Influence of the conditions

under which the poppy is grown

on the alkaloid content of the opium obtained

by T. N. Hinskaya and M. G. Yosifova

The following two articles have beew transmitted by the Representative of the US.S.R. on the Commission en Narcotic Drugs,

There is now a large body of published data showing that
the chemical composition of plants is subject to considerable
fluctuations according to the geographical area in which
they grow or are cultivated. N. N. Ivanov (7, 8), M. L
Knyaginichev (10) and others have established, for example,
that there is an extremiely wide variation in the albumen
content of wheats caltivated in different areas, as may be seen

from the following figures :
% albunien

Type of wheat Where cdtivated

Lutescens 0.62 Chelyabinsk Province 24.4
v Minsk Province 9.8
Kanred Rostov Province 19.3
Ukrainian SSIX 8.6

1

The work of 5. L. Ivanov (4, 5, 6) on fatty vegetable 6ils
is well known. Hc has established that oleaginous plants
have a higher oil content when grown in the north than when
grown in the south. Thus white mustard contained 37.4%
fatty oil at Kotlas, and 18.9%, ar Kharkov. In addition, the
oils obtained in the north have a higher degree of non-satu-
ration, as is shown by the higher iodine counts.

For example, linsced oil from Archangel had an iodine
count of 195 as against 180 for Moscow and only 154 for
Tashkent.

V. V. Arasimovich (1) says thar the sugar content of the
ichksyl variety of meclon is 6.9%, in the central Volga region,
and 11.7% in centrzl Asia.  Tomatocs grown in Moscow
have a 2.9%, sugar content, and those grown in the Crimea
59 (13, 18).

The starch content of Sovier varictics of potatoes ranges
from 14% to 249, (14). Furthermore, the quality of the
produce differs in different years in the samie district.  Thus
during nine years of cultivation the sugar content of Voltman
potatoes ranged from 14.4%, to 22.79.

Kok-saghyz roots grown in Leningrad Province contained
7.12%, of rubber and those grown in Kazakhstan 4.63%, (12).

Considerably less study has been devoted to the effect of
the district in which plants are grown on their cositent in
alkaloids, glycosides, cssential oils, etc,, but the available
data show that the content in these substances is also subject
to appreciable fluctuations.

According to A. A. Shmuk (15,16, 17), the nicotine content
of makhorka varies from 1.5% 1o §%, according to the district
in which it is grown. The alkaloid content of the lupin ranges
from 0.83% o 1.6%. In his work on the influence of geogra-
phical factors on the morphine content of the opium poppy,
Annet (20) concludes that districts of high and low morphine
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content may be distinguished. This is confirmed by Wisner
(23), who states that the morphine content of the opium
poppy i different countries fluctuates between 29, and 15%.

The alkaloid content of cinchona bark depends on the heighe
above sea level at which the tree is grown,  The amount and
composition of quinine alkaloids is shown by Howard’s
data (sce Reimers, 22) :

Height above sca

fevel i metres Quifnine Quinidine  Cinchonidine
500 0,47 0.30 0.05
1,800 2.06 traces 3.47

According to A. I Yermakov (2, 3), hoary erysimum
(Erysimmm canescens) grown in Moscow Province and picked
at Aowering time contained 1.1% glucosides, as against 1.89
for plamts picked in Poltava Province.

It is also known that there are variations not only in the
amount of alkaloids but also in their composition according
to the conditions under which plants grow,

S. Yunusov (19) says that Japancse chemists have found
the alkaloid coclaurine in the evergreen shrub  Cocculns
lawrifolius.  Grown in the Batum Botanical Gardens, this
plant contained no coclaurine at all but on the other hand it
was found to contain two new alkaloids of an entirely different
structural type.

There is a reference in Henry {21) to the cffect that Duboisia
myoporeides contains alkaloid in the basic form of scopolamine
in the northern districts of Australia and hyoscyamine in the

southern districts.

*

¥ ¥

The All-Union Institute for Scientific Research on Medicinal
and Aromatic Plints (VILAR) has for a number of years
been making geographical sowings of three varictics of the
opium poppy : Tarbagatai 20, Tian-Shan 27 and China 42,

The sowings were made in a uniform manner as regards
choice of plot, preparation of the soil, sowing conditions and
tending.

According to the instructions, the poppy was sown in
furrows diccetdy in the soil, during the first two or three days
after field work began. Sowings were made in double drills
with 60 and 30 cm. between the rows, the sceds being covered
to a depth of 1.5 to 2 cm.

The experimental plots were set at 100 square metres, and
the experiments were repeated not fess than three or four times.

