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figure 9, that there was a decided decrease in ear!iness, prolucad
by inereased amounts of bivod meal whan anplied in exzess of
the rate of 300 pounds per acre, It was very evident that 500
or mere pounds per aere of blood meal counteraeted the eTec
of the early maturity produced by the acid Jhoﬂp haje: At e
rate of 100 pounds of blood meal per acre, with like amount of
acid phosphate, the average yield of mature heasis at the firs:
cutting was 13 percent; whereas, at the rate of 700 pounds of
blced meal with a like amount of acid phosnhate per acre, the
average was only 2 percent at the fivst cutting.

The influence of the fertilizers wag rather uniform on the
plots with di=fferent soil trestments previous to planting.

The effect of acid phosahale slone, and in combination with
hleod meal, upon yield is shown in Table VIII. Asin the case
of the effect of acid phosphate unon matnrity, increased
amevnts of this fertilizer above the rate of 300 pounds per

scre, did not give a corresponding inerease in yield, The in-
‘arease in yvield produced with 300 novnda of peid nhesphate per
aere, a4s compared with 100 pounds was very slight, amountiny
to enly (3 pound per head.

_ In the use of acid vhosphate and bload meéal in eombination
ihere wze no .mprmhhlu inerease in gize of the lettuce head
when the rate ef application was mo=e than 570 povnds of eaeh
tertilizor per acre. (Table VIII and Fie, 9.)

Tig, . —Showing the relstive offoct of (iffereny amouncs of aeid vwhasphate
and Blacd meal in ¢embinelitn even fwatucily snd yvisld, as «'e:-uea.-w! in
gize snd compactness of head, The omangement of the hsads in all ve-
cped's is the semo s shown i fipure S, Nete the increaseod size of
hepd over acld phosphate zlone, shewn in flours 85 also the liosenoss of
hegd where the larper cmounts of Dlicd mer | wors used,
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TARLE VIL—IROWING ETFECT OF DITIELENT ATICUNTD OF

ACID FLUEFLLATE ALSNE, AND IN COLIZNYTION Y Til BLOOD

MEAL, UPON LJAGUDITY, EXPRESCED BY TLE TERCEHENTAGE OF
LATURE T{EADS AT FIRIT CUTTING.

Ler.bzcr Amotnts lertilizer e frgy
Prlovi us treatmen ' 1705 o0 EGD %00 Con-
of land__ ! e [1os. Ibs. Ibs.:The.!irel
| *3r- Fer-lPer- Per-'Per-
lpant! ~en’'cent!cent/cent
fma.— | nr- mo- 'me- 1ma-
| -tnr- bowre tnee [tur- Hor-
I I bty [ e lity ity ity
| Acid_phoaphate 1977 4 347 1818
Cottan, fo'l.vd Acid phosphate | | | ! |
by cowpeas o end blood meal | 26 | 14 B, 4]

Aeid phosphate A “5 22' a1 T

Cotfen, Follow-~d Acid phosphate 1| ] ! |

|
by summer fallew | and biood meal | 10 I _6 2

! Acid phosphate | 2| 6 N
Synet potn’ocs, | Ac'd phosphate | ] | !
fullowed by cowpeas  ond blood meal | B 8! 4 1

! Acid phosphate [ 16 _5_155'_'__2} I 15_)__1&__.
Average | Acid phosphate [ f ! | !

] and biood meal ' N | !l 21

TABLE VIIIL—BIIOWING EFFECTS OF DIFFERENT AMOUNTS OF

ACID DUOFPHATE ALONE, AND IN COMBINATION WITH BLOOI

MEAL, UFON YIELD, AR EXPRESSED IN AVERAGE WEIGHT PER
HUNDRED IIEADS OF LETTUCE.

T | Fertilizer | Amount of fertilizer per acre
Previous treatment {100 [ 200 | 50O 768 ICom-

of land | B 1 lbs. | Ths, ! bs. ! lbs,  trol
- I'be. | Ibs. T 1bs. | lbs. 1| lbe.
| | let- | let- | let- | let- let-
| _ ltuce| tuce I tuce | fuce ! tnm
) | Acid phosphate| 181 | 148 | 143 147 11
Cotton, Followed 1 Acid phnsphate[ | |
by cowpeas ____|and blood meal | 158 | 140 114 | 138
o {Acid “phosphaté| 144 [ 137 1 134 ' 120 16
Cottan, follewed !Acid phosphate ! : !
hv summer fallow  Tand blocd_meal | 125 | 147 | 141 1 138
| Aeid phosphqte' 130 | 2 119 1__125 127
Sweel poiatoes, I'Acid phosphale i '

followed hv cowpeas ‘and blood meal ! 140 | +4% 1 143 1 166
| Acid phosphate ! 135 g 182 [ 131 117

Average icid phosphate E T T
and blood meal ! 139 144 133 145
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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
Jdevelopment but its use as a fertilizer has not been considered of
primary importance in the growing of suceulent crops such as
iettuce, Heretofore, the use of commercial fertilizers of all kinds
has been thovght unnecessary and 2 waste of money in Arizona.
Qur 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, however, it has become evident that the quality of the
tettuce produced on some of our trucking soils has gradually
fallen below the standard of former years, On the other hand,
the demand for a large, uniform, solidly-headed product has
increased.

