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Introduct ion 

The growth of perennial crops of the humid tropics, unlike those of the temperate 
zones, is not confined to a specific part of the year, though their rate of growth will 
vary with seasonal variations in environmental conditions. A change in growing 
conditions and its effect on the crop yield will usually not become apparent at the 
same time. The time-interval between these two occurrences will for instance 
depend on the plant part that is harvested (Hasselo, 1961). The shorter this time-
interval, the more representative the annual yield level will be of the conditions 
prevailing during that year. 

Since the produce of tea is derived from the vegetative growing-points of the 
plant, variations in environmental conditions will be reflected in the crop yields with 
relatively little delay. Therefore, the yield level of tea in a particular year, other 
conditions being equal, may be taken as an index of the environmental conditions 
prevailing during that year. 

It is the aim of this study to evaluate the effect of variations in annual yield 
levels, as an index of the effect of annual variations in environmental conditions, 
on the fluctuations in monthly yields in different years. 

Knowledge of such effects might be of great practical importance for the future 
planning of estate management, particularly with regard to the impact of measures 
which are aimed at increasing the yields. 

M e t h o d s 

In November 1961 Dr Visser—then Plant Physiologist at the T.R.I, collected 
estate data for an investigation of the yield pattern during a pruning cycle. From 
these data, three fields of each of the two estates, which were situated in different 
districts, will be used for the object of the present study (Table 1). 

It will be seen from Table 1 that the three fields of each estate were treated in 
the same way. 
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T A B U J 1 

Estate N o . F ie ld N o . Acreage Elevat ion 
( in feet) 

S h a d e D a t e o f 
p r u n i n g 

D a t e o f 
1st p luck 

D a t e of 
last p luck 

P r u n i n g : 
type & h e i g h t 

A * 1 4 3 4 2 0 0 M i x e d m e d i u m J u l y 57 3 0 - 1 0 - 5 7 1 4 - 7 -61 M e d i u m — 1 5 * 

Distr ict: 2 2 3 4 2 0 0 d o . d o . 1 1 - 1 1 - 5 7 8 - 7 - 6 1 d o . 

D ickoya 3 3 6 4 2 0 0 d o . J u n e 57 2 8 - 1 0 - 5 7 2 1 - 6 - 6 1 d o . 

B** 1 31 4 6 0 0 - 5 4 0 0 d o . September 5 6 2 4 - 1 -57 1 5 - 7 - 6 0 C l e a n — 2 0 * 

District: 2 4 3 4 5 0 0 - 4 8 0 0 d o . J u n e 5 6 2 4 - 9 - 5 6 2 9 - 3 - 6 1 d o . 

Pundaluoya . . . 3 3 3 5 0 0 0 - 5 2 0 0 d o . Augus t 56 2 0 - 1 2 - 5 6 2 1 - 6 - 6 1 C l e a n — I S * 

* Manure appl ied d u r i n g cycle at average rate o f 10 lb N per 100 lb of m a d e tea. 
**Manure appl ied dur ing cycle at average rate o f 8 . 7 5 lb N per 100 lb of m a d e tea. 



T A B L E 2. 

Tield figures of fields i , 2 and 3 of Estate A 

Yield of m a d e tea M e a n month ly y ie ld y ie ld of X highest y i e l d i n g m o n t h s 
R a t i o • 

y i e ld of Z h ighest y i e l d i n g m o n t h s 

Year Fie ld N o . lb/acre 
p . annum 

i n % lb / 
acre 

s tandard 
deviat ion 
(lb/acre) 

coefficient 
o f varia­
t ion (%) 

y ie ld of X low est y i e ld in 5 m o n t h s m e a n m o n t h l y y i e ld 

(y) (m) (s) (cv) ( x 6 = 6 ) ( x 3 = 3 ) ( x a = 2 ) ( x , = l ) ( z a = 2 ) ( z , = l ) 

1958 1 1321 127 1 1 0 . 1 ± 3 0 . 6 2 7 . 8 1 . 6 1 1 . 9 2 2 . 0 9 2 . 2 9 1 . 4 5 1 . 4 5 

