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ABSTRACT

Sugar s obtained from root of sugar beet (Beta vulgaris L.) in addition to other sources. Three important economic
parameters are often considered and these are root yield, sugar concentration in root juice and total sugar yield.
All the three are affected by cropping period and use of fertilisers. Existing literature suggests the use of nitrogen
and potash as fertilisers. An experiment over a period of three years with different combinations of N and K
fertilisers for different cropping periods was camed out with multiple replicates. The highest root yield was
obtained at a combination of N= 150 kg ha !, K = 155 kg ha ' and cropping period at160 days. The maximum
sugar concentration was obtained at N= 120 kg ha !, K=155kgha' and cropping period at 130 days. The highest
sugar yield was from N = 150 kg ha !, K = 155 kg ha -' and cropping period at 160 days. All factors and their
interactions were statistically signiﬁcant for all parameters assessed.
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RESUME

Le sucre est extrait des racines de la betterave (Beta vulgaris L.) en plus d’autres sources. Trois paramétres
économiques importants sont souvent considérés notamment le rendement en racines, la concentration en sucre
et le rendement en sucre. Tous les trois sont affectés par la période culturale et I utilisation des engrais. La
" littérature existante suggere Iutilisation de 1’azote et du potassium comme engrais. Une expérience de trois ans
avec différentes combinaisons d’engrais en N et K pour différentes périodes culturales était conduite avec
plusieurs répétitions. Le rendement le plus élevé était obtenu avec la combinaison N=150 kg/ha, K=155 kg/ha et
une période de culture de 160 jours. La concentration maximale était obtenue pour N=120 kg/ha, K =155 kg/ha
et une période de culture de 130 jours. Le rendement en sucre le plus €levé correspondait au traitement N=150
kg/ha, K=155 kg/ha et une période culturale de 160 jours. Tous les facteurs et leurs interactions étaient
statistiquement significatifs pour les trois paramétres considérés.

Mots Clés: Beta vulgaris L., rendement en racines, rendement, régression

INTRODUCTION root juice and total sugar yield. Sugar beet root

Juice contains on an average 16 to 25% of sugar

Sugar is obtained from canes (Sacharis sp.) and  concentration (Singh etal., 1985). Many scientists
roots of sugar beet (Beta vulgaris L.). In the case  have carried out experiments on how to incgease
of sugar beet, the three important economic these yields (Lee and Comerford, 1970; Milford
parameters are root yield, sugar concentrationin and Watson, 1971). Important factors which




260

emerge from these experiments are (1) nitrogen
(N) fertiliser, (2) potassium (K) or sodium (Na)
fertiliser, (3) plant population density, and (4)
cropping period, Jackson and Ulrich (1971),
Christenson and Butt (2000), Herlihy (1992) and
Clinton. et al. (2000) demonstrated that (a)
inadequate N limits plant growth, (b) root yield
increases with N rate and, (c) excess N may
reduce both sugar concentration and recoverable
sucrose. Wooley and Bennett (1962), Holmes and
Adams (1966), and Hull and Webb (1970)
demonstrated better yield from longer growing
season. Divies et al. (1972) concluded that Na
fertiliser increases sugar beet yield more than K
fertiliser and atless cost. Many farmers in European
countries assume Na damages soil structure,
increases soil moisture and makes it difficult to
cultivate. Draycott et al. (1976) showed Na
increases soil moisture but does not damage soil
structure. Burcky and Winner (1986), and Yonts
and Smith (1997) found that increasing plant
population resulted in higher root yield and/or
higher sucrose content. Boyd etal. (1970) showed
that 125 kg ha' of N was enough for sugar beet
grown on nearly all mineral soils. They did not
consider if the amount needed was related to the
length of the growing period. Draycott (1971),
found more root yield with higher nitrogen. They
also found decrease in sugar concentration at later
growth stages. Durrant et al. (1974), Draycottand
Durrant (1976) and Barik (2001) checked this
lower sugar yield with potassium fertiliser. Herlihy
(1989) observed a positive influence of K on
photosynthesis, assimilate translocation and sink
capacity of storage root, leading to increase in
sugar content and yield.