To determine the value and importance of commercial fertil-
izers in lettuce eulture 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 phogphates
in the form of zeid phosphate has a most remarkable effect upon
the leltuce plant. The investigat.ons were made at the Yuma
Experiment Farm upon soil which analyzed .095 nercent phos-
phates (P.0.). This is equivalent to about 3,728 pounds of
phosphorous per acre-foot and might be considered sufficient, if
it were available to plants, to supply the needs of lettuce erops
ior many yeara.

*Formerly Professor of Horticalture, University of Arizona College of
Agricuiture, and Horticulturist, Agricultural Expeiiment Station, Tucson,
Arizona; now Director, Boyce Thompson Seuthwestern Arboretum, Supers
ior, Arizona.
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FIRST SERIES OF EXPERIMENTS

The fertilizers used in these experiments, together with the
percentages 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 1I. Each
plot consisted of a single row 400 feet in length, Omne-half of
1he ground had previously keen plented to cotfon and the other
half to alfalfa, which gave two distinct factors influencing the

results.

The variety of lettuce used in the exneriments was the New
York Market, sometimes called the Los Angeles Market. This
variety was introduced into the West by the Arizona Agricul-
tural Experiment Stalicn in 1914, and it proved to be of such
aplendid 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 Planef 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
ATPLICATICN PER ACRE.

Fertilizer Percentage of Bagic rate of appli-
leading constituent | eation per acre
Acid phosphate 14¢7. phosphoric
_acid (P.0) ! 375 Ibs.
Potassiom 487, potash |
sulphate (K:0) | 150 Ibs.
Sodium nitrate |16, mitrogen | 250 Ibs.
Blood meal | 1177, nitrogen | T875 Ibs.
Tankage { 677, nitrogen [ 150 Ips.
[

“ulohur | 200 1bs.
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TABLE IL—SEOWING ARRANGEMENT OF FERTILIZER PLOTS,

THE FPERTILIZER COMBINATIONS, AND THE QUANTITY OF THE

DIFFELENT FELTILIZERS USED, PER ACRE BARSIS, IN THE
FIRST SERIES OF EXPERIMENTS.

| J

Previous treatment of land

Plot | Fertilizers | “Planted to | Planted to
No. | _cotton_ | alfalia
1 | Comtrel | No fercilizer | No fertilizer
"2 | Tankage | 150 Ins. [ 150 1bs.
3 | Potassium_sulphate | 150 lbs. | 160 _TIbs.
4| Scdium nitrate | 250 lbs. [ 250 Ibs.
5 | Sulphur | 200 lbs. [ 200 lbs.
6 | Control | No fertilizer | No fertihzer
7 i Blood meal _ | 875 1lbs. | 875 Ibs.
8 | | Acid phospl~.a‘.e_____|__3?5 Iba, _[ 875 Tba.
9 | Acld phosphate ] 375 lbs. 375 lhs.
|' Potassium sulphate | 150 Ibs. | 150 Ihs.
10 | Acid phosphate "R75 lbs. 375 lhs.
| _Sodium nilrate 250 Ibs, 250 1bs.
11 [ Control | No_feriilizer | No fertilizer
12 | Arid phosphate | 375 Iba. 375 lbs.
i Sulphur 1 200 lbs. 200 1lbs.
13 | Aeid phosphate | 375 Ihs. l 375 lbs.
| Blood meat i 375 1bs. 375 ibs,

14 | Aeid phosphate | 875 1bs. i 875 lhs.
Blood meal | 875 1bs. | 375 Ibs.

| Potassinm sulvhate | 150 Ibs. | 150 lhs.

15 | Aer'd phogphate [ 875 1bs. I 375 lbs.
Blood meal [ 375 Ibs. | 375 Iba.
Sedium znitrate | 250 Ibs. | 250 Ibs.

16 Control | No fertilizer | No_fertilizer

17 T Aeid nhasnhate 375 Tbs. 375 lbs.
Rlood meal | 875 Ibs. 375 lbs.
Sulphur | 200 Tbs. _200 Ths.

18 T Acid phosphate [ 375 1bs. 375 1bs.

| Sodium nitrate 250 Ibs. 250 Tha.
Sulpgur " 200 1lbs. 200 lbs.

