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Upland Rice Improvement Under 
Shifting Cultivation Systems in 

the Amazon Basin of Peru 

Introduction 
Upland rice is the most importwit annial crop)produced in the Peruvian 

Amazon Basin (Cha, 1967). This immense ecological region occupies approx
imately half of Peril's land surface und extends deeply into Brazil, Bolivia, 
Coh tl ia and Ecualdor. Its agriculture is based almost entirely on a shilfing
cultivation system in which rice and other crops are grown'after clearing
and borning a fbrest, after which the fields are aban(loned to the fast forest
regrowth. Although less than 20 percent of Peru's rice is presently proxhucd
in this region, its vast potential in view of forthconming road connections with
the rest of the country and Brazil prompted the National Rice Program to 
initiate a research project oinupland rice improvement there. This bulletin
summarizes the of' the 19 ofresults first months research conducted on 
poorly dradned soils. 

Review of the Literature 
The Peruvian Selva consists of two distinct ecological regions. The High

Selva or Ceja de Montafia occupies the easternmost Andean valleys of
Jaen-Bagua, Central Huallaga, Satipl and Pachitea. The altitude ranges
from 300 to 1000 meters above sea level and the valley soils have high
base status. The Amazon Basin proper or Selva Baja ccupies the area east
of the last Andean chain. The Basin's overall slope is extremely gentle; for
example, the altitude at Yurimaguas is 183 meters and at Iquitos, 390 
kms away, it is 108 meters. However, large areas have a strong local relief 
composed of terraces of difleirent ages along the broad, meandering rivers. 

Climate 
The predominant climate type is the Humid Tropical Forest according to 

Tosi (1962). It is characterized by mean annual temperatures greater than
24°C, annual rainfall between 2,000 and 4,000 mm and evapotranspiration
coefficients lower than 1. A strip along the Ucayali river near Pucallpa is 
its only exception, where rainfadl is cionsilderabl y lower. A short dry season ofvarying inte'nsity occurs during the months of June to September (Sanchez,
1969). Temperatures and relative humidities are high and constant. 

Soils 
Approximately 2 percent of' the Selva Baja's soils have been mapped atthe reconnaissance level (ONERN, 1969). The Yurimaguas soil survey

recently mapped over half a million hectares around that city into broad
soil associations (ONERN, 1967). These studies indicate the predominance 
of' well and poorly drained Ultisols and Alfisols, plus a smal but important 
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proportion of young alluvial soils along the river margins (Zatnora, 1966). 
T pitoport io1 of tr Oxisols in the Sel'a Baj.'a seems low. Tablhs 1 aiud 2 

illtst rat the dist rlht il and characteristics o*tthe imaif soils groups. Up
land rice is growv, oil b)oth acid and ft,,tie alluvial soils not slibject to pe,'ita
livit floo~ding. 

Table 1. 	 Principal soils of the 562,440 has. mapped around 
Yurimaguas 

Suborder % of
 
Great Soil Groups (7th Approx.) area Soil Series
 

mapped
 

Red-yelk v podzolic Udults 28.9 Shanusi, Yurimoguas
Ground water laterites Aquults, 27.7 Pucallpa
Tropical humic gleys Aqualfs 19.0 Aguajai (permanently flooded)
Forested alluvials Aquults 8.3 Sonango (not floodoble), Loreto 

(floodoble).
Brown forest Fluvents 7.0 Santa Mcria (calcareous)
Tropical podzols Psamments 3.2 Sipa 
Others 5.9 Convencion, Perene, Apurimac 

and lakes. 
.. dapted froin O.VR'EIN. 1u;,'. 

Table 2. 	 Representative properties of major rice soils in Yuri
maguas (A horizon) 

Soil Avail P Avail K % Bose %
 
Series pH % O.M. kg/ha kg/ha Satn. Clay
 

Shonusi 4.8 1.3 39 56 32 14

Yurimaguas 4.6 2.9 9 338 42 12
 
Puca!lpa 4.2 3.5 6 307 33 22
 
Sanango 7.5 1.9 11 338 100 12

Lorero 7.5 6.0 17 338 97 28
 
Source: ONERN. 1it;7. 

