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*INTERPLANTING IN TEA: 2—THE INTERACTION OF
SHADE WITH FERTILIZER APPLICATIONS

T, Visser

Walter {1950), Portsmouth (1951), and Visser and Keh! (1956) used an
ecological argument in favour of the use of shade in tea, namely that tea is a “‘shade-
loving”™ plant, because the tea in its natural habitat grows under shade,

However, man has rarcly paid much heed to such crude ccological arguments
in the development of his crop plants, or he would not cultivate his soil, weed his
crops, or apply manure to them. This is also true for tea; the conditions under
which it is commercially grown today arc very different from those of the tea grow-
ing in the forest, for it is pruned, plucked, manured, and cultivated,

Accordingly, the habit of the tca tree has been fundamentally changed by its
artificial conversion into a leat-producing bush. Thercfore, it may well be asked
whether it is necessary, or under what conditions it is useful, to give a poor imitation

of one single aspect of a forest, namely, by sparsely interplanting the tea with shade
trees.

The shade question is not new but it has recently come into the limelight again.
De Weille (1959} in Indonesia discussed shade trees especially in connection with
blister-blight control and concluded ‘““that shade removal can be carried out and
there is no need to fear any damage by sun or wind”. Wight (1959 a, b, ¢}, in a
series of articles, extensively reviewed the work done in Assam, demonstrating the
complex nature of the interaction between shade and fertilizer application and the
importance of differences in reaction of different agrotypes of tea. On the whale,
Wight's ohservations indicate that the use of Albizzia chinensis shade trees under
Assam conditions is to be favoured for both agricultural and economic reasons.

Lately Child {1960), in East Africa, rt:viewcd-many of the historical data on

the shade-tree tradition, as well as observations made on the effect of shade trees
in Kenva and Nyasaland. He reached no conclusions but indicated “the danger
of making or of accepting dogmatic assertions” on the shade question,

I have recently discussed several aspects of shade trees, cover crops, and weeds,

inrelation to soil moisture, mobilization of and competion for nutrients, and organic -

matter (Visser, 1961 a). - In the present paper I review and discuss the influence of
shade per s¢ and its relation to fertilizer applications. 2

2. Shade and manuring with apecial reference to nitrogen

The majerity of experiments on shade and manuring have been carried out by

' the Tocklai Experiment Station over a period of 30 years. In order to distinguish
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the effects of shade itself from effecis of shadc plus root competition acting together,
bamboo screcns were used and compared with normal shading by growing trees.
The experiments indicated that generally the interaction between nitrogen and
shade is the more important one, ‘ -

Table 1 gives two examples derived from graphs {of different teials} given by
Dutta, Basu and Sharma (1958} and Wight (1959} on the effects of natural and of
artifical shade in relation to increased nitrogen applications.

TabLe 1.—Annual yield of tea (in dh, per acre) under nginral shade
{Albiz zia chinensis) and artificial shade (screens, giving 509,
, light intensily) as affected by nitrogen apblication {Assam) . .

Tea planted in 1932; Albizzia chinensis in 1942,

1 2 oA 4 | 5
Period Treatment i Zero N SO N Gain due to N
10 years - Shade trees 90 ! 1120 +220
(1942513 No shade R LA 1084 +332

436

H
i
i

é Gain due to shade -+ 148 l

Tea planted in 1920: screens erccted in 1951 :

1 2 i3 ! 4 ‘ 5
Period Treatent Zeo N | 80N - | GainductoN
7 years ‘ Screens ] 790 0
(1951-'57) No shade - 4RO * B8) +400
Gain duc to shade | +310 —90 ' '

Table 1 shows that the shaded tea was more productive than the unshaded
when no nitrogen was given (Colurnns 3} ; but with 80 b, or 90 Ih. N, the unshaded
tea was-about the same as the shaded. The effcct of N-was thus far more beneficial -
with unshaded tea than with shaded (Columns 5). With 80-90 1b. N, the unshaded
tea had caught up with the shaded; the results suggested that with still more N,
unshaded tea would gain still more and give a higher ceiling to the crop. -

In a sense. shade thus appears to be equivalent to a certain amount of nitrogen,
in these two cases about 30 10 60 ib. N per acre.  In another long-term trial initiatect
by Cooper {Wight, 195%a} shaded tea without nitrogen was found to yicld nearly as

- much as unshaded tea which had received on an average 84 1b. N yearly.