Observations were made during the growing period to
check the length of the individual developmenct stages and
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Talde 1

CONTENT IN THE FIVE MAIN ALKALOIDS AND TOTAL ALKALOIDS CONTENT OF OPIUM FROM POPPIES
GROWN IN DIFFERENT DSTRICTS — 1947

Percentage of allealeids eontent of opiunr

Total for all

District where grown Variety Morpliine Cadeine Papaverite Thebaine Nareotine allialoids
Krasnodar Tarbagatai 20 .......... 13.10 1.49 0.41 0.67 5.68 34.20
" Tian-Shan 27 .......... 13.00 1.00 .48 1.32 3.30 36.90

" China 42 ..co0vvveny ot 13.50 1.27 traces 0,54 12.30 34.30
Voronezh Tarbagatai 26 .......... 10.40 1.79 traces 1.30 7.50 42.30
" Tian-Shan 27 .......... 3.18 1.25 0.70 0.83 4.70 33.90

" China 42 ... 00t 10,20 1.62 0.40 2.30 6.10 38.70
Bitzy, Moscow Prov. Tarbagatai 20 .......... 12.00 2.30 0.17 1.10 6.0% 37.50
" " " Tian-Shan 27 .......... B.00 2.20 0.15 1.92 8.40 38.00

" " " China 42 .. ... ... ... 9.48 2.10 0.19 2.10 4.50 35.00
Vologda Tarbagata: 20 ... ..... 10.40 2,17 none 0.81 §.40 40.70
" Tian-Shan 27 .......... 5.50 2.00 nong 0.5%6 4.00 356.80
China 42 ...l 6.60 2.33 none 1.50 6.30 41.00

measurements were taken of the height of the plants and the
degree of foliation.  In addition, specimen plants were
selected from cach plot, before the crop was harvested, in
order to measure the increase in organic niass.

The crop was pathered in the form of opium, to obtain
which the capsules were lanced witht special knives. The
lancing was done during the period of initial technical maturity
inn 15-20% of the opium-vielding capsules. They were repeated
four or five times every other day. On cach oceasion only
technically ripe capsules were lanced.  The apium was collected
the dav after lancing, dried, pulverized by grinding in a mortaz
and then analysed for content in the six main alkaloids by
Klyachkina's method {9), and for total alkaloid content by the
method devised by the VILAR's Chemistry Department (11).

The tests results are given in Tables 1, 2 and 3. As regards
the alkaloid narceine, it occurred only in traces in all the
samples, and hence no figures are given for it

The first thing to be noted is the exceptionally wide variation
in the content in the main alkaloids of opium obtained from
poppics grown in different geographical arcas.  The morphine
content, for exaniple, ranges from 5.50% to 13.50%, codeine
from 0.36% to 2.60%, papaverine from zero to 2.30%,
thebaine from 0.14%, to 7.00%, narcotine from 4.00% to
12.30%; and total alkaloids from 26.39% to 41.6%.

The districts in which the poppy was grown were, in order
of latitude, Krasnodar, Voronezh, Moscow and Vologda
(sec Tablc 1).

Proceeding from Krasnodar to Vologda, the morphine

content decreases and this is particularly noticeable with the
Tian-Shan 27 and China 42 varieties, The codeine content
decreases in the other direction, from Vologda to Krasnodar.

Comparing the soil and climatic conditions under which
the poppy was grown in these districts, it can be said that
from south to north the natural fertilicy of the soil and total
temperature during the growing period decrease. Total
rainfall is much the same in all these districts, bur its effect
is necessarily different because of the great differences in
temperature.  Clearly, the changes in the humidity/warmth
ratio, and in soif conditions are responsible for this variation
in the morphine and codeine content of the epium.

West of Vologda, poppy was grown in the Tartu district
(Estonian SSR) and cast of Vologda in the Kirov district
(sec Table 2). In the mild, damp, warm climate of Tareu,
the opium has a higher morphine content and a lower codeine
content than in Vologda. On the other hand, with the low
temperatures in the Kirov district, the morphine content is
lower and the codeine content higher.

Sowings were also made west of Krasnodar, in Poltava
Province (Table 3) and ecast of Krasnodar, in Kuibyshev
Province. It can be said of the opium from these districts
that it has a lower codeine content than that from the more
noreherly districts.

