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APPLICATION OF THE DRIS APPROACH FOR CALIBRATING 
SOIL AND PLANT THEIR 

YIELD SUGARCANE 
EFFECTS 

By E. R. BEAUFILS and M. E. SUMNER 
Department of Soil Science'and Agrometeorology, University of Natal, Pietermaritzb,urg 

Abstract 
Beaufils' experimental approach and calibration technique 

with a formula (DRIS for Diagnosis and Recommendation 
Integrated System) is applied to sugarcane cultivation. Pro- 
visional norms for soil pH, P, K, Ca, Mg and plant N, P, K, 
Ca and Mg are presented in the form of indices. They all are 
derived from a single general formula. The steps followed for 
establishing these norms, by interpreting data supplied by 
growers in the South African sugar industry, are described. 
An application of these indices to an independent N P K 
lime factorial pot experiment is then analysed. In this experi- 
ment, diagnoses from both "DRIS" and "threshold value" 
techniques are compared, as also are the yield responses 
obtained by application of the treatments which would be 
recommended. Although still provisional, the DRIS indices 
presented in this paper show for each nutrient considered a 
marked superiority for both sensitivity of diagnosis and yield 
increases, when compared with the "threshold value" tech- 
nique. The complementary nature of information from both 
soil and plant for diagnostic purpose is illustrated, as well as 
the necessity for any diagnostic technique to take into account 
the "concept of balance" for both soil and plant. The results 
confirm that diagnoses of nutrient requirements can be 
determined by the DRIS method irrespective of cane age. 

Introduction 
The technique and steps followed in order to establish 

provisional diagnostic indices for sugarcane are as proposed 
by Beaufils in his DRIS M0nograph.l His general calibration 
formula for plant external and internal characters has been 
applied to the calibration of both the soil and the plant yield 
and quality factors of the crop. 

This technique, which is one of the possibilities offered by 
the DRIS approach1 2, is preferred at this stage because 
information about soil clay contents was not available from 
the cane growers' files, which were the source of basic data. 
The results presented in this paper represent a continuation of 
previous observations on the application of DRIS to 
~ugarcane.~ * 

Provisional soil calibration for pH, K, Ca and Mg 
, A line was drawn arbitrarily at 5t of cane/ha/month as a 
provisional limit between two yield populations: a good one 
grouping all the sites for which the yield was above this value, 
and a poor one for the sites yielding less. A comparison of 
some useful characteristics between these two populations can 
be made as indicated in Table 1. 

The DRIS general calibration formula for diagnosing plant 
and soil requirements is: 

C f -  - + f -  - .. .+  

X index = [ 1: 1, b , x I A ,  [;I2 C;(X/EI) 

(after Beaufils 1973)l 

TABLE 1 

Comparison of means and variances for soil parameters between a cane yielding population considered "good" and another one considered 
"poor". (All sites selected at random over the sugarcane growing areas in South Africa - information collected from growers' files). 

I 

I I I I I I 

Degree of significance for variance ratio: ** for P 2 .0,01 

Soil 
Parameters 

Population of "poor" canes 

Number of 
Observations 1 Value Mean 1 Variance 

Population of "good" canes 

Number of 
Observations I Value / Variance 

Variance 
ratio 

poor/good 
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This was applied to the data in Table 1 in order to derive (b) the sign in front of each function is positive whenever 
the necessary equations for calculating soil diagnostic indices the character considered is situated in the numerator 
for sugarcane. and negative when situated in the denominator. 

In this general calibration formula1: 
(c) A, B, C .  . . . Z and a, b, c. . . .z all represent dissimilar 

characters. 
1. A, B, C,. . . .Z and a, b, c,. , . .z represent any internal 

or external plant yield or quality factor in the form of Soil DRIS indices for P, K, Ca and Mg can then be calculated, 

an organic or inorganic component involved in para- using the parameters found for the population of "good" 

meters found to be suitable for diagnosis. cane as reference data for means and CV's. 

2. f - . . . . and f - . . . . are equal to: 1:1 1x1 Let us assume that the following values were found from 
the soil analysis of a site (in fact, the control plot 0000 in the 
pot experiment analysed later): 

P = 27 ppm K = 103 ppm Ca = 121 ppm 
100 [w - I ] and 100 [g - 1 ] Mg = 58 ppm and pH = 4,l 

(X/A) 
whenever the actual value found for a suitable parameter To calculate the function f(P/K): 

X/A (or a/X) is higher than the general mean value (a) from Table 1: 

X/A (or Tx) and f - . . . . and f - . . . . are equal to: 13 1x1. 
whenever the actual value found for a suitable parameter 
X/A (or a/X) is lower than the general mean value 
x/A (or a/X) ; . . 