Cultural practices 
Upland(I rice is grovl ot boti flat and stoping ireas. The main cropping 

system is kniown locallv as "'alttira" or "tacarpo " to distingiiish it friom a sind 
proportion of the rice area whi-h is broadcast ol the deposition shores of 
major rivers dtiring the dry season known as "harrialhs". Lund prepf ion 
in the tct'arpo syst em starts witi the citting and burning of a mature 
seoindiv fbirest (tuiing the drier mont hs of' Jillv to Septemler. \Without 
fintlher Iand preparation, tht, jongle fitrmer (lt'ol:s an average of' 8 to 20 
seeds of' a varietal mixturt, known as Ca'olino in the north and Estatquilla
in the south, in holes ranging from 8 to 15 eros in depth bored with a 
pointed stick called "tacarpo". Spacing lwtveiien hles averages 5( x 50 emos 
ini a very irrtgilar pattern (lie to the high proportioi of the soil occupied
hv tree trunks, stmlps, fi'llen and partly hmei lranches. The crop is 
icither f'ertilized nor irrigated. The culiural raiLcti'es Iettwet'n phutting 
and harvesting are limited to manud weedings sometimes suipplemnented 
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with a 2,4-D application to control broad-leaved weeds and regrowth from 
fallen trees. The rice blast disease, caused by Pyricularia oryzae, is the most 
serious disease and occasionally devastates entirv farms. Rats, other 
rodents, birds and insects also cause serious damage. Due to the varietal 
mixture and the excessive spacing, the crop matures disuniformly and the 
farmers harvest panicle by paniclc. Yields are low, between 1,000 and 
1,500 kg/ha. The fields are normally left to the very fast jungle regrowth, 
which attains full height in 8 to 15 years, and are cut again to start a new 
cycle. Land is itbundant; people are scarce (Nureia and Sanchez, 1970). 

Experimental Procedure 
The Yurimaguas area was selected for this study becatise of its repre

sentative soil and climat'c conditions of the Selva Baja and also because it 
is the largest and most rapidly expanding upland rice producing area in the 
country. A 5-hectare field located on a fairly flat area beyond the third 
terrace from the Shanusi river was lent to the National Rice Program 
through the courtesy of Mr. Domingo Loero Jr. of Hacienda San Ram6n S.A. 
The soil is classified as Pncallpa clay loam, a Typic Tropaqualt, clayey, 
mixed, isohypertherinic (Sainchez and Bnol, 1971). Its analysis appearing 
on Table 3 shows a thin dark A horizon underlain by acid layers rich 
in exchangeable aluminum with visible manganese concretions. A secondary 
forest of approximately vine years of age was cut and burned in the con
ventional manner in September, 1968. The monthly rainfall averages during 
this period appear in Fig. 1 plotted against the 20-year average. Thi, 
figure shows no unusual departure from the average except for dry periods 
during February and April, 1969. Temperature and relative humidities were 
essentially normal. 
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Fig. 1. Monthly rainfall distribution during the study period compared with tile 
20-year average. 



Preliminary trial 
The first rice crop was grown for seed production purposes in 0.5 to 1.5

hectare plots to evalnate sev(ral seemingly logical impro\,c'neits oilvarieties, 
closer spacing, fertilization and weed cont rol at a fitrin scale. Three promising 
varities, SN! L457-Apura, IR8 aild 1115 were seeded illthe conventional way 
bit with spacings of:35 x :35or 45 x -15 eos betwcin holes. The fields w 
fertilized with '20 kg N/ha as urea approxiiatelv :30 days aflterseteding. 
Two 2,4-D applications at the ratt of' 2 It a.i./ha were ap.plied to control 
broadleaf weeds and regromimt trees. 

Varietal experiments 
After the first harvest, the field was divided into several firinal experi

menrits. r\wo ohservat ouial vicid trials aid five replicated yield trials were 
conducted during this period to eval tiat t lie iiM iedcr iii icc of' sho t-stat i 

plant tyles inder uplanl conditions. A tota! f:349 varieties and selections 
|imom the Philippincs, Surinam, United States, and tIIe Pern viall Coast were 
evalhiated in or 111 with a stick and spaced x 2510 15 plots planted 25 
ems. Tht,cx periiments received frim 20 to 50 kg N/ia as i irea and were sidf 
ficiently hand weetd ed.(rai i viclds were obltained 'frina 5 1" ar(ea dc Iiof 
border' effects and adjust el 'to 14 prcnit moisture. Plait clarLCteristics 
and yield compnits we,'e meas clm'ci illIour hills chosen at random and 
free of"border erwisV, met In chh gy waseffects. Unless stated otIh the same 
followed illother experiients. 

