A STATISTICAL NOTE ON THE LFFECT OF PESTS ON THE
YIELD OF SUGARCANE AND TIIE QUALITY OF CANE-JUICE.

By P. C. MAHATLANOBIS ann SUBIIENDU SIEKHAR BOSE,

INTRODUCTION.

Rao Bahadur C. 8. Misra, Assistant Tntomologist, Pusa, has collected a great deal
of data regarding the loss caused by cane-borers and white ants to the sugarcane crop in
Bihar. The variety for which the accompAnying primary data (given in ‘Table 1) were
obtained was Co.213 planted on the 13th February, 1931, in clayey loam soil without any
irrigation, with mustard cake as manure applicd at the time of planting sets, “I'he crop
was harvested from the 8th to the 13th February, 1932,

Four different sugarcane pests  namely,

(1) Top-shoot Borer ('reatinent 11)

(2) Stem Borer (I'reatment III)

(3) Root Borer (I'reatment V)  and

(4) ‘I'ermites (I'reatment VI)

together with 6 combinations of these : —

(5) Top-shoot Borer and Stem Borer (Treatment 1V)

(6) Stem Borer and Root Borer (I'reatment V1)

(7) Root Borer and ‘I'ermites (T'reatment VI
(8) “T'op-shoot Borer and Root Borer (P'reatment 1X)

(9) Top-shoot Borer and ‘l'ermites (I'reatment XI)

(10) Top-shoot Borer, Stem Borer and Root Borer (1'reatment X)
formed ten types of insect-attack in this case, and to these were added a control, i.c., a
healthy crop free from any pest (T'reatment 1),

The ten different combinations together with the control formed the cleven treatments,
each of which was replicated 6 times, and data for the following seven items (given in
Table 1) were recorded and sent to us for statistical analysis.

(1) Weight of 25 canes.
(2) Weight of Juice per 25 canes.
(3) Weight of Juice (percentage).
(4) Sucrose (percentage).
(5) Glucose (percentage).
(6) Purity (percentage).
(7) Brix reading.
A brief statistical analysis of the data is given iu this paper, but a full discussion from

an agricultural point of view will be published in due course by Rai Bahadur C. S.
Misra himself.
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Tante 1. EFrect oF SUUARCANE I’EaTs ON YiELD AND QUALITY