2 1296 125 1 0 8 . 0 ± 2 8 . 8 2 6 . 7 1 . 5 3 1 . 9 0 2 . 0 7 2 . 4 0 1 . 4 2 1 . 5 1 

3 1604 154 1 3 3 . 7 ± 3 9 . 9 2 9 . 8 1 . 5 3 2 . 0 4 2 . 3 7 2 . 6 9 1 . 5 4 1 . 6 1 

1959 1 1304 126 1 0 8 . 7 ± 4 2 . 1 3 8 . 8 1 . 8 5 2 . 7 0 3 . 4 2 3 . 1 3 1 . 6 1 1 . 7 8 

2 1044 100 8 7 . 0 ± 2 4 . 7 2 8 . 4 1 . 5 7 1 . 9 6 2 . 0 8 2 . 3 2 1 . 4 6 1 . 4 9 

3 1463 141 1 2 1 . 9 ± 2 6 . 8 2 6 . 8 1 . 5 6 1 . 9 9 2 . 2 5 2 . 3 6 1 . 3 7 1 . 3 9 

1960 1 1356 131 1 1 3 . 0 ± 3 2 . 0 2 8 . 4 1 .61 2 . 0 8 2 . 3 2 2 . 6 3 1 . 4 0 1 . 4 9 

2 1039 100 8 6 . 6 ± 1 7 . 5 2 0 . 2 1 . 3 6 1 . 6 2 1 . 7 4 1 . 8 9 1 . 3 5 .1 .42 

3 1144 110 9 5 . 3 ± 2 4 . 2 2 5 . 4 1 . 5 5 1 . 8 8 2 . 1 3 2 . 4 3 1 . 3 4 1 . 4 3 

M e a n 1286 107 ± 2 9 . 6 2 7 . 6 1 . 6 2 . 0 2 . 3 2 . 5 
1 

1 . 4 1 . 5 

Correlation r y J = 0 . 7 0 5 9 * r T . C T = 0 . 3 7 8 3 r . = 0 . 8 2 5 4 * * Signif icance: 
a . x g 

coefficient ( d . f . = 7 ) r y j (within y e a r s ) = 0 . 6 3 2 0 r s . x 8 = 0 - 8 2 6 5 * * * P 0 . 0 5 = 0 . 6 6 6 4 

r = 0 . 8 2 0 1 * * * * P 0 . 0 1 = 0 . 7 9 7 7 

r = 0 . 9 1 0 3 * * * * * * P 0 . 0 0 1 = 0 . 8 9 8 2 



R e s u l t s a n d d i s c u s s i o n 

1. Estate A. 

It will be seen from Table 2 that the yields obtained in the three fields of Estate 
A fluctuated between 1,039 and 1,604 lb of made tea per acre per annum or to the 
extent of 54% on the lower yield. Since these fields are part of one estate, it is 
reasonable to assume that the obtained differences in yield level are largely due to 
differences in environmental conditions between the different fields and years, and 
possibly differences arising from the time after pruning. 

It appears from Table 2 that in general, the higher the annual yield the larger 
are the deviations from the mean monthly yield and thus the greater the monthly 
variations in yield between the different months of a year (r y. s = 0.7059). In 
the period under consideration the mean monthly yield in a year varied between 
87 and 134 lb of made tea per acre. The deviations from the mean monthly yield 
in a year amounted to between 17 and 42 lb of made tea per acre, the coefficients of 
variation varying between 20% and 39%. The finding that there existed a positive 
and significant (P = 0.05) relationship between the variation in annual yield level 
and the monthly yield fluctuations for the three fields in different years suggested 
that this relationship had not been markedly affected by factors such as differential 
effects arising from differences in soil between the fields, differences in time after 
pruning and differences in weather conditions in the three different years. The 
factors which may have affected the relationship can be sub-divided into two groups, 
i.e. those factors which vary from one year to the other ('between years') and those 
which do not vary with the years ('within years'). It appeared that if the factors 
'between years' were eliminated, the extent of the relationship was reduced to a non­
significant level, the partial correlation coefficient r y. s (within years) amounting to 
0.63 only. This finding showed that the relationship between level of annual yield 
and monthly yield fluctuations was due to factors which varied from one year to the 
other (e.g. climate, time after pruning) rather than to those 'within years' (soil, 
topography, etc.). 