The influence of shade per se has been investigated at Tocklai in many other
trials both on wmmanured tea (Wight, Barua, Green &-Barua, 1958; Barua 1956,
1957 and 1960) and in the presence of different dosages of nitrogeneous fertilizer at -
varying light intensities (Dutta & Heath, 1954; Dutta & Basu, ‘1956, 1957; Dutta,
Basu & Sharma, 1958). These trials showed basically the same results as those
presented in Table 1, namely that the yvield.of the tea depends both on the shading -
density and the nutrient supply (soil fertility}. ' '
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Shade-tree and nitrogen effects have also been investigated by the Tea
Research Station in Nyasaland, the results being given in Tables 2 and 3 {Anon.
1954, 1955, 1956, 1957, 19458, 1959 and 1960}, .

TABLE 3.—Annual yield of mature tea (ib. per acre), unshaded and
shaded by Aibizzia gummifera, with and without nitragen
(Nyasaland)

Tea planted in 1032, Albizzia gummifera in 1949,

TaABLE 3.-—~Annual yield of young tea (lb. per acre) under different
shade-tree species (similarly manured) (Nyvasaland)

Tea planted in 1951, trees in 1952,

Perod I: 1933/54—55/36 i Period I1: 36/57—58/59
Treatments : X
Yield Gain due 1o shade ! Yield § Gain due o shade
No shade 305 - L1858 | —_
Grevillea robusta 3% +31 1,43 | — 144
Albizzio gummifera ... 336 +31 856 —329
(iliricidia maculase 280 —25 778 —467

Table 2 shows the same tendency as was observed in the Tocklai trials, namely
that shaded tea gives a higher yield than unshaded tea in the absence of nitrogen,
but that nitrogen applied to unshaded tea increases its yield more than that of
shaded tea. The yields of the manured tea over the first period of 4 years are about
the same, irrespective whether or not shade is present, while that of unshaded tea
over the second period—at the end of which the shade trees were ten years old---was
significantly higher tharr that of shaded tea, This is presumably due to the fact
that as the trees grow older, the light intensity under them is reduced and competi-
tion increases. In this experiment shade trees were about equivalent 1o 40-50 b N,

Table 3 demonstrates a similar effect on young tea of the age of the shade trees.
During the first period—at the end of which the trees were five years old—the

effects of the trecs were small {of the order-of 8--10%,). - During the second period of -

Period 1; 52/53—355/36 Pexiod TE: 56/37—38/59
i L — . : : o
Treatments- © o ZeroN BN | Gaindueto] -ZeroN 4 80N E Gain due tf .-+
= : N | N
Shade trees i 510 829 1118 755 1 o7 152
No sthade 342 802 + 26() 672 ¢ L3y +367
Gain due to shade ... 4168 | +27 i 48 133 |
| [

three vears, all shade-izee specics depressed vield, particularly Gliricidia and Aibizzia. *

These trees had by that time formed a closed canopy, so that competition for light
occurred and, especially in the case of 4{bizzis, competition for moisture t0o {Anon.
1960). The fact that yield was depressed least by Gresiflea is probably due 1o the
fact that this ree neither provides such a heavy shade as Glirieidia, nor competes so
severely for moisture {(and nutrients) as Afbizzia, :

Another example of the effect of shade on nitrogen responses is given in the
form of a graph which presents the summarised results of two manurial trials carried
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out by the Tea Research Institute of East Africa (Kericho) and the Tea Research
Institute of Ceylon (St Coombs). At each location the nitrogen responses in the
‘one experiment were investigated on tea under Grevillea robusta and in the other -

" trial in the absence of shade trees, The Kericho trial represents yields over a 4 year

“cycle (Goodchild, 1956; Goodchild and Foster-Barham, 1857, 1958, 1959, 1960).
The St Coombis trial without shade represents average yiclds over the 2nd cycle—20
to 40 1b, N—and 4th and 5th cycle—40 to 80 1h, N (Eden, 1949b}; the figures
relating to shade present yearly averages of the 3rd and 4th cycle of an experiment
initiated by Eden {1941, 1943).
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Figure 1. Nitrogen respoacs of tea under Grevillea robusta trees and off
unshaded tea—Kenya and Cevlon

Although Figure 1 presents data from two different trials, they allow a gualita-
tive comparison. Itis shown that the trend is the same as mentioned before, namely
‘that unshaded tea vesponds belter lo nitrogen than shaded t2a. The yields of the unshaded
tea increase linearly with the nitrogen dosage up to 80 Ib per acre in both instances.
}'hc yield of the shaded tea, on the other hand, is not much affected by the nitrogen

osagc. ’ ' :

The dbservcd interaction between shade and manurial a plication is 2 general
one. and it applies 10 other crops that are traditionally sha.dedF: such as cacao.

