Fifects of soil moisture, potassium ond nitrogen on mineral

absorption and growth of Coffea arabica L™

COMPENDIO

Se estudid la obsorcidn de NPK por plintulas de café en macetar con diferen-
tes humedades de suelo en selacion con lor niveles de aplicacidn de estos minerales.
La absoicién de N v K wo fue afectada basta el 50 poi ciento de la capacidad de
campo pero fue retaidada por nn régimen nds bajo de bumedad del swelo. La absor-
cidn de fésjoro no fue menor ni ami a la mds baja bumedad de suelo probada en la
presente investigacion Bl ifrdgeno y el polasio moiniaion uiid interaccidn posiliva
wiientras que se obsterrd wna interaccicn negativa entie Ny P La absorcidn eitnro
bien relacionada con la cant’ded de mineral aplicada

Ll nitrégeno aunientd el crecimiento en extensicn, drea foliar asi como lambién
¢l wimero de nudos. El polasio prodejo efector similares en los dos primercs pero 1o
et of nimero de nndos. Se notd ciecimiento compensatorio despuiés de qie las plantas,
mantenidas originalmente a una baja humedad de suelo, jueron ampliamente regadas
El nitidgeno actud aditivamente al exbibir creciniente compensartorio. Se mencionan
las implicaciones prdcticas de este habajo.

A ] TESHA#* D KUMAR#*®

Intraduction

PPLICATION of nitrogenic fertilizess to increase

yield is a common practice throughout the

world. Yield quite often does not reffect very
well the amount of fertilizer applied to the soil, and
on many occasions either there have been no increases
in yield or insignificant increases only This can result
due to various causes but the efficiency of absorption
of applied fertilizers can be an important one. There
is no doubt that absorption is a complicated process,
which depends upon various other factors other than
just the amount.

Soil moisture is a major factor influencing the ab-
sorption of different minerals (22) and growth of
plants (9, 13} For example, it is reported that N is
absorbed slightly moie at a moisture level a liitle
tower than the field capacity (22) For K, the picture
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i5 not clear Some authors have reported higher rate
of absorption of K (23, 30), others have observed
lower sates of zbsorption as the moisture level is
lowered below the field capacity (28, 30) For P
similarly diffezent views have been expressed

The fevel of one mineral on its own absorption
(17) and on the absorption of other minerals have
always been the subject of study (19}, On many
occasions one mineral is found to antagonize the ab.
sorption of the other (1, 6, 27}. There are also cases
where one mineeal is found to enhance tha rate of
abzorption of the other (5, 7, 12, 15, 18, 19, 21, 24)

Absorption of minerals in relation to different
levels of soil moisture and minerals must reflect in
the growth of the plant. Moisture level by itself is a
modifying factor of growth (10, 26) Absorption is
a feature which is apparently specific to a particular
plant species (2) and it is possible that information
in this respect from other plants may not be applic-
able to coffee and therefore, this aspect needs to be
investigated

In the present work the absorption of nitrogen,
potassium and phesphorus was studied in coffe seedi-
ings at differents levels of moisture, potassium and
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nitrogen supplied to the pot soil. Growth measure-
ments, in terms of extension growth, increase in node
number and areas of individual leaves, were also carried
out

Materials and Methods

Flants were raised from seeds of Coffea arabica 1.
ov ‘K7 and planted in black polythene bags 27 x 10
cm lay flat The poting medium contained a mixture
of sotf, farmyard manure and polystyrene granules.
When the seedlings were about one year old, they were
then transferred fo 18 om pots. Each pot contained
approximately 1.5 kg (dry wt) of Kikuyu red loam
soil The soil used in these pots was collected from
a [ocality which was poor in most of the essential
mineral elements On the basis of soil analysis, essential
elements were supplemented to the pot soil. They were
further treated o have two levels of N, three levels
of 1§ and three levels of moisture as given below:

Potassium levels:
Low Medium High

No additional K 2.75 KCL/pot
Nitrogen levels:

Iow N High N
No addition2al N 10.25 g Ca(NO,)./pot

7.25g KCL/pot

Moisture regimes:

High Medium Low
95 & 5% 55 == 3% 40 == 5% of field
capacity

Absorption rates were studied by carrying out soil and
leaf analyses at intervals using Atomic Absorption and
Auto-analyzer Mineral losses, giving an estimate of
rate of depletion and thus of absorption from the pot
soil, were calculated by subtracting the final amount of
a mineral from the initial after a period of time Ab-
sorption rates given here only represent a comparative
account for various elements studied

Results

Potassium and phosphorus losses from the soil,
between the Ist and the 4th moath of treatment, are
given in Table 1 and Table 2 respectively. In ordes
to lower the number of samples for analysis, soil
samples were taken from pots with the same treat-
ment and combined together before analysis and there-
fore, the data could not be subjected to statistical
analysis. From Table 1, it is apparent that when soil
water was low loss of K was significantly reduced
However, it was not affected at the intermediate mois-
ture regime At high levels of soil K| there was more
depletion from the soil indicating higher rate of absorp-
tion. When soil N was high, potassium was taken in
by the plants in greater amount (Table 1)

Table 1. —Potassium losses from the soil, between the
1st and the 4th month of treatments, in
relaticn to the levels of soil water, nitro-
gen and potassium, (amounts are in m.e

per cent).
Potassivm

Wates Nitrogen
fow medium high mean
Low 200 081 0 45 0.42
High High 000 046 096 047
Mean 000 064 0.71 0.45
Low 0.02 061 05t 0.38
Medium High 001 0.58 107 033
Mean 0.02 .60 079 047
Low o.02 0.13 0.50 0.32
Low High 0.¢0 0.14 0.72 0.29
Mean 0.0t 0.14 061 0.25

Table 2 —Phosphorus losses from the soil, between
the 1st and the 4th month of {reatments,
in refation to the levels of soil water, nitro-
gen and potassinm (amounts are given in
parts per million).

Patassium
Water Nitrogen
Tow medium | high mean
Low 7.0 13.0 540 83
High High 6.0 20 00 2.7
Mean 65 7.5 25 55
Low 6.0 100 2.0 8.3
Medium High 50 7.0 0.0 40
Mean 5.5 85 45 62
Low 100 9.0 12.0 i03
Low High 00 30 10.0 43
Mean 50 60 110 7.3
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Phosphorus depletion from the soil did not seem
to follow the trend of K (Table 2} There was a
gradual increase in P loss with decreasing soil mois-
ture. Leaf P concentrations were also roughly affected
in the same way in relation to moisture regimes The
amount of soil K did not give any consistent picture
as to the uptake of P, but it can be seen that when
N was deficient, larger amounts of P were lost from
the soil than when N in soil was high {Table 2.

From the leaf analysis data (Table 3) it can be
seen that increasing the amount of soil nitrogen in-
crensed significantly the amount of leaf nitrogen, but
there was no significantly effect of water stress on the
amount of N in leaves, aithough at the lowest moisture
supply provided, slightly lower level of N was recorded
in the leaf. There was no significant interaction bet-
ween nitrogen and potassium

Extension growth during the peried of water stress.
A marked primary branch, second or third from the
shoot tip, was measured during water stress treatments
Mean lengths of the branches after 12 week are givea
in Table 4, as percentage of the original leagth An-
alysis of variance shows that nitrogen and potassium
had highly significant effect on growth. Water stress
significantly reduced extension growth Considerable
interaction occurred between nitrogen and water stress
and between potassium levels and water, but there was
no interaction beween nitrogen and potassium levels
Pairwise analysis of the results is presented in Fig 1

Table 3 —Effects of soil nitrogen, potassium and water
on total leaf nitrogen, as % dry matter
(Fach number is a mean of 3 replicates).

Table 4-Lffects of soil N and K and water on ex-

tension growth. (¢ increase in branch
length?y.
Potassivin
Water Nitrogen
law mediurs | high mean
Low 630 45 2150 1244
High High 2655 705 3868 3743
Mean 163 28235 3013 2494
Low 15 20 833 1520 1291
Medium High 958 2208 5843 3700
Mean 2239 1566 3682 2196
Low 823 273 868 655
Low High 1023 730 1228 1027
Mean 9.23 502 1098 841

IS (hetween any {wo treatmants) {Pel0 05) = 1354

Table 5 —Incresse in the number of nodes during
water stress, The numbers represent means
for 4 replicates.