In a number of districts, the geographical poppy sowings
were continued over a period of years, and the results of these
experiments show that in the same district the composition
of the opium was not uniform where weather conditions

Tabhle 2

Percentage of alkaloids content af opitm

Total for alf

Disteict where grewn Varicty Morghine Codeine  Papaverive Thebaine Narcofinee alkaloids
Tartu Tarbagatai 20 .......... 13.10 1.38 0.94 0.67 5.68 34.20
a Tian-Shan 27 .. ....... 11.20 1.95 0.53 0.38 §.70 40.10
. China 42 .........0ents 13.28 6.90 06.17 traces 6.70 39.80
Kirov Tarbagatai 20 .......... i1.40 2.30 0.01 0.30 6.00 39.50
" Tian-Shan 27 .......... 10.50 2.20 0.27 1.10 12.20 40.10
China 42 .............. 11.10 2.00 0.10 1.60 10.10 39.80
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Table 3

Percentage of alkaloids content i -
crtage of alkaloids content of apium Total for all

District swieee grows Varicty Morpline Cedeine Paparerine Thebaine Narcotine alkaloids
Poltava Province Tarbagatai 20 . _........ 10.60 1.39 0.31 1.30 6.50 31.00
" e Tian-Shan 27 .......... 7.80 1.30 0.30 —_ 9.96 36.10

o " China 42 ... .. ... ... 7.83 1.03 1.75 1.86 5.20 26.30
Kuibyshev Province  Tarbagatai 20 .......... 11.10 1.57 1.08 0.14 8.4 26.90
" " Tian-Shan 27 .......... 9.60 1.66 1.78 traces 4.90 40.30
China 42 .............. 10.50 0.36 2.30 none 6.60 36.90

Table 4

PERCENTAGE

OF MORPHINE AND CODEINE CONTENTS OF ABSOLUTELY DRY OPIUM

Year when

Tarbagatai 20 Tian-Shan 27 China 42

No. Disteict where grown grow Morphine  Codeive  Morphine  Codeine  Merphine  Cedeine
1. Taru FMG L 9.40 2.80 7.28 2.24 8.20 2.40
" W47 13.10 1.38 11.20 1.95 13.28 0.90
2. Bitzyv, Moscow Provinee 1947 12.60 2.30 8.00 2.20 9.48 2.10
" - - 1049 14.20 1.80 12.50 1.50 9.10 2.40
" - . 1950 .. 14.26 1.80 — . - —
" " " 1951 . 11.74 2.13 - — — _
3. WVoronezh 1945 Lo 14.50 1.13 11.10 0.93 14.35 (.60
" 1947 oo 10.40 1.79 §.18 1.25 10.20 1.62
4. Krsnodar 1996 ..ol 12.34 2.04 16.40 1.60 13.60 2.20
" 147 13.10 1.49 13.00 1.00 13.50 3.27
5. Kuibyshev 1945 .o 10.20 1.88 8.10 1.86 10,10 1.50
TH7 o 11.10 1.57 9.60 1.06 12.20 2.0
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differed during different years © where a higher morphine
content occurred in any one year, the codeine content of the
opium was usually lower, whercas a decrease in morphine
content was accompagnied by an increase in the codeine
content (sce Table 4).

In view of the cose genetic relation between morphine
and codeine, it can be assumied that reciprocal conversions
of the one alkaloid into the other are possible, depending
on the conditions under which the poppy is grown. Obser-
~ vations have shown that deficient moisture during the carly
period of growth, or excessive moisture in the latter half
of the development period, generally have the effect of
reducing the morphine conrent of the opium.

As regards papaverine, a point to be noticed is that opium
from Vologda contained nonce of it whatever (see Table 1),
whereas opium from Kuibyshev, according to data over a
three-year period, had a very high papaverine content (Table5).

Tabie 5

Pereentage of papaveeine content ef opiun:
TianeShan 27 China 42

Tarbagatai 20

Kuibyshev 1945 ..... 1.43 1.74 2.60
. 1946 ... 1.30 1.30 1,00
. 1947 L. 1.0 1.78 2.30

The Kuibyshev district compared with the others has a
small amount of rainfall and fairly high temperatures during
the growing period. Under these conditions, the plants
experience a shortage of moisture, and this apparently promotes
the formation of papaverine in the opium. ‘This assumption
s confirmed by the following data (Table 6).

The vears 1946 at Krasnodar and 1950 at Tarta were hor,
dry ones, whereas 1947 and 1951 were very wet.

So far it has not been possible to establish any ¢lear principles
governing changes in the thebaine and narcotine contents
of the opiuni.

The total alkaloids content of the apium is a little higher
in northern districts than in southern ones, bue it cannot
be concluded from this thar alkaloids form more readily
in the northern districts, secing that the absolute yicld of
alkaloids is considerably greater in the south owing to the
heavier opium crop.

Conclusions

1. The percentage content in the six main alkaloids and
the total alkaloids content of the opium are subject to vanation
according to the soil and climatic conditions of the district
where the poppy is grown.