Planting methods 
Tvhe conventional seeding methiod tf' soawing fr'i.i 8 to 20 rice seeds ill 

holes dIg with a tacarpo stick, which are left uincovered and spaced irregtt
larlk at an average of'50 x 50 ci ns, was ciiIsidClerCd iif licit't di ie tci gerniiia
tion problems, poor competition with weeds, umevegn ripening and 
perhaps lower yields. A possible advantage of' wider spacing could be the 
attennating effect ml blast attacks dle to micro-climate witi lower humidity 
than closer spacing. Most ftriners cannot expect to plow their land doe to the 
myriad of tr ee trunks, brancln s, and roots present; liotver, they could 

ng
reduce the spacing betweein holes. InI some areas, where mechanized cutti
of the fbrests is ft'asibl or whre a continuous second uor third crop coud 
he grown after most of the branchs and roots have rotted, drilling rice in 
rows could be acconplishcd aftei rotOtilliiig Wi.h siaII hamid tractoms. These 
possibleh improvements were stuidied iii two experimenits planted illJanuarv 
and October, 1969 using the variety 1118 which was resistant to tlt blast 
disease until September but becant highly susceptible afterwards (tierta, 
el al, 1970). 

The Jaiiary 1969 experimeint cmpared the ciiventional "tacarpo" 
svstem with 50 x 50 cms spacing and 14 seeds per hole against a "modi ied 
tacarpo" of 25 x 25 eros spacing with :3,5, 7, and 14 seeds pcr hcle which 
p~oduced seeding densities of' 17.5, :35 and 70 kgia, and withi direct seeded 
rows drilled at 3-4 cros deep, and spaced at 25 cms between rows with 
seeding densities of 25, 50 and 00 kg/ha. The experimnent was planted on 
January 16. 1969 oin25 in2 plots arranged illa randoniz'd complete block 
design'with fbnr replications. Thc hole depth (a great source of' variability) 
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was calibrated at 10 cms. The holes were left open as is normally done. 
The experiment received a total of 100 kg/ha of N and P205 using urea and 
ordinary superphosphate as sources. All of the phosphorus and half of the 
nitrogen was applied below tile seeds at planting ana the rest of the N was 
applied at the panicle initiation stage. Weeds were controlled by hand, and 
germination failures in some holes due to excess or lack of water were cor
rected a week after planting. Rainfidl during the growth period (Fig. 1) 
was beneficial to the crop. No incidence of blast was observed. 

The second experiment compared three planting systems: drilled rows 
at 25 cms, drilled rows at 15 eros, tacarpo at 25 x 25 ems at 25, 50, 75, 
and 100 kg/ha seed densities were tested against the conventional ta
carpo of 50 x 50 ems at densities at 25 and 50 kg/ha (20 mid 40 seeds per 
hole) with the same variety. Fertilizer applications of 100 kg N/ha and 
200 kg P205/ha were applied in the same manner as in the first experiment. 
The experiment was laid out in 15 m2 plots in a randomized complete block 
design with three replications. Cultural practices were similar to the former 
experiment except that no corrections due to poor germination were carried 
out. Stand counts at 15 days after seeding provided a comparison of 
germination ability between plhnting systems. 

Fertilization experiments 
Two experiments were conducted during the first and second crops after 

clearing to determine the responses to nitrogen, phosphorus and potassium. 
The first trial sown in November 1968, consisted of 24 N, P, K combinations 
arranged in a centroid design with two replications. The SML-Apura variety 
was sown in tacarpo holes spaced at 25 x 25 cins with 16 seeds per hole. 
The second fertilizer trial compared five P and K levels, and two N levels 
broadcast in halves at the tillering and panicle initiation stages. The IR8 
variety was drilled in rows in October 1969 and spaced at 25 cms with 
a seeding density of 50 kg/ha. The design was a randomized complete 
block with two replications. A third fertilizer experiment was installed 
during the same week to evaluate variety-nitrogen interactions. It consisted 
of five varieties of contrasting plant type and six nitrogen levels arranged in 
a randomized complete block design with three replications. The experi
ment was direct-seeded in rows spaced at 25 cins at a seeding density of 
50 kg/ha. Phosphorus at the rate of 200 kg P205/ha was broadcast and 
incorporated in the topsoil with a rake. Half of the nitrogen was applied 
21 days after seeding and half at panicle initiation. The fertilizer materials 
used were urea, ordinary superphosphate and potassiumn sulfate. 