. . . . are equal to zero whenever 

the actual value found for X/A (or a/X) is equal to the 
general mean value X/A (or a/~). 

3. CV(AIX) ............ and CV(a/x) ............ represent the respective co- 
efficients of variation found for X/A (or a/X) characteris- 
ing any population taken as a reference, i.e. either the 
population of normally developing plants, or the 
population of good yielders, or the population of good 
yielders developing normally, or any other population 
taken as a reference to suit any diagnostic purpose. 

4. "k" is a sensitivity coefficient, the value of which is 
arbitrarily chosen (1, 10, 20, etc.) to suit the purpose. 

Note that in this general calibration formula1: 
(a) the number of functions that constitute the formula is 

equal to the number of characters considered minus one 
as each character is simultaneously expressed in terms 
of all the others. The value (n + m) is therefore always 
equal to the number of functions. 

general mean value = 0,206 

(b) from analysis of the site 
P/K = 0,262 

(c) from convention, k = 10 

Since the value found: (0,262) is higher than general mean 
value (0,206), f(P/K) is given as: 

[ 14rol] will remain constant for because the term 100 x - 

this particular function, it can be calculated once as 7,14: 
and for this particular case f(P/K) becomes: 

If in another, example, P = 25, K = 147, P/K = 0,170 
<0,206, then the function f(P/K) becomes: 

Taking by convention k = 10 and calculating all the CV's 
for the "good" population from Table 1, the values of soil 
P, K, Ca and Mg can be obtained as follows: 

Soil P index = C[f(P/K) x 7,14 + f(P/Mg) x $49 + f(P/pH) x 4,241 - [f(Ca/P) x 9,091 

Soil K index = [f(K/pH) x 16,031 - Z[(f(P/K) x 7,14 + f(Ca/K) x 6,98 + f(Mg/K) x 11,371 

Soil Ca index = Z[f(Ca/P) x 9,09 + f(Ca/K) x 6,98 + f(Ca/Mg) x 5,40 + f(Ca/pH) X 10,431 

Soil Mg index = Z[f(Mg/K) x 11,37 + f(Mg/pH) x 13,631 - Z[f(P/Mg) x 5,49 + f(Ca/Mg) x 5,401 
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From the example previously given for the soil analytical 
data from plot 0000 (P = 27, K = 103, Ca = 121, Mg = 58 
and pH = 4,l) the values obtained for the indices become: 

P index = 22 K index = 14 
Ca index = -38 Mg index = -19 

giving for this soil the following order of nutrient requirement: 
C a - 3 8 > M g - l 9 > K + 1 4 > P + 2 2  

for which the obvious treatment, in a qualitative form, would 
be (considering soil only), application of dolomitic lime 
(Ca + Mg), and this is in agreement with the low value of 
the pH. 

As previously mentioned by Beaufilsl * 6:  

1. The DRIS index values thus obtained for soil require- 
ment calibration reflect the resulting interactions (balance) 
between all the soil characters considered (here, pH, P, 
K, Ca and Mg). 

2. These index values are related to cane yields because of 
the degree of significance of the variance ratio for soil 
parameters included in the formula. Significance for 
these variance ratios between two populations of "high" 
and "low" yield, indicates that a relationship between 
yield and soil or plant composition is possible and that 
this relationship with yield can be expressed and exploited 
to suit diagnostic purposes. 

3. The fact that some parameters involved in the equation 
show no significance for their variance ratio only 
diminishes the degree of sensitivity of the corresponding 
index for diagnostic purposes. The more parameters 
involved in this equation for which variance ratio is 
significant, the more sensitive the index obtained will 
be. Incorporation in the calibration formula of such 

parameters for which the variance ratio is not significant 
will only have a neutral effect on the significance of the 
index obtained; this incorporation is nevertheless re- 
quired in order to get a better assessment of the balance 
in the soil (or the plant). 

4. It is because, 
(a) some parameters involved in the calibration formula 

show no degree of significance; 
(b) some general means between populations of "good" 

and "poor" cane are not always identical 
that the DRIS norms proposed here for sugarcane are 
given as provisional. 

