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soil 
PART I: 	'Investigation of the interactions between soil moisture, 

nitrogen, and plant population in the production of corn. 

(1) 	To test the effects of two soil moisture levels,Objectives: 

five nitrogen fertilizer rates, and two plant 

populations on the yielId of shelled corn at two 

locations. 

(2) 	To correlate evaporation of water with irriga

tion water requirements of corn. 

Procedure 

on 	two private
Site descriptions: The, experiments were located 

farms in the upper Aconcagua valley near Los Andes in the province of 

the larger of the two sites, was located on a
Aconcagua. El Castillo, 

slope of 	approxi
deep, well drained loam to light clay loam soil with a 

The area had been in corn the previous year. Con
mately one percent. 


was located on deep, well drained, very fine

doroma, 	 the second site, 

slope of about one percent. The pre
sandy loam to silt loam soil with a 

Nitrogen 	fertilization
vious crop at Condoroma had been seed lettuce. 


had been regular practice on both"farms in previous years.
 

Exp erimental design: Both experiments included'the variables soil 

moisture, nitrogen fertilizer rate, and plant population. At Condoroma, 

in addition, therewere two diffeient seed bed preparations. The latter 

were actually treated as two different experiments on the same field. 



completeExperimental design was split-split plot in randomized 

block. The whole plot was soil moisture treatment; the first split was 

fertilizer rate; the second split was plant population. There were six 

replications at El Castillo and two replications at Condoroma. The 

renumber of replications was governed by the available space in the 

spective fields. 

The individual plot size was 10 meters long by 5.2 meters wide at 

El Castillo, and 5.5 meters wide at Condoroma (six rows of corn each 

34 and 36 inches wide, respectively) with 20 plots per block at El 

Castillo and 10 plots per block at Condoroma. Details on the field lay

out are given in Figures I. 1 and I. 2 for the two sites. The experimental 

sameplots were surrounded by a buffer of corn which was planted at the 

time as the plots. 

Site preparation and treatments: 

The sites were spring plowed with a disc plow, then disc harrowed 

and irrigated. Seed bed preparation involved disc harrowing plus four 

times over the land with a spike-tooth harrow to make a soil surface 

mulch (to conserve soil moisture). At Condoroma a second seed bed 

treatment simply involved the single disc harrowing operation. This 

treatment was designed to approximate the.method generally used in 

the area. 

There were two levels of irrigation. The first was designed so as 

tb avoid any moisture stress in the crop; water was applied when tenslo
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meters placed at 45 centimeters averaged .6 atmosphere. The second 

irrigation treatment was applied when'the corn showed wilting through 

most of the day. Furrow method was used and the amount of applied 

water was estimated by measuring inflow and outflow with 900 'IVr notch 

weirs. The water was distributed with siphon tubes. There were five 

nitrogen fertilizer rates. Nitrogen in the form of urea was applied at 

300 and 400 kilos of the elemert per hectare. Thezero, 100,' 200, 

material was applied broadcast by hand. It was disced into the soil with 

the disc harrow at the time of seed bed preparation. Phosphorous fer

tilizer in the form of treble-super phosphate was banded next to the 

The rate.planted twoby a fertilizer attachment to the planter at planting. 

was about 67 kilos of the element per hectare.of phosphorous 

Planting at El Castillo was on September 28 but because plant emer

gence was not sufficient for the high population desired, the ground was 

given another light irrigation and replanted on November 14. Condoroma 

planted October 6, 1970. The different plant populations werewas 

achieved by thinning all plots to the desired plant density. Thinning 

was done using wires marked with paint to give the standard distances 

between plants. The theoretical number of plants for the two populations 

was 60, 000 and 90, 000 per hectare, respectively. The corn variety was 

Chilean hybrid MA-7. 
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Evaporation pans: 

One evaporation pan was installed at each experimental site on 

December 19. The pans consisted of one-half of a 55-gallon oil drum 

buried in the ground with approximately four inches exposed above the 

ground level. The pans were located in a corn field adjacent to the 

experimental sites and the corn in the immediate area cut to maintain 

a height that would prevent shading of the pan. Daily readings were 

taken of the water level in the pans through February 15 on El Castillo 

and February 25 on Condoroma. 

Harvest: 

Harvest data -eTe-collected from the individual plots by taking all 

the ears from the center four rows of corn. Border effect on the plot 

ends was avoided by taking only eight meters of row length using a stan

dard wire marker for distance. The weight and number of ears of corn 

from each plot row were recorded. Five ears were selected at random 

from each row and moisture content of the grain was determined using 

a Delmhorst moisture meter. Yield from each plot was then adjusted 

to the standard 15 percent moisture content. Yield results are ex

pressed in terms of kilograms per plot of shelled corn at El Castillo, 

and in terms of kilograms uer row at Condoroma. 



Results 

Table I. I gives the treatment and replication yield results for El 

The analysis of variance for 
Castillo on the basis of individual plots. 

indicates that the main or diract.effects
these data, given in Table I. 2, 

of water and plant population were highly significant but that there was 

The yield increased with 
no significant effect from fertilizer nitrogen. 

the higher water application rate and decreased with the higher plant 

Table 1. 2 indicates also that there were no significant inter
density. 

converted to quintales per hec
actions. The treatment averages were 

These data are given in Table 1. 3; these results indicate that the 
tare. 

excellent act this site.overall yield of corn was 

given in Table 1. 4. In this case
Yield results from Condoroma are 

the yields are expressed as the mean row yield per plot (four rows were 

shows the analysis of these data and Table 1. 6 
harvested). Table 1. 5 

gives the mean treatment results in terms of quintales per hectare. 

The average yield results from Condoroma were lower than El Castillo 

but the treatment effects were essentially identical; irrigation treat

ments and plant population significantly affected the corn yield while nit

rogen rates and interactions effects were all non-significant. 