2. The morphine content decreases from south to north,
according to the latitude in which the poppy is grown; the
codeine content and the total alkaloids content change in the
opposite direction, while tie absolute vield of alkaloids is
higher in the south owing to the heavier opium crop obtained
there,

Table 6

Pereentage of papaverine confont

District where grownt and year  Tarbagatai 20 Tian-Shan 27 China 42
Krasnodar 1946 ........... 1.54 0.59 1.25
" 1997 .. ..o.... 6.41 0.48 traces
Tartu 1950 ... ... 0.84 0.35 —
" 1951 oo traces traces —
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The part played by fertilizers

in increasing opium poppy yields

hy V. V., Sheherstov

All-Union Institute for Seientific Research on Medieinal and Aromatic Plants (VILAR)

Since 1932, the All-Union Institute for Scientific Research
on Medicinal and Aromatic Plants and some of its regional
experimental stations have been devoting attention to the
question of how to apply fertilizers to the opium poppy
grown in the Sovier Union. The bulk of the work has been
done by the Przhevalsk Regional Experimental Station in
the Kirghiz SSR, where the opium poppy is generally grown
on irrigated plots.

The opium poppy is grown in Kirghizia, in rotation in
succession to winter wheat, after fallow or half faliow (sain-
foin). Sowings are made in carly spring using tractors, sced-
drills and sowing in well-spaced rows with 60 to 70 cm.
between them. Irrigation is carried out before the Jand is
ploughed (pre-ploughing moisture-charging) and once or
twice during the growing period. Final irrigation has to
be done not later than the budding stage. Late irrigation
when the pappy is in Aower has an adverse effect on the yield
of raw opium and its alkaloid concent. The poppy capsules
are repeatedly lanced until the latex stops flowing.

On irrigated plots the Tian-Shan varicty is grown, and on
those which are not artificially irrigated the Tarbagatai sub~
variety. The poppy sced is gathered in by means of combine
harvesters.

It should be noted that apart from the effect of agricultural
methods on the vield and quality of the opium, climatic

Table 1
BEFECT OF VARIOUS DOSES OF MANURE ON OPIUM YIELD—1932

Yield of absolutely

dry apit Pereentage of

~ morphiie coutent
pereentage of  of absolutely

Table 2

EFFECT OF MANURE, WITH BASIC APPLICATIONS—1942

Yield of absolutely dry vpitm

percentage pereeitiage

No. Visriants koiha  of conmtrol of morphine
1. Contral, no fertilizer applied  7.85 100 $2.31
Manure 20 tonstha ... .. 9.63 123 i0.94
3. Manure, 30 tonstha .. ... 12.9 164 13.36

conditions also play a large part, the result being that yields
in different arcas may vary considerably although the culti-
vation methods are the same.

The question of the application of fertilizer to the opium
poppy has now been faitly well worked our, thanks to the
investigations made.

Both organic and artificial fertilizers have been used, and
the experiments lasted from 1932 to 1935.

The results of the experiments to determine the action of
otganic fertilizers are set out in Tables 1 and 2, and show that
the use of manure during ploughing considerably increases
the opium yicld.

Table 3

EFFECTIVENESS OF MANURE IN THE SECOND YEAR
AFTER APPLICATION—1936

Yield of absolutely
dry apium

j‘Ji'Fft'Hfdgl‘

Na. Test variants kyiha control dry weight L ) !
Na. arianrs kgiha of control
1. Coutrol, no fertilizer applied  11.2 100 10.80
2. Manure, 10 tonsfha....... 16.1 144 11.58 1. Control, no fertilizer .o..ovoiennn 8.8 100
3. Manure 20 tons/ha ....... 20.8 186 11.93 2. Manure, 15 tonstha oo 13.5 156
4. Manusre 30 tonsiha ... ... 20.8 186 11.53 3. Manure, 30 tonstha ...l 16.9 192
Table 4

EFFECT OF FERTILIZERS ON OPIUM YIELD AND MORPHING CONTENT—1937

Yield of air-dricd opium

Percentage morphine

content of ahsolutely M

No. Variants % dry weight kgiha o,
1. No fertilizer ... ..ol 0.32 100 10.1 1.018 100
20 Negkgha oooooiinn - 106 9.37 1.007 98
3. Pokgha.o.ooooioo 40,38 145 10.17 1.483 145
4 K kgiha. oo - 0.30 83 9.68 0.860 54
5. (NPl ke/ba oo 0.50 132 10.51 1.405 138
6. (NK)kgha ..ol 0.27 81 9.18 0.753 74
70 P, keha oo 0.49 131 10.1 1.340 131
8 (NP, Ko ke oo .29 123 9.69 1.206 118




BULLETIN ON NARCOTICS

e JULY-SEPTEMBER 1936

Table 3

FEEECT OF VARIOUS DOSES OF SUPERPHOSPIATE ON OPIUM YIELD AND MORPHINE CONTENT

Yield of absolitely dry opivim

Percentage of

) M, free yield
morphine confent of M,_

No, Variants bgiha Yo absolutely dry weight kil <,
1. No fertilizer ..ooeuiiiirvrenns 11.4 -+ 0.2 100 11.40 1.300 100
2. Pc45 during ploughing ....... 14.08 & 0.7 i23.5 12.54 1.765 136
3. Pc6D during ploughing ....... 14.47 4 Q.5 127 12.48 1.805 139
4, P75 during ploughing ....... 14.82 4. 0.4 130 - 12.51 1.834 142
3. P90 during ploughing ....... 13.90 4 0.8 122 12.32 1.712 132
6. P60 during cultivation ....... 16.07 .+ 0.3 141 12.57 2.020 155