“ Table 4 represents the results obt_éinc'd by Cunningham and Lamb: (1958,
1959} 'in Ghana on 10-year old cacao, unshaded and shaded, -unmanured and
manured over the last three years with N, P, K and Mg.

o . TavLr 1.~ Annual yields of cacao, (1b.acve), washaded and shaded
o © .0 by Gliricidia maculata, with and iwithout fertilizer (Ghana)

: Treatment No festilizers NPKMg | Gain due to fertilizer
Shade trees 615 B89 | . . 254 '
No Shade ol 1,07 1,574 495
Gain due to shade ... —464 ~—705
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It will be seen from Table 4 that the unshaded cacao yielded markedly morc
than the shaded, even in the absence of manuring. This indicates both a high soil
fertility and shade so heavy as to limit nutrient uptake. Again responses (o' manur-
ing were highcr without than with shade. Comparable trends were also observed
in Trinidad on a spacing-cum-manuring trial, unshaded and shaded by shade trees
(Havord, Maliphant & Cope, 1954, 1955; Maliphant, 1959a) and in a manurial
trial in which young cacao was grown under light intensities varied by means
of bamboo screens (Evans & Murray, 1952; Murray 1053, 1954, 1955a, lfiﬁs). It
appeared from the latter experiment that with light intensities less than 509, light
was limiting yield; with more than 509%, light there was a drop in vield of the un-
manured plots but an increased vicld of the manured plots indicating that then
nutrient availability was limiting vield. In this trial the cacan trees in the early
stages after planting grew better under shade than without, -

TABLE 5.-—~dnnual pield of cocaa under shade {Eivthrina poeppigiana)
and artificial shade (screens, giving 50%, light intensity) with and
withew! fertifizer ( Trintded).

Yield in 1b.facre (Gth crop year)

Treatment j No fretilizer E NPK Gain due Lo fectilizer
Shads trees o4 BREE +291
No shade 610 14ss +878
Gain due to slude 314 i -~273 |

Yicld in No of pods/12 trees {4th Crop year)

Treatment No fertilizer NPK

i Gain due to fertilizer
Screens 1] T4 ! -+ 48
Nou shade 132 4126

Cain due to shade +40 —i3

e
&

Table 5 is an example of the trends of young cacao some years in bearing, It
presents the results of two treatments—not manured, and manured with NPK—of
the trial under shade trees (Maliphant,” 1959a) and of the trial under screens
(Murray, 1935a) respectively.

It can be seen from Table 5 that the interaction hetween shade and fertilizer
application with respect to cacao is the same as that observed for tea (see Table 1),
_ irrespective of whether the light ititensity was reduced by shade trees or by screens.

-In both instances, shade significantly increased-vield in the absence of fertilizers but
decreased it when N, P and K. werc applied.  The gains due to fertilizer applica-
tions were about three times as high for unshaded cacao as those for shaded cacao.

. A recent review by Dicrendonck {1939 refers 10 experiments carried out in
Central and S$outh America which indicate the existence of a similar relationship
between shade and manuring with coffee as found for tea and cacao.  Yield res-
ponses to fectilizers, particularly nitrogen, by unshaded coffee were observed 1o he
much higher than corresponding responses under shade.
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3. Shade and manuring, with special reference to phosphate and potash

As regards shade and phosphate apiplications, a negative interaction has becn
found in several trials:carried - out by the Tocklai Fxperimental Station (Dutta &
Heath, 1954; Dutta, Basu & Sharma, 1958; Wight, 1959a & c). It appeared that
phosphate increased the yield both under natural and artificial shade, while decreas-
ing it in full daylight. Wight (1958a, 1959c) suggested that the phenomenon is
perhaps in some way connected with mycorrhiza, as their development may be
affected by the light intensity as shown by Bjérkmman {1942) for Pinws and Picea.

On the other hand, the relation between shade and phosphate may have other
causes, though not necessarily related to shade trees, as inferred by Duttn et al (1955
& 1956} because the interaction was also negative under artificial shade. [t seems
possible that the depressing effect of increased phosphate is partly associnted with
weed growth —particularly in the case of annnal pruning—{or weed growth is
reduced by shade and greatly enhanced by phospbate {Eden, 1944, 1949a; Visser,
1961a).

