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ABSTRACT. Tlie effectiveness of mulching potassium fertilizer application 
and selection of clones in minimizing drought effects on young tea was 
investigated. Tlie results confirmed the adequacy of the recommended 
mulching rate (37.5 t/lia) for enhanced growth and moisture conservation. 
However, mulching appeared to result in shallow rooting. Increased 
potassium fertilizer application and selection of drought resistant clones were 
shown to minimize the drought effects and reduce casually rate in young 
plants. 

I N T R O D U C T I O N 

Over 66% of the total tea extent of Sri Lanka is under seedling tea, 
and is generally low yielding. Therefore, programmes of replanting old 
seedling tea with high yielding vegetatively propagated (VP) tea 
commenced three decades ago. The rate of replanting was envisaged 
at a rate of 2 % annually (Nathaniels, 1985). However, actual rate of 
replanting is well below the envisaged target. The slow rate of 
replanting is attributed to various factors, among which failure in plant 
establishment due to drought is considered as the primary factor in the 
Mid Country. 

Measures to minimize drought effects during plant establishment, 
plays an important role in the management of plantations and small 
holdings. Mulching is widely practised for moisture conservation in new 
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clearings (Manipura, 1971) and drought resistant clones are advocated 
for drought prone areas (TRI, 1976). Furthermore, Potassium is 
reported to reduce transpiration rate and economizes water use by plants 
(Achitov, 1961). Therefore, this study was undertaken lo evaluate the 
feasibility of minimizing drought effects through proper integration of 
mulching, increased potassium fertilizer application and selection of 
suitable clones. 

The experiment was conducted at the Tea Research Institute, 
Advisory and Extension Centre, Hantane, Kandy (7° 26'N. 80° 38'E and 
762 m amsl), over a period of two years (1986 and 1987). The 
experimental plots were 6.4 m x 12.8 m in dimension. The treatments 
tested were: 3 levels of mulching and 3 levels of potassium fertilizer on 
three clones with different drought response characteristics. The details 
of the treatments are given below; 

Treatments 

Mulching: MO - No Mulching 

MATERIALS A N D M E T H O D S 

M l - Mulching Ql 37.5 l /ha 

M 2 - Mulching (rL 75.0 l /ha 

Potassium: 

KO - 7.5% K 2 0 90 123 

K l - 1 1 . 2 5 % K 2 0 135 185 i 

K2 -15.07c K 2 0 180 246 

Clones: 
CO - T R I 2023 (Drought susceptible) 

CI - T R I 2025 (Moderately drought tolerant) 

C2 - D G 7 (Drought resistant) 
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The selected clones were planted in June 1985 using 10 month old 
plants, at the spacing of 0.6 m x 1.2 m. The mulching materials (fresh 
Mana grass, Cymbopogon confertiflorous) was spread i n - b e t w e e n tea 
rows, soon after planting. The mulch cover was maintained by 
replenishing the mulch every 4 months as this material decomposes in 
1 2 - 1 6 months (Krishnapillai, 1990). 

The young tea fertilizer mixture T.200 (10.3% N, 6.9% P 2 0 5 7.5% 
K 2 0 and 3.0% MgO) was applied at 60 day intervals, at the rate of 15 
g and 20 g per plant during the 1st and 2nd years respectively. 
Additional potassium in K l and K2 treatments was incorporated into the 
T.200 mixture with Muriate of Potash (KC1, 60% K20) . Cultural 
practices and aftercare operations were carried out according to the TRI 
recommendations (Sandanam,1986). 

Soil moisture measurements were monitored during the dry period 
with the help of the Neutron Moisture Probe (Troxler, Model 1255). 
Soil moisture contents at depths of 0 - 1 5 cm was estimated by sampling 
with a post hole auger and determining the gravimetric moisture content. 
The Neutron moisture meter was used to determine the soil moisture 
content at depths of 22.5, 37.5, 52.5, 67.5 and 82.5 cm. 