Potassium Patassium
Water Nitrogen Water Nitrogen
{ow medivm high mean low medium high 1 mean
Low 193 197 226 303 Low 050 025 0.50 042
High High 331 308 307 333 High High 150 175 150 168
Mean 262 253 267 2.60 Mean 1.00 140 1.00 1 00
Low 203 1.96 203 201 Low 0.25 0625 025 025
Medium High 300 310 3.15 311 Medium High L 25 150 150 1.42
Mean 256 253 259 2155 Mean 075 088 088 0.84
Low 202 201 2.05 2.03 Low 25 0.50 0.2% 033
Low High 280 203 298 280 Low High 050 075 075 067
Mean 241 232 2.52 242 Mean 038 063 050 050

1SD {between

any two trestments) (PZ003) = 0350

18D (between any twa treatments) {(P005 = 0 30
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sop growth. The 18 jprogwrenis are arranged in oprder of
decriasing growth valwes, The horizontal lines conneet troat-
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Other components of yield —Number of noder:
The number of nodes was counted at the interval of
2 weeks for 12 weeks Statistical Nitrogen had a higly
significant effect on increase in the number of nodes
Water stress significantly reduced the node npumber
Potassium did not show any significant effect on the
number of nodes There was a significant interaction
between nitrogen and moisture levels

Leaf aiea The youngest fully open leaf on the se-
cond or the third primary branch was measured at
2 week intervals. The final area of this Ieaf after 8
weeks, is shown in Table 6. For each treatment a
mean of the leaf pair wis found and four replicates
were taken  Analysis of the leaf aren data showed
that nitrogen increased the area of individual leaves sig-
nificantly (P = 001) and water stress reduced it
significantly Potassium levels had a significant effect

(P = 0.01) on leaf atea, the leaf area increased svith
increased soil potassium. There was no significant in-
teraction between any two af the treatments.

Extension prowth d'r/f'ing Fecorel J-fmm waley strers,
Extension growth during this period, was estimated
using the same labelled branches as those used in the
experiment above. Alf the pots were then watered to
the "high water” level. The increase in length was
expressed as percentage of length before rewatering
The measurements were taken after five weeks of treat-
ment which aze presented in Table 7. Analysis of va-
riapce showed that the original level of soil moisture
very significantly (P = 005) affected growth dur-
ing recovery from water stress in the sense that plants
which had been continuously supplied with “high
water” grew less than those which were first subjected
to water stress and then watered As was the case for
growth during water stress petiod, nitrogen increased
growth during the recovery also Potassivm did not
make any significant coniribution.

Discussion

Fertilization of soil to increase yield is an important
aspect of crop management The work described here
throws some light in this direction. Yield recordings
were not possibie because the plants which were used
in this work were too young to flower and have
fruits However, yield components, as they are called
and which are the parameters reflecting yield, were
measured

Table 6 -The effects of soil N, K, and water on sin-
gle leaf area. The numbers are means for
four replicates (in cm?)

Patassivm

Water Nitrogen ;

fow ’ medium l kigh mean
i

Low 17.84 2637 2747 2389
High High 42.47 3656 4851 425t
Mean 3016 3147 3799 332
Low 1666 1824 2436 1975
Medium High 3270 4200 4531 4000
Mean 2468 3012 3484 298§
Low 1236 1478 1862 1515
Fow High 1688 2317 3570 25325
Mean 1462 1898 2716 2025

L350 (between any two treatments) (PO 05 = 1268
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Table 7 —The effects of soil N, K and original levels
of soil moisture on extension growth during
recovery from wafer stress. The values re-
present the b increase after the period of
withholding water

Putassium

Water MNitrogen
fow medivm | high mean
Qriginally Low 000 470 467 512
High High 257 1.20 070 149
Mean 120 255 269 231
Criginally Low 0z 053 203 094
Medium High 5.50 9.50 227 576
Mean 2 89 502 2.15 3.35
Originaily Low 1707 810 645 10.53
Low High 2517 2527 1747 2264
Mean 2112 1669 1195 1659