This study aimed at investigating the effect of
fertiliser N and K at different cropping periods on
root yield, sugar concentration and total sugar
yield.

MATERIALS AND METHODS

A field experiment was conducted in Agricultural
Experimental Fields of Plant Chemistry Unit,
Indian Statistical Institute, Calcutta, India during
1996-1999. The land was prepared and divided
into plots of 4 m x 3 m each. Soil before sowing
was medium to low in organic carbon (<0.5-
0.75%), medium to low in available potassium
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(<100-280 kg ha'') and high in available
phosphorus (>25 kg ha™), with slightly acidic
reaction (5.5-6.0 pH). The methods described by
Jackson (1972) were used.

A 6 x 3 factorial experiment involving six
nitrogen and three potassium doses were applied
in a randomised complete block design (RCBD)
with three replicates each year. Nitrogen, in form
of urea (CO(NH,),), was applied at 0, 30, 60, 90,
120 and 150 kg ha! . Potassium, in form of
muriate of potash (K,0), was applied at 75, 115
and 155 kg ha™! . Phosphorus, in form of single
super phosphate (P,0,), was fixed at 60 kg ha™'.
The treatment combinations are denoted as N K.,
NOKIIS, N30K75. NISOKISS etc.

At the time of land preparation, one half of the
N along with all K and P were applied. The
remaining N was applied at 35 days after sowing
when first irrigation and thinning operation were
done. The dates of sowing are November 22™
1996, November 15 1997 and December 5%
1998. Standard methods were applied for pest
management, irrigation, thinning. Plant population
was keptat 100,000 plants per hectare, as suggested
by Robinson and Worker (1969).

Data were collected on 70, 100, 130 and 160
days after sowing. For root yield, 10 plants were
uprooted from each plot randomly. Then roots
were separated, weighed and converted into tonnes
per hectare. The samples were analysed for sucrose
by the method outlined by the A.O.A.C. (1955).
Sugar yield was calculated from root yield and |
sucrose concentration.

Statistical analyses were done using BMDP 7.1
(2001) software and is carried out on SUN
SPARKSTATION 10 at Computer and Statistical
Service Centre (CSSC) of Indian Statistical
Institute. Treatment means were separated using
Modules 4V, 5R and 1R were used for ANOVA
and Regression analysis.

RESULTS AND DISCUSSION

Tables (1a) through (1d) provide data of the three
parameters atdifferent combinations of the factors.
Additional means of parameters, pooled (P) over
the years,are also presented.

The highestrootyield of 55.1tha was obtained
at N = 150 kg ha™!, at 160 days of the crop. In the
1996-97 experiment, the highest root yield of
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TABLE 1. Rootyield (tha™"), sugar concentration (%) and sugar yield (t ha~') and for different cropping periods under