Number “::}".5!.;" A“"’:il;z"lfl‘ Weight | Percen- Pereen-| Pereen-| Percen- .
Treatment of It re of Juice | tage tage tnge tnge Irix
Canes (-'""“ oL NS (in1b.) | Juice [Sue Glucose | Purity |1ending
inlb.) | Ginlh) . Sucrose [Glucose urity
m (2) (8) (4) (3) (6) () (8) (0) (10)
1. Healthy 1l # G4'5 o4 | aws | era | 178 | o2 | oss2 | o106
b I (0 25 | w0 | 670 16°6 w6 | B0 | 26
! " 640 2'5 414°0 GO°8 166 25 K57 194
tHow 20 24 | 420 | 677 17°2 21 K2 205
2. G0 25 430 682 17°1 20 B2 204
6 »” 62°0 24 420 67'7 165 24 847 19°4
11. Top-shoot Borer 1 2 42°0 16 27°5 654 162 045 H2° 197
Wi 42°2 16 28°5 674 142 70 796 17°8
8l 46°0 1'8 B1°2 67°9 15°6 51 w2 19°0
:. " 48°0 17 282 657 15°5 66 H2'H 188
- " 41°8 16 28°2 680 160 g N2 [T
6 " T 1°7 207 G50 145 i 79°1 187
(11. Stem Borer | 25 18°0 10 16°R 026G 845 19°8
2 " s 16 15°2 8 PR 186
: » 48°0 LY 15°8 -82 K132 190
4 B G 15°8 a5 | s2e7 |1
2 " 47°0 1.8 30°5 16°9 27 85°1 19°8
6 » 40 1'8 | 300 168 32 83°5 19°5
11 25 28°0 11 167 50°8 " oo | T2 176
V. Top-shuot and 2 " 287 0o | oae2 ] |:r:'; G | 771 197
Stem Borer 8 " 30°0 12 106 i 129 83 765 16°8
4 R 2 | owoz | oes | o 0 | w0 | 1956
s " 20°2 11 19°0 X 14 6% t0°0 1870
6 " 24°0 09 145 GO 13°0 ] 76°3 17°)
V. Root Borer 1 25 40°0 16 206°5 (4] 020 RR 103
2 " 442 "7 2002 16°0 21 2002
8 " 855 14 | 2v5 154 38 joI8s
4 " 197 19 a2 156 .
501w | 02 16 | e | e | e 45 b
6 " 88's 1'5 245 ((RYH 17°2 a7 PR I
v | 1| 25 40°5 ve 27°0 s2p LIS
Termites 2 ” 49°0 19 320 s | v
8 " 460 1’8 30°0 S22 w
4 ¥ 47°0 1'8 a0 B 1 SE B LT
5 " 45°2 1S 30°5 821 ¢ IS
6 ” 460 1'8 31°0 82°6 (1R
VIL 1 25 43°0 ; e s
Stem Borer and Root 2 55 32 :; -ﬁ;;ﬁ w27
Borer 3 " 47°5 1°5 240 S2'N
4 ”» 42°5 17 2RO S1°7
5 o 420 1'6 | 250 i dd
- G » 897 1's 26°5 82°9
}""l- 1| o5 47'5 1o | sos | eso 15°8 o0 | see
vot Borer and 2 " 41'5 16 | 2wo | ees 150 as | 817
Termites 3 s 89°0 1'5 26°0 G5°0 168 33 #2°)
4 " 49°0 1°9 $2°0 16°9 28 AR ]
5 5 42'0 1'6 272 17°5 10 88
6 »” 50°2 2'0 BY2 17°0 22 83'5
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TasLE 1. EFFECT OF SuduArRcCANE PesTs oN YIELD AND QuALiTY—Ccontd.

Number w"Iiﬁ!‘" A‘V‘_"-""""’ Weight | Percen-| Percen-| Percen-| Percen-| Brix
Treatment of ¢ s "f";."f"'(_‘s of Juice | tage tage tage tage | read-

Canes (i;:lll»..) (in 1) | (in 1b.) [ Juice |Sucrose |Glucose | Purity | ing

m (2) (8) (4) (8) (6) ()] (8) (9) (1o

X. 1 25 355 1°4 287 68°'8 147 066 79°0 186
Top-shoot Borer and 2 - 885 1°5 257 G1°5 16°1 46 81°6 197
Root Borer 3 ” 23°0 1°0 16°2 G4°7 18°9 ‘64 77°9 17°9

4 5 86°7 1'4 2472 677 18°4 ‘78 75'4 178

5' ” 80°2 18 20°2 66°8 11'8 94 78°0 16°1

6 > 345 1°2 22°5 660 184 ‘74 76°0 17°5

X. 1 25 20°7 19 19°0 71°4 15°¢ 0°47 5 i
'l‘u!)—slmnl Borer, ¢ - 39°7 16 257 65'6 14°0 ‘82 gfl): ;gf
Stem Borer and 38 o 4170 1'5 25°2 66°6 16°0 56 817 19'5
Root Borer 4 5 +5°7 1'8 81°0 67°5 15'5 *54 807 19°2
5‘ " +1°5 1°6 277 66°2 15°0 ‘59 80°0 18°'8

61 #9°0 1'5 25°7 658 | 153 52 | 81'5 | 188

’Xl. 1 25 35°0 14 25°0 714 185 0178 761 177
lt:l‘)--shqnt Borer and 2 §: 255 10 16°7 65°6 14'4 58 77°8 18°'5
Termites 3 . 307 12 20°5 66°6 11'7 ‘89 72°'5 16°2

4 s 42°2 1'6 280 67°5 159 ‘42 82°1 19'4

5 . 400 1°6 27°0 66°2 147 ‘60 795 185

6 - 41°0 1'6 27°0 65°8 157 ‘53 80°1 19°6

Fisher's method of analysis of variance was used throughout.