Three assessments were made of growth in tea. The first two 
non - destructive assessments were made on 6 and 1.2 month old plants, 
while the destructive sampling was done on 24 month old plants. The 
training operation for bush formation was done by cutting the plants at 
30 cm and 40 cm when plants were 12 and 1.6 months respectively. The 
weight of the plant parts were also recorded. 

Transpiration rate and stomatal diffusive resistance were measured 
using a Steady State Porometer (Model LI -1600) . The measurements 
were taken during June 1986. 

Visual assessments on drought tolerance or susceptibility were 
carried out twice during March 1987. Wilting, scorching, defoliation and 
die back of shoots were assessed visually in the visual assessments. The 
more severe effects of the drought were ascertained by a casualty count 
carried out in April 1987. 
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RESULTS A N D DISCUSSION 

Growth assessments 

Both mulching and potassium fertilizer application did not have a 
significant effect on growth at the early stages (Table 1). However, there 
was a significant increase in plant height and stem girth as a result of 
mulching in 12 month old plants. Further benefits were not observed 
by doubling of the mulching rate from 37.5 to 75.0 t /ha . Increased 
potassium fertilizer application resulted in stem thickening of 12 month 
old plants. The clone TRI 2023 indicated superior growth attributes over 
TRI 2025 and D G 7 at all stages of growth, confirming vigorous growth 
habit of this clone (Richards, 1967 and Wadasinghe, 1988). 

Dry matter production 

There were significantly higher shoot weights from both first and 
second cuts in mulched plots. However, the increase was not significant 
with doubling of the mulching rate. Clone TRI 2023 was superior to the 
other two clones (Table 2). 

Mulched plants did not show a significant increase in dry weight of 
plants components, i.e. stem, leaf and roots or whole plant of 24 month 
old plants. The root weights in mulched plants was lower than in un -
mulched plants, however, the differences were not significant (Table 2). 
The decrease in root growth in mulched plots may be due to better soil 
moisture regimes (Ekanayake, 1992). 

Clones followed a similar pattern as above. Where as TRI 2023 
produced significantly higher stem dry weights and leaves than D G 7 and 
2025, the root dry weights of TRI 2023 was lower than that of DG 7. 
Potassium did not have any significant effect on the dry matter 
production of the plants. This may be due to lack of proportionate 
increase in other nutrients coupled with the increase of potassium as 
Ranganathan and Natesan (1985). 
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Treatments Plant height(cm/pl) ..Stem girth(mm/pl) 
6m 12m 24m 6m 12m. r 

No Mulch 57.1 82.0 .115.9 2.97 10:80 

37.5 t / h a ' 62.1 92.6 . 120.3 3.22 12.30 m ; ' 

75.0 t / ha 62.4 97.1 125.1 3.27 l i .90 • • ' 

LSD (P = 0.05) NS 11.0 9.2 NS 0.80 

TRI 2023 77.9 106.2 124.4- 3.90 13.40 

TRI :2025 48.6 82.3 112.1 2.74. 11.30 

D G 7 55.1 83.1 124.8 2.82 .1.0.30 

LSD (P.=0.05) 11.4 11.0 9.3 0.40 0.80 

K0 55.1 85.3 117.9 • 3.00 9.80 

K l 62.8 90.9 123.9 3.20 12.40 

K2 63.3 94.8 120.9 3.26 12.50 

LSD (P = 0.05) NS NS NS .NS 0.80 

Interactions - •, • NS . , NS NS NS NS 
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Table 1. Effect of mulching and potassium on plant height and stem 
girth of three clones. 
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Table 2. Effect of mulching and potassium on dry matter production of three 
clones. 