It is apparent in Table I. 5 that the effect of water was not signifi

cant with the Soil Preparation 1 part of the experiment at Condoroma. 

This is not considered to be, an important item since the error degrees 
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of freedom (= 1) does not allow for fine distinctions among the whole

plot effects. The yield data actually did favor the higher water applica

tion treatment. 

-There was no significant difference in yield of corn bitween the two 

methods of seed bed preparation at Condoroma. This observation is based 

on a simple "t" test of the average results given in Tables 4A and 4B. 

There was a slight trend toward increased yield with the intensive soil 

preparation treatment. 

Irrigation dates and depth of gross water application are given in 

Table I. 7. These are an average of the six replications in El Castillo 

and the two replications on both soil treatments at Condoroma. 

Evaporation data from the buried pans for the periods between irri

gations on the higher soil moisture level are shown in Table I. 8, to

gether with the depth of water applied at the end of these same periods. 

Discussion 

The fact that there was no response to nitrogen fertilizer at either 

of the two experimental sites was unexpected. It was apparent from the 

lack of response, in connection with the very respectable yield levels 

obtained, that the residual carry-over of nitrogen in the soil from pre

vious seasons was large enough to satisfy the needs of the corn. 

In order to obtain some estimate of the amount of inorganic nitrogen 

in the soil, samples were obtained from the fertilizer plots at El Castillo 
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at the conclusion of the harvest operations. The soil samples were 

pairs of soil cores were taken from each fertilizer
obtained as follows: 

from the bottom of the irrigation furrow at a point 
plot. One core came 

The second core in the pair came from 
selected at random in the plot. 

The cores 
a point adjacent to the first on the soil crest between furrows. 

separated at one-foot depth increments and were composited for 
were 

There were, accordingly, twenty soil samples
each fertilizer treatment. 

and these were analyzed for extractable NH,-N and NO3-N at the soils 

gpien inThe results from this work are
laboratory at La Platina. 

Table I. 9.
 

it is apparent that

Looking at the soil column totals in Table I. 9, 

had very little effect except at the highest rate. 
the fertilizer treatments 

It can be assumed that the crop extraction of soil nitrogen, together 

with the redistribution of nitrogen within the soil by the irrigation water, 

a leveling effect on the total amount of nitrogen residual from the 
had 


At the same time, end-of-season levels of nitrogen were
 
treatments. 

high. Table 1. 9 indicates that the average total of ppm-N in each soil 

82.4 ppm. This number can be converted into kgs of N per
column was 

Bulk density was not deter
ha. if the bulk density of the soil is known. 

mined here but a fair estimate would be in the range 1.3 to 1.5 for this 

soil. A reasonable conversion factor for converting ppm-N to kgs/ha-N 

would, therefore, be 3.5. Accordingly, the average amount of resid

- about 290 kgs/ha. Nothing
ual nitrogen indicated in Table 1. 9 would be 
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is available in terms of the amount of organic nitrogen that would be re

leased during the growing season so there is no way of estimating the 

total available nitrogen in the system. It is apparent nevertheless that 

there had been a build-up of soil nitrogen over the years as a result of 

consistent liberal use of nitrogen fertilizer by the land managers. It 

is estimated that the residual NO3-N would need to be 40 ppm or lower 

before fertilizer to increase the yield. This assumes that soil water 

would be adequate but not excessive. Other kinds of nitrogen fertilizer 
J 

responses will be presented subsequently in connection with the demon

strative experiments in this program. 

The results indicate a decrease in yield with an increase in popu

lation density. This is opposite to the results obtained the year previous 

when variety Tracy-133 was used. It is apparent that under the condi

tions of the 1970-71 growing season, the optimum stand density was 

somewhere below 90, 000 plants per hectare. The contrasting results 

for the two years emphasize the need to thoroughly evaluate corn varie

ties in order to be able to provide complete characterization of the 

soil moisture and fertility effects on corn yield. 

Soil moisture availability, or irrigation frequency, affected corn 

yield at both locations. There were no interactions, however, between 

soil Imoisture treatments and fertilizer treatments. There are, two rea

sons for this lack of interaction. It was evident first that nitrogen was 

not deficient, and second that soil moisture was not excessive. Plant 
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required
growth stresses induced by out-of-balance growth factors are 

The long
if the interactions between growth factors are' tto be manifest. 

that the interof this series of experiments requirerange objectives 

actions in crop yield between soil moisture and soil fertility be fully 

defined. 'This is necessary in,order to ascertain the optimum levels of 

or economic return. Design of 
water and fertilizer for maximum yield 

more specifically toward the long range
'future experiments will be pointed 

goals. The experiments presented here resulted in experience and data 

that are necessary prerequisites for properly designing and executing 

those experiments that will give rise to crop yield response functions. 

At El Castillo where the yield increase at the higher 'soil moisture 

was significant, 34percent more water was applied than on the low soil 

moisture. All of this additional water may not have been available to the 

crop, as no evaluation of the deep percolation losses was made. 

For the pre-irrigation and the first irrigation after planting,'the 

at field capa
deep applications assured that the entire root zone was 

lighter and at more frequent inter
city. The following irrigations were 

vals to maintain the soil moisture at optimum availability. 

At Condoroma, where the higher 'soil moisture level favored higher, 

55 percent more water was 
yields, though not statistically significant,, 


applied than at the lower soil moisture. Total application in both treat-,
 

ments was less than at El Castillo. This probably explains the lower
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yield at Condoroma than at El Castillo. Water penetration was difficult 

to obtain evenduring the pre-irrigation. 

The limited data indicate a potential for establishing a correlation 

between the inexpensive buried pan and irrigation water requirements. 

Assuming that all the water consumed by the corn between irrigations 

was replaced during the following irrigation and assuming an irrigation 

efficiency of 85 percent, the overall average ratio of consumptive use 

to the pan evaporation is approximately one. 