With 20-30 tons of manure applicd per hectare, the opium
vicld increased by 22-86%;,. The poppy comes as the second
crop after the application of fresh manure, as the presence
of weeds following dircct application of manure considerably
hampers the poppy sowing. The cffectiveness of the manure
still remains fairly high during the second year after application.

Experiments to determine the cffect on vield of artificial
fertilizers have shown that the greatest increase occurs with
the use of phosphate fertilizers (Table 4).

Potash fertilizers used both alonc or with other fertilizers
reduce the opium yield and amount of morphine produced.
The use of nitrogenous fertilizers by themselves reduces the
-morphine content of the opium by 0.73%, but the morphine
content increases by 0.4% when they are used with super-
phosphates.

The reason for this effect of nitrogenous and potash fertilizers
is that they were applied during cultivation and their high
solubility resulted in a high concentration of salts on the
surface of the soil, with an adverse effect on the development
of the extraordinarily sensitive poppy shoots.

The correctiess of this assumption was confirmed by sub-
sequent tests.

Jt is first necessary, however, to refer to the tests made to
determiine the dosage and methods of applying phosphate
ferdlizers, the results of which are set out in Tables 5, 6, 7, 8,

9, 10, 11 and 12..

Table 6

EFFECT ON OPIUM YIELD OF METHODS OF APPLYING
SUPERPHOSPHATE—1937

Yield of absolutely dry opinm

Ne. Variants kgt %
1. Control, no fertilizer .....oviieaons 14.2 160
2. Pc 50 kg/ha during cultivation ...... 25.4 179
3. Pc 50 kgrha during harrowing ..., 27.6 194

With superphosphate, the opium yield increases from 23
to 949, —in other words, it is almost doubled in some cases,
The greatest cffect of doscs introduced at ploughing time was
with 45-60 kg of P,O; per hectare.  An increase to 90 kgfha
of P,0; has litdde cffect on the yield.

+ The morphine content for all the variants of the experiment
(Table 5) was practically uniform and worked out at 0.92-
117 above the control figure. A further point is that the
offectiveness of the superphosphate increases wheee the fertilizer
is covered by a shallower layer of soil (scc Table 5, Variant 6,
and Table 6, Variants 2 and 3).

Similar results were obtained in a sccond experiment

{Table 7).

Talle 7
EFFECT ON OPIUM YIELD AND MORPUINE CONTENT OF SUPERPHOSPHATE APPLIED BIEORE s0WiNG—1940

Yield of absolutely dry epium

Percentage of

morphine content of M

No. Variants kgtha of  ghsolutely dry weight  kglha Yo
I, No fertifzer .oooiiireaaeiiie s 4.23 -+ 0.11 100 7.15 0.302 100
2. Pe60 during ploughing ......ooceeonee 6.53 = 0.25 154 7.80 0.569 168
3. P90 during ploughing ....o.ooooainn-s 6.85 4- 0.20 161 7.83 0.536 177
4, Pe60 during ploughing + P30 during
CHlVALION & vy eeernaaarrnm e 7.84 4= 0.17 185 7.90 0.629 208
Table 8
FFFECT OF BASIC SLAG ON OPIUM POPPY YIELD—I1938
Yield of absolutely dry opium Seed yicld
percentage pereetitage perecntage
No. Variants Lgfha of control of morphine Lgiha of rontrol
i.  Control, no fertilizer ... .. oo 6.65 i00 12.90 216 100
2. Dasic slag, 30 katha POy oo 15.42 231.8 12.78 645 298
3. Basic shg., 60 kghha POy oooovnns 21.43 322.3 12.45 338 388
4. Basic slag, 90 kgiha P,Og vt 22.15 3331 11.58 653 395
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Tahle 9

EFFECT OF VARIOUS DOSES QF SUPERPHOSPHATE ON
FORMATION OF CATPSULES AND OPIUM YIELD—1937

f absolutely dry opium

. "ield o,
Nunber of Yicld -,
i g oper count

capsiles

cut per Per Per
Ne. Variants 100 plants 100 plants 100 capsules
1. No fertilizer ............ 121 o 1425 11.77
2. Pedd during ploughing .. 143 17.60 12.30
3. PcG0 during ploughing .. 145 18.08 12.47
4. P75 during ploughing .. 132 18.52 14.03
5. P during ploughing .. 130 17.35 13.34
6. Peb0 during cultivation .. 146 20.08 13.75

The results of this cxperiment show that the application
of 50 kg of POy per hectare in two doses—60 kg/ha during
ploughing and 30 kgfha during cultivation (Variant 4) are
much more effective than the full dose at ploughing time
{Variant 3).