Treatments 

Stems Leaves 

Drv weight in am per plant 

Roots Total 1st cut 2nd cut 

No Mulch 65.4 615 46.1 173.0 29.4 33.8 

37.S t/ha 70.7 . 65.4 45.2 .181.3. 42.3 40.3 

75.0 t/ha 70.9 71.8 43.1 185.8 51.2 44.8 

LSD (P=0.05) NS NS NS NS 12.3 6.4 

TRI 2023 73.3 76.4 • 43.6 193.3 63.2 42.6 

TRI 2025 77.4 64.2 44.2 185.8 27.7 33.4 

DG 7 56.2 58.2 46.6 161.0 31.8 45.8 

LSD (P.=0.05) 165 11.8 NS 31.0 12.3 6.4 

KO 59.6 58.8 42.4 160.8 35.2 37.4 

Kl 72.6 69.9 46.1 188.6 40.8 42.6 

K2 74.7 70.2 45.9 190.8' 46.8 41.8 

LSD (P=0.05) NS NS NS NS NS NS 

Interaction NS NS NS NS NS NS 
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Root depth 

The clones D G 7 and TRI 2025, which are relatively drought 
resistant clones had deeper root systems than TRI 2023 (Table 3) which 
is a drought susceptible clone. Mulching did not have a significant 
effect on rooting depth, although there was a trend to indicate a 
decrease in root depth with increased mulching rate. This is supported 
by the lower root weight of mulched plants (Table 2). The higher 
moisture availability in the shallow layers in mulched plots may have 
resulted in shallow rooting as reported by Othieno and Ahn (1986). 

r 
Transpiration rate 

Research in tea and other crops (Nagaraja, 1979; Krishnapillai et. 
al., 1988; Mengel and Kirkby, 1987) report that potassium influences leaf 
diffusion resistance of stomata and hence affects transpiration. This was 
confirmed in this study where the highest potassium levels K2 significantly 
reduced the transpiration rate of leaves when compared with the control, 
KO tested (Table 4). The clone DG 7 had a significantly lower 
transpiration rate than TRI 2023. Clone TRI 2025 had a lower 
transpiration rate than TRI 2023 and a higher transpiration rate than 
D G 7. The drought response characteristics of these clones are partly 
explained by the difference in their transpiration rates. Mulching did 
not have a significant effect on the transpiration rate. 

Stomatal diffusive resistance 

The diffusive resistance is related to the transpiration rate. 
Therefore, a lower transpiration rate is in effect due to higher stomatal 
diffusive resistance. The clone D G 7 had significantly higher stomatal 
diffusive resistance and hence a lower transpiration rate than the other 
two clones. The plants supplied with higher levels of potassium fertilizer 
had a higher stomatal diffusive resistance (Table 4). This resulted in 
lower transpiration rate increasing the water use economy of the tea 
plant as reported by Krishnapillai et. al, (1988). 
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Table 3. Effect of mulching and potassium on root depth of three 
clones. 

Treatment Root depth(cm/pl) 

No Mulch 38.7 

37.5 t/ha 37.1 . 

75.0 t/ha 35.1 

LSD (P=0.05) NS 

TRI 2023 34.0 

TRI 2025 35.5 

DG 7 40.4 

LSD (P=0.05) 3.4 

K0 36.2 

K l 36J 

K2 38.6 

LSD (P = 0.05) NS 

Interaction NS 
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Table 4... Effect of mulching and potassium on transpiration, rate 
and stomatal diffusive resistance of three clones. 

Treatments Transpiration rate 
( u g / c m 2 / s ) 

Stomatal diffusive 
resistance(s.cm/s) 