In order to obtain a more detailed picture of the distribution of the extra yield 
obtained in a high yielding year during the different months of that year, different 
ratios were worked out (Table 2). Thereto, the total yield produced in the six 
highest yielding months of each field in a year was compared with that of the six 
lowest yielding months and expressed in a ratio (x 6 ) . Similarly, the x 3 , x a and x , 
ratios were computed for the 3, 2 and 1 most favourable and unfavourable months 
respectively. Correlating these ratios with the standard deviations, it was found 
that in the case of x 6 , x 3 and x a approximately 67% (r* ; x 3 ; x a = 0 . 8 2 a = 0.67) 

S.Xg 

of the variation in monthly yields in a year could be explained by the magnitude 
of the difference in total yield between the 6, 3 and 2 higher and lower yielding 
months. In case of x , as much as 83% of the standard deviation of the mean 
monthly yield (r a = 0 . 9 1 3 = 0.83) could be explained in this way. 

s.x, 

These results showed that the larger variations in monthly yields in years with 
higher annual yields were mainly due to increased differences in yield between the 
favourable and unfavourable seasons of the year, particularly between the highest 
and the lowest yielding month of the year under consideration. 

2. Estate B. 

The results obtained from the analysis of the monthly yields of estate B were 
similar to those of Estate A (Table 3). 
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T A B L E 3. 

Yield figures of fields x, 2 and 3 of Estate B 

Year 
April to 

Apri l 
F ie ld N o . 

Yie ld of m a d e tea M e a n m o n t h l y y i e ld Yie ld o f X h ighest y i e l d i n g m o n t h s 
R-rtio -

y i e l d o f Z h ighes t y i e ld ing m o n t h s Year 
April to 

Apri l 
F ie ld N o . 

lb/acre 1 
p . a n n u m 

i n % lb / 
acre 

s tandard 
dev ia t ion 
( lb/acre) 

coefficient 
o f var ia -
t i o n (%) 

y ie ld o f X lowest y i e l d i n g m o n t h s m e a n m o n t h l y y i e l d 

(y) (m) (*) (cv) ( x 6 = 6 ) ( " 3 = 3 ) . ( x a = 2 ) ( x , = l ) ( z 2 = 2 ) ( z « = l ) 

1957/58 1 9 1 3 111 7 6 . 1 ± 1 4 . 5 1 9 . 1 1 . 3 4 1 . 6 0 1 . 7 6 1 . 9 8 1 . 3 0 1 . 3 3 

2 1108 135 9 2 . 3 ± 2 7 . 8 3 0 . 2 1 . 5 9 2 . 1 0 2 . 2 8 2 . 7 2 1 . 4 4 1 . 5 9 

3 8 2 0 100 6 8 . 3 ± 2 7 . 6 4 0 . 3 2 . 0 3 2 . 5 7 2 . 4 8 2 . 6 7 1 . 6 2 1 . 6 4 

1958/59 1 9 9 6 109 7 4 . 7 ± 2 8 . 9 3 8 . 6 1 . 6 4 2 . 1 7 2 . 4 6 3 . 2 5 1 . 6 1 2 . 0 9 

2 1131 138 9 4 . 3 ± 2 6 . 4 2 8 . 0 1 . 5 5 1 . 9 8 2 . 2 4 2 . 4 2 1 . 4 4 1 . 5 4 

3 954 106 7 9 . 5 ± 2 7 . 7 3 4 . 9 1 . 6 6 2 . 1 3 2 . 3 7 2 . 6 9 1 . 6 2 1 . 8 2 

1959/60 1 1003 122 8 3 . 6 ± 2 6 . 1 3 1 . 2 1 . 5 3 2 . 1 0 2 . 6 3 3 . 2 4 1 . 4 7 1 . 7 5 

2 1313 160 1 0 9 . 4 ± 4 3 . 9 4 0 . 1 1 . 7 2 1 . 8 0 2 . 9 8 4 . 3 1 1 . 7 0 2 . 0 1 