As the procedure in

this method is well known, details of calculations have heen left out, and only the final
results are given in Table 2 (actual figures), and two subsidiary Tables 3 (percentages),
and Table 4 (percentage damage).
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TaBLE 2. MEaN YIELn oF CANES, JUICE ETC.

ol ‘g ), “en- ) 0 03
Treatment vx;lﬂ‘:c:f wtll :::E: & mp'ee".’ﬁ:‘i;_e l_ f;:r:“ [‘ctr::: Purity Brix

tin 1b.) (inlh.) g Sucrose | Glucose
) () ) «* (5) 0) ) ®)
I Control G325 42:92 67°98 1688 0-23 847 199
I Top-shoot 4317 28°'88 67°07 1535 ‘56 814 18'8
Il Stem 45°20 2073 6577 1613 ‘82 835 198
IV  Top and Stem 27°48 1785 68'385 13'53 71 775 174
\' Root 41°85 27'57 6658 16°25 20 82'9 19°5
VI Termites 4562 80-25 6628 16°28 ‘82 826 197
VII Stem and Root 41-32 26-82 6487 15:18 ‘81 829 19'5
VIIT Root and Termites 4487 29°48 6578 1657 27 828 200
IX Top and Root 8310 22:08 6612 1888 70 77°2 17°9
X Top, Stem, and Root 89438 2572 6508 1523 ‘58 804 180
XI Top and Termites 3573 2400 G718 14:32 -68 780 18'8
Standard Error 164 1'16 067 085 ‘04 075 080
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TaBLE 8. ’ERCENTAGE QN ConNTrot, (HEALTHY)

‘I'ne INDIAN JOURNAIL OF STATISTICS

\\'eiz'ht. of [Weight of Prrcen- Percen- | Percen- . .
Treatment s | ey [teud Tuiee] slnks, | inks,, | Purity | Brix
) ) ®) ) ) ®w | @ [ @
1 Control 100°00 100°00 100°00 100°00 100°00 100 00 100°00
11 Top-3hoot G8'25 67°29 98°G6 00°94 248°48 96°10 94747
111 Stem 71°46 69°27 9675 95°56 189°18 08°58 96°98
IV  Top and Stem 43°45 40742 0319 80°15 $08°69 01°50 8744
\% Root 6387 G424 07°94 0627 126°09 97°57 07°99
VI  Termites 213 7018 97°50 9645 1297138 97°52 9809
V11 Stem and Rtoot G691 62°49 05°42 95°85 18478 0787 uT'00
VIII Root and Termiles 7004 63°69 0569 9R* 16 117°39 97°76 100°50
1X  Top and Root 52°81 51044 97°26 H2 2 304°35 91°14 89°95
X Top, Stemn, and Root 623 59°0:8 09578 02 25217 94°92 o7 !
X1 Top and Termiles 564 3502 0882 g2 278°91 092°09 91°96
— R IR D . R !
Standard Error 2'59 270 0°09 207 17°30 088 150 |
]
TaBLE 4. PERCENTAGE DAMAGE®
Weight ofiWeight of! Pereen. | Pereen- | Percen- . Lo
Treatment 25 Canes | Juice llngc Juice] e i lage Purity Brix !
(in lbao (in b)) | Suecrose | Glueose "
) (2) (3) 4) (5) (6) (7) (%)
11 Top Shoot 31°75 33°71 173 o006 | -resas 300 55
Il Stem 2854 30°7:8 825 [3FY) TR 14 402
IV Top and Stem 5655 59°58 G681 19°85 2ORGH 850 (F38TH
v Root 34638 3576 2:06G e - 20600 21 20
VI  Termites 27°87 20°52 2°50 HIET UM S48 1o
VII Stem and Root 83:09 87°51 454 15 - BT PA R 201
VIII Root and Termiles 29°06 31°01 3 8k -17°89 29y —0s0
IX Top and Root 47°19 48°56 274 17°77 —204°35 886 10005
X Top, Stem, and Root 87°66 40°07 4°27 977 —-152°17 508 508
XI Top and Termites 4351 4408 118 1577 —173°91 7091 P
Standard Error 8°66 8'82 1°40 2:93 2.4°50 124 218

*[t should be noted that the Glucose content had increased
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YimrLp or CANE.

