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SuMMARY

Nutrient uptake studies were conducted with lowland rice and sugar cane as dependent
on time. Foliar composition, characterized by the element-concentration ratios, was taken
as an index of their nutritive state. It appeared that the ratios of the major elements remain
fairly constant in the whole growing season and that these are indicative for crop yield
and crop quality, It is therefore possible to analyse both crops in a very early stage of
development ; this is advantageous as no choice of which leaf has to be analysed is needed.
The whole above ground part can be sampled without the danger of obtaining too volu-
minous a sample. The possibility of an early analysis allow to correct for an eventually
inadequate nutritive state of the plant in the same growing season.

The mobilities of the major elements could be arranged in following order of decreasing
mobility : POy >N > K for the rice plant, and N > POy > K for the sugar cane plant.

INTRODUCTION

The composition of the leaf is generally taken as a measure for the nutri-
tional status of the plant. This is understandable as the synthesis of organic
substances (photosynthesis) is particularly taking place in the leaves.

The composition of the leaves, however, is very variable and depends on:
the age of the leaves, the morphological position, climate (time of sampling),
daytime, etc. (See a.0.: GoopaLL and GreGory, 1947 ; Broesuart, 1955). For
the interpretation of leaf analyses, it is therefore necessary to sample leaves
of the same morphological position at the same time of the year and the day
and at the same age. This is very difficult and, therefore, leaves of the same
physiological age are generally chosen, although the composition will not
necessarily be the same as a consequence of the possible difference in dry
matter content (a.0. Broesmart, 1955). Moreover, different parts of the leaves
can differ in composition, so that a special part of the leaf should be sampled.
This is particularly advisable if whole leaves cannot be gathered because of
the resulting voluminosity of the sample.

As all these facts contribute to the uncertainty of the results of foliar ana-
lysis, it is advisable to investigate the question whether or not there is a rela-
tion between leaf composition at an early stage of development and final yield
and/or quality of the crop. Foliar analysis at such an early stage has the
advantage that all the leaves can be taken without the danger of too large
a sample, thus avoiding the difficult choice as to which leaf or part of the
leaf should be taken for the analysis.

With respect to the above mentioned suggestion it is of interest to remark
that especially the ratio of the element-concentrations in the leaves is important
for production rather than their absolute contents, if the elements are not in
a minimum. This is especially true for quality crops, such as sugar cane,

1) The results of the rice experiments were part of the doctor’s thesis of the senior
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tobacco, oil palm, etc. (see e.g. BarLy and AnpersoN, 1929 ; MmpeLsure, 1932,
1937 ; Braucuamp and Lazo, 1938 ; Broessart, 1955; vAN SCHUYLENBORGH and
Sarjapi, 1958). So, if it appears that the ratio of the élement-concentrations is
constant after an early stage of development, it is possible to sample and to
analyse the crop at that young age and to interprete the results. It is then
also possible to correct an eventually inadequate ratio by suitable supply of
fertilizers.

A method to investigate this problem is to grow a certain crop under good
control (e.g. pot experiments under greenhouse conditions) and to sample the
crop at regular, preferably short, time intervals and to analyse the different
parts of the plants. This was done in detail for the lowland rice (see. also:
Go Ban Hong, 1957) and in less detail for sugar cane.

EXPERIMENTAL

Rice (variety "Tjina”) was grown in culture solutions and in soil obtained
from the A;-horizon of a "Reddish-Brown Latosol” near Bogor, Indonesia. The
experiments were conducted from june to november 1956 (series I: preliminary
series) and from november 1956 to may 1957 (series II and III). Series IV
was the experiment with the culture solution. In each growing season a blank
was run.

The soil was excessively moistened and thoroughly puddled. During this
puddling part of the fertilizers was added to obtain an even distribution through
the soil. Because it appeared that the fertilizer supply of series I was quite
inadequate (indicated by the appearance of phosphate — and nitrogen — defi-
ciency symptoms at a certain stage of development), the scheme was corrected
in serjes II and III. For details it be referred to table 1. The culture solution
of series IV was a slightly modified Hoagland-solution (HoacLanp and Agnon,
1938) ; the composition is given in table 2. The solutions were aerated daily
and refreshed weekly.