3 1017 124 8 4 . 8 ± 2 8 . 9 3 4 . 1 1 . 7 0 2 . 3 5 2 . 8 9 3 . 6 5 1 . 5 3 1 . 5 9 

1960/61 2 1080 132 9 0 . 0 ± 3 3 . 4 3 7 . 2 1 . 6 9 2 . 5 5 3 . 1 3 4 . 6 9 1 . 6 2 1 . 8 2 

3 1124 137 9 3 . 7 ± 3 3 . 9 3 6 . 2 1 . 6 6 2 . 3 0 2 . 6 5 3 . 3 8 1 . 6 3 1 . 9 1 

M e a n 1033 8 6 . 1 ± 2 9 . 0 3 3 . 7 1 . 6 2 . 2 2 . 5 3 . 2 1 . 5 1 . 7 5 

Correlation r y J = » 0 . 6 9 2 5 * r y . c v = 0 . 1 1 7 1 r s x f i

= 0 - S 0 2 3 S igni f icance: 

coefficient ( d l . = 9 ) r y j (within y e a r s ) = 0 . 2 0 7 4 r _ = 0 . 2 5 7 7 * P 0 . 0 5 = 0 . 6 0 2 1 

R S X A = 0 , S 2 0 8 * * **P 0 . 0 1 = 0 . 7 3 4 8 

r = 0 . 8 0 4 8 * * 
SJC t 



The major part, i.e. 67% (r a ; x , = 0 . 8 2 s = 0.67) of the increased variation 

in monthly yields in a high yielding year on Estate B was due to the increased differ­
ence in yield between the one or two most favourable and unfavourable months of 
that year respectively (i.e. x , and x a ) . The ratios of x 3 and x 6 , however, were not 
significantly correlated with the standard deviations of the mean monthly yields 
(r = 0 .50; r 8 .x s = 0.26) . Thus, when higher annual yields were prioduced in 

S.X5 

the fields of Estate B, it was reflected by a larger difference in yield between the one 
(or two) highest and the one (or two) lowest yielding months of the year only, but 
not, as in the case of Estate A, by that between the 3 or 6 highest and lowest 
yielding months (i.e. x 3 and x 6 ) of the year. Apparently, an increase in annual 
yield on Estate B was less uniformly spread over the 12 months of the year than on 
Estate A. 

It will be seen from table 3 that the relationship between annual yield level and 
fluctuations in monthly yields (r y - s . = 0.7) was reduced to a non-significant level 
of r,. (within years) = 0 .2 , if the effects caused by differences 'between years' were 
eliminated. 

3. Discussion 

The practical importance of these results is that at higher annual yield levels, 
the total extra weight of crop obtained in a year is not distributed uniformly over the 
12 months of that year, the major amount of it being produced in the most favour­
able months, particularly in the one (or two) highest yielding months. 

Since the same trends were observed on different fields of two differendy mana-
.ged (see Table 1) estates with different mean yield levels (i.e. 1,033 lb of made tea 
p.a.p.a. for Estate B—Table 3, against 1,286 lb for Estate A—Table 2), and as these 
trends did not appear to be masked by the effect of time after pruning or of climatic 
differences between the three years under consideration, nor by that of possible 
differences in soil between the different fields, they would seem to be valid whatever 
the cause(s) of the increased annual yield might have been. This would imply 
that on estates with rising annual yields the maximum capacity needed per unit time 
—say per month—to handle and manufacture the extra crop should be based upon 
the larger extra yields to be obtained in the already highest yielding month. In 
estate management this is a distinct disadvantage, increasingly so the more the extra 
crop is produced in a fewer number of months of the year. In other words, on 
estates with rising yields the labour force, factory capacity, etc. will have to be based 
upon the ever increasing amount of crop of a few high yielding months of the year, 
rather than on the smaller increase in the average monthly yield, whilst there will 
be an ever increasing surplus in labour, factory capacity, etc. in the lowest yielding 
months, i.e. the major part of the year. 