The results indicate a marked yield difference between Condoroma 

and El Castillo. This can be explained, in part, by the differences ob

served in the water penetration of the soil. At Condoroma it was 

observed after the first irrigation that water penetration was not suffi

cient to affect the tensiometers even after 18 hours of continuous irri

gation. This problem necessitated a change in procedure for determin

ing the irrigation frequency at this site. Irrigation water was applied 

to the high moisture plots when the plants in those plots wilted at mid-day, 

rather than when the tensiometers registered slight moisture tension as 

originally planned. Water penetration was not a problem at El Castillo. 

I 

Summary and Conclusions 

Field experiments on production of corn were conducted on two sites 

in the Aconcagua valley near Los Andes, Chile. These experiments had 

as variables irrigation frequency, nitrogen fertilizer rates, plant popu-, 



and method of seed bed preparation. The major treat
lation density, 

were randomized and replicated in a split-split plot design. Data 
ments 


were collected on amount of water supplied, evaporation of water, and,
 

yield of shelled corn.
 

The results indicated no response to fertilizer nitrogen increased 

yield with the highest irrigation level, and decreased yield with the high

est plant population. There were nointeractions between the experi

mental variables. There was a nonsignificant trend toward higher yield 

pene
of corn with intensive seed bed preparation. Irrigation water 

tration or intake rate was a handicap at one of the experimental sites. 



Table I. 1. Yield of Shelled Corn at El Castillo: Standard 15%16 moisture content as kilograms per plot 
Sol Population I b 

SoilMoisture PPlants 
per Ha. 

NitrogenkgH.Total 
kg/Ha. 1 2 

Replications 

3 4 5 6 

T 

1 60,000 0 36.46 33.43 33.53 32.21 35.03 36.71 Z07.36 
100 34.40 34.03 31.29 32.89 35.35 34.85 202.81 
200 
300 

31.66 
36.42 

35.98 
36.90 

31.47 
34.23 

37.09 
34.12 

35.18 
36.77 

36.61 
35.08 

207.99 
213.52 

400 34.13 30.83 33.58 31.34 34.02 36.20 200.10 
Sub-total 173.07 171.17 164.12 167.65 176.32 179.45 1031.78 

90,000 0 34.91 34.80 30.37 33.46 35.23 34.70 203.47 
100 32.62 34.54 32.86 30.09 33.43 35.97 199.51 
200 30.28 31.77 30.07 34.72 32.12 37.08 196.04 
300 32.62 33.11 31.04 34.80 30.56 37.46 199.59 
400 33.61 31.77 29.70 33.55 32.40 32.79 193.82 

Sub-total 164.04 165.99 154.04 166.62 163.74 178.00 992.43 
2 60,000 0 24.97 34.131 37.23 36.03 33.08 35.88 201.50 

100 21.60 33.82 32.53 29.29 34. 18 34.29 -185.71 
200 32.00 33.16 34.14 28.56 34.60 30.62 193.08 
300 31.91 21.12 28.74 25.48 34.07 26.25 167.57 
400 33.90 34., 33 25.19 33.89 30.16 32. 10 189.57 

Sub-total 144. 38 156.74 157.83 153.25 166.09 159. 14 937.43 

90,000 0 23.77 29.26 35.14 33.62 34.40 36.00 192.19 
100 20.40 35.93 27.79 26.57 26.55 32.54 169.78 
200 29.65 27.10 32.57 24.99 32.52 30.97 177.80 
300 30.96 25.22 29.48 25.39 33.72 30.91 175.68 
400 35.29 33.53 24.61 35.33 20.72 34.10 183.58 

Sub-total 140.07 151.04 149.59 145.90 147.91 164.52 899.03 
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Table 1. 2. Analysis of Variance for Yield of Corn at El Castillo 

Fss MSSource df 

119 1703.26Total 

5 121.61 24.32
Rep 

31.55 **1 293.75 293.75Water 
5 46.54 9.31Error (a)' 

.29N 4 64.01 16.00 

.344 76.98 19.24N x W 
Error (b) 20 914.72 55.71 

19.99**50.38 50.38P 	 1 
1.62,4 10.87 2.72PxN 

1 .00 -
PxW 
Error (c) 74 124.40 1.68 

• Significant at 1%level. 

Table I.3. 	 Average Treatment Yield Results in Shelled Corn at Stan

dard 15% Moisture Content, El Castillo 
YieldAverage 


kgs /plot qq/Ha. _/
Treatment 

121.3433.52N-0 
31.58 	 114.32N-100 

N-200 32.,29 116.89 
114.10
31.52
N-300 


31.96 	 115.70N-400 

M-, P-1 34.39, 124.49 

M-I, P-2 33.08 119.75 

M-2, P-1 31.25 113.12 

M-2, P-2 29.97 108.49 

across water and populationaNitrogen results were averaged 
averaged acrosstreatments. Water and population results were 


nitrogen rates.
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Table 1. 4. Yield of Shelled Corn at Condoroma: Standard 151c lMoisture 
Content as Kilogram per Plot Row 

A. Soil Preparation 1 (Disc and Harrow) 

Soil Population Nitrogen Replication Replication
2Total

Moisture Plants 
per Ha. 

60,000 0 5.49 7.83 13.32 
100 5.34 8.96 14.30
 
200 6.46 8.10 14.56 
300 5.63 7.65 13.28 
400 5.53 8.30 13.83 

Sub-total 28.45 40.84 69.29 

90,000 0 4.15 7.24 11.39 
100 4.76 6.96 11.72 
200 4.30 6.87 11.17
 
300 5.76 5.83 11.59 
400 4.22 6.75 10.97 

Sub-total 23'. 19 33.65 56.84 

2 60,000 0 3.83 5.93 9.76 
100 3.70 3.71 7.41 
200 3.32 4.69 8.01 
300 6.44 6.18 12.62 
400 4.13 5.84 9.97 

Sub-total 21.42 26.35 47.77 

90,000 0 3.05 3.45 6.50 
100 2.76 3.64 6.40 
200 3.36 4.68 8.04 
300 3.40 4.04 7.44 
400 3.51 4.44 7.95
 

Sub-total 16.08 20.25 36.33 



Table I. 44 (Continued) 

B. Soil Preparation 2 (Disc Only) 

Sol 
Soil 

Moisture 

Population 
Plants 

Ha. 