19 Acid phosphate ] 375 1hs. 376 lhs.
Sndinm nifrate 250 Tbs. 250 Ibs,

| Rlood mesal 375 Ihs. 375 Ihs.
[ Sulphur 200 lbs. 200 Ibs.

20 1 Potasstum sutohate | 150 lbs. 17150 1bs.
Sodium nitrate | 250 lbs. | 250 Ibs.

21 | Control | No_fertilizer | No_fertilizer

28 | Potassium sulphate | 150 lbs. | 150 Tbs.

| _Sulphur 1 200 lbs. ]8T s

23 | Pntasstum sulphate | 150 Iba. 17150 bs.

! Blood meal | 876 lbs, _| 375 tbs.

24 | Potossium sulphate { 150 lbs. T150 Ibs.

I Sodinm nitrate P 250 lbs. 260 Ths,
{_Sulphur _1 200 1bs. 200 1lbs.
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TABLE IL-—Continued.

, — Previous trcaiment of Iand
Plot | Fertilizers Planted fo | Planted to
No. | cotton | alfalfa
357 | Potassium sulphate | 150 1bs, 150 1bs. —

Sodium nitrate 2560 1bs. 250 1bs.
Blood meal 375 lha. 475 lbs,

35 | Control | No fertilizer Mo fertilizer

27 Potassium sulphate 150 lbs. 150 bs.
Sodium nitrate 250 Ibs, 250 1bs.
Elood meal a6 lbs. 375 1bs.

| Bulphur 200 _ibs. 200 Ihs,

8% | Potassinm sulphate ! 150 slb. 150 Ibs.
Bloed meal 375 Ibs, 375 Ths.
Sulphuy 200 lbs. [ 200 Tbs, _—

89 | Sodinm nitrate 250 lbs, | 250 lbs.
Sulphur 260 1lbs. _1 200 Ibs,

30 Sodium nitrate 250 Ibs. 250 Ihs.

| Blood meal 375 Iba. 375 1bs. _
31 | Control No_fertilizer | No fertilizer
32 Sodium nitrate 250 lha. I 250 Ibs.

Blood meal 375 Ibs. 175 Ths,
Tankage _t 150_Tbs. 150 Tbs.

33 Sodium nitrate 250 Ibs. 250 lha.
Blood meal 375 Ibs. 375 Ibs.

i Sulphur 200 lbs. 200 Ths.

34 | Sndinm nitrate 250 Tbs, 260 Ths,
Blood meal 375 ibs. 375 Ibs.
Tankage 150 Tha. 150 lbs.
Sulphor 200 Ibs. 200 Ths.

35 Blood meal 375 lbs. n75 Ibs,

_ | Sulphur _ 200 Tbs. 200 Ibs.

36 Tankage 150 Tbs. 150 Thas,
Sulphur 200 Tbs. 200 Ibs,

A7 | Control | No fertilizer No fertilizer

RESULTS OF FIRST SERIES OF EXPERIMENTS

During the progress of the experiments, observations were
made to determine the influence of the different fertilizers on
growth, 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 observed first on the
growth of the young plants. The plants so fertilized grew faster
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o R
Fig, 1.—View of lettuce fertilizer pluts 6 weeks after planling, showing
the effect of acid phosphate upon the early sgrowth of the plunt. Plant-
ingg in the background fertilized with acid phosphate; planiings in the
foreground, without acid phosphate.

Fig. 2—Showing increased growth of young lettuce planis as the vesult
of the application of acid phogphate. Left—with acid phosphete, Right—
without seid phosphate. Picture taken 6 weeks after planting,

and the larger leaf surface in the early stages of growth was
very pronounced where the phosphate was used alone or in com-
bination with other fertilizers. This increased growth and size
of the young plants obtained from applieations of acid phos-
phate, are shown in figures 1 and 2. This lead in growth became
=till more noticealile as the plants became older. About the time
heading started, however, the larger foliage oceurred where the
acid phosphate was combined with the nitrogenous fertilizers,
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particularly blood meal. The use of nitrogenous fertilizers alone
(without acid phesphate) produced no increase in size of foliage
over the unfertilized or control plots.