No Mulch 2.46 8.98 

37.5 t / h a 2.68 8.88 

75.0 t / ha 2.64 8.82 

LSD (P = 0.05) NS NS 

TRI 2023 2.92 7.46 

TRI 2025 2.68 9.19 

D G 7 2.39 10.03 

LSD (P = 0.05) 0.43 2.50 

KO 2.95 6.94 

K l 2.69 8.82 

K2 2.39 • 10.88 

LSD (P = 0.05) 0.43 2.50 

Interaction NS NS 

100 



Tropical Agricultural Research Vol. 4 1992 

Visual assessments on drought suscep t ib ly / to l e rance of plants 

Plants in mulched plots were least affected by drought. Plants 
mulched with 37.5 t / ha of grass had significantly lower visual score (less 
affected by drought) than plants in u n - m u l c h e d plots (Table 5). 
Doubling of the mulching application did not have a significant reduction 
in the visual score on drought effects. This confirms the adequacy of 
presently recommended mulching rate of 37.5 t / ha (Sandanam, 1986). 
The lower visual score in mulched plots could be attributed to higher 
soil moisture availability, thus plants are not subjected to stress (Russel, 
1973; Manipura, 1969; Othieno, 1980 and Anandacoomaraswamy et. al., 
1988). A lower transpiration rate due to higher stomatal diffusive 
resistance results in less water use by plants . . The clone D G 7 in 
addition to these attributes also had a deeper root system than the other 
two clones. As a result clone D G 7 had the lowest visual score 
compared to the other two clones. Plots supplied with potassium 
fertilizer level (K2) had a lower score than K0 plots. Therefore, as 
reported by Krishnapillai et. al., (1988), increased potassium fertilizer 
application had effectively minimized drought effects in this study. 

Casualty rate 

Overall casualty rate was low due to favourable weather conditions 
that prevailed during the experimental period. Even with the low 
casualty rate, mulching at 37.5 t / ha had significantly reduced the death 
of young tea plants due to drought. There was no further reduction in 
the casualty rate with the doubling of the mulching rate (Table 5). The 
clone D G 7 had a significantly lower casualty rate than TRI 202 and 
TRI 2025. Clone TRI 2025 had a lower casualty rate than TRI 2023 
which is a drought susceptible clone. This confirms tne thought response 
characteristics of the three clones tested. Increased potassium fertilizer 
application effectively reduced the drought effects and hence the casualty 
rate. This suggests that by judicious application of potassium it is 
possible to reduce drought effects and casualty rate of young tea plants 
during dry weather. 
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Table S. Effect of mulching and potassium on drought 
susceptibility/resistant and casualty rates of three clones. 

Treatments Visual Score Casualty rate (%) 

No Mulch 3.38 11.3 

37.5 t / ha 2.59 8.1 

75.0 t / h a 2.51 7.8 

LSD (P = 0.05) 0.77 3.2 

T R I 2023 3.53 11.2 

TRI 2025 2.95 9.2 

D G 7 2.00 6.8 

LSD (P=0.05) 0.77 3.2 

K0 3.48 10.4 

K l 2.80 9.6 

K2 2.20 7.2 

LSD (P=0.05) 0.77 3.2 

Interaction NS NS 
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CONCLUSIONS 

The results suggest that mulching with Mana grass at the rate of 
37.5 t /ha, which is the current recommendation can reduce the drought 
effects on tea plants as a result of increased moisture retention. This 
also enhanced plant growth. 

Doubling of the mulching rate did not show any significant increase 
in moisture retention or plant growth. However, there was significant 
reduction in drought effects. 

Mulching results in shallow rooting of tea plants. The tendency 
increases with the increased rates of mulching. Therefore, over -
mulching should be strongly discouraged in new clearings of tea. 

The clone D G 7 had the ability to withstand drought and had the 
lowest casualty rate. Therefore, this clone could be recommended for 
replanting in drought prone areas. 

The study also revealed the effectiveness of increased potassium 
fertilizer application in. minimizing drought effects in young tea. 
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Soil moisture extraction pattern 

The moisture depletion curves (Figure 1) indicate that in mulched 
plots the moisture extraction was up to a depth of about 40 cm. In 
u n - m u l c h e d plots,plant extracted moisture from deeper layers. This 
may be attributed to shallow rooting of plants in mulched plots (Table 
3). The clone TRI 2023 and TRI 2025 extracted moisture up to a 
depth of 50 cm (Figure 2). The clone DG 7 on the other hand 
extracted moisture up to a depth of 70 cm, corresponding to the extent 
of rooting of these clones. The moisture extraction pattern by tea plants 
under three potassium fertilizer levels did not differ (Figure 3). This 
also corresponds to the root depth of plants under three potassium 
levels, where significant differences between treatments were not 
observed. 
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Figure 1. Soil moisture extraction pattern during 1986 
(a) Mulching * 75.0 t/ha 
(b) Mulching • 37.5 t/ha A N D 
(c) No mulching 





Tropical Agricultural Research Vol. 4 1992 

m m *rt »n m "1 
»N r£ r4 jjj 
eg »*> tr» oo 

Depth (cm) 

106 



Tropical Agricultural Research Vol. 4 1992 

R E F E R E N C E S 

Achitov, M. (1961). Review of literature on the interaction between 
potash and water in plants. Potash Review 15: 1 - 1 5 . 