The rice plants, used for the soil cultures, were first grown for 30 days on
seedbeds, as is usage in practice, and then transplanted to the pots ; in series I
three plants and in series II and III two plants were used. The number of
replications was 5 in series I and 4 in series II and III. The soil was left
under a water-layer of 3 cm thickness. For the water-cultures the seeds were
germinated on moist filter paper and transplanted after 5 days; one plant per
jar was used. The age of the plants was taken from the time of transplantation.

The rice crop was harvested every 10 to 21 days; the plants were seperated
in their constituent parts and immediately dried at 100° C. After dryness the
material was ground in a Peppink mill. The thus obtained samples were ana-
lysed with request to their N, POy, K, Ca, Mg, Na, Si and Fe-content. Only
the results with the major-elements will be reported in this paper. As thz
mass of the leaves is in abundance over those of stems and roots, so that the
composition of the whole plant is very close to that of the leaves, only the
analytical results with dead and green leaves will be given below.

The same soil was used for the sugar cane experiment. The sugar cane clone
was POJ 3061. It was grown from July 1956 to June 1957. The number of
replications was three. The “bibit” was placed at a depth of 15 cm below the
surface. After 1 month they were covered with soil. The total supply of ferti-
lizers was : 5 g N as ammonium sulphate; 1 g POy as monocalciumphosphate ;
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10 g K as potassium sulphate; 0,8 g Mg as magnesium sulphate ; and 0,8 g
Ca as calcium nitrate. One fourth of the fertilizers was mixed with the soil
and one seventh of the remaining part was added monthly from the third
month onward.

The cane plants were harvested monthly ; leaves and stems for the analysis
of N, POy, K, Ca, Mg, and Na. (Only the results of the analyses of the major
elements will be given here). Time of sampling was in the early morning within
three hours after sunrise, as was advised by the Experiment Station, H.S.P.A.
(1944).

Nitrogen was determined semi-microchemically according to Kjeldahl (see:
Paecn and Tracey, vol. I, 1956, p. 479). For the estimation of the other ele-
ments the plant material was digested with the acid mixture HoSO; 4+ HNO;
+ HCIO, according to WarkLey (1942). Phosphate was determined with the
ScueEL-method (1936), and potassium with the flame photometer of LANGE.

ResuLts

The element-concentration ratios of the leaves of the rice plant are given
in table 3. A surprising constancy of the ratios can be noted, especially in the
water-cultures, although there is a tendency in the N/K-ratio to reach a mini-
mum value at the age of 78 days. The same constancy can be stated in series
IT and III with the exception of the composition at 21 and 42 days, and of
the composition at the stage of ripening. The N/PO,-ratio shows high values
at those ages, whereas the N/K-ratio remains fairly constant. The high values
of N/PO, coincided with the appearance of phosphate-deficiency symptoms ;
apparently the phosphate became increasingly unavailable because of the rising
soil pH and it was decided to give an additional amount of phosphorus in the
form of phosphoric acid (see table 1). Immediately the ratio N/PO, lowered
and remained constant and the new formed leaves showed no deficiency-
symptoms any longer. The results of the analyses of series I are irregular when
considering the N/PO,-ratio because of the inadequate supply of phosphate.

The increasing or decreasing ratios at the end of the growing period point
to the unequal mobilities of the elements in the plant. It seems that phosphate
and nitrogen are more mobile than potassium, which can be ascertained by
the comparison of green and dead leaves (see table 3). From these data can
be concluded that the mobilities of N, P and K can be arranged in the order :
PO, > N > K.

The means of the ratios (computed without the abnormal values due to phos-
phate deficiency) are given in table 4 with the yields of paddy and straw,
while the relation between leaf N/K-ratio and yield in paddy and straw is
shown in fig. 1. This figure shows a close relationship between yield and leaf
composition.