5. For standardizing the calibration of the plant external 
and internal yield and quality factors f(CV) is used; 
this makes possible a comparison based on yield or 
quality between variables for which natural fluctuations 
as well as analytical precisions can differ sometimes 
very considerably. It should not be confused with the 
usual meaning and interpretation given to the value of 
a CV, as representing the amplitudes of the variations 
within a given 10,calised experiment, for instance. 

Provisional plant calibration for N, P, K, Ca and Mg 
Calibration of plant yield and quality factors will follow 

the same steps as previously done for soil calibration; a 
qualitative reading from DRIS charts for N P K Ca and Mg 
will be given. 

Application of Beaufils' general calibration formula1 to the 
figures in Table 2 on the same principle as previously used for 
soil calibration will supply the equations for calculating the 
plant indices for N P K Ca and Mg as follows (k = 10 and 
CV's from Table 2 population of "good" cane). 

plant N index = Z[f(N/K) x 47,69 + f(N/Ca) x 35,75 + f(N/Mg) x 37,051 - [f(P/N) x 62,581 
4 

plant P index = Z[f(P/N) x 62,58 + f(P/K) x 41,61 + f(P/Mg) x 34,981 - [f(Ca/P) x 35,351 
4 

plant K index = - X[f(N/K) x 47,69 + f(P/K) x 41,61 + f(Ca/K) x 28,85 + f(Mg/K) x 27,661 
4 

plant Ca index = Z[f(Ca/P) x 35,35 + f(Ca/K) x 28,85 + f(Ca/Mg) x 31,791 - [f(N/Ca) x 35,751 
4 

plant Mg index = [f(Mg/K) x 27,661 - X[f(N/Mg) 37,05 + f(P/Mg) x 34,98 + f(Ca/Mg) x 31,791 
4 

TABLE 2 
Comparison of means and variances for plant parameters between a cane yielding population considered "good" (above St/cane/ha/month) 
and another one considered "poor" (below or equal to St/cane/ha/month). 
(All sites selected at random over the sugarcane growing area in South Africa - information collected from growers' files). 

Degree of significance for .variance ratio: f *  for P 2 0,01 
* for P 2 0,05 

TVD leaf 
parameters 

N/K 
N/Ca 
N/Mg 
PIN 
P/K 
P/Mg 
Ca/P 
Ca/K 
Mg/K 

Variance 
ratios 

poor/good 

1,308** 
1,029 
1,188* 
1,573** 
1,566** 
1,601** 
1,107 
I ,902** 
1,090 
1,4418* 

Population of "good" cane Population of "poor" cane 

Number of 
observations 

783 
725 
723 
783 
783 
723 
725 
725 
723 
723 

Variance 

0,1004268 
41775009 
5,395466 
0!000380 
0!001933 
0:088242 
0,105136 
O(0050489 
0,004521 
0,132751 

Number of 
observations 

510 
486 
484 
51 1 
510 
484 
486 
485 
483 
484 

Mean 
value 

1,587 
7,521 
9,023 
0,128 
0,201 
1,144 
1,153 
0,23 1 
0,188 
1,283 

Mean 
value 

1,511 
7,813 
8,607 
0,122 
0,183 
1,039 
1,146 
0,205 
0,186 
1,158 

Variance 

0,1313774 
4,913621 
6,414725 
0,000598 
0,003028 
0,141316 
0,116403 
0,009608 
0,004928 
0,191406 
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In the case of the 3 x 3 x 3 x 3 N P K L factorial pot ex- 
periment previously mentioned, corresponding leaf analyses 
for the 0000 plot were found to be: 

N%dm = 1,30 P%dm = 0,29 K%dm = 0,56 
Ca %dm = 0,42 and Mg %dm = 0,06 

Application of the equations established above in order to 
calculate the plant indices for N P K Ca and Mg in sugarcane 
leaves for this control plot gave the following indces: 

N = -  6 P = + 6 2  K = - 4 0  
Ca = + 75 Mg = - 91 

and the following order for plant cane requirements: 
M g - 9 1 > K - 4 0 > N - 6 > P + 6 2 > C a + 7 5  

Mg is apparently the nutrient most required but Ca is now 
found to be excessive in the plant, while it was the most in- 
su8cient in the soil (see previous section). This apparently 
contradictory situation pointed out by Beaufils on several 
occasions1 " will be analysed in more detail in the next 
section. 