N and K interactions

N Year K75 K115 K155 Marginal
root (%) Sugar root (%) Sugar root (%) Sugar root (%) Sugar
a) Cropping period of 70 days
NO 1996 518 650 033 652 667 044 578 725 042 583 681 040
97 430 650 028 544 733 035 528 733 039 5.01 7.05 0.34
98 470 7.00 033 503 750 038 473 6.50 031 482 7.00 0.34
P 473 6.67 031 566 717 039 526 7.03 037 522 6.95 0.36
N30 96 990 837 083 1019 925 094 9.73 942 092 994 9.01 0.90
97 9.00 842 076 905 933 085 9.31 942 087 912 9.06 0.83
98 809 917 074 877 9.00 079 934 1033 096 8.73 9.50 0.83
P 9.00 865 078 934 919 086 946 972 092 9.26 919 0.85
N60 96 1112 10.33 115 10.86 1137 123 1058 10.37 1.10 10.85 10.69 1.16
97 1195 1042 124 1225 1142 140 11.83 1042 123 1201 1075 1.20
98 1071 1050 1.13 1070 11.00 117 1127 1200 1.35 10.89 1117 122
P 11.26 1042 117 1127 1126 127 1123 1093 123 1125 10.87 122
N90O 96 1182 10.33 122 13.04 11.32 148 1348 1237 167 1278 11.34 1.46
97 1354 11.08 150 13.05 1192 155 1377 1242 171 1345 11.81 1.59
98 12,01 11.17 134 1247 1200 149 1249 1367 1.70 1232 1228 1.51
P 1246 10.86 135 1285 11.75 151 1325 1282 169 1285 11.81 1.52
N120 96 1465 13.37 196 16.19 1330 215 1576 14.33 226 1553 13.67 2.12
97 1484 1342 199 16.19 1350 219 1554 1412 220 1552 13.68 2.13
98 1273 14.67 187 1484 1517 226 1523 19.83 256 1427 1656 223
P 14.07 13.82 194 1574 1399 220 1551 16.09 234 1511 1463 2.16
N150 96 1794 1642 295 1765 1567 276 17.74 17.08 3.03 17.78 16.39 291
97 18.35 1642 3.01 1874 16.08 3.01 1954 17.08 334 18.88 1653 3.12
98 17.08 17.00 290 16.89 1650 2.79 18.01 17.83 321 17.33 17.11 297
P 17.79 16.61 295 1776 1608 285 1843 17.33 3.19 1799 16.68 3.00
b) Cropping period of 100 days
NO 1996 8.51 830 071 873 842 074 941 833 0.78 8.88 8.35 0.74
97 635 833 053 677 850 .058 731 8.42 062 6.81 842 0.58
98 763 733 056 733 767 056 7.76 733 057 757 7.44 0.56
P 750 799 060 761 820 0.63 8.16 8.03 066 7.76 8.07 0.63
N30 96 1409 983 139 1858 972 1.81 18.68 104 195 17142 999 172
97 12143 933 113 1458 933 136 1469 104 1.53 13.80 969 1.34
98 15.03 9.67 145 16,51 10.17 1.68 1715 11.00 188 16.23 1028 167
P 13.75 9.61 132 1656 974 162 16.84 10.61 1.79 15.72 999 158
N60 96 2170 11.37 247 2158 1130 244 2252 1218 274 2193 1162 255
97 20.36 1150 234 2142 1167 250 2410 12.08 291 2196 11.75 258
98 20.99 1150 241 2115 1200 253 20.93 13.67 286 21.02 1239 2.60
P 21.02 11.46 241 2138 1166 249 2252 1264 284 2164 1192 258
NS0 96 2548 1230 3.13 28.78 14.17 4.08 26.86 14.08 378 27.04 1352 366
97 2519 1250 3.15 26.34 1425 3.76 2663 1425 379 26.05 1367 357
98 26.37 13.00 342 2792 13.00 3.63 28.05 1500 4.21 2745 1367 3.75
P 25,68 12.60 3.23 2768 13.81 382 27.18 1444 393 26.85 1362 3.66
Ni20 96 29.76 15.17 451 3145 16.17 508 3217 1642 528 3113 1592 4.96
97 2732 1525 417 2938 16.08 472 2956 1642 4.85 28.75 1592 . 458
98 30.52 16.00 4.88 29.59 16.17 478 30.37 1783 541 30.16 16.67 5.02
P 29.20 1547 452 30.14 16.14 486 30.70 16.89 518 30.01 16.17 4.85
N150 96 30.65 18.25 560 3239 1842 597 33.39 19.33 645 3214 1867 6.01
97 30.41 18.33 558 2969 18.33 544 30.97 1925 596 30.36 1864 586
98 33.85 1783 6.03 3459 19.00 657 3351 19.33 648 33.98 18.72 6.36
P 31.64 18.14 574 3222 1858 599 3262 1930 6.30 32.16 1867 6.01
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¢) Cropping period of 130 days

