fpat incl'e~.sed amounts of this fertilizer, abwe 1 no nound" Del' 
f'cre, did not have a correspcndi:rg infil..'ence. When applied at 
the rate f'f 1(1() nounds rer acre the T'ercent~""e of mature heads 
at the frst cutting was 16 percent; and w~en ap')li'id at the 
rate of 700 pOl'ncs per acre the yield was only 15 percent. One 
hlJ'ldred povnds per acrf' \Va" the small",,,t D.F-'Ctlnt cf acid -phos­
phate psed, and it is po~sible that 50 to 75 po:m<ls per acre mi,'!ht 
produce the desired effect in prcn10ting earliness. (Fig. 8.) 

In observing the effects of !l.cid nl;."'l")"l~te in combination 
with blood meal, it was found, as shewn in Table VII and 
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of he.\d. 1211 

1 Ig. !'i.-Add l,hosphaie versu'l acid phosyhate Elnd blood meal com-
l.Jmed. 131 

! I~. (l.-fo.hn';ng lb .. • etfed of add l,hosrhate und hlcc.d m"al singly, and 
m u mIll ail, 'J \dth each othel'. Uj on time of ruatul'lty, as infiue.}ced 
;J)i' [1 u . pl..lmiug. 13,1 

'"It!:, i.-:-hl \"in'~ tIle effect of acid phosph.tts alone, and in comhinf1.tion 
\' id1 ll, d •. 1~ .. 1, nr;on the ,\e1g:lt pel' heud, al. illfi,h'!':~,l hy ~!,'" 
lil't' I .. I,ll" ''1', I.' 

, '!:. ' -~1"" it)'~ th' rl'lflliv<' l'if<,('l~ ,,1' r1iifel'ent amount~ uf i\dd pho~­
phule nlonE' upon mJ.tu) lly and yield, as expre&sell iu f,ize and ({>IlJ-

pal tUN,,, u, hend I:J" 

I I~ ~I.-~hn"nt; the relaU'e ('trcer of dij'erent .,mounts ot add p!'I<>S­
phat ... Ilnd bloed m<>ai ill ('ombinatirn upon nH:tul'it~· am! Yleld, as! 
(>xrl'e"'1cr] in $olZC and ~ompa{'tneQ"~ of hean 1~'" 
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Summary of Experiment B :-Acid phostJhatc h:ls:ened ma­
tt'rity and increared the size of head when l1s~d at the rate of 
100 pounds and 300 pounds respectively per acre; the use of 
grea~er amounts of acid phosphate produced no additional 
results. 

DIood meal in comLin2.tion with acid rhos:)klte gayC' no ap­
preciable effect in (leh,ying ma.tllrity when UR2cl at ill:} rate of 
100 and 300 pcvnds r€s:'cctively per acre; the llse of gre!lLer 
amounts of blood me:!'l Ge:ayed materially the lime of maturity. 

Blood meal in comLinai:Ln with acid phosplul.te gave no ap­
preciable increase in yield when applied in ql,antitics cf more 
than 300 pounds per acre. 

EXPERIMENT C 

Purpose :-To determine the comparative effects of different 
fertilizers upon d:e lettuce plant. 

Outline :_This experiment was a duplicate cf the preliminary 
experiment conducted the previous year. It WR::> planned 101' 
the purpose of securing more conch,tliye data on the relative 
effects of different fertilizers. There ,vas one factor concerning 
the treatment of the land which should be mentioned. One­
half of the land used for the preliminary tests with lettuce had 
reen planted previously to cotton, and the other half to alfn.lfa, 
the lettuce crop following immediately aner. AdJacent land 
was used for Experiment C. but during the interyal between the 
two experiments, the land was planted to Irish potatoes. There­
fore, one-half of the lettuce crop in Experiment C wa::> planted 
l:t. year after alfalfa hal been grO\\l1 on the land, an,1 the olher 
half a year after cotton, 

The results of EXT'criment C can be summ~ri:t.(>(l with the 
l'rief statement that the findings were identical with those of 
the preliminary experiment, as already described. Acid phos­
phate alone, and acid phosphate in combination with !Jlood meal, 
produced the only outstanding results. 