Other types of phosphate fertilizers were tried out, including
basic slag, which was also highly cffective (Table 8}

The most effective dose of this fertilizer was found to be
60 kg of PyO; per hectare.  Concurrently with the sharp
rise in opium yvield, there was a considerable increase in seed
vield. It should be noted that its effect was to reduce the
morphine content of the opium, especially where the dose
was 90 kg per hectare,  However, there is no reason 1o atribute
this decrease to the action of the phosphorus, as the other
clements in the fertilizer may have been responsible in this
case.

The increased yield consequent on the use of phosphate
fertilizers is due to the better development of the plant and
the formation of a larger number of capsules and also, as
shown by the figures'in Table 9, 1o the increased flow of latex
produced by them.

The last-mentioned fact seems to be connected with the
cffect of the superphosphate on the number of lactic vessels
in the capsules and the face thar they are betrer filled.

The results of the experiments described above prove that
the use of superphosphate and other phosphate ferdlizers
bas an cxtremely favourable effect on opium vield. The
results also prove that the cffectiveness of phosphate fertilizers
increases when they are allowed to come into direct contact
with the sced.

Puorocrapn 1

1. No fertilizer 30 K g (NP) 20
20 (PK) 4 IN 20 4 Ky N20
(2 g of cach of the active substances == 100)

This last-mentioned fact provided grounds for 2 furcher
study of this question.  Experiments conducted during growth
(Photograph 1) show quite clearly that the opium poppy
demands a high level of phosphate feed after its initial period
of developiment.  Accordingly, the further study of the
clecttveness of phosphate ferilizers was directed towards
fully covering the initial stage of the poppy’s development
by means of phosphate feeding.

Experiments were therefore carried out to test the effect
of successive applications of fertilizer, the superphosphate
being applied in the form of small granules in the drills
together with the seed.  The experiments showed the appli-
cation of granular superphosphate in the drifls along with
the seed ar sowing time to be very cffective (see Tables 10
and 11).

Table 10 shows that the use of 3 kg of PO, per hectare
increased the opium vield by 369, while the use of 2 double
dose increased it by 55%. A further increase of the dose to
10 kg per hectare brought practically no increase in vield.

Table 10
EFFECT ON THE PRODUCTIVITY OF THE OPIUM FOPPY OF DOSES
OF GRANULAR SUPERPHOSPHATE APPLIED IN THE DRILLS—]946

Yield of absolutely

dry opiin Seed yicld

No. Variants kelha A quintaisfla %
1. No fertlizer ............. 16.6 100 5.9 100
2. PO 3kgfhaindrills ... 226 136 7.1 120
3. 7,0, 6kgthain dulls ... 25,7 155 7.2 22
4. PO, 10kg/ha in drills ... 26.4 158 7.6 139

Table 11

EFFECT ON THE OPIUM POPPY YIELD OF AFPLICATIONS OF GRANULAR SUPERPHOSPHATE 1IN THE DRILLS

Yield of absolutely P;J:rc'nh{qc
dr}’ opiut BIGEpHING conlent Seci yield
of abselutely - _
Year Vartants kgtha %% dry wcight quintals fa 4
1945 No fertilizer oo e 18.9 100 7.84 7.9 100
POy, 6kgfhaindeills ., ................. 22.3 118 §.3%9 9.6 121
Py, 30 kgrha scattered ...l ..., 228 120 9.64 10.6 134
1946 No fertilizer .o i i8.5 100 morphinc content 5.6 100
PO, 6kgiaindrills ..., 3.2 125 not determined 8.7 155
P,Qy, 60 kg/ha scattered ... L.l 243 131 10.1 180
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Tahle 12

EFFRCT OF MANURE AND SUPERPHOSITIATE ON OPIUM
AND SEED YIELD

Yield of air-dry opiiom Seed yield

No. Variant kgiha o guintalstha %
1. Control, no fertilizer ..... 21.7 160 6.2 160
2. PeO0 L 39.4 181 13.0 209
3, Manure, 15 tons ..., ... 33.9 136 11.2 180
4, Manure, 30 wons ... 31.8 146 11.5 185
3. Bc#) -+ 15 tons manure , .. 42.0 193 13,2 243
0. POy 4 30 wons masure ... 4301 198 13.3 214

The greater  effectiveness  of  granular  superphosphate
applied in the drills at sowing tme as compared with powdered
superphosphate scattered at random was observed in all sub-
sequent cxperiments,  Thus ic can be seen from Table 11 that
the opium yield in 18-259%, higher in the former case. The
same cffect is observed when applving 30 kg of P,Q; per
hectare of ordinary superphosphate, but here the amount
of fertilizer used is five timoes greater,

The results of all these experiments prove that phosphate
fertilizers are no less effective than manure,

This is confirmed by the results of yet another experinient

{Table 12).