The mean values of yicld of 25 canes for the different treatiments are shown in column
2 of Table 2, and percentages based on the healthy canes (‘control’) have been presented
in column 2 of ‘I'able 3.

All the pests caused considerable decrease in the yield of cane. Acting by itself each
class of pest caused on an average a decrease of 30 per cent. in the yield, and the differences
in the damage caused by the different pests were not significant,

Among the binary combinations, Top shoot Borers plus Stem Borers (Treatment IV)
are the worst as the cane-yield was reduced to less than half.

It will be seen from the figures given in Table 4 that in binary combinations IV, IX
and XI, in all of which the Top Shoot Borer is involved, the loss in yield of cane was of
the order of 50 per cent., while in combinations VII and VIII, in which the ‘I'op-shoot
Borer did not occur, the damage done was of the order of 30 per cent, or about the same
as the damage cansed by the pests acting singly.

Tt is, interesting to note that in case of treatment IV the damage has been approxi-
mately additive.  ‘I'able 6. But this does not hold good for the other binary combinations.

Treatment X was a combination of three of the pests, but strangely emough the
damage done was only 38 per cent., and was not appreciably different from the damage
caused by pests acting singly or in combinations of two.

YiELy .o CANE JUICE.

The decrease in the total yield of juice closely follows the decrease in the yield of
cane, and the results given in columns 2 and 3 of ‘I'ables 2, 3, and 4 follow practically
the same order. In fact the peculiarities of the bhinary combinations already noted in the
case of yield of cane also persist in the case of yield of juice as can be easily seen from the
data for juice given in ‘I'ables 5 and 6.

TABLE 5. RELATIVE EFFECT OF ToP-sii0oT AND RooT BoRER

Percentage Decrenasc in
Treatment

Cane Juice

IV  Top and Stem - ssn 56G°55 5958
IX Top and Root 47°19 48°56
XI Top and Termites ... 43°51 44°08
Mean .- 49°08 50°74

VII Root and Stem o 88°00 87°51
VIII Root and Termites ... v 29°06 81°86
Mean .o 81°08 84'44
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TABLE 6. ADDITIVE EFFECT OF 'Topr-81100T AND STEM BORERS

Percentage Decrease in Yield

Treatment
Cane Juice
11 Top-shoot Borer poie 8175 38°71
III  Stem Borer e 28°54 30°78
Total (II+1II) ... G029 G4'44
1v Top and Stem (Combined) 56°55 59°58

The above results are corroborated by the fact that the ratio of the weight of juice
extracted to the weight of cane is comparatively stable. In fact while the coeflicients of
variation of the yield of cane and the yicl(l. of juice are 68 per cent. and 24 per cent.
respectively, the coefficient of variation ‘of the ratio of juice to cane (i.e. of percentage
juice extracted) is only 6 per cent.

As regards individual combinations we find that the lowest yields of juice are given
by treatment IV, IX, XI and X in order. All of these involve the Top-shoot Borer. We
may, therefore, tentatively conclude that the Top-shoot Borer combinations cause relatively
greater damage to the yield of juice than the other pests.

QUALILY OF THE JUICE.

Columns 7 and 8 of Table 2, 3, and 4 give the data for the ‘percentage purity,’ and
the ‘Brix reading.’” For a mature cane the Brix reading is about 20. ‘I'he healthy cane
has a reading of 199, but treatments II, IV, IX, X and XI, all of which involve the "L'op-
shoot Borer, show significant decreases in the reading.

The data for percentage purity also show a practically parallel decrease in the case
of treatments IV, IX, X and XI. The decrease in the case of treatment IT is also on the
verge of significance. It is clear then that Top-shoot Borers (but not the other pests)
cause an appreciable decrease in the Brix reading and the percentage purity of the juice.

CONTENT OF SUCROSE.

The data for the damage to the percentage Sucrose content are given in column 5 of
Tables 2, 3, and 4. ‘T'reatments IT, 1V, 1X, X and XTI (all involving the ‘I'‘op-shoot Borer)
show appreciable decrease in the percentage content of Sucrose, while the other treatments
do not differ significantly from control.

It appears therefore that it is the T'op-shoot Borer again which is primarily responsible
for the reduction in the percentage content of Sucrose.