N  Year K75 K115 K155 Marginal

root (%) Sugar root (%) Sugar root (%) Sugar root (%) Sugar

NO 1996 11.64 9.38 1.09 1096 1042 114 1256 1022 128 1172 1001 117
97 958 942 090 1033 10.33 1.07 949 1042 099 980 10.06 0.99
98 10.21 10.00 1.02 10.52 10.00 1.05 10.99 10.67 1.17 1057 1022 1.08
P 10.48 9.60 1.00 1060 1025 1.09 11.01 1044 1.15 10.70 10.10 1.08
N30 96 16.34 11.30 1.85 2219 11.42 253 2148 1205 259 20.00 1159 232
97 17.45 11.42 199 18.36 11.33 208 1866 1200 224 18.16 1158 210
98 17.40 12147 2.2 1860 13.00 242 1941 1417 275 1847 1311 243
P 17.06 11.63 1.99 1972 1192 234 19.85 1274 253 18.88 1210 229
N6O 96 ©25.36 13.25 3.36 2590 1325 3.43 2491 14.08 351 2539 1353 343
97 2548 1325 3.38 2514 1325 333 2722 1425 3.88 2595 1358 3.53
98 24.98 1500 374 2537 16.33 4.14 2849 1633 4.66 2628 1589 4.18
P 2527 13.83 349 2547 1428 363 26.87 1489 402 2587 1433 3.71
N90 96 32.81 15.00 4.92 3446 16.18 558 3402 1625 553 3376 1581 534
97 31.83 15.08 4.80 3167 16.17 512 3259 1625 529 32.03 1583 507
98 29.97 19.00 6.09 3150 19.67 6.19 3530 2000 7.06 3226 1956 6.45
P 3154 1636 527 3254 17.34 563 3397 1750 596 3268 17.07 562
N120 96 36.69 17.08 627 41.29 1817 750 4275 1830 7.82 4024 1785 7.20
97 40.48 17.25 699 39.76 18.33 7.29 4115 18.08 7.44 4046 1789 7.24
98 41.47 19.67 8.5 40.75 20.33 829 4154 2100 873 4125 2033 8.39
P 39.55 18.00 7.14 40.60 18.94 769 4181 19.13 8.00 4065 18.69 7.61
N150 96 41.95 19.32 8.11 4521 1925 870 4593 2025 93 4436 19.61 870
97 4511 1925 B8.68 46.52 19.25 896 47.30 2000 9.46 4631 1950 9.03
98 50.72 20.67 10.48 51.38 20.33 10.45 5236 20.83 109 5149 2061 10.61
P 4593 19.75 9.09 47.70 19.61 937 4853 20.36 9.89 47.39 1991 945