Continuous cropping experiment 
In the half hectare of the first IR8 crop harvested on February 10, 1969, 

continuous crorping was attempted to determine the feasibility of keeping 
rice growing in vpite of the weed control and fertility decline problems 
common to this systcin (Nye and Greenland, 1960). The second crop con
sisted of two experiments, one in which the ratoon of the original crop 
was compared with a second seeding and the second consisted of a simpfe 
rotation with several bean species. The ratoon crop-reseeding experiment 
was laid out in 25 m2 plots in a randomized complete block design with four 
replications. The fertilizer diflerentials were 0 and 50 kg N/ha, applied half 
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at cutting or seeding and half at approxinately the panicle initiation stage. 
All plots were weeded by hand prior to planting [aInd three times (hiring 
crop growth. Part of the 'lot used for the second continuous rice crop har
vested on July 14, 1969 was cleaned oi' weeds on September 4. Low rainfall 
during July anld August prevented the seeding of' the third t. lind rice crop 
until the onset of the rainy season. The third crop was actully a replicated 
yield trial with 34 varieties in 10 m2 plots arranged in a randomized complete 
block design with two replications. Seeding was done on September 5, 1969 
in tacarpo holes at 25 x 25 spacing and a seed density of' 75 kg/ha. The 
experiment received a total of 150 kg N/ha in split aj.plications at planting 
and 66 days after and 50 kg P20[/ha at planting. Weeds were satisfilictorily 
controlled but a serious blast attack affected the varieties to diftereit 
degrees. In a portion of the field which had already had two previous cr,,ps 
a multiplication plot of*IR8 was seeded on October 12 in a similar manner 
but without fertilization. 

Results anti Discussion 

Preliminary trial 
The performance of the three rice varieties planted in large scale are 

shown in Table 4. These results show how%. the use of' improved varieties 
and simple cultural practices duplicated the area average yields at the farm 
level. No serious blast outbreaks were observed. 1R8 llodnced the most 
promising results due to its higher tillering capacity an1d early maturity. 
The slightly higher yields of Apura were partly due t) at better location but 
its late maturity, hw tillering capacity and higher grain sterility caused 
serious doubts about its potential for tie region. Several Apura crops fitiled 
in farmers' fields in areas affected by droughts and lower soil fertility. 1R5 
did not seem promising because of'its longer growing season and obvious 
blast susceptibility. 

Varietal performance with tine 
The main results of the variety trials appear in Table 5. The complete 

results of the seven experiment's and evaluation for blast resistance in 
International Uniform Blast Nurseries have been described elsewhere 
(Nurefia, 1969, 1970; Velazqpii':,. Huerta and Sanchez, 1970, and Huerta, 
et al, 1970,. The combination of high yielding ability, blast tolerance and 
acceptable grain quiJitv has ntot yet been found. This table shows the 
variability in yield., ob!tined fwnm various experiments )lated at diflerent 
times of the year. The extremely low yields during the May aud June 
planting were caused by severe water stress throughout the growth 
period, during Yurimaguas' weak dry season. 1R4-2, 1R4-93-2 and IR8 
averaged between 3.5 and 3.0 tons/ha or almost twice than the local check, 
Carolino. Two recent entries, 111224-7-1-1 and 111480-5-9-2, produced over 
6 tons/ha in the September planting, significantly outvielding 1118 and 
others. These have been blast resistant tip to this date, and IR480 shows 
excellent grain appearance. No varieties have been released to farmers, 
mainly because of' blast susceptibility'. 
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Table 3. Characteristics of the soil used in the research project 

Olsen Exchangeable cations (meq/100g) % % Clay minerals 
Horizon % P Al Ca Mg K Na CEC Base Clay Ko. Mt. Ill. 

(cm) pH O.M. p~m (sum) satn. 

A, 0-5 5.5 4.6 7 0.55 14.0 5.5 0.72 0.36 21.13 97 46 xx xx x
B:,i 5-25 4.9 1.3 1 9.20 10.8 6.5 0.66 0.38 27.55 67 56 xx xx x 
B=, 25-80 5.0 1.1 1 12.50 9.0 6.0 0.42 0.42 28.35 56 54 x xxx U 
B_5 56 64 x xxx tr80-100 5.2 0.7 1 14.55 10.4 7.3 0.44 0.68 33.37 
Sovrr: sanche'z and Biuol. 971. 

Table 4. First crop results at the Yurimaguas Experimental Field 

Grain Days Grow- Plant Tillers/ % un-Variety yields to 50% ing height mi2 Panicles/ Grains/ filled1kg/ha flower- season (cms) harvest m2 panicle grains
ing (days) 

SML457-Apura" 3,663 134 175 145 162 136 212 18 
IR8' 3,151 102 125 92 355 310 180 2
 
IR5' 2,882 126 165 86 158 142 130 4
 
$Average faym yield for the area linll-Sr00 k:g/ha. 
'i'lantrd Strt. 17-1; harvtstcd March 10. 1969. 
Planted fict. x-11. 1968; harvested Feb. 10. 1969. 

t Planted Nov. 4. 1969; harvested April 18. 1969. 