These suggestions do not explain why a positive response to phosphate was
found in an unshaded long-term tnal at St Coowmbs {Eden, 1949b) and a negative
response in shaded tea at Passara (Eden, 194%a; Portsmouth, 1954; Visser, 1937).
Likewise, phosphate under shade had not a positive effect in all trials carried out
in Tocklai; e.g. in a trial with different shade-tree species, phosphate {or potash)
had no effect on yield cither in the presence or the absence of nitrogen (Dutta &
Heath, 195¢4; Duuta, Basu & Sharma, 19859},

- Responses to phosphate in experiraents carried out in East Africa (Eden 1953,

- 1954; Goodchild, 1955, 1956, 1957; Goodchild & Foster-Barham, 1957, 1958, 1959,

1960} were very small whether or not the tea was shaded; in two shaded trials,
phosphate increased yield by 2 and 59, in two unshaded trials by 1 and 1.5%.

In experiments on young cacao -on Trinidad with and without shade trees
(Maliphant. 19592}, and under varying light intensities obtained by screens {Murray,
1954, 1955), phosphate responses were on the whole bigher for unshaded than for
shaded cacao. o <

With respect to potash applications and shade, it was found that potash
responses of cacan under shade trees were higher than those of unshaded cacao
(Havord, Maliphant & Cope,.1955; Maliphaut. 1949a), while potash acfpllcd to
cacao under screens increased the yield above 50%, light intensity and had its
maximum effect at full sunlight (Murray, 1954, 1935a). The effect of potash on
the yield of tea in trials carried out.in Fast Africa was negligible, irrespective of the

“presence of shade trees. In the Tocklai experiments too, no interaction between

shade and potash application was found.

It is evident from the fovegoing that there is no clear-cut relation between shade _
on the one hand and potash and phosphate responses on the other.  Undoubtedly

+ . both soil conditions and the amounts and the proportions of the fertilizer mixtures

play an irportant part. When mineral supplies are adequate, mamirial effects -

. may be absent irrespective of shade: the effccts may even be megative, if an abund-

ance of one mincral leads to a decreased availability of the other.

On the whole, it would appear that nitrogen is the most important element in
relation to light intensity and is probably in most instances the limiting factor rather’
than potash and phosphate. Tt seems likely that these latter nutrients (and others)
will become limiting only if their availability in the soil is limited {(or unbalanced)
and niiregen roquirements are satisfied, ‘
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4, Effect of shade and fertilizer application on the composition and
characteristics of leaves ' :

4.1. MinErAL coMposITION.—As regards the percentage mineral content,
Blackman and Rutter (1947, 1943, 1949} made an extensive study of bluebelis
(8cilla nen-seripta), They found that shading increased the percentage contents in
the leaf of N, P and K, the last being most affected.  In all but oné instance, the
effects of increased nutrient supply on the percentage content of any of the elements
were of much the same magnimde at all levels of light intensity.  The exception
was in one trial where the effect of additional potash decreased with reducing light
intensity.

Leafl analysis of youug cacao in trials under artificial shade: (Murray, 1953)
cand under natural shade (Maliphant, 1859} showed that lighe intensity markedly
affects mineral levels in the leal. The overall effect of shade was to increase the
levels of N and particularly that of K. However, similar levels in unshaded plants
could be produced by additional applications of N and K.

In Murray’s trial the percentage P-content was not much affected by either
light incensity or phosphate application. In the experiment by Maliphant, phos-
phate fertilizer markedly increased leaf P-content in the absence of shade. In
this trial nitrogenous fertilizer depressed the P-content and potash decreased the
N-content of the leaf more markedly in the absence of shade than with shade,
Results similar to those of Murray were also obtained by Tanada {1046} [or coffee
secdlings grown under different light conditions in water cultures. It was found
that N and K contents of shaded leaves were much higher than those of unshaded
leaves, while P—ontents were little affected by the light intensity. Dierendonck
(1959), in a review of the cffect of shade and manuring on coffee, concluded that
leafnitrogen levels of unshaded coffee can be potentially as high as, or possibly
higher than those of shaded coffee when sufficient nitrogen is available in the soil,

Barua {1957) found in tea artificially shaded by screens that the jercentate
N-—content of plucked shoots significantly increased, though the increase was small,
with reduced light iutensity. Neither the dosage rates (75 and 130 Ib N} nor their
interaction with light intensity had significant effects.