d) Cropping period of 160 days

NO 1996 14.01 11.10 155 1244 1193 149 1452 1113 161 1366 11.39 155
97 1454 11.08 161 1452 1125 1.64 1641 1117 1.83 1516 1117 1.69
98 1253 11.50 1.44 13.19 1150 152 1412 11.00 155 1328 1138 150
P 13.69 11.23 153 13.38 1156 155 1502 1110 1.66 14.03 1130 1.58
N30 96 2321 11.50 267 2622 11.67 3.06 2563 1283 295 2502 1200 2.89
97 2251 1150 259 2563 12.08 3.10 28.34 1292 3.66 2549 1217 3.12
98 2355 12.67 298 2144 1400 3.00 2074 1533 3.18 21.9t 1400 3.05
P 23.09 11.89 275 2443 1258 3.05 2490 13.69 326 2414 1272 3.02
N60 96 3217 13.18 4.24 3243 1317 427 3321 1417 471 3260 1351 4.4
97 3123 1342 4.9 30.83 1325 4.09 3242 1425 4.62 3149 1364 4.30
08 31.37 15.17 476 29.93 1650 4.94 3177 16.83 535 31.02 16.17 502
P 3159 1392 "4.40 31.06 1431 443 3247 1508 4.89 3171 1444 457
N90 96 3650 16.15 5.89 39.69 17.50 6.95 40.08 17.10 685 3876 1692 6.56
97 36.37 1650 6.00 4159 1750 7.28 41.69 1742 7.26 39.88 1714 6.85
g8 3575 19.33 6.91 3831 1967 753 37.78 19.83 749 3728 1961 731
P 3621 17.33 6.27 39.86 1822 725 3985 18.12 720 3864 17.89 69
N120 96 41.86 18.97 7.94 4834 1922 929 5202 20.30 10.56 47.41 19.50 9.26
97 4795 -18.17 871 50.41 19.33 974 49.78 20.33 10.12 49.38 19.28 952
98 46,54 19.83 9.23 4439 20.67 917 4446 2083 9.26 4513 2044 922
P 4545 18.99 8.63 47.71 19.74 9.40 4875 2049 9.98 4731 1974 934
Ni50 96 55.57 20.25 11.25 5823 21.25 1237 59.75 2150 129 5785 21.00 12.16
97 50.65 20.33 10.30 51.57 20.42 1053 5248 2150 113 5157 2075 10.70
98 55.44 20.33 11.27 55.44 20.67 1145 56.70 20.83 11.8 5586 20.61 11.51
P 53.89 20.30 10.94 55.08 20.78 11.45 56.31. 21.28 11.98 55.09 20.79 11.46

No - N150 = kg N ha'; K75 - K155 = kg K ha”
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59.75 tha! was obtained from the combinations
N150 and K155 kg ha™ at 160 days of the crop;
the second highest yield of 58.23 t ha! was given
by the N150 and K115 kg ha™ treatment at the
same growth stage. In 1997-98, the maximum
root yield was 52.48 t ha!, while 1998 - 99, the
maximum yield was 56.70 t ha' given by the
N150 and K155 kg ha combination at 160 days
crop growth stage. There were significant
differences between the treatments mean of root
yield in each harvesting stage for nitrogen.

In terms of potassium, root yield shows the
highest yield of 36.21 t ha™' (Table 2d) was
obtained from K155 kg ha™ treatment at 160 days
of the crop. This was closely followed ( 35.26 t
ha') by K115 kg ha™ at the same growth stage.
Table 3(a) to 3(d) shows sugar concentration for
nitrogen in different years and stages. The
maximum mean sugar concentration was 20,79
% given by N150 kg ha™ at 160 days of the crop.
However, the highest sugar concentration (21.5
%) was observed in both 1996-97 and 19997-98
with, N150and K 155 kg ha™' combination at 160
days of the crop. Yearwise sugar concentrations
showed significant (P<0.05) differences between
the different levels of nitrogen.

Tables 2(a), to 2(c) show that all factors, namely,
year, cropping period, nitrogen, potassium and
their interactions were significant (P<0.05) for
the three parameters, root yield (t ha™'), sugar
concentration (%) and sugar yield (t ha™). This
leads to the following conclusions: (1)
environmental factors affect yield. This is indicated
through the importance of year and its interactions
with the other three factors. (2) N, K and cropping
period are important contributors, and this is
indicated through their main effects. This
corroborates with earlier findings (Barik, 2001).
(3) The significance of two and three level

“interactions of N, K and cropping period indicate

that their effects are not additive. This can be
interpreted in multiple ways, e.g. same linear
relationship between root yield and cropping
period will riot hold for different amounts of
hitrogen or potassium or their combinations. If
onetries to form aresponse curve for any parameter
based on the three attributes, it will notbe a hyper-
plane.