Table 5. 	 Varietal performance as a function of time under up
land conditions in Yurimaguas. Treatment means in 
kg/ha at 14% H 20 

Date of seeding: iov. Jan. May June Sept. Nov. Blest' 
Variety or selection 1968 1969 1969 1969 1969 1969 reaction 

1R4-2 6300 3040 903 1030 5589 4116 S 
1R4-93-2 3507 3372 2338 1820 4708 N.T. S 
IR8 5067 3z9O 734 833 4820 3840 S 
1R5 3253 3852 1505 1891 2700 N.T. S 
IRi 1-222-4 3095 3575 736 691 4028 2142 S 
SML457-Apura 2900 2893 1411 1306 N.'r. N.T. M 
Carolina (local) 2933 1712 421 439 2253 2011 S 

N.T.: Noe t 'sted. 
i : Worst rea 	 ino in Not#! nirseries. 

Planting systems, seedI density and spacing 

Results of the first experiment of this series (Table 6) show that reducing 
the spacing, either by rows 25 ems apart or by tacarpo holes 25 x 25 cis, 
signicieantly increased yields over the conventional practice. The highest 
yields were obtained at the medi',n planting density of 35 to 50 kg/ha in 
the modified tacarpo (5676 kg/ha) and the row seeding (5934 kg/ha) 
systems both of which were significantly superior to the other treatments 
in each planting svstea hut not between thein,'elves. The high yield of 4251 
kg/ha in the co"n entional treatment reflects the better than average manage
ment practices. 'The number of panicles per in 2 was the yield component 
most cio.,lh related to vield increases with closer spacing. The (iflerences 
between the 25 x 25 cns spacing and 25 crs rows were probaly offset by 
panicle size is it has happened elsewhere (S-Anchez and Calder6n, 1970). 
Close," spacig increasd yields op to 1.7 tons/ha or by 40 percent over the 
check plot. 

The second 	experiment of this series permitted a comparison ef seedling 
emergence between the "tacarpc" and drilled planting systems. Fig. 2 
shows a significantly higher germination and seedling establishment per
centage in the drillel row systems than in the tacarpo holes, with the excep
tion of the 25 x 25 ems tacarpo at the lowest plant density equivalent of 5 
seeds/bole. The hazards of leaving seeds exposed in open holes is substantial 
since birds and rodents immediately attack them, holes get full of water 
during heavy rains and the gerni'nlated coleoptiles can dry out during 
Smnny weather. Although the holhs are left ope l, soae soil falls into them 
from the sides and partiall% covers t01e seeds. The beUer .noisture relations at
tained witb driled rows is obvious from the resmults ofthis experiment. Tacar,
po holes covered with soil a.. also mnsatisfatory because of' their extremie 
depth of ;ceding. 

Thirty-five days after seeding, the experimental field was heavily 
attacked by blast with lesion sizes No:. 5 and 6 during a drought period, 
which resulted in a large proportion of dead leaves and plants. The experi
ment seemed lost, but it recovered after subsequent heavy rains at about 
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Fig. 2. Influence of drilled row and open hole (tacarpo) planting systems and 
seed densities on the % seedling emergence of upland IR8 rice. 

800

700 

600 
/ 15 cm rows 

25 cm rowsE 500 
" 40 -Planting stick 
="400
* 25 x 25 cm 

300
"A - " 

200 / A..& &- " 

Planting stick 

100 - Al.l/ 50 x50 cm 

0 15 30 45 60 75 90 105 120 135 
Days after seeeing 

Fig. 3. Tiller production pattern in four planting systems of upland IR8 rice 
affected by blast attacks. Seed density 50 kg/ha. 
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Table 6. 

Planting 
system 

Rows 

25 cms 


Tacarpo 

holes 


20 x 25 


Tacarpo 


holes
 
50 x 50
 
LSD.,, : i 


Effects of planting systems and seeding densities on the performance of 1R8land conditions. January 1969 planting. Mean of 4 replications 
Seed density Yields Daysseeds/ Ineffeckg/ha to 50% Panicles/ tive til-kg/ha hole (14% H20) flower- m2 leis/m, 

ing 
25 
 - 5282 98 668 12
50 
 - 5934 96 712 36
100 
 - 5504 90 682 58

15.5 3.5 5013 
 115 
 444 
 10
35 
 7 5676 109 482 52
70 
 14 
 5175 
 102 520 
 64

17.5 14 4251 112 197 
 31 


kg1ha CV(X)% : ;2.6%. 

rice under up-

Panicles/
 
hifl
 

28
 
30
 
33
 

49
 



Table 7. Effects of planting systems and seed densities on the performance of upland IR8 rice affected
by blast attacks. October 1969 planting. Mean of 3 replications 

