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ABSTRACT 

An experimen t was conducted to determ ine if the P fert ilize r response 
of corn planted in sunken bottomless drums was com para ble to th a t in 
the field. Subso il and surface of an Ultisol (Orthoxic Pa lehum ul ts ) soil 
low in avai lable P were placed in sunken d rums and plan ted to corn with 
and without added P . P response exper imen ts a lso were carried out with 
the sa me soil in the fie ld and in pots in the gree nhouse . T here was a 
significant y ield and P uptake response to added P in the dru m a nd pot 
exper im ents but not in the fi eld , indi cat ing that neither sun ken d rum 
experimen ts nor greenhouse pot tests subst itute for fie ld tests in 
determ ini ng response to P by corn . 

INTRODUCTION 

Farmers have been us ing rela t ive ly heavy applications of fertili zer 
contain ing P fo r the past 20 to :30 years in Puerto R ico. a nd as a 
consequence it is not easy to find land suitable for P fer til ization field 
experiments . It has been shown tha t pot cult ure ca nnot be used to 
simulate P fertilizer response in the field because of the considerably 
higher concentrat ions of solubl e P needed fo r max imum pla nt growth in 
small containers than in the field ( 1,4,5). It was t hought that perhaps 
t he greater soi l vo lume in sunken botto mless drums, their locat io n in the 
fi eld and the fact that t he p la nts can grow to mat urity might result in 
plant response to applied P s imilar to t hat in the field . 

T o determine if response toP fer ti lization in dru ms a nd in the field 
were comparab le, an Ultisol was se lec ted wh ich had a low enough 
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available P content (3-5 p/m by Bray No . 2) that a corn yield response to 
P would be expected. A greenhouse trial was also included for compari 
son. 

MATERIALS AND METHODS 

The soil was a Torres clay (Orthoxic Palehumul ts, clayey, oxid ic. 
isohyperthermic) . It had a pH of 5.0; 3.7% organic matter: and 6.4 , 0.8, 
0.7 and zero meq/100 g of exchangeable Ca, Mg, K and AI, respect ively, 
in the surface 25 em of soil. The 25-50 em horizon had a pH of 4.6 and an 
AI saturat ion of 68%. 

The field plots were 4.9 x 9.8 m with five replicates in a random ized 
block design within a larger P fertility experiment. 

Surface (0-20 em) and subsoi l (20-75 em) samples were collected from 
a site adjacent to the field experiment where chemical and physical 
properties of the so il were very similar to those of the fie ld. The soil was 
dried, passed through a 6.4 mm screen and placed in 57 em diameter, 
208-li ter (55-gal) bottomless steel drums which had been placed upright 
in trenches in a well -drained , convenient location . So il was packed 
around the drums wit h the top 20 em of drums left above ground . The 
drums were filled to a height of 54 em with subsoil and covered wit h 15 
em of topsoil, leav ing the top 20 em unfilled. Four replicates were used, 
except for the last crop where there were only three . The drums were 
irrigated when necessary to prevent water stress. 

The greenhouse study consisted of four repl icates of 1400 g of soil in 12 
em diameter pots , watered with wicks (2) . 

Sufficient lime, N, K, S, Mg, Zn and B were ini tia lly added to the 
surface soil in all experiments to assure that low pH or a lack of these 
elements would not limit yie ld . The N, K, Mg and S applications were 
repeated for each trial in the sunken drum experiment. 

The treatments in the field and sunken drum exper iments were zero 
and 1,120 kg/ha of Pin the form of triple superphosphate mixed into the 
top 15 em of soil. This application had been made the previous fall to a 
corn crop in the fie ld experiment and to a previous sorghum crop in the 
bottomless drum experiment. In both cases , the Bray No . 2 extractable-P 
levels in the P treated soil remained well above the 20 p/m that is 
considered adequate for max imum crop product ion for the duration of 
the experiments. The P treated soil in the greenhouse received 400 p/m 
P . 

Hybrid fie ld corn, (P ioneer X-306 in a ll except the greenhouse 
experiment, which was Funk's G-795W ) was used as a test crop. The fie ld 
trial and plantings A and C of the drum experiment were p lanted in 
April; planting B was in August; and D, in October. The drum 
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exper iment was cond ucted at an elevat ion of 130 m and th e fie ld 
experiment at 450 m. T he mean annu al tempera t ure at t he d ru m site was 
ap proxi mate ly 2° C warmer than at the field site . The mean tempera ture 
d uring the growth of t he Apr il -pla nted fie ld exper iment was approx i
mate ly equa l to tha t of t he October plant ing in the drums . T he 
a bove-ground port ion of the plants were harvested for yie ld and P 
content. 

RESULTS AND DISCUSSION 

T here was a s ignifican t yield and P uptake response to applied P in the 
greenhouse and sunken d rums but not in th e field (tabl e 1). 