Direct reading of N P K Ca Mg indices for sugar leaves 
on linked DRIS charts 

The direct reading of nutrient requirements by a plant in 
terms of comparable functions of yield as a reflection of the 
interactions within the plant was first established by Beaufils 
in 1956 for rubber trees in Vietnam., a This reading was 
achieved by means of a trilinear co-ordinate chart identical to 
the ones reproduced in Figs. 1, 2 and 3. Readings and linkage 
between charts by means of arrows have been explained in 
detail in previous papers,l and more recently in the particular 
case of N P K requirements for s~garcane.~ 

Using again the leaf analysis figures from plot 0000 of the 
pot experiment (i.e.: N%dm = 1,30, P%dm = 0,29, 
K %dm = 0,56, Ca %dm = 0,42 and Mg %dm = 0,06) : 

(i) reading from PNK chart gives: 
NJ- P+ K.1 J- 

(ii) reading from P Ca Mg chart gives: 
PL Ca-t MgJ- J- 

(iii) reading from K Ca Mg chart gives: 
KJ- Ca+ Mg-1 .1 

Linkage between the three charts gives the qualitative order of 
plant requirement for these nutrients as:- 

M g > K > N > P > C a ,  
the same order as previously calculated from the equations. 

Notes 
Points 1, 2, 3, 4 and 5 emphasised in the notes for soil 

calibration, apply equally to plant calibration. 

10,242 

Moreover a sixth point must be outlined, namely that plant 
norms involving Ca and Mg are given under reservation, as 
they correspond to the routine leaf analysis performed on 
TVD leaves, for cane aged 4 to 9 months, sampled between 
November and March. These norms would eventually be 
conjrmed under no age or season restriction only for TVD leaf 
but not irrespective of sample position. Indeed, Ca and Mg 
accumulations in TVD leaf will always be much less accentuated 
than any accumulation for these same nutrients within a leaf 
situated at a lower level on the plant, which would auto- 
matically be the case for leaf sampled irrespective of position 
on the plant. Norms can also be established for Ca and Mg 
(and other nutrients) irrespective of position of sample but 
usually Ca and Mg are involved in products with N, P and K, 
as their variations are roughly opposite (Beaufilsl 

P 1 

Application of the proposed norms for soil and plant to 
independent data supplied by a 34 N P K lime factorial 

trial conducted in pots 
Using variety NCo 376, a 3, factorial was planted in 25 kg 

of soil in pots on the 26/11/1974. 

0.1 38 

K 1 

The levels were 0,150 and 300 kg N per ha 0,400 and 
800 kg P per ha 0,300 and 600 kg K per ha and 0, 3 000 and 
10 000 kg dolomitic lime (3 kg Ca (OH), for 1 kg MgO) per 
ha. An overall application of trace elements, viz: 15 kg/ha 
Cu SO, 7H20 + 25 kg/ha Zn SO, 5 H,O + 20 kg/ha 
Borax + 0,5 kg/ha NH, molybate, was also applied with 
every treatment combination. 

FIGURE I Provisional DRlS Chart for 
P N K (sugarcane) 

In Table 3, analytical results are given for both soil and TVD 
leaf samples corresponding to treatment combinations selected 
in order to illustrate some steps in a logical sequence relating 
diagnosis, recommendation and yield response. Corresponding 
indices calculated on the bases described in the two previous 
sections are given in Table 4. 

Diagnosis from the control plot 0000 shows that the soil 
requires Ca most and then Mg, while the plant requires Mg 
most, whereas Ca is present in excess. The correct remedy 
would be application of Mg without Ca to suit plant demand. 
As this treatment does not exist, dolomitic lime is considered 
as in Treatment 0001. The soil requirement for Ca and Mg , 
is supplied as well as the plant requirement for Mg. But this 
treatment has created a severe imbalance in the plant, where Ca 

FIGURE 2 Provisional DRlS Chart for P Ca 
Mg (sugarcane) 

FIGURE 3 Provisional DRlS Chart for K Ca 
Mg (sugarcane). 
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TABLE 3 
Analytical results for soil and TVD leaf for some treatment combinations of a 34 pot factorial planted 26/11/74, sampled 20/10/75. 
Variety: NCo 376 - Soil Series: Farningham. 