Table IX shows the relative effects of the different fertilizers, 
used singly and in combination with acid phosphate, upon the 
time of maturity and yield, expressed as the average for 2 
years. It will be noted that, of the different fertilizers used 
",ingly, the most marked effect was produced by the acid phos­
phate, both with respect to earliness of maturity and yield. Of 
the different fertilizer combinations, blood meal with phosphate 
gave the largest yield, without lessening materially the time of 
maturity. 
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TABLE IX.-SHOWING RELATIVE EFFECT OF DIFFERENT 
FERTILIZERS USED SINGLY, AND IN COMBINATION WITH ACID 
PHOSPHATE, UPON TIME OF MATURITY AND YIELD, EXPRESSED 

AS THE AVERAGE FOR TWO YEARS. 

Fertihzer 
plots 

Control 
Tankage 
Potassium sulphate 
Sodium nitrate 
Sulphur--­
Blood meal 

I Percentage of mature I 
I heads at first cutting 

Fol~ I Fol~ I Aver~ 
IOWingllOWingiage of 
alfalfa cotton both 

I fields 
0 I 0 I 0.0 I 
1 I 0 I 0.5 I 
1 I 0 I 0.5 I 
2 I 0 I 1.0 I , I 0 I 1.5 I 
2 I , I 4.0 I 

Average weight 
per head 
Fol~ I FolM \ Averw 

IOWing\lowing age of 
alfalfa cotton both 

I I fields 
1,07 I .94 I 1.00 
1.15 I 1.08 I 1.11 
1.09 I .92 I 1.05 
1.08 I 1.14 I 1.11 
1.19 I .96 I 1.07 
1.16 I 1.16 I 1.16 

56 I " I 57.0 I 1.87 I 1.39 I 1.38 

I I I I I 
ACid-Ph~pha~~ ____ :~~-1~~~~c-+-.~~t"~~~~_ 
Acid phosphate 

54 56 I 55.0 1.43 I 1.67 1.55 

I I 48.' I 1.42 11.44 I 
Potassium sulpha"t~' __ -j_"'-_i-''''-+''''''--~---'',,",+",,'_+--'''''''­
Acid phosphate 
Sodium nitrate 4' 51 1.43 

I 147.5 I 1.50 1,.441 
Acid phosphate:-----j-~-i-'~+~"-+--O~+~'-+~~-

57 38 1.47 

I I 63.5 I 1.67 /1.64 II 

Sulphur -,-----j--"-'--j-""---+-"''''-+--''''''+''''-1--''''­
Acid phosphate 
Blood meal 
Acid phosphate 
Blood meal 
Potassium sulphate 

59 68 

1 
156.5 I 68 I 55 

GENERAL SUMMARY 

1.65 

1.72 11491 1.60 

1. Acid phosphate alone had the effect of materially hasten· 
ing maturity of the lettuce plant and at the same time slightly 
increasing the size and compactness of the head. 

2. Blood meal combined with acid :phosphate in reasonable 
amounts increased the weight and size of head without deIay~ 
ing the time of maturity. 

3. Blood meal combined with acid :phosphate in excessive 
amounts increased the size and looseness of the head at the ex­
pense of earliness. 

4. The factors of early maturity and size of head produced 
by acid phosphate alone, and acid :phos:phate in combination with 
blood meal were not affected by the time of planting. 

5. Additional quantities of acid :phosphate, above the rate 
of 300 pounds per acre, had no influence in increasing earliness 
of maturity or size of head. 

6. Planting lettuce on alfalfa ground had the effect of in~ 
creasing the yield at the expense of earliness. 
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7. It is appm'ent from thE'pe expel'imcnts that the desired 
effects in the application of acid pho~~hah' and blood meal may 
he obtained by the use of 100 to 300 pounds of each per acre. 

8. Based upon the analysis of the ~oi1, the stl'iking result:; 
obtained by the use of acid phcsphate bho,,, yery definitely that 
the phcsphates in Al'hona soils are not readily available to 
plants. 

9. The beneficial effects derived from the use of acid phos­
phate on lettuce, due to the unayailability of phoSiJhates in 
Arizona soils, suggest that. this fOl'm of fertilizer may be used 
to advantage with other crops, in ha<:tcning mntul'ity and in­
creasing quality. 