Nitrogen 

kg/Ha. 
Replication Replication Total 

60,000 

Sub-total 

0 
100 
200 
300 
400 

5.41 
7.24 
6.15 
6.27 
5.21 

30.28 

7.35 
7.50 
7.25 
6.49 
6.63 

35.22 

1Z. 76' 
14.74 
13.40 
12.76 
11.84 
65.50 

90,000 

Sub-total 

0 
100 
200 
300 
400 

4.18 
5.75 
4.38 
5.18 
4.36 

23.85 

5.51 
5.43 
6.23 
5'.46 
5. s9 

28.22 

9.69 
11.18 
10.61 
101.64 
9.95 

52.07 

2' 60,000 

Sub-total 

0 
100 
zoo 
300 
400 

3.25 
3.83 
3.17 
4.22 
3.28 
1:7.75 

"4.49 
4.68 
3.75, 
5.68 1 
5.49 

24.09 

7.74 
8.51 
6.92 
9.90 
8.77, 

41.84 

90,000 

Sub-total 

0 
100 
200 
300 
400 

2.94. 
2.79 
3.52 
3.77 
3.43 
16.45 

3.57 
2.62 
2.52 
5.29 
3.19 
17.19 

6.51 
5.41 
6.04 
9.06. 
6.62 
33.64 
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Table . 5. Analysis of Variance for Yield of Corn at Condoroma 

A. Soil Preparation I 

Source df 

Total 39 
Rep 1 
W 1 
Error (a) 1 
F 4 
FxW 4 
Error (b) 4 
P 1 
PxW 1 
P x F 4, 
Error (c) 18 

ss 

105.64 
25.52 
44.16 
4.72 
1.86 
3.92 
8.22 

14.26 
.03 

1.00 
1.95 

B. Soil Preparation 2 

Source df 

Total 39 
Rep 1 
W 1 
Error (a) 1 
F 4 
FxW 4 
Error (b) 4 
P I 
Pxw 1 
P x F 4 
Error (c) 18 

*Significant at 5% level. 

**Significant at Ile level. 

ss 

79.74 
6.71 

J 44.29 
.13 

2.99 
4.96 

10.90 
1i.69 

.69 

.99 

3.23 

MS, 

25.52 
44.16 

4. 72 
.47 
.98 

2.06 
14.26 

.03 

.25 

.11 

MS 

6.71 
44.29 

.13 

.75 
1.24 
1.01 

11.69 
.69 
.25 
.18 

F 

9.86 

.23 

.48 

129.63 **
 
.27
 

2.27
 

F 

340.69* 

.75 
1.24 

64.94** 
3.83 
1.39
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Table I. 6. 	 Average Treatment Yield Results in Shelled Corn of 
Standard 15% Moisture, Condoroma 

A. Soil Preparation 1 

Average Yield
 
Treatment 
 kg/row qq/Ha. 

N-0 	 5.12 78.34 
76.35N-100 4.99 

N-Z00 5.22 79.87 
N-300 5.62 85.99 
N-400 5.34 81.70 

M-l, P-1 6.93 106.03 
M-l, P-2 5.68 86.90 
M-2, P-1 4.78 73.13 
M-Z, P-2 3.63 55.54 

B. Soil Preparation 2 

Average YieldTreatment 
kg/row qq/Ha. 

N-0 	 4.59 70.23 
N-100 4.98 	 76.19 
N-200 4.62 	 70.69 
N-300 5.30 	 81.09 
N-400 4.65 	 71.14 

M-l, P-1 6.55 	 100.21 
M-l, P-2 5.21 79.71 
M-2, P-I '4. 18 63.95 
M-Z, P-Z 3.36 51.41 
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Table I. 7. Irrigation Frequency and Gross Irrigation Application 

El Castillo 

Low Soil MoistureHigh Soil Moisture 

DepthDateDepthDate cmcm. 

Sept. 16, Z3 21.2Sept. 16, 23 21.2 
Dec. 15 21.8, Dec. 17 19.3 

Jan. 27 	 12.0
Jan. 5 	 12.0 

March 6 	 16.3Jan. 21 11.5 


Jan. 29 5.3
 
Feb. 8 
 4.9 

Feb. 18 7.9
 
March 2 7.5
 

TOTAL 68.8TOTAL 92.1 

Condoroma 

Low Soil MoistureHigh Soil Moisture 

DepthDateDepthDate cmecm. 

Oct. 1, 2 	 8.5Oct. 1, 2 	 8.5 
5.6 Dec. 9 	 9.6Nov. 28 
5.7 Dec. 24 	 6.9Dec. 9 

Dec. 16 6.5 Jan. 7 1.6 

Dec. 22, 23 5.3 	 Jan. 19 7.1 
Jan. 29 5.4Dec. 29, 30 7.6 

Jan. 6 3.4 Feb. 8 6.1 

Feb. 16 3.6Jan. 15, 16 5,4 
3.9Jan. 22 


Jan. 27, 28 5-6
 
Feb. 4 3.3
 
Feb. 10 4.7
 

Feb. 15, 16 5.7
 

Feb. 22 
 4.2 

TOTAL 48.8TOTAL 75.4 
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Table I.8. Evaporation from Buried Pan in Relation to Gross Water 

Application 

El Castillo 

Evaporation for Period Gross Water Applied at 
Period (cm) End of Period (cm) 

12.0Dec. 18 - Jan. 5 12.2 
11.5Jan. 6 - Jan. 21 7.9 

5.33.8Jan. 22 - Jan. 29 
Jan. 30 - Feb. 8 4.8 4.9 

TOTAl 28.7 33.7 

Condoroma 

Gross Water Applied at 
Period Evaporation for Period 

(cm) End of Period (cm) 

Dec. 23 - 29 5.3 7.6 
3.4Dec. 30 - Jan. 6 6.0 

Jan. 7 - 15 z.6 5.4 
Jan. 16 - 22 4.6 3.9 

5.6Jan. Z3 - 7 3.4 
3.3Jan. 28 - Feb. 4 4.9 
4.7Feb. 5 - 10 3.7 

Feb. 11 -15 3.2 5.7 
4.2Feb. 16-22 4.1.. 