Soil and plant analysis on eleven months old cane 

TABLE 4 
DRIS indices corresponding to Table 3 

Treatments 
N P K L  

0 0 0 0  
0 0 0 0 
0 0 1 1  
0 0 2  1 
0 0 2 2 
1 0  2 2 
1 1 2 2  
2 0 2 2  
2 1 2 2  

Most required nutrient underlined twice; second most required nutrient underlined once. 

Treatments 
N P K L  

0 0 0 0  

0 0 0 1 

0 0 1 1 

0 0 2 1  

0 0 2 2  

1 0 2 2 

1 1 2 2  

2 0 2 2 

2 1 2 2 

excess has worsened, there is an unsatisfied requirement for 
K (the second most required nutrient in the plant), and yield 
has decreased. Diagnosis from plot 0001 shows that the soil 
is now nearly balanced while the plant is very imbalanced; 
K is the most required nutrient followed by N. Application of 
K in treatment 001 1 substantially but not completely satisfies 
the intense plant demand for K. Yield has almost trebled. 
Note that application of K in this particular case has promoted 
the taking up of more N by plant. 

TVD leaf analysis: d.m % 

Diagnosis from plot 0011 shows a similar situation as 
previously, i.e. the soil is close to balance, whilst the plant 
requires K, followed by N, but less severely than in plot 
0001. A further application of K in plot 0021 completely 
satisfies K requirement (as well as N). Soil K is now slightly 

' in excess and yield has increased slightly by 17%. Diagnosis 
from plot 0021 shows a relatively balanced soil but a severe 
demand for Mg in the plant, provoked by previous treatments. 
Mg is again supplied to the soil in the form of dolomitic lime. 
This application, which satisfies almost completely the plant's 
strong requirement for Mg, more than doubles yield, which 
increases to 1 040 grams. Diagnosis from plot 0022 shows that 
P is required to a small extent by the soil, while the plant shows 
a smaller demand for N and K. Application of N in plot 
1022 reduces N requirement but increases the unsatisfied 

N 

1,30 
0,90 
1,15 
1,20 
0,90 
1,15 
1,60 
1,30 
1,20 

Diagnosis of plot 1022 indicates conflicting requirements 
between soil and plant; K and N are the nutrients most 
required by the plant, whereas P is in excess, while the soil 
only requires P. In treatment 1122 soil requirements are met 
with the application of P. In treatment 2022 plant require- 
ments are met with the application of N (K being already a 
maximum level 2). In treatment 1122 soil P requirement 
disappears and yield increases by 25%. In treatment 2022, 
application of. N reduces N demand, while promoting the 
uptake of more K by the plant. Yield increases by 51 %. 
Diagnosis on plot 2022 shows a situation similar to 1022, with 
a less severe demand for K and N;  Mg has now become the 
nutrient most required. Unfortunately, none of these nutrients 
(N, K and Mg) were applied in greater quantity, as there were 
no further levels in the experiment. 

Application of P, which is not required by the plant in plot 
2122, although there was an apparent soil requirement, makes 
the unsatisfied plant demand for K and N worse. Yield 
decreases, confirming the diagnosis on plot 2022. The ideal 
treatment at  this stage would have been application of P to 
satisfy the soil requirement, complemented by N, K and Mg 
to satisfy the plant demand. This treatment was not made in 
the present trial, but the information will be used in further 
research with the same soil. 

Yield 
(grams) 

- 
304 
153 
424 
498 

1 040 
920 

1 150 
1 390 
1016 

Soil analysis 

TVD leaf analysis 

demand for K. Soil demand for P increases slightly and yield I t  should be noted that the, above observations were made 
decreases slightly. possible using the DRIS indices when the cane was eleven 

P 

0,29 
0,37 
0,29 
0,13 
0,27 
0,29 
0,24 
0,23 
0,28 

P 
PPm 

27 
16 
34 
28 
30 
27 

110 
18 

132 

Yield 
(grams) 