It would appear that the tendency of unshaded plants to contain a lower
percentaze of minerals than shaded plants is mainly an indication of the insufliciency
or lack of balance of the nutricnt supply in relation to the increased demands of the
more rapid metabolic processes in the plant.

4.2. LEAP CHARACTERISTICS AND QUALITY.—With regard to the influence of ©
light on the leaves, it appears that increased light intensity generally reduces leal’
size (Murcay 1933; Visser 1960) increased leaf thickness (Visser 1961h), and may
also increase dry matter percentage (Murray, 1953, Barua 1957}, though o such
Increase occurred in' our experiments with tea (Visser; 1961h;.  Observations of
De Haan (1949) on cropshoots of shadéd and unshaded tea plants in pots showed -
“that ‘the totul muhber and total weight of the. shodts harvésted from vnshaded
plants in comparison with shaded planis increase, “while individual shoat-weight
decreases with time.  The sheots of the unshaded plants appeared to be shorter
and tended to become dormant socner than shoots of shaded plants. It was further
observed that shaded planws tended 1o produce as much or more during the dry
scason, but less during the wet scason than unshaded plants.

Acute nitrogen deficiency as indicated by the yellow flysh of the unshaded
plants is tikely o leave been partly vesponsible for the observed tendencies,  De Haan
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remarked that the effect of light is strongly dependant on soil fertility; plants on
fertile soil react better to full sunlight than those on poor soil.

The influence of light intensity (40, 50, 100%) and of nitrogen (75 and 150 Ib.)
on the component parts and nature of cropshoots were investigated by Barua,
Dutta and Gogoi (1958). The treatments had some effect, but the observed diff-
erences were so small that it seemed unlikely that they would have influenced the
grades and appearance of made tca. '

Tests were carried out at Tacklai during two seasons on the characteristics and
valuation of unshaded and shaded (by screens} tea {Dutta & Heath, 1954; Dutta &
Basu, 1957). No differences were found as regards quality, briskness, colour of the
tip, and appearance of the made tea. In one of the tests, strength and colour of
the liquor were greatlv improved: by shaude, it the other test only- the colour of the
liquor improved while colour of ‘Le infused leal was significantly better for teas
grown under full light, The valuation of the made teas was the same, irrespective
of shade, during both seasons.

Similar tests on the influence of the nitrogen level-—0 and 100 1b N in one and
0, 40 and 80 Ib N in another trial—showed no differences in the valuation of the
made teas in relation to the rate of nitrogen application {(Dutta ef of, 1954 & 1957).

According to Gokhale (personal communication) previous tests done at Tocklai
showed that nitrogen doses higher than 100 1b per acre decreased quality, but the
possibility that this was caused by the fact that nitrogen applications only (and not
those of P and K) were increased, may not be excluded, Keegel (personal com-
-munication) has no reason to. assume that the relatively high nitrogen doses (in
proportion to P and K) as applied in Ceylon have any effect on quality, but little
1s known for applications greater than 100-120 I, per acre, :

5. The influence of the removal of shade on yield

The effect of shade removal is of practical importance because it arises whf:n
old _shadc is removed and the field is left unshaded either permanently or temporarily
until the newly-planted trees have formed a canopy again.

This problem was investigated in a trial by Evans and Murray (1952) and
Murray (1853, 1954, 1953a) carlier referred to (see p. 117) and in which young
cacao was grown at varying light intensities (obtained by screens) and different
manurial treatments. Provision was made in this experiment for the removal of -
- the shade on half the plots, which was done at the beginning of the 4th year after
planting (Murray, 1955a). It appeared subsequently that the responses to shade
removal were greater where the initial shade over the plots had been greater. The
yields of plots previously shaded to allow 15, 25, 50 and 75% light intensity were
on .an average (all treatments) 108, 88, 71.and 51%, higher respectively than those
of their still shaded counterparts. The absolute yields of the previously shaded
- plots receiving a balanced NPK mixture were 35%, (averaged for 15 and 259% L.L)
and 24%, (averaged for 50 and 75%, L.I.) higher than the yicld of equivalently
manured plots which remained unshaded throughout. This increase in. yield
following shade removal in comparison with permanently unshaded plots indicates
“that under the improved light conditions use is made of soil reserves or mineral
reserves in the plant, accumulated during the shade period. :

The amount of increase in crop was -reiatcd to the mineral nutrition of the
plant. Plants previously heavily shaded showed a response to nitrogen on removal
of shade; plans previously growing at’ high light-intensities showed little response
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to nitrogen, but a marked response primarily to potash, secondarily to phosphate,
Murray (1955a) attributed the significance of this difference in response to nitrogen
1o the better growth and subsequent sellshading of the unshaded plants. Further,

after nitrogen requirements are satisfied, the availability of other clements may
become limiting,