It will be seen from tables 2 and 3, that for Estate A the highest yielding month 
of the year produced on average 1.5 times as much crop as the average monthly 
yield for the year and 2 .5 times as much as the lowest yielding month of the year. 
Those figures were 1.75 and 3 .2 respectively for Estate B. If Estates A and B were 
comparable with each other, one would have expected the ratios of 1.5 versus 1.75 
(and 2 .5 versus 3.2) to have been reversed, the higher figure pertaining to the higher 
yielding Estate A. That it was not so must have been caused by natural or/and 
artificial differences between the two estates. If the cause arose from natural differ­
ences (climate, soil, topography, etc.) between the two estates, then the management 
of Estate A should be more economical as a smaller labour force and factory capacity 
would suffice to handle the same annual crop. If, however, the higher annual 
yield level and the relatively more uniform monthly yield pattern of estate A were 
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not due to differences in natural conditions, then the cause could only be sought in 
differences in cultivation and/or managerial practices, those on Estate A being the 
more successful. 

Partial correlation studies showed that on both estates the causative agents for 
the relationship could be assigned to factors arising from differences 'between years' 
rather than from those 'within years'. As it would seem unreasonable to assume 
that managerial and cultivation practices varied much from one year to the other 
on both estates, the more likely cause for the observed differences between Estate A 
and B would seem to be climatic variations. 

Finally, the relationship was worked out between the annual yield levels and 
the coefficients of variation of the corresponding mean monthly yield levels. If 
significant, the rate of yield increase in favourable months as compared with unfa* 
vourable months would not only be larger but also relatively larger, i.e. a larger 
percentage increase. 

It will be seen from tables 2 and 3 that the correlation coefficients for this 
relationship did not reach significant levels (for Estate A: ry > c v = 0 .38 , for Estate 
B ; r y . c v = 0.12). It would appear, therefore, that the fluctuations in monthly 
yield levels in years with higher yields though larger, were not relatively larger than 
those in lower yielding years. Thus, when, say 20%, higher annual yield levels are 
anticipated, the arrangements to cope with this extra crop should be adequate for 
a 20% increase for die highest-yielding month and not only for a 20% increase in 
the (lower) mean monthly yield level. 

S u m m a r y and conc lus ions 

(a) The monthly variations in yield of tea were analysed for three fields of 
each of two estates (A & B) during a period of 3 years after pruning. Estate A is 
situated in the Dickoya District and Estate B in the Pundaluoya District (Table 1). 

(b) In the period under consideration annual yields of the three fields fluctuated 
between 1,044 and 1,604 lb of made tea per acre on Estate A and between 820 and 
1,313 lb on Estate B. Monthly yields varied between 40 and 215 lb of made tea 
per acre on Estate A and between 35 and 220 lb on Estate B (Table 2 and 3). 

(e) On both estates the fluctuations in monthly yields were generally larger 
when the annual yields were higher. Determination by means of partial correla­
tion of the effect on this relationship of factors 'within years' (soil, topography, etc.) 
and those 'between years' (climate, time after pruning, etc.) showed that factors 
'between years' contributed most to the relationship, particularly on Estate B. 

(d) The major part of the extra amount of crop obtained in years with higher 
yields was produced in the most favourable months of the year. The results did 
not, however, indicate that the percentage increase in yield of favourable months 
in high-yielding years, as compared with low-yielding years, was larger than that 
of unfavourable months. 

(e) Knowledge of such trends on estates where higher yields are anticipated 
is important for the planning of measures to cope with the handling and manu­
facture of the extra crop. The more pronounced the monthly yield fluctuations, 
the larger the percentage of the annual harvest which is concentrated in the favour­
able growing season of the year, and the more extra labour and factory capacity 
will be needed in those months and the larger the surplus in labour and factory 
capacity will be in the- off-season months. 
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(f) The monthly yield fluctuations were of the same order of magnitude on 
both estates. Owing to the higher annual yield level of Estate A, the monthly yield 
fluctuations on Estate A were relatively lower than on Estate B. The causes of this 
relative difference between the two Estates were discussed in relation to the effect 
of estate management on the monthly yield fluctuations and, conversely, with regard 
to the effect of the magnitude of the monthly yield fluctuations on the economy of 
running an estate. 
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