304 

153 

424 

498 

1 040 

920 

1 150 

1 390 

1016 

Soil analysis 

N 

-6 

-62 - 
-31 - 

32 

-50 - - 
-28 - 
-1 

-11 

-27 - 

K 

. 0,56 
0,21 
0,51 
0,87 
0,68 
0,43 
0,73 
0,69 
0,66 

K 
PPm 

103 
103 
238 
450 
395 
460 
403 
440 
463 

K 

- 40 - 

- -236 - 
-56 - - 

3 3 

-25 - 
- 74 - - 
-23 = 

-21 - 
- 32 - - 

p 

62 

128 

41 

20 

38 

47 

22 

31 

PH 

4,lO 

4,80 

4,60 

4,65 

6,20 

6,OO 

6,30 

6,lO 

6,20 

p 

22 

-7 - - 
1 

- 5 - 

- 9 - - 

- -12 
- 

1 I 

- 25 

Ca 

0,42 
0,57 
0,43 
0,20 
0,38 
0,44 
0,33 
0,35 
0,37 

Ca 

75 

135 

5 1 

44 

43 

59 

24 

37 

33 

Mg 

0,06 
0,24 
0,18 
0,03 
0,16 
0,17 
0,14 
0,11 
0,18 

-- 
pH 

-- 
4,lO 
4,80 
4,60 
4,65 
6,20 
6,OO 
6,30 
6,lO 
6,20 

Ca 
PPm 

121 
780 
740 
785 

1 605 
1 670 
1 730 
1 600 
1815 

~ i 3  

-91 - - 
35 

- 4 

-130 - - 
- 7 

- 5 

-17 - 
-27 - - 
-5 

K 

l 4  

-4 - 

6 

20 

8 

12 

4 

13 

Mg 
PPm 

58 
380 
365 
393 
805 
760 
850 

1025 
1 100 

-5  - - 
10 

c a  I ~g 

- 38 

0 

- 5 - - 
- 6 - - 

1 

1 

-3 - - 
1 

-19 - 
10 

3 

1 

11 

10 

6 

23 
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TABLE 5 
Compared assessment of both DRIS and threshold value techniques for soil calibration only 

months old, which would not have been possible using standard 
threshold values. This is a distinct advantage of the DRIS 
system. 

Overall estimate of the value of the DRIS diagnosis 

An estimate of the relative value of the DRIS diagnosis for 
soil can be obtained from a comparison of the yield responses 
to diagnosis made by the DRIS and threshold value approaches 
(Table 5). 

Nutrients applied 

Ca and/or Mg 

K 

P 

Total 

Figures in Table 5 have been obtained by using each 
treatment combination of the 34 pot factorial to represent a 
field situation. A diagnosis has been carried out using the 
DRIS system as well as the threshold values, for a soil type on 
which sugarcane is grown at present in Natal. Threshold 
values are: 

P : 31 ppm; K : 112 ppm; Ca : 150 pprn and Mg : 25 pprn 
(Mg taken as 75 pprn whenever Ca is less than 150 ppm). 

Yield responses from threshhold value diagnosis 

Having made a diagnosis, the yield of the particular plot 
under diagnosis is subtracted from the yield of the appropriate 
plot in which a required element was applied to the soil. 

Number of 
positive 

responses 

8 

11 

6 

25 

Yield responses from DFUS diagnosis 

This is done in order to obtain an estimate of the magnitude 
of the yield response which might have been obtained under 
field conditions. This procedure is carried out for both diag- 
nostic procedures in order to make a comparison. Both the 
sensitivity of diagnosis and the amplitude of cane yield 
responses are markedly in favour of the DRIS calibration 
system as a soil diagnostic tool. 

Number of 
positive 

responses 

34 

20 

4 

58 

The same process has been repeated using plant calibration 
alone as a diagnostic tool. The results are presented in Table 6. 
They indicate that although the age of plant is not the same 
as that from which the norms were obtained, an even more 
precise and profitable diagnosis is possible from plant than 
from soil analyses. A comparison with the threshold value tech- 
nique is not possible because the threshold values are not 
applicable to 11 month old cane. A positive yield response to 
treatments recommended from DRIS diagnosis is observed 
for 73 out of 78 cases, i.e. 933% of the cases diagnosed for 
which a recommendation could be formulated. A higher 
yield increase is also observed from diagnosis based on plant 
data than on soil data. A detailed study shows that in every 
case where a negative response was observed from a diagnosis 
based on soil only, the recommendation would not have been 
formulated had the plant calibration also been taken into 
account. For example, there is not one case out of the 81 
treatment combinations where Ca and/or P is the nutrient most 
required by the plant. (Table 6).  

Total number of 
cases the nutrient 
was recommended 

10 

11 

20 

41 

Diagnostic technique and concept of  balance 

A detailed study of this 34 pot factorial has drawn attention 
to the fact that in a large number of cases a positive response 

Cumulated 
yield 

increases 

+968 

$3 055 

- 667 

$3 356 

Total number of 
cases the nutrient 
was recommended 

40 

20 

10 

70 

TABLE 6 

Assessment of the DRIS calibration technique on plant alone 

Cumulated yield 
increases 
(grams) 

+5 277 

$5 988 

-456 

+ 10 809 

* Had standard threshold values for cane leaf been used, then every plot 
would have required N which is shown to be erroneous. 