A trial on the influence of shade removal on tea was carried out in Indonesia by
Vink {1933). In this case an area of a field heavily shaded by Lewcaena species was
divided into four half-acre blocks, receiving the same manure and of which the
shade trees were felled or lopped so as to provide 4 treatments; A=no shade {all
trees removed), B=light shade, C==medium shade and D=heavy shade {all wees
left) giving light intensities (measuved by Van Emden & Laoh, 1953) of 100, 60, 39

and 18%, respectively, Before shade was removed the hlocks were pre-plucked for .

. about 4 months and they gave similacyields per block. The subsequent yields
obtained after partial or entire remaoval of the shade are presented in Figure 2,

1italel

Yield in Ibfecrefyes
[

0Ccot o

) 2040 80 Qe ‘htl
hebvy mediom Might o
Shade

Figure 2, The effect of partial or ensire removal of
shade on tea vield (Indunesiz)

Figure 2 shows that the yield.increased in linear proportion to the increased
light intensity. The complete removal of the shade approximately doubled the
yield. The graph also suggests that yield increases will be greater when the light
intensity before shade removal had been lower (as shown for cacao).

Both the trials on cacao and tea confirm the practical experience of estates in
Ceylon that marked yield increases can be objained following shade removal. The
question is, however, can this increased yield be maintained?

A partial answer is provided by another experiment carried out in Indonesia
{Vink, 1953). This trial was laid out in mature tea and consisted of 8 hlocks, each
of 1} acres. The medium to heavy shade, consisting ol a mixed stand of Albizzia
Jfalcata and Leucaena species, was kept in 4 blocks and felled in 4 others (Jan. 1940},
All blocks received only one manurial apphication of about 33 Ib N and 40 1h PO,
per acre in August 1940, and were plucked until June 1944 (Periods I and 2).

£
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Thereafter, the field was rested until 1947 and then manured at 29 1b N + 17 1b
P.O, per acre per vear. Experimental plucking was resumed from March 1949
until May 1950 (Period 3}, At the end of this period most of the old Albizzia shade
was removed and replaced by new trees and dadap cuttings; manuring was stepped
up to 120 1b N 4+ 70 Ib P,O; per acre per year because the unshaded bushes showed
signs of deterioration. Experimental plucking was done from November 1950
until February 1950 (Period 4}. - '

TasLi 6.~ The long-torm ¢ffects of shade remozal on yield ({b.Jacre)
of malure fea, as affecied by under-mannring and resting

(Indonesia)
- Period | Shaded | Unshaded | ‘Gain or loss due to shade
1. April'40—Def. 41 L. 618 | 1,087 a4t (73%
2. March "42—May "1 ... 715 711 S+ 4 1%)
3. March "#9—NMay 30 . 1,017 952 + 85 ( 8%)
4. *Nov. ‘50—Feb. 52 ... 1.209 1,062 +147 (129,)
Total .. 3,354 3,782 —228 ( 8%)

*Shaded”" plats during Period 4 weve deluglly wirtuclly wishaded as the old
trees were felled just befere plucking storted. :

Table. 6 shows again 2 highly increased yield over the first year after shade
removal (1), followed by a decrease in subsequent years (2) when shaded and
unshaded tea yiclded the same.  After resting (3), the yield. of the shaded tea was .
slightly higher than that of unshaded tea, which difterence increased somewhat in
the fourth period (4). S

These trends are probably largely due to insufficient manuring, which had
been virtually negligible in relation to tiu: yiclds obtained during ihe first 10 years of
the experiment. Under such conditions it is no marcter of surprise that, over this
period, shaded tca produced nearly the same yield as the unshaded tea. The
nutrient requirements of the latter would have been much higher than those of the
former, as all experiments so far described have shown.

The increased yield of the shaded tea as compared with the unshaded tea
during the fourth period actually refiects the immediate effect of removing shade in
the so-called shaded plot, as most of the shade had been removed at the start of this
period.  As the increased yields for the shaded and unshaded tea amounted to 18
and 129 respectively (period 4 versus period 3), one might say that twe thirds of
the increase was due to increased manuring and one third due to the removal of
shade trees. , o : : :

By and large, the indications are that the initial increased yield of the unshaded
* tea over that of shaded tea can he maintained if the tea is properly manured through-
-out.  Improved light couditions will lead to a higher rate of metabolic activity in

the plant, requiring a greater supply of nutrient.