EFFECT UPON MATURITY OF HEAD

Acid phosphate was found to have an outstanding effect in
hastening maturity, The first mature heads in the plots ap-
peared 93 days from planting, which was 20 days earlier than
the lettuce preduced on the control plots, or by the use of other
fertilizers. This effect is understood best by observing Table
111, which gives a tabulation of the percentage of the lettuce
crop from each plot that was ready for harvest at the first gen-
eral cutting, 107 days from the time of planting. It will be noted
that over 50 percent of the erop was ready for harvest in all the
plots where acid phosphate was applied, either alone or in com-
bhination with other fertilizers; whereas, only a very small per-
centage, and in most cases norv, of the crop in the remaining
plots had reached the proper stage of maturity for harvesting.
The effect on the earliness of maturity is still further emphasized
in figure 3. This photograph was taken on the date of the first
general cutting, tabulated in Table III, and shows the compazr-
ative state of maturity of heads harvested from plots fertilized
with the single forms of fertilizers and the controls. Heads
representative of the average state of maturity were secured for
the picture. Note the evidence of lack of maturity of all the
heads, as shown by the looseness of texture, except the one
fertilized with acid phosphate. It is easily seen that the head
fertilized with acid phosphate is the only one of sufficient ma-
turity and compactness to warrant being cut at that time.

Fig. 3—Comparative maturity of heads of lettuce from plots with the
single treatments of fertilizer and the control plot. (a) Acid phosphate;

(b) potassium sulphate; (c¢) sodium nitrate; (d) blood meal; (e) sulphur;
(f) control, no fertilizer.
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TABLE [Ii.—SHOWING EFFECT OF DIFFERENT FERTILIZERS
UPON MATURITY AND YIELDS, EXPRESSED IN PERCENTAGE OF
MATURE HEADS AT FIRST CUTTING, AND AVERAGE WEIGHT PER

100 HEADS.
Fertilizer | Percentage of
plots | mature heads at Weight per
first cutting hundred heads

Follow-Follow-{Av. of] Follow-[Follow-|Av. of
g al- [ing cot-| both |ing al- jing cot-] both
falfa | ton |fields | falfa | ton |fields

Potassium sulphate
Sodizm nitrate
Rlnod meal
Sulphur T 0

Control | ¢ | 0O 0.0 102 89 05
Tankage 1] 0 0.0 114 100 107
Potassium sulphate L 0 0.0 104 91 a7
Sedinm mitrate 0 0 [ 00 107 100 105
Sulphur 0 0 0.0 116 89 102
Blocd meal G 0 25 113 106 | 109
Acid phosphate [ b8 74 65.0 137 129 is3
Acid phosphate
Potassium sulphate 57 72 64.5 143 187 155
Acid phosphate
Sodium mnitrate 47 b1 49.0 144 135 129
Acid phosphate
Sulphur 51 23 370 155 133 | 144
Aed phosphate
Blood meal b7 89 1 78.0 185 160 | 174
Acid phosphate
Blood mesl
Potassium sulphate 32 51 41.5 188 133 149
Acad phosphate
Blood meal
Snlphur 78 96 87.3 158 187 | 157
/ eid phesphate !
Sodmm mtrate
Sulphur | 5B 64 59.5 158 146 | 149
Acid phosphate
Sodmm nitrate ’
Blood meal
Sulphur 61 73 68.5 168 170 | 169
Potassium sulphate | [ ’
Sodium nitrate 8 | 0 | 40 114 105 | 109
Potassium sulphate ‘ !
Sulphur 0 0 0.0 115 105 | 110
Potassium sulphate | ! N
Biocd meal 0 | 8 140 108 104 | 106
Potassium sulphate ; I
Sodium nitrate \
Snlphur 0 | o0 0.0 114 110 | 112
I
Sodium nitrate ‘
Blood meal 0 6 [ 00 115 | 113 } 114
!
|

Potassium sulphate t ’
|
|
f

1iL | 100 | 105
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TABLE IIT —Contmued.

Ferialiger ““Perenlage ol - ) - -
plots matule heods b Weoirht per
fist cutimg " h + =l heals

Follow !Follo - v, ol s ole - Tallow-lAvy, of
ma al-imyeol- hoh mz ol g cot- both |
12llv | don Tihouds fualfa | lon fields |
Polag 1om sulphate I | ! i I
Blood meal ‘ | i

|
Sul> o6 [0 i Go 0 1 10% 167
Bor'i. m mtrale i I | I i
Srl har T 0 P35 1 st 10n 102
Soivm mitrate ' I | |
Eled meal 3 13 vl Tio AN 105

Sony mtrate - ‘ ’

Biloo ! meal |

Ten'aave o | 0 | 00 110 v 1

Sod om milrate i

Blood meal ! !

Bulnhor 1 0o : 0 0o

So hmm mtrate | !

Blaed meal ,

Tanl nee |

Sulphur o | o

ElooA meal i

Sulnhur b4 1 0 1 20
0

0. LAY 101

Loo 10 1H W

10t o W02

Twlrae !

|
Sulphur H f 15 %___10} 100 191

EFFECT UT'ON YIELD AND RIZE

In addition to hastening maturity. the aeid phesphate was
found to have a decided influence on yield and size of head, The
average weight per head from the acid phosphate plot was 1.33
povnds which was .38 of 2 pound greater than the average from
the control plots and .28 of o pound more than the combired
rvevoge from the plots on which other single forms of fertilirers
were used. Expressed in weight per 100 heads, this is an in-
creofe of 38 pounds over the controls and 28 pounds over the
olber fertilizers, used singly. (Fig. 4.)