Nutrients 
applied 

N* 

P 

K 

Ca 

Mg 

Total 

could be obtained by application of a given nutrient, although 
its level in the soil was well above the threshold value (some- 
times more than 10 times). As an illustration a few of these 
cases are presented in Table 7 together with the diagnosis 
obtained from the DRIS approach. Had such cases been 
exceptions they would not have been mentioned here, but in 
fact they represent 58% of the observations in the case of K 
diagnoses, 79 % in the case of Ca diagnoses, and 83 % in the 
case of Mg diagnoses. This observation, which has previously 
been mentioned for cane leaf analysis by Sumner et 
emphasises the necessity for any diagnostic technique to take 
into account the concept of nutrient balance. 

Conclusions 

Yield responses from DRIS diagnosis 

Diagnosis based on the provisional standards proposed 
here for N P K in sugarcane leaves are essentially the same as 
those that would be obtained using the DRIS standards 
developed by the SASA Experiment Station7, Meyer8 or 
Sumner et al! The reason for this is that being based on means 
from a large number of observations, they are unlikely to 
change appreciably when a different or larger population is 
studied. These standards have now been extended to Ca and 
Mg in the plant as well as P, K, Ca and Mg in soil. They 
already appear to be of general validity, being successfully 
applied to eleven months old cane, although a reservation is 
made in the case of Ca and Mg in the leaves. The comple- 
mentary nature of information that one can gather from both 
soil and plant for diagnostic purposes is emphasised as well 
as the necessity for any diagnostic technique to take into 
account the concept of balance within both plant and soil. 

Cumulated 
yield 

increases 
(grams) 

+1 387 

- 

+9 786 

- 

+6 608 

4-17 781 

Number of 
positive 

responses 

6 

0 

36 

0 

31 

73 

Total number of 
cases the nutrient 
application was 
recommended 

8 

0 

38 

0 

32 

78 
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TABLE 7 
Comparison of diagnosis and yield responses between the two diagnostic techniques for some cases where the soil figure is well above the 

threshold value 

Threshold values are given as follc 

* Indicates pertinent values above the threshold values. 

- 
Treatment 

combination 

Further research work is under way to confirm these observa- 
tions and to expand the application of the DRIS calibration 
technique on sugarcane to climatic, field practice and treatment 
yield factors? as well as for the other essential major and trace 
elements. 
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(original) 
N P K L  

0 1 1 2  

2 -  2 0 2 

0 0 2 1  

1 2  1 1  

0 1 2 1 

0 2 2 1 

Soil Analysis 
@pm) 

DRIS indices 
derived 
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the staff of the analytical laboratory at the Soil Science 
Department, University of Natal, for their assistance in supply- 
ing the analytical data from the 3* pot factorial. 

Yield - 

Special thanks are also due to Mr W. G. Hobbs of Hewlett 
Packard (Durban) for his help in the programming of the 
DRIS indices using a pocket calculator. 

- 

IWS: P31ppm - K 1 1 2 p p m  
Ca 150 ppm - Mg 25 ppm 

Treatment 
incorporating 

P 

93 

220 

28 

322 

170 

400 

- - - 
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(original) 

585 

173 

498 

536 

484 

572 

Yield - -- thenutrient 
recommended 
N P K L  

0 1 2 2  

2 2 1 2  

0 0 2 2  

1 2 1 2  

0 1 2 2  

0 2 2 2  

Ca 

-3 

-7 

-6 - 
-22 - 
-15 - 
-28 - 

K 

238* 

265* 

450 

257 

390 

488 

after 
treatment 

804 

737 

1 040 

640 

804 

865 

Mg 

14 

10 

1 

-1 - 

-3 - 
-7 

Ca 

1 625 

1 920 

785* 

1210* 

1020* 

1280* 

Yield 
differences 

+219 

+ 564 

+ 542 

+lo4 

+ 320 

+293 

K 

-4 - 

-7 - 
20 

-5 

10 

10 

M g I P  

1050 

1 050 

393* 

463* 

393* 

428* 

-------- 
9 

31 

-5 

70 

35 

82 