From these observations can be concluded that the result of foliar analysis
of rice in an early stage of development is a good indicator of its performance.
A orop age of about 30 days will be suitable for the analysis. The choice of
this age has furthermore the following advantages: 1) The plant is relatively
small and consists predominantly of green leaves; a choice of which leaf has
to be analysed is not necessary and the whole plant can be taken. 2) The
tillers, formed in this period, have the greatest chance to bear paddy (Go Ban
Hong, 1957). 3) The greatest absorption of N, P, and K has already started,
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so that differences in fertility level will then be very pronounced (Go Ban Hong,
1957). 4) Errors, made in the fertiliser-supply of the crop can be corrected
for in the same growing season (see table 3).

The results with sugar cane are given in table 5. It appears that the ratios
in the whole plant are fairly constant %), except those at the end of the third
month. This was caused by the shortage of especially N and P. The composi-
tion, when considering the K/PO,-ratio, at the end of the 4th month is more
or less equal to that at the end of the second month as a consequence of the
just started supply of additional nutrients. This probably means that the up-
take of K and P by the plant and their mobilities in the plant are more or
less equal. The N/PO,4- and N/K-ratios increase with age in the stems, sug-
gesting that N is more mobile than P and K ; the differences in leaf- and stem-
composition points in the same direction. This leads to the following order of
decreasing mobilities: N > PO; > K. »

Because the composition of the whole cane plant (stems and leaves) show
the best constancy, it is advisable to analyse the plant as a whole. This, how-
ever, is only possible in an early developmental stage because of the volumi-
nosity of the plant. There is no much objection against this, as is indicated
above. An age of e.g. two or three months will be suitable.

This conclusion does not mean, that the analysis of the third top leaf with
the dewlap, which is usually sampled, is inadequate. The possibility of an
early analysis, however, has the same advantages as summed up in the example
of lowland rice.

The relation between rendement %) and the ratios was already reported in
an earlier publication (vaN ScHUYLENBORGH and Sarjapi, 1958). Additional results

4) Some analyses of Borpen (1944) and of Scmroo and Scummr (1954) point to the
same constancy.
5) Percentage sugar of millable cane.
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from the same experimental fields lead to the relations shown in figures 2
and 3. It is evident that quality as well as quantity is closely related to leaf
composition. By comparing the data given by these curves with the cane com-
position in this paper, it can be seen that the composition of the latter is far
from optimal; still its composition is constant, which points to the value of
foliar analysis. )

It is evident, that foliar composition can be used for annuals as an indicator
of their performance, if the distribution of the elements in the plant is known
as dependent on age and if the supply with nutrients is continuous. It can be
used as a basis of fertilising advices only if the reaction of the plants with
different, exactly determinable, fertility levels of the soil is known. It will
than be possible to correct an inadequate fertility level in the very same
growing season.
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Table 1 Amounts and forms of nutritional elements supplied

in the rice experiments.

Element

or
radical

st season: June—Nov. 56

series I

2nd season : Nov.

1956—May 1957

series I

series III

N
PO4

K5)
Mg5)
Ca 5)

460 mg as (NH4)2S041)
550 mg as H3PO, 3)

325 mg as K280y
25 mg as MgSOy4
580 mg as CaCOs

750 mg as (NH ;)2504 2)
550 mg as Cag(POy4)z ) %)
265 mg as HzPO4 )
325 mg as K2$04

125 mg as MgSO,

925 mg as CaCOs3

750 mg as NH4NO3 2)
550 mg as Ca3(POg4)2 ) %)
265 mg as H3POy )
325 mg as K2SO4

125 mg as MgSOy

925 mg as CaCOgz

n

Supplied in 6 equal amounts at 4, 24, 53, 69, 76, and 86 days age.

2) Provided in 10 equal amounts at 2, 9, 22, 43, 49, 55, 60, 67, and 84 (double amount)

days age.

3) Applied in 2 equal amounts at 10 and 91 days age.

%)
5 As

basic dressing.

Ca3(POy)2 as basic dressing and HgPO4 after 49 days growth,

In series II and III 5 ml solution of micro-clements were supplied to each pot at one
day before transplanting, The composition of the solution was: 1.5 mmol.MnSO4; 0.25
mmol CuSOy; 0.25 mmol ZnSO4; 10 mmol HzgBO;3; 0.25 mmol (NHs)e MoOs.

Table 2 Composition and concentration of the nutrient solution (series IV).