T i of warticular interest that this increase in weight was
oreater with the use of acid phosphate than with the nitrogenons
fertilizers. The inerease in the average weight per head with
phosphate over blood meal, sodium nitrate, and tankage was
.24, .30, and .26 of a pound, respectively. This findline iz im-
rortant, since it has been generally understood that hicher yields
of lettuce mav be expected from the use of nitrogenous fertil-
izers. The effcets of all the fertilizers upon yield, as expressed
in weight per hundred heads, are shown in Table IIL
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]

Ilig. 4.—Showing the effect of acid phosphate npon the size and eompnet-
ness of head, Left—average heads from acid phosphate piots. Right—
avergge heads from unfertilized plots,

In studying the influence of aeid phosvhate in combination
with the other fertilizers, it was found (o prodies a giriking
effect when used with Dlood meal, If increzsed both the welght
and the size of the head. In zctual figvres, the inereseq in av-
erage weight per head obtained from the scid phosphate-blood
meal eombination over acid phogphate alone was .41 or nearly
one-half of a pound. It will be seen from a study of Table TII
that acid phosvhate in combination with the other fertilizers,
gave some increase in yield, but the results were not so pro-
nounced as they were with bleod meal.

The effect of acid phesphate upon the size of head, when used
alone or in combination with blood meal, is still further em-
phasgized in Table IV. This table thows the size of head, as éx-
pressed in commeréial grades or the nvmber of heads per stand-
avd crate, using only the single fertilizers and the azid phos-
phate-blood meal eombination, In comparing the different fer-
tilizers nsed singly, it is seen that potassium sulphate, tankage,
sodinm nitrate, sulphur, and blood mea!, as well as the controls,
produced lettuee that graded 5 dozen heads per crate; whereas,
the acid phosrhate produced grades showing 31 percent of the
3 dozen, and 68 percent of the 4 dozen sizes. It is observed fur-
ther that the acid phosrhate-blood meal combination produced
T8 percent of heads grading 3 dozen, and 22 percent grading 4
dozen, per crate. These ficures represent the average sizes for
crons produged on alfalfa and cotten ground. Wherever the
aeid phosphate was eomhined with a nitrogenous fertilizer the
heads were lareer, but the largest size ocenrred with blood meal.
The ineresse in size of head due to eombinine bleod meal with
acid phosphate, over acid phosphate alone, is shown in figure 5.

The fact that nene of the other fertilizers, when used singly,
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produced heads which graded above 5 dozen per crate may be
explained partly by the lateness of the season. Iowever, this
serves 10 emphasize earliness as an attainable factor through
the use of acid phosphate.

TABLE IV.—SHOWING EFFECT OF ACID PHOSPHATE ALONE, AND
IN COMBINATION WITH DIFFERENT FERTILIZERS, UPON SIZE,
AR EXPRESSED IN COMMERCIAL GRADES.

Grades according fo size__ 1Average grades

Fertilizer Following Following for alizlfa and
alfalfa cotton cotton piots

51 4 3 \ b I 41 3] 61 4| 8

doz.|doz. |doz. 130z, !dov. 1doz. idor. doz. doz.

h’ds| h’ds| h'dst h'ds| h'ds hds 'h’ds h’ds h'ds

| per!per! per|per| por per!per per| per
1 _cr'telcr’teier’teer’te|er’te e tejer te cr'tejerte

Per-|Per-|{Per-|Per-|Per- Per- Per- Per- Per-

. cent|cent|cent| cent|ca nt cent cent cent cent
Control 100 100 _ 100 o
Potassium sulphate 100 100/ | ' 100 f
Tankage | 100 00 T 1100 f
Scdium nitrate ! 100 100 | 100 ¢
Sulphur [ 100 100 R
Blood meal 100 T 106 1T oo |
Acid phosphate 5149 | |86 | 14| 1685 81§
Acld phosphate ] ' !
Potassium sulphate 49 | 51 | 80 | 20 |  [64.5 855
Acid phosphate ’ | i i | !
Sodinm _nitrate 22 78| |85 (15! 535 465
Acid_phosphate | S e
Sulphar [ 13798 T72[28] 425575
Acid phosphate i | | i i I |
Blood meal 1 100| [ 44 [ B6 ] '220 780
Acid phosphate i_—_l | | |
Bicod meal I {

Potassium _sulphate 100 1613 [ 80.5 69.5

An important consideration regarding the increase in size,
caused by the addition of blood meal to the acid phosphate, is
the fact that earliness is not sacrificed. In fact it is scen by
observing Table IIT 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
heads 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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I'ig. 5—Acid phosphate versus acid phosphate and blood meal combined.
Left—Ilettuce head from plot fertilized with acid phosphate alone; less
leafy, smaller, but compact. Right—fertilized with both acid phosphate
and blood meal; more leafy, larger, and less compact.