43.8TOTAL 37.8 
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Table I. 9. 

N -rate _ 

kg/Ha. 

0 

100 

Nitrogen Soil Test Results, El Castillo 

N Concentration - ppm a/ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Soil Depth - Feet 

0-1 1-2 2-3 3-4 

40.9 19.6 6.2 11.2 

40.3 15.7 11.2 10.1 

_ _ _ _ _ 

Total 

77.9 

77.3 

200 26.3 15.7 8.0 7.3 57.3 

300 33.6 14.6 15.1 15.7 79.0 

400 57.7 25.2 16.2 21.3 120.4 

TOTAL 

Avg. 

198.8 

39.8 

90.8 

18.2 

56.7 

11.3 

65.6 

13.1 

411.9 

82.4 

a-Extractable NH4-N plus NO 3 -N. 



Nitrogen Rates Population: Blocks I, 3, 6, 8 - high soil moisture level 
in kg per hectare: Blocks 2, 4, 5, 7 - low soil moisture level 

0 - 0 60 - 60, 000 plants per Blocks 1 and 2 were dropped from the ex
1 - 100 hectare periment due to irrigation problems during 
2 - 200 90 - 90, 000 plants per the season. 
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Nitrogen Rates: Population: 

0 - 0 60 - 60, 000 plants per hectare 

1 - 100 kg/Ha. 90'- 90, 000 plants per hectare 

2 - 200 Blocks 1, 3, 6, 8 -high soil moisture 
3 - 300 B16cks 2, 4, 5, 7 - low soil moisture 
4 - 400 
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Figure I. 2. Experimental Plan for Interaction Inve stigation, Fundo 
I Condoroma 1970-71 
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PART II: Farmer cooperator experiments demonstrating production 

'management techniques for improved corn production on com

mercial firms. 

Objectives: '(1) To demonstrate soiland water management and 

cropping techniques that are proven by theinter

action experiments. 

(Z) 	 To train extension personnel in designing, con

ducting, and in applying field demonstration

type experiments. 

(3) 	 To evaluate fertilityconditions in commercial 

fields by comparing the yield 'of corn on plots 

receiving three levels of nitrogen fertilizer. 

Procedure 

Eight locations were selected in the Aconcagua valley near San Felipe 

and Los Andes, Chile. These included four cooperative farms (asentamien

tos), three private farms and one agricultural school. The chosen sites 

represented a variety of soil conditions. The locations were: 

Agricultural School: 	 San Felipe 

Asentamientos: 	 Cristo Redentor - Los Andes 

Vencedores Unidos - Los Andes 

Tartaro de la Vicuna - Putaendo 

El Nilhue - Catemu 
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.iarms: Arturo Manzur - Panquehue 

Federicc Hardy - Panquehue 

Sociedad Agricola 
Colonia - Santa Maria 

Variables in this project were irrigation methods and nitrogen ferti

lizer rate. The designwas a,"demonstrative block" with the two irriga

tion methods parallel and adjacent to each other. At right angles to the 

irrigation treatments, and continuous across them, were three rates of 

nitrogen fertilizer. 

The nitrogen treatments were randomized. The nitrogen source was 

urea, and this was'applied in rates of zero, 100, and 200 kilograms of the 

element per hectare. ,Method of fertilizer -application was hand broad

cast at the time of seed bed preparation. Field layout of the treatments 

is shown in Figure H. 1. There were no replications but the same general 

"block" was used at all locations. The "block" was about 60 meters by 

100 meters in overall dimensions. 

The first irrigation method, "tendido" is standard in the area. It 

consists of a modified border-flood irrigation procedure. Characteris

tically this method results in somewhat arbitrary irrigation intervals and. 

non-uniform application. The second method of irrigation was by furrows 

with water applied to individual furrows through siphon tubes. Irrigation 

frequencies on the flood irrigation treatments were left to the discre

tion of the farmers. On the furrowed plots two tenslometers installed 

in the soil at about 30 cm depth,. at each location, and these plots were 
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were in the'.6 to . 8 atm range.
generallyirrigated when the tensiometers 

Water applied by both methods of irrigation was estimated by measuring 
Tf 

inflow and outflow with 900 "V" notch weirs. 

In general the land was prepared by disc-plowing prior to planting. 

On the half block to be irrigated by 'furrows,'and in'some cases on the 

the land was spike
other half as well, at the insistance of the farmer, 

tooth harrowed to give a finer seed bed. 

done by machine using Chilean hybrid variety MA-7,Seeding was 

per hectare.
attempting to approximate a population of 60, 000 plants 

Average plant densities varied among locations, from a low of 45, 000 to 

a high of 78, 000'plants per hectare. 

Harvest technique consisted of selecting 16 rows each 15 meters 

The ears were
long-in the ,center of each ofthe six plots at each sit:e. 

taken from every other ,row resulting in eight rows that were actually 

The corn was weighed from each harvested row, the
sampled for yield. 

was taken to estimate moisture content 
ears were counted and a subsample 

corn at 15c mois
of the kernels. Yields are expressed in terms of shelled 

ture per hectare. 