As.can be scen from the table, the effect on the opium yield
of superphosphate applied in doses of 80 kg of P,Oj per Liectare
exceeds that of manure applicd at the rate of 15 tons as well
as 30 tons per hectare,  Simultancous application of manure
and superphosphate does not significantly increase the opium
vield as compared with the application of superphosphate
by itself. A similar cffect is observed also on seed productivity.

The nexe step is to examine the resolts of the experiments
on the effect of nitrogenous and potash fertilizers on the
opium yicld.

Table 13

EFFECT OF NITROGENQUS AND POTASH TERTHIZERS
ON OPIUM YIELD

No fertilizer N r NP
Average / Aldr-dried opium kgiha 143 15.1 20,0 20.9
for 4 ycars) " 100 105 139 146

Prorograru 2

Full dose of mineral fertilizers,

Full dose, but nitcogenous fertlizers applicd in § doses,

Full dose, but nitrogenous fertilizers applied in 175 doses,

full dose, nitrogenous and potash fertilizers applied in 175 doses.
Full dose consists of 2 g of active substances {P,Oy, K,O, Nj per
container.

g

As shown above (Table 4), the application of nitrogenous
fertilizers was found to be ineffective whereas that of potash
fertilizers reduced the opium vield and morphine content.
Even with irrigatien the effecy of nitrogen fertilizers applied
before sowing was very limited (Table 13).

As aiready noted, the reason why these fertilizers had this
cffect was because of the formation in the top layer of soil
of a high concentration of nirrogenous fertilizers to which
young poppy shoots are very sensitive,

To determine the most effective use of nitrogenous and
potash fertifizers, experiments were conducted during growing
time which showed that the poppy in fact requires less nitrogen
and potash feed during the initial period of development
(Photograpl: 2).

However, the opium poppy, to provide a big yield, needs
a considerable increase in the amount of nitrogenous feed
during the rosette and budding stages, as is confirmed by the
experimental results given in Tables 14 and 15.

In addition, the application of nitrogenous fertilizers during
the growing period increases not only the opium yield but
also morphine content—a most important fact. Potash
fertilizers applied at two periods—lalf a dose when filling
the containers and another half at the rosette stage (Fable 14)
«had a beneficial effect on vegetation but reduced the opium

Tahic 14

OPIUM POPPY YIELD DEPENDING ON VARYING APPLICATIONS OF FERTILIZER {EXPERIMENT ON GROWING)—]1939

Yield of air-dried
above-grosnd mass

Tinte of application

Percentage of

feld fr-dricd opium ;
Yield of air-dricd opitur morphine content

When filling  Rescite  Budding  Flowering Percentage Percentage of ehsolutcly
No.  containers stage stage stage fleontainer (PK 000 mg/eontainer (PK o) dry substance
1. No fertilizer — — — 19.0 -+ 0.3t 61 210 60 10.85
2. (NPK)jao — — 3111 = 0.95 100 350 100 11.33
3. (PK)yeolNy Nig Nyo Ny 47.22 o4 1,31 151 560 160 12.57
4. PNy NyoKso Ny Ny, 49.95 4- 1.24 160 470 134 12.30
5. PyoKypely Ny, NPy, DMy  38.01 = 0.65 122 417 119 12.10
6. (NPK),; (NPK},; (NPK),; (NPK),, 35.87 - 1.21 115 433 130 12.10
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Fable 15

EFFECT OF MITROGEN FEED ON OPIUM YIELD AND MORPHINE CONTENT—1948

Fariants

Yield of afr-dried above-gronnd mass

Pereentage

Yield of air-dried opium .
eld of P of morphine content

On filling of absolutely dry
contaers Rosene stage  Budding stage fleontainer % mgfcontainer % weight of opitm
PE) 00N, — — 401 4 1.4 100.6 156.4 100 9.35
(PK}yulNzg Ny, Ny, . 3351 1.9 133.0 296.0 189 12.50

vield. The application of phosphate fertilizers in two doses
(Variant 5, Table 14)—half 2 dose when filling the containers
and another half at the budding stage—reduced the yield
of above-ground mass as well as optum yield and morphine
content,

Thus phosphate and potash fertilizers used during  ex-
periments on growing produced a more bencficial effect
on opium vield and morphine content when applied before
sowing,

The use of a complete fertlizer (NPK) in equal portions
at all stages increased the opium yield by 309, and the morphine
content by 37% compared with the results obmined by
applying a full dose when filling the containers {(Variant 6).
On the other hand, the yield with this variant was considerably
less than that obtained with Variant 3, in which the full dose
of phosphate and potash fertilizers as well as a small amount
of nitrogen was given when the containers were filled; the
rest of the nitrogen was given during the growing period.-

Judging from: the plant’s development and the yield obtained,
the application of fertilizer in this manner went a long way
towards satisfying the opium poppy’s demand for nutritious
matter.