RELATIVE EFFECT OF FERTILIZERS AS INFLUENCED BY
PRECEDING CROPS OF ALFALFA AND COTTON

Tables 111 and V show interesting data relative to the effects
of the different fertilizers, as influenced by the preceding crops
of alfalfa and cotton. It is noted that alfalfa, preceding the
lettuce crop, had the effect of increasing the size of the head
at the expense of early maturity. The average increase in weight
of heads, for the different fertilizers, singly and in combination
with acid phosphate, was .16 of a pound; the average decrease
in earliness 5.37 days. The greatest increase in weight oceurred
where bleod meal was used with aecid phosphate, the least in-
crease 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 distinetly seen, as evi-
denced by the contrel plots which gave an average inerease in
weight per 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.

Decrease in the earliness of the lettuce crop, following alfalfa,
was noted throughout the entire series of lettuce plantings.
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TALDLE V—§"I0VING T2 ZELATIVE INFLUENCE O 2RIZSEDING
CACI3 OF ALJALFA ULON VWEIGET ¢ER HEAD AND TIIIE oF
MATURITY OF LEZTTUCE,

mm 2588 . .-'3.’u’l+ | DCC.":LJO m ool aess

Fertilizer : 1':.:1, folewing | ol ero», Iclowine al-
ﬂhz-La as eompared | falfa as esmoarad

ik iet nee followi mg' with lautzze Tollow ing

R - ,,._..__’ cotion
Control B T und | 2 doys ~
Tankage 24 pound 1 4 doys
Porossium sulph_a.te ~ R pernd ' 2 days
Bodivm nilrate T pound | 8 davs
Sulphur RN pound _l 2drs o
Blood meal [ .07 round | B doys o
Acid phosphate [ Ou pournd | 6 days .
Acid phosphate | ]
Potassm sul-hale I 24 pound I 8 dsys
Acid phosphate I [
Scdium nitrate | 00 pound 4 days
Aveid phosphatle ! |
Sulphur | .22 pound | & days
Acid phosphale |
Blood menl [ .38 pound 9 days _
Acid phosphate
Bloed meal
Polassium sulphate .29 pound | 5 doys
Acid phosphate I !
Blood menl ! {
Scdium nitrafe 05 pound V3 days
Acid phosphate
Elood meal
Sulvhur 18 pound 8 davs
Acid phosphate !
Sodinm nitrate T
Sulphur | .07 pound 10 days
Acid phosphate L
Sodinm nitrate
Blood meal
Sulphur .1b pound 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.

(¢) TIncreased the weight and size of head,

(d) Increased the compaectness of head.

Combined with blood meal, acid phosphate increased the

weight and size of the leftuce head above that of acid phosphate
alone,
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-The increase in weight and size of head, resulting from the
acid phosphate-blood meal combination, did not decrease ma-
terially the earliness of the erop.

Lettuce afier alfalfa 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 ¢f experiments was planned with special
reference to the influences of these two fertilizers.

EXPERIMENT A

Purpose:—To determine the effect of acid phosphkate alone,
and in combination with 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
used in each series are shown in Table VI. Each plot consisted
of a single row 400 feet long. The rate of application of both
acid phosphate and blood meal was 375 pounds per acre, the
same as used in the experimentis of the previous year. The
variety of lettuce and method of planting were also the same
as 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.

TABLE VI—SHOWING ARRANGEMENT OF PLOTS IN EXPERIMENT
A: ALEO THE RATE OF APPLICATION OF FERTILIZERS PER ACRE.
{THE PLOTS WERE EXACTLY ALIEE THROUGHOUT THE SERIES.)

Piot No. 1 I Control !