'Resultb and Discussion 

Table II. 1 gives the results of the demonstration experiments at the 

The results are shown in two groups:'the four asentaeight locations., 


nmlentos in one group and the three private'farms plus the agriculture
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school in the other.' There is ,no distinction between the two groups in 

terms of corn yields. 'Overall yield means for each treatment are also 

shown in Figure II. 2 with the average cost of production and the gross 

value of corn produced asa function of nitrogen fertilizer rates. 

Table'IL3 shows cost of production figures which were prepared by the 

San Felipe area office of SAG representing average cost figures for 

the area.
 

Following emergence of corn in each of the 8 locations, plant popu

lation was estimated by' actual field counts projected by calculation to 

population density per hectare. From this there is an apparent trend 

toward decreased number of ears of corn per plant as populations exceed 

an increase in number of ears of corn per plant in population60, 000 and 

below 60, 000 (See Table II. 2.). 

Yield differences between the two different types of seed-bed prepara

tion coupled with the two different methods of irrigation were small and in 

favor of the methods normally practiced in the area. This can partly be 

attributed to three observations: (1) the cooperators tended to irrigate 

their plots when the furrow plots were irrigated; (2) the first furrow irri

gation in some plots reduced the availability of nitrogen to a very notice

able degree indicated by a change of color of the plants to a lighter green 

than was maintained on the flood irrigated plots, especially in connection 

with plots with shallow, gravelly soil; and (3) the seed-bed prepared with 

the spike-tooth harrow to assist in the conservation of soil moisture in 
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general gave higher plant emergence,, resulting in plant densities which 

were apparently above that to which variety IVIA-7 is best adapted. 

The overall average yield of corn at the 0-nitrogen rate was 43. 19 

quintales per hectare, at the 100-N rate 74.41 and at 200-N rate 88.36. 

At the El Castillo and the Condoroma ext eriments where there were no 

significant differences in yields between nitrogen rates, the averages 

through nitrogen treatments from the best cultural practices were 125 

and 106 quintales per hectare, respectively. This indicates that there 

is still a possible potential increase in yields to be obtained from improved 

cultural practices. 

The response of corn plants in growth and color to nitrogen at 100 

kilos per hectare was observed to be demonstrative at all of the eight 

locations. The response from 200 kilos per hectare was observed to be 

demonstrative at 6 of the 8 locations. The yields from these locations 

show these differences (See Table II. 1.). 

There was a marked increase in yield due to applied nitrogen as dem

onstrated in Figure I. 2. When these increases are compared to the 

average yield of corn for the Aconcagua province they become economi

cally significant. The average yield of corn for Aconcagua according to 

SAG estimates Is about 45 quintales per hectare (this figure is 'close 

to the average yield of the plots of the 0-Nitrogen rate of 43.'97 quintales) 

When the low cost of production E
0 

4.251. 00 per hectare with nonitrogen 

(Table II. 3) is compared to the value of the corn at E1 00. 00 per quintal 
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'(approximate price paid for corn in 1971), a more or less break-even point 

°is reached, E 4,500. 00. This indicates that the additional production 

achieved by applying nitrogen fertilizer is the main area of profit avail

able to the grower. When the average yields from the eight experiments 

are projected at the 100 kilo of N per hectare rate,this profit becomes 

E0 . 816. 00 per hectare, and at 200 kilos of N per hectare rate, E°3.883. 00 

per hectare (Table II. 4). When these same averages are projected on 

the basis of the total hectares of corn produced in Aconcagua province in 

1971 (a total of 2, 410 hectares) at the 100-N rate, there is the potential, 

increase in yield of 64 percent with a profit of E0 6, 786. 546, and at the' 

200-N rate there is the potential increase in yield of 96 percent with a 

profit of E ° 9,358.030 (Table I. 5). Although not mentioned in the above 

discussion on increases and potential increases in yields of corn, the 

improved culture practices which were included as part of these experi

ments, mainly seed-bed preparation and water management contribute 

to the increased production. Considering the higher corn yields at the El 

Castillo and Condoroma experiments where culture practices were more 

carefully controlled, an even greater potential for the Aconcagua area is 

possible (See Table I. 5.). 

')uring the realization of the eight demonstration experiments, various 

professional and technical people were trained. During the planning and 

organization two agronomy engineers of the Agricultural and Livestock 
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Service (SAG) and one from the Agriculture Research Institute (IIA) 

These people also cooperated later in the execution' of were involved. 

these experiments in the field. 

done by two'gri-The carrying out of this project in the field was 

one student in agriculcultural technicians, two agricultural aides and 

ture technology of SAG. 

was in all phases of corn pro-The training received by these people 

duction, including the following: 

a) Land'preparation: A seed bed prepared for a manner to con

serve soil moisture was compared to the type usually prepared 

by the farmer. Some Implements for seed bed preparation were 

introduced which are not normally used in the country. 

The effects of different rates of application of nitrogenb) Fertility: 

These effects were observed in thefertilizer were compared. 


appearance of the crops during the growing season as well as in
 

the grain yield at harvest time.
 

The effect of a higher plant density than that generallyc) Planting: 

used by the farmer could be observed. The calibration and use 

of the different makes of planters provided very good training. 

d) Irrigation: Uniformity of irrigation by use of furrows and siphon 

tubes was compared to non-uniformity of irrigation by flooding. 

Water applied was measured using triangular weirs. Tensio
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meters were used to determine irrigation frequencies. All of 

this constituted good training in the installation, use and main

tenance of this equipment. 

e) 	 Cultivation: The regulation, adjustment, and use of cultivating 

equipment owned by the farmers provided some useful training 

for the technicians. 

f) 	 Harvest: The harvesting of the plots provided training and 

experience in estimating crop yields. It also provided training 

in the use of moisture meters. 

The experience gained from these various phases of production have 

been a-means of helping the professional people, and the technicians in

volved, to understand the value of using demonstrative experiments in 

teaching improved practices to farmers. It has also helped them to recog

nize the value of demonstration experiments in obtaining additional useful 

information. 