Anandacoomaraswamy, A., Anandavijayan, S. and Abeysekara, U.P. 
(1988). Agronomic practices to reduce some of the adverse 
effects observed in tea soils. Proceedings of Regional Tea 
(Scientific) Conference, Colombo, Sri Lanka. In: Sivapalan, P., 
Kulasegaram, S. and Kathiravelpillai, A. (Eds). Tea Research 
Institute of Sri Lanka, pp. 210 - 223. 

Krishnapillai, S. (1990). Report of the Project Leader, A /Fe r t for 1989, 
Technical Report, Tea Research Institute of Sri Lanka. 

Krishnapillai, S., Jayamaha, N. and Lakshmie, M.S.D. (lvss). Effect of 
potassium on water economy and plant tissue desiccation in mature 
tea (Camellia sinensis L) . Proceedings of Regional Tea (Scientific) 
Conference, Colombo, Sri Lanka. In: Sivapalan, P., Kulasegaram, 
S. and Kathiravelpillai, A. (Eds). Tea Research Institute of Sri 
Lanka, pp. 45 - 59. 

Manipura, W.B. (1969). Some effects of mulching on growth of young 
tea. Tea Quarterly. 4 0 : 1 5 3 - 1 5 9 . 

Manipura, W.B. (1971). Soil erosion and conservation in Ceylon with 
special reference to tea lands. Tea Quarterly. 42: 206 - 210. 

Mengel, K. and Kirkby, E.A. (1987). Principles of plant nutrition. 
International Potash Institute, Bern, Switzerland, pp. 485. 

Nagaraja, S. (1979). The effect of potassium deficiency on stomatal 
cuticular resistance in Tea (Camellia sinensis), Phvsiology Planturum. 
47: 9 1 - 9 4 . 

Nathaniels, R.K. (1985). Tea planting in Manual on lea cultivation, 
pp. 1. 

Othieno, C O . (1980). Effect of mulches on soil water content and 
water status of tea plants in Kenya, Experimental Agriculture. 16: 
295 - 302. 

107 



Tropical Agricultural Research Vol. 4 1992 

108 

Y 

Othieno, C O . and Ahn, P.M. (1986). Effects of mulches on soil 
temperature and growth of tea plants in Kenya, Experimental 
Agriculture. 16: 287 - 294. 

Ranganathan, V. and Natesna, S. (1985). Potassium nutrition of Tea 
981 -1022 . In: Potassium in Agriculture. Munson, R.D. (Ed). 
American Society of Agronomy and Crop Science, USA. 

Richards, A.V. (1967). Some observations on the performance of the 
popular estates and TRI clones. Tea Quarterly. 38: 245 - 247. 

Russel, E.W. (1973). Soil conditions and plant growth, 10th edition, 
Macmillan Press, London, UK. pp. 635. 

Sandanam, S. (1986). Cultural operations In Hand book on tea. In: 
Sivapalan, P., Kulasegaram, S. and Kathiravelpillai, A. (Eds). Tea 
Research Institute of Sri Lanka, pp. 4 5 - 6 2 . 

TRI , (1976), Advisory Circular No: CIO Serial No:14/76 "Comparative 
character rating of recommended clones'1, pp. 2. 

Wadasinghe, G. (1988). Physiology of growth and development of 
clonal tea (Camellia sinensis L.O. Kuntze) at low elevations in Sri 
Lanka, Ph.D thesis, Post Graduate Institute of Agriculture, 
University of Peradeniya, Sri Lanka, pp. 366. 