Plot No. 2 | Acid phosphate | 375 pounds

Plot No. 8 " Blood meal 375 pounds
Acid phosphate 375 pounds

Plot No. 4 Blood mesl 375 pounds

Results:—The effect of acid phosphate on the time of ma-
lurity and yield was apparent throughout the whole series. The
difference in time of maturity of the lettuce crop under the dif-



134

EXPORIMENT STATION DULLETIN NO. 121

134 T T
—— ] N
142 [1IEN
Il
140 L A \
156 T
* I‘ 11
186 ] 3
— 13
154 / W
. —1
138 I f '?‘ [
130 ! LY
1 4 PR
128 P *
Fl/ AN EN
126 ; Fi A N
1 i 4
124 i i
: 1/ LN A
128 NH LRI AN
! 1 )
129 i L
> r ] 3
2118 P A N\
E Y i fr] 1y 5
Eue] St N £ TS
1 Y
P14 43 N1 .
s I =111
118 X 1 ~
5 T Ny
o110 [ 1]
= r |
108 T ]
th l
168 f: /
104 T 7
L] Fi
108 i
i
100 o
E se # LEGRND
@w gp r] ¥ CONTROL, — = — ==
F |
su ~ 17 o BLOOD MEAL ——— - ——
] by
9z 0 ACID PHOSPHATE = ~== -
20 1 ACID PHOSPHATE
A7 BLOOD i
88 7
86 [
84 o
B I5 % VN I
SEPT. ocT. Wov. DEC. AN,
PLANTING DATES

Fig. 6—Showing the effect of acid phosphate and bloed mual singly and in
combination with each other, upon time of maturiily, as influenced 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. o o e, 118 days
Blood meal ... 117 days
Acid phosphate. ... ... .. ... 119 days
Acid phosphate and blood meal, combined....._...._.__. 108 days

It is thus seen ithat acid phosphate when eombined with blood
meal shortened the time of maturity 10 days. This substan-
tizied the findings of the previous vear, namely, that the ad-
dition of blcod meal in reasenable cuantity did not counteract
the influence of acid phosphate in inducing early maturity. At
the same iime, as shown in figure 7, the addition of blood meal
gave a Cecided increase in yield over that of acid phosphate used
z#lone. This average increase in weight per head for the entire
series was 1.53 ounces. The increase in weight produced by acid
1 hospha'e alene, over the controls, was a'so apoarent threughout
the scries, amounting Lo an average of 1.85 ounees per head.
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Fig. 7—8howing 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, <. 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 earlier plantings were ap-
parently as compact ag were those from the later ones.

It is seen that the late fall and early winter plantings were
decidedly lenger in maturing, which was to be expected on ae-
count of the cooler weather. To offset this, however, the yields
were greater from plantings made at this time.

Summary of Experiment A:—The results of this experiment
are briefly as follows:

1. Acid phosphate had a decided influence in hastening ma-
turity, and in increasing the size of head.

2. Blood meal combined with acid phesphate inereased the
weight of head without delaying the time of maturity.

3. The predominating effect of acid phosphate in hastening
maturity was not influenced materially by the time of planting.

4. The effect of blood meal in eombination with acid phos-
phate in increasing size was not influenced greatly by the time
of planting. -

Fig. 8.— Showing the relative effects of different amounts of acid phos-
phate alone upon maturity and yield, as expressed in size and compactness
of head. Reading from left to right: Contrel; 100, 300, 506, and 700
pounds respectively of acid phesphate, per acre, Uppoer row, following
cowpeas; middle row, following summer fallow:; lower row, following
cowpeas. Note that the greater amounts of fertilizer show very little
increase in size and compactness of head over the lesser amounts used,

EXPERIMENT B
Purpose:—To determine the effect of acid phosphate alone,
and in combination with blood meal, upon the lettuce plant, as
influenced hy the amount of fertilizer used.
Outline :—1In this experiment each plot consisted of four rows.
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400 feet in length, and subdivided crosswice into three greas ae-
cording to the previous treatment of the land, as follows:

(1) Land planted to cotton the previous year, followed by cow-
teas; (2) land planied to cotton the previovs year, followed by
summer fallowing; (3) land planted to sweet potatoes the pre-
vious year, followed by eowpeas. The varieiies of le_tvee and the
mrethod of pleniing and eultivating the erop were the same as
those u;ed in Experiment A. The date of planting was November
29, 1923,

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

1. Control. 11. Control,

2. Phosphate, 100 pounds. 12. Phosphate, 300 pounds.
3. Control, Blood meal, 300 pounds.
4. Phosphate, 300 pounds. 13. Control.

5 Gontrol. 14, Phosphate, 500 pounds.
6. Phoesphate, 500 pounds. Blood meal, 500 pounds.
. Control. 15. Control.

8. FPhoasphate, 700 pounds. 16. Phosphate, 700 pounds.
9, Control. Blood meal, 700 pounds.
13, Tligsohate, 100 pounds. 17. Control,

I'o2d meal, 100 pounds

Results:—The cffect of differenrt amounts of acid phosvhate
rlone, and in coritination with blced meal, upon maturity is
thewn in Table VII. These fievres vwere obtained by defermin-
ine the rereenteec of matrre heads thet were available in each
plot al the first general cutting. In observing the avercoe per-
centege of mature heads fer the different subdivisions in each
plot it w~s found that acid phesphate, when vsed alone, pro-
dreed a decided increnrse in esrliness over the control plots; but
tkat increased amounts of thisg fertilizer, above 00 nounds per
scre, did not have a correspending inflrence. When applied at
the rate of 100 nounds rer acre the rercente~e of mature heads
at the Trst cutting was 16 nercent: and when apolisd at the
rate of 700 pornds per acre the yield wag on'y 15 percent. One
rundred pounds per acre was the smallagt arovnt of acid phos-
phate vsed, and it is posasible that 50 to 75 poun-s per acre mioht
produce the desired effect in premoting earliness. (Fig. 8.)