LSD (between any twe tegatments) {PgO05 = 1070

Uptake of K and N was not affected at 50 per
cent soil moisture level, but at the lowest level the
absorption of these two elements was retarded. There
was no effect of soil moisture regime an P absorption
Phosphorus absorption apparently increased sfightly as
the soil moisture level decreased. Richards and Wad-
leigh (22) concluded from their work on various
major clements that decreasing water supply produced
w definite increase in N concentration, a definite de-
crease in K concentration and a variable effect of P,
Ca and Mg concentrations in the plant Mederski (16)
also noted lower percentages of F and K in plants
subjected to water stress Qur results here agree for
N but disagree for K and P. This may be related to
plant specific differences (2, 25)

As far as the interaction among the elements was
concerned it was found that in the presence of high
soil N more K was taken in by the plant. Similar po-
sitive interaction of Ca on K accumulation has been
observed previeusly (7, ii, 12, 15)}. PFotassium has
also been found to influence positively the absorption
of N (8). In the present work P showed negative
interaction with N in the sense that at a lower level
of N more P was absorbed, Phosphorus has been found
to interact negatively with Zn in some other work (1}

A clear picture of P uptake for varying levels of K
could not emerge from this study Concentration effect
is quite marked. Thus, increasing levels of soil N and
K resulted in greater accumulation of these elements
in plants

Nitrogen increased exteasion growth, leaf area as
well as node number. Potassium influenced only the
first two parameters but could not increase the number
of nodes, Tack of interaction between the two elements
apparently shows that they have a separate site of
action and effect through independent means a parti-
cular process

Stress affected all the parameters of growth ad-
versely Plants originally water stressed and thesefore
growing least rapidly, grew [faster, when Iater they
were amply watered, than those plants that received
adequate water supply throughout Also here plants
which were receiving & higher supply of nitrogen geew
more than the plants which were originally receiving
low nitrogen. This clearly points out that although N
was stored during the stress treatment, it could not pro-
duce any effect because of the lack of other conditions
of growth such as a proper degree of turgidity. Po-
tassium in this respect failed to produce any effect.
Nitrogen affects hormone levels, especially of gibbe-
tellins (20) Browing (3) found that exogenous ap-
plication of gibberellins before the rains enhanced the
growth when the sains started. It may be assumed
therefore that N by increasing the level of gibberellins
and storing it in plants until a favourable turgidity
level is achieved may have acted in the same way.
Potassium las not been reported to affect the level of
any hormone. This may be the reason why it failed to
produce an effect similar to N

The work described here casts some light on how
different minerals are absorbed and how they affect the
growth of coffee. Trom the present investigation it
appears that N and K may be applied to soil together
as they have been found fo interact positively in their
uptake, whereas P should be applied independently
because of its negative interaction with N Moisture
level upto 30% of field capacity did not seem to
affect absorption of the major elements although it
affected some components of growth Therefore, it is
possible that by maintaining a right level of soil mois-
ture growth periodicity, which is an important aspect
of cropping regulation, may be achieved. It is also
known from the previous wotk (14) that other syn-
thetic processes such as photosynthesis are not very
much affected at this moisture level This way one can
also economize on the crop water use However, it is
important that ceffee trees should be sufficiently irri-
pated when growth is desired

The recommendation from this work has been
made from studies using potted plants only Therefore,
it should be deemed tentative until studies using field
trees are completed, althrough Caonell (4) has con-
cluded from his work that for most physiological be-
haviour coffee seedlings and young trees act alike
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Sunmary

Absorption of NPK by potted coffee seedlings was
studied at different soil moistures and in relation to
the application levels of these minerals. Various growth
components wete also measured.

Absorption of N and K was not affected upto
50¢% field capacity but at the lower soil moisture
regime it was retarded Phosphorus absorption was
not lowered even at the lowest soil moisture tested in
the present work. Nitrogen and potassium showed a
positive interaction whereas a negative interaction was
observed between N and P. Absorption was fairly well
related to the armount of mineral applied.

Nitrogen increased extension growth, leaf area as
well as the node number Potassium produced similaz
effects on the first two but not on the node pumber.
Compensatory growth was noted after the plants, ori-
ginally maintained at low soil moisture, were amply
watered Nitrogen appeared to act additively in exhi-
biting compensatory growth. Practical implications of
this work are mentioned.
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