Planting 
system 

Seed 

kg/ha 

density
seeds 

per 

Yields
kg/ha 

(14% HO) 

Days
to 50% 
flower-

Panicles/ 
m-

Ineffec-
tive til-
lers/m-

% un
filled 
grains 

% dead 
area 

holes ing 
Rows 
25 cms 

Rows 
15 cms 

25 
50 
75 
100 
25 
50 

-
-
-
-
-
-

2868 
3959 
3524 
4195 
3591 
4410 

113 
111 
115 
11I 
112 
113 

317 
299 
256 
333 
390 
350 

132 
194 
169 
131 
190 
138 

50 
62 
41 
43 
49 
39 

20 
7 

20 
12 
12 
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60 days after seeding. The resulting vields (Table 7) were much lower than 
in thte previous experiment. The till ering pattern (Fig. :3) shows . reduction 
in tillering rate during the blast attack followed by later increases which 
resulted in a.high proportion of ineffective tilh'rs. these lower yields were 
associated with a lower nundler (1'panieles/m2, a higher proportion of' in
elfetive tillers, a proportion of iniflileI grains in the order of 50 percent 
anlit variable proportion of empty areas caused by plant death as well as 
higlr :,iatistical variability (Table 7).

In the row-:;own systeis, the lowest seed density produced lower yields 
thanithe other threv, which showed no clear trenid among themselves or 
within row spacings. The modified tacarpo systeun of' 25 x 25 ens spac
ing prodtuced sinimiar vields as the riow-sown svstemi. The conv'entional 
tacaqo spacing of' 50 x 50 emus produced significantly lower vields of approx
imately I ton/ha less than the 25 x 25 emos Spacing.

This experinient shows that even in the presence of' a severe blast 
attack, closer spacitgs are still s mperior to tite rlaetice.ConVentionl Appar
'litI, mo fhv1 nierocl inmate of refleected1 uro-abl)h f'eets wider spacing were 


ill growth or"yields.
 

6000 

5500 A 25x25cm 

Jan. a 50x5Ocm"5000 

= 4500 ... AJan. 

4000 
S 

Oct." 3500 

o 3000 

Oct.2500 

2000 I n n I I I I I 

0 5 10 15 20 25 30 35 40 

Number of seeds sown / hole 
Fig, 4. Effects of the number of seeds sown per hole on upland IR8 yields under 
two spacings and two planting dates. 
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Ini hoth ehxperi iiits, planting ili hol's at 25 x 25 cii is spacin g produed
V'id'hs ('oinpau'a'il to di,''td st't'tling in, rows. Iarme'rs who (cant plow
iheir huid couid icre'ast'- their vields by closer spacing. lowt'vr, tit nmher 
of seeds planted per hot' is in't'vsely' prortinatl to vihids as Shoni in 
Fig. 4, which could restilt in considerable certilied see ( savings, although 
many firmers be.ilieve that the gr'ater the steelitg density tli higher
the yields. Sample conts Iy the authors IMve' shown that far'mers drop up 
to 40 or 50 seeds per hole. 

Fert ilizat ion 
afitI'" cleaii 

No signiicant ri'spoises wert, olbsrived. Ih' liai ivt, fl tilit' was high i)'lligh 
to i 'KiltLI' Li vr .5000 kgdha witii the :\plra 'arict'v. Tl' se oln d N,1) K tial, 

liestilts of the first N, P, K trial fit' jtilh(h, iilgle)tair inl Fig. 5. 

, 

ilistalIld is ia secnlild c atid wit ot pvl'vittis 1) or K aditilions, shiiv\',I 
agat ii thit'i iSlct, ol respil t's tI P a id K aid it sillill ircs )oise tI N (Figs.
6 and 7). "ht lower vids'lh obtaieill'-l arissotciah'tl with aIiIast attack dining
the( second1 month of, growth. 

Tilt vai'tv-iilh' igi i ' pl aiit ci st'iil is showin i lt.tr -:ptrhiinit s ;I crpip 
Fig. 8.'he I iltacks aff'cted liiist sI'v'r'lv th lt'ocal v'ari'th's Carolino, wast 
anid Lamnii pi<e G-49 with Grade 6 It'sitonis, fblh\vd hv I,5 and 1118 
with 'tra(v w\'ith (rade "Iit'st' results slo\w non itrogeiIc ti] 1114-2 4 husiolis. 
ir'slllnsc's ill Il' htlgihig-%istitFii li, licail iarthlit's. 11.2 p.. n t'il Ihn, htstl 
\ith'hs ant It'spllidt'd positivul'., tip) t 6(0 N/hil. hlt Iht' 'colliiiiicopt~illllll cil c~loseto iit8 aiir'll ict+lllt lstlitd :l30. Oliowedt M it respon se' 