In the field cxperiments carricd our, data was obtained
which tally completely with the results of the growing period
experiments (Tables 16, 17).

The data in Table 16 show that the most effective method
of using nitrogenous fertilizers, where not applicd at ploughing
time, is to apply them in two stages : 30 kg of nitrogen per
hectare during cultivation and 30 kg/ha during the growing
period in order to feed up the plants.  Applying the fertilizer
in this way, a larger opium yield was obtained with a greater

morphine content.  With an application of nitrogenous
fertilizers in doses of 60 kg of nitrogen per hectare during
cultivation {Variant 3), the effect on opium yield was nil,
and a background of Py K, was negative in its result (Varianc 7).

It should be noted that the application of nitrogenous
fertilizers at depth during ploughing was also effective,

Potash fertilizers applicd in the ficdd experiments had a
negative cffect in all cases on opium yield and morphine
content. A specially sharp fall in morphine content was
observed when using potash fertilizers at two stages, In this
case, the morphine content dropped by 1.399;.

Experiments over many years have shown (Table 17) that
nitrogenous fersilizers applied at the rosette stage in doses of
60 kg of nitrogen per hectare, accompanied by adequate
phosphate feeding, produces a substantial increase in opium
yield. The morphine content, as a result of the application
of nitrogenous fertilizers rose by (1659, on average. Thesc
experiments provided a demonstration of how to use nitro-
genous fertilizers effectively,

It may be taken as cstablished, on the basis of the above
considerations, that the opium poppy’s need for fertilizers
at the development stage is not uniform. During the initial
period of development, it needs heavy phosphate feeding
but very litsle nitrogen, and an abundance of nitrogenous
fertilizers has an adverse effect on the opium yield. During
the next period, beginning with the rosctte stage when the
plant grows rapidly, the need for nitrogen sharply increases.
The amount of potash fertilizers required is insignificant,
and an excess of potash in the soil lowers the opium yicld
and morphine content.

From the experiments carried out, it can be concluded that
the system of feeding the poppy calls for the use of fertilizers

Tahle 16

EFFECT OF NITROGENQUS AND POTASH FERTILIZERS ON OPIUM YIELD AND MORPHINE—I1940

Time of applying fertilizer

Yield of absolutely dry cpinnr

Percantage Morphine yicld

During During Fer freding morphine content of rerphine yicid

Ne.  ploughing ceeitivation prrposes koiha 28 absolutely dry weight kotha %
1 No fertifizer © 9.66 4 0.25 100 10.22 0.9585 100
2. Pey o — 11.84 -+ 0.20 123 10.065 1.260 127
3. Peg, Ngo — 11.70 -4 0.75 121 10.50 1.233 125
4 Pog Ny Ngg 13.53 -+ 0.31 1406 11.21 1.516 154
5. Peg (MNK), Ny s 12.82 -1 0.25 133 9.82 1.359 128
6. PegKy — —_ 11.70 -+ 0.11 121 10.10 1.181 120
7. Pk MNeo — 10.76 = 0.45 111 10.37 i.115 113
8. PrgKys Ny N, 1227 4 0.32 127 10,87 1,334 135
9 Nyl — — 13.01 .= 0.20 135 10.96 1.426 145
100 (NPgoKys —_ — - 0.34 117 10.77 1.21% 24
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Table 17

CEFECT OF NITROGEN FEED ON OPIUM AND MORPHINE YIELDS (:\VERAGE TOR SIX YEARS)

Yield of atsolusely dey opiton Morphine content
No. Test variants frgtha % Murphine content Lgjha %
1. Nofertlizer covnvioi i 17.3 100 12.13 2.4 100
2. 90 kgtha PO, at ploughing time ......... 2.5 130 £3.75 3.1 147
3. 90 kegtha PO, at ploughing time ... L.
NGO for feed-up purposes at the roseme - 26.3 152 14.40 3.78 176
Sfﬂgl‘ ............................... -_

at the main cultivation stage, at the time of sowing, and later,  of granulated superphosphate at sowing time along with
for feeding. the seed.

It is usual in practice to apply 60-90 kg 1,0, per hectare At the rosete stage the plants are fed with nitrogenous
at the ploughing stage, and another 6 kgfha in the form  fertilizers at the rate of 40-60 kg of nitrogen per hectare.