Carrying out these eight demonstration experiments also provided 

some direct training to the farmers who collaborated in and personally 

participated in the work. Their experience helped them to recognize that 

many of the practices involved are adaptable to other crops as well as 

corn, 

During the course of these experiments they were visited by the 

President! ,represntative in the province; authorities and technical per

sonnel of SAG, 11A, CORA, Agricpltural Development Institute, 



31 

University of Chile, Catholic 	University of'yalparaiso and members of the 

several groups of farmers visited the sitesAIDmission to Chile. Also, 

in tours conducted by SAG. 

Summary and Conclusions 

of Los Andes and San Felipe 	in the Aconcagua valley,In the area 

denonstratlon experiments with three nitrogen fertilizer levels and two 

irrigation methods using MA-7 variety of corn were conducted at eight 

locations. 

The'results indicated a marked increase in corn yields with in

crease in nitrogen fertilizer applied, with very little difference between 

The results also indicate that corn production in thisirrigation methods. 

area could be increased by nearly 100 percent. 

Training was given to several technicians in the use of demonstra

tive experiments as a means 	of extending improved farm practices and 

gathering information. 

The following conclusions were drawn from the results of these 

experiments: 

an important factor1. Seasonal, nitrogen carryover in the soil is 

governing the need for nitrogen fertilizer. Future experiments should 

include 	a method of sampling and analyzing soils for available nitrogen 

to obtain a correlation between so'I nitrogen availability andin order 


crop nitrogen requirements.
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2. Best soil management practices from the point of view of irri

gation were not evident in the results. Specific research on the soil 

factorb that influence water conductivity and water availability is 

needed. 

3. The results to date are inconclusive both as to the optimum 

plant population density and specific corn variety. There is probably 

a need for more corn hybrid development in Chile in order to obtain, 

varieties that are specifically adapted to intensive irrigated agriculture. 

4. The data and experience gained in this research project pro

vide some very important prerequisites for the proper design and exe

cution of future xperiments~that have as their objective the develop

ment of corn yield response functions. 



Table II. 1. Yield of Shelled Corn at Standard 150c Moisture in Quintales per Hectarefor Demon
stration Experiments 

Location 

C. Redentor 
Vicuna 
Vencedores 
Nilhue 

Total 
Average 


Escuela Ag. 
Hardy 

Manzur 
Colonia 

Total 
Average 


Overall Total 
Overal Average 

Furrow Irrigated 
Flood Irrigated 

Total 
Average 

Furrow Irrigated 

Kgs. N per hectare 

0 100 200 

42.16 57.44 121.41 
79.08 108.40 101.39 
57.87 54.42 87.30 
25.45 38.14 58.59 

204.56 "258.40 368.69 
51.14 64.60 92.17 


13.94 71.60 66.89 
32.12 76.62 109.81 

16.93 50.31 69.71 
75.80 87. 66 75.60 

138.79 286.19 322. 01 
34.70 71.55 80.50 


343.35 544.59 690.70 
42.92 68.07 86.34 


Combined Average Yields 

0 - N 100 -N 200 -N 

343.35 544.59 690.70 
360.23 647. 94 723.03 
703.58 1.192.53 1.413.73 
43.97 74.41 88.36 

_ I___ 

0 

Flood Irrigated 

Kgs. N per hectare 

100 200 

55.42 
52.89 
53.93 
45.61 

207.94 
51.98 

77.67 
57.08 
89.05 
77.30 

301.10 
75.27 

91.77 
40.61 

103.80 
63.81 

299.99 
75.00 

14.53 
48.83 
29.56 
59.37 

152.29 
38.07 

86.16 
77.32 
66.03 
117.33 
346.84 
86.71 

114.33 
101.87 
82.68 
124. 16 
423.04 
105.76 

1 360.23 
45.03 

647.94 
80.99 

723.03 
90.38 

http:1.413.73
http:1.192.53


Table 11.2. E3timated Plant Population at Emergence and Harvest of Corn Variety MA-7 

Location 

Nilhue 

Escuela Ag. 

Colonia 

Manzur 

C. Redentor 

Vicuna 

Hardy 

Vencedores 


Average: 

Furrow Irrigated Flood Irrigated 
At At At At 

Emergence Harvest Emergence Harvest 

61,300 56,894 51,500 57,804 

45,000 49,246 62,800 47,589 

60,000 57,632 54,000 57,060 

68,800 61,142 59,550 58,182 

75,000 67,514 78, 150 70,236 

77,000 69,793 59,600 - 57, 219 

69,000 65,412 65,000 69,657 

74,300 60,762 64,500 56,479 

66,300 61,049 62,000 59,278 



Table J1. 3. Corn Production Costs per Hectare 

Item ItemMan DaysTractor Cost 

'E0 
 88.162.9 -Field clearing 
602.561.4 1.4'Plowing 

1.4 I 4 602.56Discing 
15.20Canal cleaning 0.5 

ot, 3 0.3 129.12Ditching 
2. 9) - 60.80

,re-irrigation 
0.3 129.120.3Planting 

21.28Fertilizer application 0.7 7 
439.68Hand weeding and cultivation 9.2 1. 01 
416.4813.7 -Irrigation 
836.0027.5 -Hand harvesting 

- 69.922.3Hauling 
60.802.0 -Handling, storage 

E0 3,471.68Total 

E0Cost per man-day: 30.40 

Cost per tractor-day with implements: E0 400. 00 

E 360.00Insumos: 30 kilos seed at E0 12 per kilo 
35 p/kg 140.004 kilos aldrin 40c at E0 

280.00200 kilos superphosphate at E° 1.40 

Total E 780.00 

Nitrogen (salitre) 

E 575.42100 units 666 kilos 
1,151.71, 200 units 1,333 kilos 


Nitrogen (urea)
 