Major elements Concentration Trace elements Concentration
salt mmol/]1 salt mmol/1

KNO3 2.50 MnSOy 1.50 x 10-3
Ca(NO3z)s 0.50 CuSOy4 0.25 x 10-3
KHsPO4 0.50 ZnSOy4 0.25 X 10-3
MgSO4 0.25 (NHg4)2MoOy4 0.25 x 10-3
H3BO3 1.0 x 10-2

FeNH4(SO4)2 50 X 10-2

The pots contained 5 1 solution.

Table 3 Element-concentration ratios in green and dead leaves of rice.

Series I11) Series I Series III Series IV
Age N/POy4 N/K N/PO4 N/K N/POy4 N/K N/POy4 N/K
(days) Age
g o g | g g | o 2| s | g g g g | ]
8 ] 8 & ¥ & &g < kM < 8 ] ¥ & ¥ @
B S B S| B S| B S| & B &S 5|8 | & -3
0 - = — ~ 1849, — 11.03] — 349 — |1.03]| — 30 (438 | — |1.95| —
21 - — — — - — — — 113.9| — 1149| — 40 |4.03| — |1.81]| —
42 932 — [1.02| — |165] — |1.50; — (115 — [ 117| — 50 (4.76 | — ({1.83| —
63 3.98| — [0.79] — - - — — 13.90!830|1.25(1.06| 64 429 | — |1.62| —
84 3531 — 10.80] — [3.98/9.04|1.13| 069 |3.11|6.951.10 {0.67 | 78 (4.08 |5.62 |1.35| 1.31
95 - - - — — — — — |8.36| 6.57|1.21 |0.69 | 88 |4.11 |4.83 |1.51| 1.47
105 2.08/5.34 10.86] 0.72|4.05|8.60| 1.28 0.69 (3.58| 7.07| 1.16 |0.70 {100 (3.93 [5.20 [1.60| 1.37
126 1.58 5.94 [0.51| 0.73| — - - — |38.52|6.66|0.92 {0.65 |111 (4.36 452 |1.72| 1.32
harvest [1.65!5.32 [0.35| 0.67| 5.32| 9.04| 0.71| 0.68 |3.20| 6.45| 0.64 [0.63 {120 |4.62 |4.32 |1.83| 1.36
134 [5.10 |4.53 |2.03| 1.27
153 |4.10 |4.70 |1.66] 1.29
| 1
check [285] — 051 — |

1) . After the age of 63 days: leaf and stalk.
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Table 4 Element ratio and yield of paddy and straw.

Seri N/PO4 N/K Paddy Straw
eT1es in leaf in leaf g/pot g/pot
Check ........... 2.85 0.51 3.4 + 0.03 148 = 04
Series I .......... ? 0.87 22.6 = 0.5 42,8 = 1.3
Series II . ........ 3.84 1.24 305 += 0.5 69.9 + 1.1
Series IIT ........ 3.48 1.15 244 = 0.8 614 = 09
Series IV ........ 4.38 1.72 53.8 + 44 116.7 = 24
Table 5 Element-concentration ratios in sugar cane.
Leaves Stems Leaves -+ stems
Age e ~ H < b <+
(months) N 2 8 N ;9 8 N 8 8
4 ~ ~ Z >~ ~ Z ~ >~
Z (¥ Z M Z ¥
2 147 | 7.04 | 477 — — — 147 | 7.04 | 477
3 1.32 | 952 | 9.53 — — — 1.32 | 9.52 | 9.53
4 206 | 930 | 451 | 0946 | 733 | 775 | 160 | 872 | 545
5 166 | 938 | 565 127 | 116 | 880 | 161 | 109 | 6.75
6 127 | 738 | 581 143 | 112 | 7.85 | 1.30 | 821 | 6.25
7 130 | 846 | 650 | 224 | 152 | 680 | 151 | 998 | 6.58
8 123 | 827 | 671 | 239 | 171 | 720 | 151 | 103 | 6.85
9 131 | 851 | 650 240 | 198 | 824 | 150 | 991 | 661
10 129 | 840 | 651 | 248 | 213 | 860 | 148 | 977 | 6.60
mean 141 | 849 | 6.28 1.48 | 9.37 | 6.60
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