Iow pailii lootitiii lit' W1; and 90l kgN/hia ]iightt'lc il will. incril'vas at 
ratts. 1R5 ritsptdiiithd atit slower vath t'his to a blast infit siadi tohit, litavit 
tioli. "Thest rt'sulits slow it(' vi it tI sirit aIi Silil'tr to' ht'- pilat types aiil 
liioth'i i i't,'Sliit' ho ilitrt tl tlid' with nloneV thlt'riLlilt virieties'. S ri'ior 
plant type ant higer l)ast tol'raicet, liappeiIv ctrl'att thisto iii 
t'xpt'riiiiti'il. 

Continuous (''op)iiig 

:\ftier tlefirst 1118 crop t',pirtt',I iii ':llit,-1-. , i'iil iiwll s tOisiplrt'tl 
witi iltts rc'iet'''tlhd with hit, sait, varie't. LOW\ iiiililil dihliig tIt, ilitill 
gr uxvtI sige's (Fig. 1) ctist'd steve're xv ttr st r'ss. Tit' risilaltsapprl'i'ig ll\ilf'Oinallillvi i' wich']Talet 8 sho tile poor] petr of' lit lt(i to crop wais refletehd 

tuf' 
lit' rt'spinist' \wis ose'vd'tl. 

itnlhe hix' numlber "'ills" which rtoollI aid low tillt'riig inrelationi to 
res'edc'hl crop1). No iit'g'ii 

StVt'Vi'I lit'ai i spt 'cis I)i'(<tlh (Iill) t 710 kg/lii of' di\ ht'ans aft t'vr t' first 
rit tiop dirtluiriig ' itwiig Siomt' pilsesand it,- dri Seasiin, pluthiail ft' 
aid otlher crtips Ito lit rtatth, wilh rice. 

Tilt' Ihird iLt' 1 1)dv'i'd 1771 , ofroiu to 6257 k0ha ilt't'iiding Ol t' 
varii'ty, W\'ith it 'iitiof' 406.1 kgjha. 'Flue lit('ltiliz,'l ctlilttilr pilot aive'ag(l 
2582 kgjlfii. A sliiiiirV tit' st'ltr lirt'tll'-crtp cttliiioatiliiiS illlnOcttb'r 
8,1968 to Marc'h 197(0 appaas inlFig. 9. 

M1122.1-7-I-1, )rioihol,'t'tl ,c lit,-tair 1:1tiii' t', iiv'int i' 1218:3 kg of' i' tl' iii 
mnthit Is andli 0 I's I.i t t 'd Irtii tit' day of's''l-iii g Ito th(- last har't,st.first 
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Fig. 5. Individual responses 
to N, P and K on the first 

rice crop grown after 
cutting a forest. SML457-
Apura variety. Nov., 1968-
March 1969.
 

Fig. 6. Phosphorus re
sponse of two levels of ni
tr(.len in upland IR8 rice. 
Oct. 1969 through Feb. 
1970. Mean of K treatments 

two replications. 

Fig. 7. Potassium response 
at two levels of nitrogen in 
upland IR8 rice. Oct. 1969-
Feb. 1970. Mean of P treat
ments and two replications. 
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Fig. 8. Varietal response to nitrogen under ipland conditions in Yurimaguas.
Oct. 1969. 

Table 8. 	 Second crop results comparing a reseeded and ratoon 
crop of 1R8 in Yurimaguas. February 28-July 14, 1969 

Second N applied Yields Days to Days to Ponicle/ Hills/mn2 

crop kg/ho kg/ha 50% harvest mI harvested 
flowering
 

Reseeded 0 2,521 96 123 382 15.3
 
Reseeded 50 2,775 93 122 444 15.4
 
Ratoon 0 666 50 96 127 6.2
 
Ratoon 50 598 51 96 129 6.5 
CI'(X)"J' : 	 8.4 1.. 1.5 13.4 4.4 
HSD.,, 	 27 2 3 62 0.8 
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A B C D E F COMBINATION 

Fig. 9. Cumulative production of several three consecutive upland rice crop 
combinations. Oct. 1968 to March, 1970. 