X 333.00,100 units 222 kilos 
666.00200 units 444 kilos 

100. 00 per quintalP-Ace of harvested corn: E 

http:1,151.71
http:3,471.68
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Table 11. 4. Projected Production and Cost Figures per Hectare Based on
 
Average Yields of the Demonstration Experirrents
 

Nitrogen Yield Percent Gross Cost Net 
(kg.) (qq.) Increase E ° E ° Eo 

0 44 - 4,400 4,251 149 
100 74 68 7,400 4,584 2,816 
200 88 100 8,800 4,917 3,883 

-Table 11. 5 - Projected Potential Production Figures for the Aconcagua 
Province Based on Demonstration Experiment Results* 

Yield In To Increase Net ValueDescription Quintales In Yield E o 

Average for Aconcagua 
Province 108,450 - 600,090 

0 N 106,040 -0.2 359, 090 
100 kg. N/Ha. 178,340 64.0 6,786,560 
200 kg. N/Ha. 212,080 96.0 9, 358,030 
Condoroma 106 qq/Ha. 255,460 135.0 13,696,030 
El Castillo 125 qq/Ha. 301,250 178.0 18,275,030 

Totals based on the 2,410 Ha. of corn planted in the Aconcagua Pro
vince in 1971. 
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Figure no. 1. Field'Layout of Treatments in Demonstrative Block, 
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PART III: Plant populationexperiment in corn. 

To study the effect of plant population on, cornObjective: 

yields using corn hybrid MA.-7. 

Procedure
 

adjacent to the water-fertilizer-populationThis experiment was 

The procedure for this experiment
experiment at the ElCastillo site. 

was the same as tho'se already discussed (see Part I above) except 

(1) the nitrogen fertilizer was applied uni
for the following items: 

rate of 200 kilos per hectare by spreading the fertilizer
formly at the 

directly into the-irrigation furrow just prior to the first irrigation; 

(2) plant p'opulations were, established in a randomized complete de

sign in five' replications with the following population densities:
 

and 125, 000 plants per hectare.
60,000, 90,000, 110,000, 

Results and Discussion 

results of this experiment.Tables III. I and III. 2 give the 

Table III. I shows the average yield in kilograms per row of 

row.shelled coIrn at standard 15 c moisture content 

of corn per hfjctareTable I1. 2 shows the average number of ears 

(averaged across 'replications) which resulted from the four populations. 

In addition it shows the quintales per hectare yield, of'corn 'at standard 
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15%6 moisture content.- Statistical analysis of the yield data is given 

in Table 111. 2. 

The yield results are shown graphically in Figure I1.4. 

Corn yield decreased almost linearly from the lowest to the high

est plant population. There may be a yield maximum above or below 

60, 000 plants, but taking these results in connection with those al

ready given for Part I above,' it is obvious that the yield maximum is 

below 90, 000 plants per hectare. 

The average number of ears per plant was slightly greater than 

I withthe lowest plant density. This statistic decreased with higher 

populations to an average of about 0.8 ear per plant with the highest 

population. It is obvious also that the average weight of corn per ear 

decreased sharply with increasing plant, density. 

there is considerableAs stated in connection with Part I above, 

seacontrast between variety MA-7 and the variety used the previous 

son (Tracy-133). It was observed that MA-7 has the ability of putting 

canout several secondary shoots, or succers, and that these shoots 

develop marketable corn. It is apparent that this characteristic pro

vides MA-7 with the ability of adjusting at low population densities and, 

the effects of poor stands.,therefore, to overcome, in some degree, 


For this reason it may be an important variety to Chile under the exist

ing conditions of low management intensity.
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It would seem advisable to collect more information as to the 

to perform under average field conditions in compari,ability of MA-7 

MA-7 should~also be son to other varieties used by Chilean farmers. 


more thoroughly evaluated in cormparison with other varieties under
 

conditions of intensive irrigated agriculture.
 

Summary and Conclusions 

near Los Andes, Chile to evaluateAn experiment was conducted 

the effect of plant population density on yield of shelled corn. One 

variety was used---Chilean hybrid MA-7. Four plant populations 

were tested ranging from a low near 60, 000 plants per hectare to a 

high of about 125, 000 plants per hectare. 

Yield of shelled corn decreased continuously from the lowest to 

,the highest plant density. Average numbers of ears per plant also 

decreased regularly with increasing population. These results con

trast sharply with those obtained previously using another variety. 

MA-7 is probably well adapted to low intensity crop management 

rebecause of its apparent ability to adjust to low stands which could 

sult from poor seedling establishment conditions. 

Allxresults taken together emphasize the importance of evaluat

ing corn varieties to maximize corn yield under conditions of inten

sive irrigated agriculture. 
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Table III. 1. Yield of Shelled Corn at Standard 15% Moisture Popula
tion Experiment El Castillo in kg/row 

Population ReplicationTotal 

1 2 3 4 5 

60, 000 9.64 9.35 9.60 9.37 8.04 46. O0 

90,000 6.41 5.41 6.04 5.78 7.05 30.69 

1100,000 5.10 6.35 6.12 4.64 5.61 27.82 

125,000 4.42 5.05 4.63 4.82 4.97 23.89 

TOTAL 25.57 26.16 26.39 24.61 25.67 128.40 

Table II. 2. Average Number of Ears and Yield of Shelled Corn at 
15% Moisture Content for Population Experiment at 
El Castillo 

Population Number of Average Yield 
Plants/Ha. Ears per Ha. qq/Ha. 

60, 000 67,000 133.0 

90,000 92,000 88.0 

110,000 99,400 80.0 

125,000 106,100 68.5 
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Table 111. 3. 

Source 

Analysis of Variance for Yield Data, 
Experiment 

df 55 MA 

Population 

F 

Total 19 61.77 

Reps 

Population 

4 

3 

.47 

56.18 18.73 43.56'** 

Error 12 5.12 .43 

** Significant at 176 level. 
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Figure MH. 1. Number of-Ears and Yield of Corn for Different Plant Populations 