263

Tables 3(a) - 3(c) show a linear relationship
between the parameters and cropping period for
different nitrogen and potassium combinations.
The fitted lines estimated the observation quite
accurately; the minimal R? values being 0.869,
0.533 and 0.920. Detailed studies of these tables
lead us to conclude that the pattesn of effects on
sugar concentration is different from the other
two. Furthermore, the following patterns are
apparent in the absence of nitrogen, as potassium
dosage is increase, root yield and sugar yield per
cropping period decreases for some range and
then start increasing, while sugar concentration
per cropping period decreases. For sugar
concentration, the pattern is similar up to N = 120
kg ha, then it decreases. These patterns are
presented in Figures 1 - 3. The absolute value of
ratio of intercept and days gives us the minimum
cropping period. If we take the minimum of these
absolute values over the three parameters, we
obtain an estimate of when not to harvest for a
specific fertiliser combination. For example at N__
=150 and K = 155 kg ha™!, harvesting should not
be done before 25 days.

CONCLUSION

It would benefit the farmers best if we can find the
optimum mix of fertilisers, conditional or
unconditional. The next best option would be to
tell them when to harvest for a given combination

of fertilisers. Unfortunately, neither our

experiment nor existing literature, tells us these.
Our experiments indicate that fertilisers interact
amongst themselves and some optimum mix is
likely to exist. We have also determined, to some
extent, when not to harvest. We have also
determined that other factors, besides fertilisers
and cropping period, play statistically important
roles. Furtherinsight studies and experimentation
is required to reach the desired goal.
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TABLE 2. ANOVA for different parameters

SAMARENDRA BARIK

Sources Sum of squares DF Mean squares F Level of
significance
a) ANOVA for root yield (t ha')
Y: Year 42.85494 2 21.42747 40.74 0.0000
N 60621.40654 5 12124.28131 23052.74 0.0000
K 276.87012 2 138.43506 263.22 0.0000
D: Days 48510.18528 3 16170.06176 30745.26 0.0000
YN 214.44847 10 21.44485 40.77 0.0000
YK 57.40379 4 14.35095 27.29 0.0000
YD : 228.11355 6 38.01893 72.29 0.0000
NK 57.52179 10 5.75218 10.94 0.0000
ND 9732.72008 15 648.84801 1233.70 0.0000
KD 40.52604 6 6.75434 12.84 0.0000
YNK 94.33200 20 4.71660 8.97 0.0000
YND 429.44644 30 14.31488 27.22 0.0000
YKD 69.57697 12 5.79808 11.02 0.0000
NKD 76.66817 30 2.55561 4.86 0.0000
YNKD g 164.09881 60 2.73498 5.20 0.0000
ERROR 227.20465 432 0.52594
b) ANOVA for sugar concentration (%)
Y: Year 150.99992 2 75.49996 767.53 0.0000
N 7658.78602 5 1531.75720 15571.69 0.0000
K 113.08207 2 56.54103 574.79 0.0000
D: Days 2091.75454 3 697.25151 7088.19 0.0000
YN 70.16504 10 7.01650 71.33 0.0000
YK 2.47594 4 0.61899 6.29 0.0000
YD 59.67120 6 9.94520 101.10 0.0000
NK 24.26969 10 2.42697 24.67 0.0000
ND 116.13599 15 ' 7.74240 78.71 0.0000
KD 1.06627 6 017771 1.81 0.0000
YNK 11.74147 20 0.58707 5.97 0.0000
YND 47.62941 30 1.58765 16.14 0.0000
YKD 3.89341 12 0.32445 3.30 0.0000
NKD 20.10031 30 0.67001 6.81 0.0000
YNKD 20.08696 60 0.33478 3.40 0.0000
ERROR 42.49500 432 0.09837
c) ANOVA for sugar yield (t ha")
Y: Year 13.40808 2 6.70404 333.48 0.0000
N 3348.27368 5 669.65474 33310.52 0.0000
K 27.64260 2 13.82130 687.51 0.0000
D: Days 1991.42750 3 663.80917 33019.75 0.0000
YN 8.41943 10 0.84194 41.88 0.0000
YK 1.41134 4 0.35283 17.55 0.0000
YD 16.24872 6 2.70812 134.71 0.0000
NK 7.53667 10 0.75367 37.49 0.0000
ND 658.04600 15 43.86973 2182.20 0.0000
KD 4.30601 6 0.71767 35.70 0.0000
“YNK 3.97385 20 0.19869 9.88 0.0000
YND 22.59745 30 0.75325 37.47 0.0000
YKD 2.47264 12 0.20605 10.25 0.0000
NKD 3.00915 30 0.10031 4.99 0.0000
- YNKD 5.95206 60 0.09920 4.93 0.0000
ERROR 8.68467 432 0.02010