TABLE 1.-Effect of fertilizer P on cum vleld and P content 

Yield' P u p take' 
Da vs Plan t P la nting grm~rt h population Relati,·e Relative P 

0 P " yield ' 
0 p 

uptake 

K,;/m ' KJ< /m ' 

G reenhouse 22 3/pot .20 .12 27 .4 :2 2.10 20 
Drum A 79 10/dru m 1.92 2.8.5 67 .58 :2. 81 :21 
Drum B 71 4/drum 1.07 2. :21 48 .96 3.61 21 
Drum C 1:24 2/dwm 1.70 2. 65 64 :,U I 4. 7:1 49 
DrumD 1:19 ! /d ru m 1.12 L6:l 71 :2 .00 :3. 77 ;): \ 

F ie ld 125 48,000/ha 1. 05 1.06 99 2 .:36 2.:17 100 

' Add ing P s ignifi cant ly inc reased y ields and P con tents a t the f) o/r p robabil ity le,·e l by 
the Dunca n' s M ul t ipl e Ra nge test fo r all excep t tbe fi el d ex periment whe re there we re no 
s ign ifican t di ff erences . 

' 11 20 kg/ha P for a ll but t he greenhouse ex per iment which received 400 p/m P . 
' l OO(O Pl 

p 

The observed di fferenc e in response in sunken drums and the fi eld is 
p roba bly d ue to the higher yie ld potential per area of soi l in t he drum s 
resulti ng from the high er rad iat ion rece ived by t he isol a ted corn plants 
(3, 6) . The unfert ili zed so il appare ntly supplied sufficient P for t he yield 
potenti a l of this hybri d under fi eld cond it ions but no t enough for the 
higher yields tha t a re possible in su nke n dru ms. For exa mple, the yi elds 
per un it area in t he p lus P trea tmen ts in t he two su nken drum pl a nt ings 
t ha t grew to m at urity were 54 % (pl an t ing D ) and 150% (pl ant ing C ) 
greater than the P fert ilized treatment in the fie ld. 

T heoretica lly, corn could be pl an ted between t he drums to approxi 
mate a fi eld popul a tion and assu re s imil a r rad ia tion, but this would be 
cons idera bly more inconvenient, a nd in testi ng very low P so il s, t he 
border plants would shade the smaller P deficien t p lants, reduce their 
size even further , and exaggerate the P response in t he drums . For 
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example, the plants in the non-P fert il ized treatment in these experi
men ts were approximately 50 em shorter 40-50 days after planting, than 
the plants receiving P . 

The large response to P in the greenhouse was probabl_v· a result of 
restricted root growth in the small pots and the consequent requirement 
for higher concentrations of P for maximu m plant growth ( 1,4,5), and to 
the fact that t here is a larger response to added P during the early growth 
of plants . This large response to P in young plants was also observed in 
the sunken d rum experiment and in the fie ld. The heigh t of the plants in 
the fie ld check treatment were only 65 and 79% of the plus P treatment, 
21 and 43 days after plant ing. respective lv . This early response would 
have been ref1ected in weight differences in the pot experiments. 

Restrict ion of the lateral root extension in the drums apparently had 
no detrimental effect on P uptake since P uptake per area in the 
unfert ilized soil was approximately t he same in the two drum plantings 
(C a nd D) that were carried through to maturity as in the fi eld (table 1) 

S ince the data in tab le 1 are for tota l y ield (grain plus stover), it should 
be added t hat in the fie ld the grai n yield a lone was not s ignificantly 
affected by P fertilization either, yet grain yield in the zero P treatment 
of plants grown to maturity in the sunken drums (plantings C and D) 
were only about one half that in the p lus P treatment. 

The signi ficant yield and P uptake responses to added fertilizer P by 
corn grown in sunken drums and in pots in the greenhouse when there 
was no response to added P in the field indicates that neither sunken 
dru ms nor greenhouse pot tests can be used wit h confidence to predict 
response toP by corn in t he field . 

RESUMEN 

En el estudio que aqui se informa se com para como el maTz responde a Ia aplicaciim de 
fosforo hajo condiciones de im·ernadero. de drones• en terrados \' de campo. Se utilizo un 
suelo de Ia serie Torres. hajo en fosforo utilizable. Oicho suelo se ha clasificado como un 
U!tisol (Orthoxic Palehumultsl. arcilloso. oxidico. isoh ipertermico. Los tratamientos en los 
experimentos d e campo y en los de drones consistian de: 0 y 1120 Kg./Ha. de P como 
superfoofato triple. incorporado en los primeros 15 em. de suelo. El suelo tratado en el 
invernadero recibii1 400 ppm de P. En los experimentos de campo v en los de drones se 
sembro el hfbrido de maiz Pioneer X-306 mientras que en los de invernadero se sembro el 
Funk G-79i>. Los resultados obtenidos senalan que hubo una respuesta significativa en 
terminos de rendimiento .v absorc ion de P al abonamiento con P en las pruehas en 
invernadero yen drones. pero no asi bajo condiciones de campo. Esta falta de respuesta a P 
bajo condiciones de campo no puede atribuirse a que los bajm; rencli m ientos pudieran 
enmasrarar los efectos del P. ya que los rendimientos maximos de ma'1z en grano se 
ap roximan a l 90'1 del potencial de produccion del h'IiHiclo utili zado. Se concluye que los 
experimentos en drones o en tiestos en invernadero no pueden usarse como substitutos para 

• Drums; h idones. 
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los experimentos de campo en los que se trata de determina r como el mafz responde a l 
abonamiento con P . 
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