C 6 Discussion

The foregoing review of experiments carried out on tea in particular, and also
on cacan and coffee, leave not a shadow of doubt that shade and nutrient effects
are interrefated phenomena. On the whole, it would seem that these traditionally
shaded crops can produce higher yields in full sunlight than under shade trees,



provided the nutrient supply is increased. The depressing effect of shade wees on fertilizer

responses is mainly due to the influence ol shade per se; the trees as such play a
secondary role. :

The intcrrelation between light intensity and fertilizer responses is a funda-
mental physiological phenomenon as can be inferred from observations of White
{1937} on cultures of Lemna mingr grown at various light intensitics and nitrate
concentrations. 1t appeared that the optimal nitrate concentration rose with
increasing light intensity and feli with decreasing light intensity, the optimal light
intensity also decreased or increased with the level of the nitvate concentration.
Similar observations were made by Murray (1934, 1053a, 1958} on arificially
shaded cacaa, while earlier it had heen noted by Blackman and Rutter {1847) and
Blackman and Wilson {1951b} in experiments with bluebell (and sunflower} that a

clfects being greatest at the higher light intensities.

marked inteidependence existed between nutrient effects and shading, the nutrient -

Whether a plant will react favourably to shade or not is also dependant on the
soil fertility, as is pointed out by Murray (1955b) with respect to cacao. In
Grenada, on fertile soils and with generous manuring, high vields are obtained with-
out shade—-as was also observed by Cunningham and Lamb (1958, 1959) in Ghana;
on the poorer clay soils of Trinidad, shade is necessary but yields ace far lower.
Likewise, Barua (1960) chserved that although tea growing in (unmanured} good
soil—as indicated by its nitrogei-status—produced the highest yields in full day-
light, tea in {unmanured) soil of low fertility yielded best at a reduced light intensity,

It is thus evident that shaded plants have lower nutrient requirements, as is also
suggesicd by the fact that shade has often been found to reduce nutrient absorption
{derived [rom a literature review by Blackman and Rutter, 1849, The extent to
which shade depresses nutrient uptake, notably that of nitrogen, imay be linked
with nitrogen availability. Both the observations of White (1937} with Lemna
minor and of Gast (1937) with Pimus gpleestrus showed that nitrogen uptake (and
growth} at reduced light intensity is more depressed when the nitrogea supply is
greater. This also offers a partial explanation for the observation that the optimal
nitrogen application for shaded tea is very mwuch lowes than that for unshaded tea
{Duuta, Basu & Sharma, 1855; Barua, 1956 & 1960).

Shade reduces photosynthesis and thus slows down the metabolism of the plant,
with the result that less mineral nutient is required per unit of time than when a
plant is unshaded. Without shade, photosynthesis will be rapid and, if the minerals
are not limited, a high meiabolic rate can be achieved, leading to high yields. On

the other hand, if the absorption raie of a plant is restricied by a limited or un- -

balanced nutrient supply and thus the increased demands of the plani cannot be
met, internal deficiencies will occur,  This is also substantiated by the fact that
unshaded plants have often lower ash conteuts than shaded plants {Blackman and
Rutter, 1849} and may show visible symptoms of deficiency. Consequendy, due
10 the unbalaaced metabolism of the plant, the vicld {(growth) will decreaze, probably
both directly and indirectly as the result of ingreased [all of deficient leaves,

‘The remeval of shade from '1)t‘éViuuﬂ? shaded plaﬁté has been found to lead o

marked increases in yield, yiekl increases which were the greater as shade had been
the denser.  Apparently, the plants are then able o make use of mineral reserves
available in the soil or in the plant. \ :

It is evident from the complexity of the relation hetween shade and nutrient
supply as discussed in the foregoing that the old fashioned ‘“‘shade-loving plant”
concept is not valid,  Extensive ‘investiyations carried out by Blackman and co-
workers have more than substanuated this. They fund that the net assimilation
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rate (rate of dry weight production per unit arca) of the great majority of plant
species investigated—among which were'some with shady habitats—was limited by
light, while reduced light z2lways reduced the relative growth rate {Blackman &
Black, 1959}  Both Barua {1957) and ourselves (Visser, 1960, 1961b; found like-
wise with young tea plants that the net assimilation rate (and also growth when
. the nutrient supply was ample] increased with increasing light intensity.