N = nitragen, K = potassium
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Nitrogen (kg ha )

Potassium (kg ha”)

75 115 155
a) Linear regression of root yield (t ha™)
0 Intercept -2.337 -0.710 -2.444
Slope 0.099 0.087 0.107
R2 _ 0.9325 0.9091 0.9171
30 Intercept -1.762 -1.058 -1.155
Slope 0.152 0.161 0.164
R2 0.9546 0.8866 0.8685
60 Intercept -2.723 -2.035 -2.829
Slope 0.217 0.212 0.227
R2 0.9643 0.9434 0.9298
90 Intercept -3.179 -4.693 -4.636
Slope 0.259 0.286 0.289
R2 0.9247 0.9318 0.9384
120 Intercept -7.893 -7.231 -8.293
Slope 0.348 0.355 0.369
R2 0.9376 0.9612 0.9527
150 Intercept -9.676 -10.659 -10.688
Slope 0.409 0.425 0.432
R2 0.9569 0.9555 0.9598
b) Linear regression of sugar concentration (%)
0 Intercept 3.008 3.451 3.542
Slope 0.051 0.051 0.049
R2 0.953 0.935 0.897
30 Intercept 5.947 6.126 6.308
Slope 0.039 0.041 0.047
R2 0.832 0.745 0.754
60 Intercept 7.464 8.369 7.747
Slope 0.043 0.039 0.049
R2 0.767 0.533 0.694
g0 Intercept 5.409 6.474 8.453
Slope 0.077 0.077 0.063
R2 0.788 0.818 0.741
120 Intercept 9.652 9.515 10.861
Slope 0.060 0.067 0.061
R2 0.844 0.865 0.803
150 Intercept 13.836 12.971 14.629
Slope 0.042 0.050 0.043
R2 0.878 0.875 0.898
c) Linear regression of sugar yield (t ha ")
0 Intercept -0.69711 -0.59952 -0.71404
Slope 0.01357 0.01314 0.01456
R2 0.956 0.941 0.941
30 Intercept -0.81270 -0.83311 -0.85859
Slope 0.02191 0.02436 0.0259
R2 0.956 0.956 0.920
60 Intercept -1.25844 -1.11985 -1.42055
Slope 0.03590 0.03540 0.04060
R2 0.974 0.937 0.933
90 Intercept -2.40011 -2.74759 -2.41841
Slope 0.05590 0.06350 0.06190
R2 0.940 0.975 0.943
120 Intercept -3.13845 -3.32496 -3.49159
Slope 0.07560 0.08140 0.08580
"R2 0.949 0.979 0.971
150 Intercept -3.29126 -3.76404 -3.64252
Stope 0.09110 0.09720 0.09980
R< 0.954 0.958 0.966
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Figure 1. Best fitted linear estimate of root yield (t ha™') for different N & K combinations at different days.

—e—NOK75
—8—NOK115
——NOK155
—2—N30K75
—%—N30K115
—&—N30K155
—4— NBOK75
——NBOK115
————N6OK155
—0—N9OK75
—[1—N90K115
—A— N9OK155
—3¢—N120K75
5.0 + —%—N120K115
—0—N120K155
—+—N150K75
—=—N150K115
——=—N150K155

25.0 W
20.0
15.0 4

10.0 4

Concentration (%)

0.0 T T T )
70 100 130 160

Days after sowing

Figure 2. Best fitted linear estimate of sugar concentration for different N & K combinations at different days.
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Figure 3. Best fitted linear estimate of sugar yield (t ha') for different N & K combinations at different days.
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