Comlbination B which includes the only' agroinlomicallv rleviuit, bhiast 
tohrant varitv to date il the Selva ;dso shiowed a high production level of 
11806 kg/ha in'I exactly 15 months. Three consecutive ,Ol)s of IIR8 produced 
10764 kgia, prolalbly because of its blast susceptil)ilitv during the third 
crop. The mean vdte of the :34 varieties inch(ld in thi third crop added 
a total of 9990 kgjha for the three crops in 14 nionths -uld 21 days. In all 
these cases the total fertilizer applications were 220 kg N/ha aud 50 kg 
P2O-/ha. 

The minimum fertilizer lev(l combination "E" which r(c(ived 20 kg N/ha 
and no phosplhorus )r)(luced 8508 kg/ha ill 16 ioiths and 16 days. The 
worst conlbifiation "F" consist(ed of the ratoon crop fbllowed )v the selection 
IR5:32-E293 which was (xtremely susceptileh' to blast, restlted in 5520 
kg/ha in 14 months and 16 days. 
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These studies have shown the physical feasibility of continuous croppingin acid Tropaqual s presently mider tli. shilli g vlt ivatiot ii the Ama
zon Basin of Peru. The yields obtained in aboutt 14 months are almost 10 
times tile local average (;btained with one crop and conventional practices.The economic feasibli itv ofoniatitouis cropping h 1s vet determined;hot bee 
it prohablv depends ol an teoniuniead weed control system. The hand weedings used'to prevent forest regrowth ill these experients ma' have been too
expensive. Tie 2,4-1) applications no% used to control broad-leaved weeds 
and tree regrowth are eflfective only hiring the first two ci ops because theweed population then chiniges almnost ,xelisivelv to grasses. Experiments are 
inprogress to test efh-cti'e herhicides oil I t h first and( seci ()ltge terationi
weeds. Small hand tractors with rotary weeders could be effective afler the 
second crop \vhe ,i residties have rotted away.most of tlie forest 

This experiment has also shown that the fertility declinie of this Tropaqualf' upon I)reaking tilefirest-sil nutrient Cycle, is not so fiist toseritusly limit a third constciutive iplat d rice crop. since a )out 
as 

8.5
tons/ha'were prodliced with ttlv ai applicattion of' 20 kgN/ha. Soil profile
examinations atter harvsting the third crop showed a mass of fite ilIromisroots concentrated in what remains of the A horizon, about 5 ems thick. A 
few large and fle.'h rtxots Ienetrated the supposedly infertile B horizon down 
to 19 evos, whert the water table was at the time. These roots had no ironcoatings and apparently were taking ip water ficnn the subsoil, while the
fibrous inat near the siirflice, may have concentrated ol nutrient uptake. Afitburth consecutie crop incluiding rice and Other crops fash Ien plaited, and 
plans are to keep the f'ield in coustant prKuctiou. These results are prolbablynot applicable to the better drained Paleidults with lower ki se status than 
this Tropaqual f 

Summary and Conclusions 
A series of'exptriments \was conducted from Selpttuher 1968 to March
 

1970 on a Typic Tropaqcialf soil under a 
humid tropical fibrest vegetation inthe Amazon iusin of Perru, where upland rice is grown under a traditional 
shifting cultivation system. A 5-hectare field was cut and burned in the con
ventional manner a;nd first planted to 0.5 to 1.5-hectare plots fbr seed pro
duction riurl;ses which yielded about 3,000 kg/ha. 

Vari.tal improvenent trials hrave shown the superiority of short-statured
Klats like 1118, which cal dible the vields of the traditional varieties.

!ost of the agronomically prfnising shori types are stusceptible to the bWast
disease particularly after September 1969. Experiments planted at different
months showed th'e poor results obtained by plantings (hiring the short dry
season. Regardless of rainfdl distributioi," ill varieties yielded twice ;s
much as local varieties throughout these trials. 

Spacing experiments have shovn significant yield increases over the con
ventional 50 x 50 tin wide spacing both in drilled rows and in holes dugat a 25 x 25 ems spacing. The beneficial effect of closet' spacing was evident
in the presence and absence of serious Pyricularia oryz w attacks. 

Fertilization experiments have shown no N, P,K responses during the
first rice crop and only moderate N responses during the second crop in the 
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order of 30 to 60 kg N/ha. The loc-l lodging-susceptible varietios showed 

no response to nitrogen. 
a maximum of 12 metric 

Three consecutive upland rice crops produced 

tons/ha of rice in 14 months and 20 days, including necessary fallow periXds 
and)spacing

during the (ry perinls. with the use of short plant types, clser 

manual weed control. 
The factors which could limit continuous cropping in this soil and climate 

a broadleaved to grass popula
seem to be weed control and the change froi 

shifting cultivation 
crops. The fertility decline common in 

lation after two 
systems has not severely affected vields during the first three rice crops. 
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