Observations of Blackman and Wilson {1951a) as well as those earlier published
by Blackman e a! show clearly that plant species cannot be simply divided into
“sun-loving” and “‘shade-loving” plants, merely because of their association with
open or shaded habitats, but that much more specific criteria (as outfined by Black-
man & Wilson, 1951b) arc required. '

In this context the conclusions reached by Blackman and Rutier (1950) from
" their studies on the so-called typical shade plant, bluebell, are of interest. “In
woodiands, shade per sz can only be regarded as an inimical factor; the prevalence
of bluebell in deciduous wouds is atteibuted to the absence of agressively compete-
tive specics and more particularly to the protection provided by such habitats
against grazing animals. Finally it is advanced that precisely the same factors
operate in confining other species o woodland”.  We suggest -that the tea bush
found its habitat in foresis for the same reasons, Apart from differences in soil
feriility between forest and grass lands, the fire hazard in grass lands alone would
have kept the tea out of it, while possibly also climatic differences may have an
influcnce.

Experiments have not revealed any evidence that tea particularly likes shade;
on the contrary there is ample justification for defining it as a “sun-loving plant”.

7. éummary and conclusions

1, The experiments reviewed above show that responses to changes in fertilizer
rates are less under shade than they are in fu]l daylight. This has two aspects:
(#) when shade is present, reduction in fertilizer rates has less detrimental effect on
vield; and (&) when shade s absent, increase in fertilizer rdtes has more beneficial
effect on yield. Thai is to say, if soil fertility and fertilizer applications are low,
-the shaded plant will tend to yield more; but with good soil and ample fertilizer,
the unshaded plant will tend to yield more. :

2. In a rough sort of way, shade can be said to be equivalent to a certain
amount of fertilizer; the nitrogen-equivalent of shade may vary between.20 and
80 b per acre. In general, the stiade effect in terms of its equivalence to nitrogen
{and other elements) will depend on both the shade density and the zoil ferdlity,
When the nitrogen availability (application) is low, nitrogen fixed by leguminous
shade treés may also play a part. It would appear that nirrogen is the primary
limiting factor for the growth and yield of unshaded plunts; other nutrients, such
as potash and phesphate, may become limiting us well, but probably only when
nitrogen requirements are fulfiited. o

3. * With heavy shade or high soil fertility, it is to be expected that yield will
becume subject to diminishing returns much sooner, (1.0, at lower additional fertilizer
rates) than when the shade iz thin or the soil ferrility is low; under good soil condi-
tions, shaded tea may respond little to'nitrogen because it ix light and not niwogen
that it lacks, while at low soil fertility, responses of shaded tex may be lincar up to a
- relatively high snitrogen level.
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4. With poor soil conditions and a poor stand of tea, it is probable that the
fertilizer application required to obtain comparable yiclds from unshaded tea would
already be so high as to make any further increases in manuring uneconomic.
Under such circumstances the presence of a good stand of shade trees is desirable,
il not essential, from both agricultural and economic points of view, The same is
truc when a policy of moderate or low manuring is or has been adopted.  Whereas
without shade the yicld would drop and the bushes deteriorate, with shade a moder-
ate yield can be maintained. Probably the hest and most economic way of improv-
ing poor tea ficlds that are lacking in shade and soil cover would be to re-eseablish
or increase the shade.

3. It would be more profitable to remove the shade teees from good tea fields
than from poor ones, as considerably less nitrogen would be required 1o obtain

worth-while yicld returns, “In good ficlds the function of shade trees as providers -

L

of organic material is also less mnportant than in helds with an’ inadequate cover.
It must be noted that the vield response to shade removal is directly proportional
w0 the original shade density, so that no great increases must be expected if the field
was only thinly interplanted or the shade trees were frequently and severely lopped.

6. Disappointing results in the recent past, when on many estates shade
trees were removed because of Blister Blight, were almost certainly due to the fact
that manuring rates were low and by no means sufficient to meet the increased
nutrieni requirements of the unshaded tea. The logical consequence was that after
the tea had exhausted available reserves, its yield decreased.  There are good reasons
to believe that the vield increase can be largely maintained if manuring rates are
stepped up simultaneously,

7. There are indications that the characteristics of the tea—particularly leafl
size, dry weight, ash content and quality—are to a greater or lesser extent influenced
by the prevailing light intensity, However, the magnitude of the variations with
light will probably be small if fertilizer apphcacions are adequate. 1t is not known
whether or not nitragen application {with proportional amounts of P and K) exceed-
ing 100 b, per acre will affect quality.
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