In observing the effects of acid nhoqmhats in combination
with blood meal, it was found, as shown in Table VII and
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Summary of Experiment B:—Acid phogphate hastened ma-
tvrity and increased the size ¢f head when usad at the rate of
100 pounds and 300 pounds respectively per acre; the use of
greawer amounts of acid phosphate produced no additional
results,

Blood meal in eomlination with acid rhosphate gave no ap-
preciable eiflect in delaying maturity when usald at tha rate of
100 and 300 pcvnds resrceiively per acre; the use of grealer
amounts of blocd meal delayed materially 1he {ime of maturity.

Blood meal in combinaifen with acid phosphate gave no ap-
preciable increase in yield when applied in quantities of more
than 8C0 pounds per acre,

EXPERIMENT C

Purpose:—To determine the comparative effects of different
fertilizers upon ke lettuce plant.

Outline .—This experiment was a duplicate cf the preliminary
experiment eonducted the previous year. It was planned for
the purpose of securing more conclvsive data on the relative
efTecis of different fertilizers. There was one faclor concerning
the treatment of the land which should be mentioned. One-
half of the land used for the preliminary tests with iettuce had
Feen planted previously to cotton, and the other half to alfalfa,
the lelluce erop following immediately after. Adjacent land
was used for Experiment C, but during the interval helween the
two experiments, the land was planied to Irish potatoes. There-
fore, one-half of the lettuce erop in Experiment C was planted
u year afier aifzlfa hal been grown on the land, an.l the oither
half a year after cotfon.

The resulis of Exreriment C can be summarized with the
brief 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 biood meal,
produced the only cutstanding results.

Table IX shows the relative effeets 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
yvears. It will be noted that, of the different fertilizers used
singly, the most marked effect was produced by the acid phos-
phate, both with respect to earliness of maturity angd yield. Of
the different fertilizer combinations, bleod meal wilh 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,

Fertilizer | Percentage of mature| Average weight
plots | heads at first cutting | per head
Fol- | Fol- | Aver-| Fol- | Fol- | Aver-
lowing|lowing|age of | lowing|lowing| age of
alfalfal cotton| both alfalfa& cottor| both
| fields | felds
Control | 0 0 0.0 1.07 | .94 ] 1.00
Tankage | 1 0 0.5 115 | 1.08 | 111
Potassium_snlphate i 1 0 0.5 103 | .82 | 1.05
Sodinm nitrate |2 1} 1.0 108 | 114 | 111
Sulphur |8 0 15 119 | .06 | 107
Blood meal |2 | 6 | 40 | 116|116 116
Acid phosphate | 58 | 58 | 57.0 1.87 | 139 1.38
Acid phosphate |
Potassium sulphate B4 b6 B5.0 1.43 | 1.87 | 1.58
Acid phosphate ’]
Sodium nitrate 46 51 48.5 1.42 | 1.44 1.43
Acid phosphate J J
Sulphur ik 38 | 4756 160 | 144 1 147
Acid phosphate 'J i
Blood meal 59 68 63.5 167 | 1.64 ; 1466
Acid phosphate
Blood meal
Potassium sulphate B8 56 | B6.5 1.72 | 149 | 1.60

GENERAL SUMMARY

1. Acid phosphate alone had the effect of materially hasten-
ing maturity of the lettuce plant and at the same time slightly
increagsing 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 delay-
ing the time of maturity.

8. 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 phosphate 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.

8. Planting lettuce on alfalfa ground had the effect of in-
creaging the yield at the expense of earliness.
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7. It is apparent from there experiments that the desired
effects in the application of acid phosphate and blood meal may
he obtained by the use of 100 to 300 pounds of euch per aerve,

8. Based upon the analysis of the soil, the striking results
obtained by the use of acid phesphate chow very definitely that
the phosphales in Arizona scils are not veadily available to
plants.

9. The beneficial effecls devived from the use of acid phos-
phate on lettuce, due to the unavailability of phosphates in
Arizona soils, suggest thal this form of fertilizer may be used
to advantage with other crops, in hastoning maturity and in-
creasing quality.