It will be remembered that the reduction in the yield of juice was also primarily due
to the Top-shoot Borer. An analysis of the total content of Sucrose in the cane therefore,

becomes important, and the necessary data were obtained by multiplying the total yield of
juice and the percentage content of Sucrose.
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‘I'he total Sucrose content in 25 canes is shown in Table 7.

Tasrk 7. Torarn, Wriaur or Suoar IN 25 CANES

Treatment s Sutrose | VGiftess' | dint
(in lbs.) (in lbs.)_ (in Ihs.)
I Control eee 7°25 010 7'85%
Il Top-Shoot 43 0°16 7°59
II1  Stem 14°81 0°'09 4°90
v Top and Stem —_— 2385 012 2:47
\’% Root e 447 008 4°65
Vi Termites . 493 010 503
VII Stem and Root 433 008 4°43
VIII Root and Termites $ 89 0°08 4°97
IX  Top and Root e | 300 015 824
X Top and Stem and Root 3°01 013 406
X1 Topand Termites Sy o3 8'62-__
Suu;(i;:l-l-«‘:;;:_m o - (1411 (001} o0°16

All the pests effectively reduce the total yield of Sucrose. ‘I'he effect of Top-shoot is,
however, comparatively more prominent. ‘I'here is not much difference between the pests
acting singly, but all the Top-shoot combinations show an average yield of 475 per
cent. (as compared to the control) against 646 per cent for combinations not involving
the Top-shoot Borer.

ConTtgNT o GIUCOSE,
1t will be seen from column 6 of ‘Iables 2, 3 and 4, that treatments II, IV, IX,
X and XTI (all involving the ‘l'op-shoot Borer) show significant increases in the per-
centage content of Glucose. But these are the treatments which show appreciabl:
decreases in the content of Sucrose. [ is clear then that the increase in the Glucose
content is closely connected with the deercase in the Sucrose content.

‘The total Sucrose and CGlucose contents in 25 canes under the different treatments
are shown in ‘Table 7. It will be seen from this table that the total Clucose content
is appreciably coustant, the differences hetween treatmments in this respect being often
negligible,

) This remarkable constancy of the total quantity of Glucose may be explained on
cither of the following two hypothesis $-—

(1) ‘T'hat the insect pests do not cause any appreciable change in the total Glucose
content of the canes.

(2) Or that the plants antomatically adjust the CGlucose content (possibly at the
cost of the Sucrose) and make good the loss caused by the pests.

The weight of Glucose heing very small, the results for the total weight of Sugar
(Glucose + Sucrose) given in ‘Fable 7 are similqr to those for Sucrose.
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CONCLUSION.

The present paper gives a statistical analysis of data regarding the loss caused to
the sugarcane crop in Pusa (Bihar) from sugarcane pests: (1) op-shoot Borer, (2) Stem
Borer, (3) Root Borer and (4) ‘I'ermites, acting,singly aund in various combinations,

(1) Each of the pests acting singly caused about 30 p.c. damage to the yield of cane.

(2) Top-shoot Borer, in combinations with any of the other pests produced a damage
of about 50 p.c. in cane.

(3) The other binary combinations caused approximately a damage of lLetween 3)
and 37 p.c. of the Control (healthy canes).

(4) ‘I'lie loss of cane-juice was practically parallel to the loss in the yicld of cane,

(5) Although the yield of juice was considerably reduced by the pests, the ratio of
yield of juice to canes was practically constant.

(6) The percentage of sucrose in the juice Obtained under the different treatments
varied between 14 p.c. and 17 p.c., the Top-shpot Borer combinations giving the lowest
figures.

(7) The combined decrease in the quantity of juice and in the percentage of sucrose
reduced the total sucrose content to half or-sometimes less than half that of the healthy
canes.

(8) The Purity indices were on an average 5 p.c. lower for the canes attacked by
pests. Here also the greatest damage was caused by the T'op-shoot Borer combinations.

(9) Brix readings were reduced by the insect attacks in all cases except one (Root
Borer and Termites) ; the decrease was about 10 p.c. in the case of ‘l'op-shoot Borer com-
binations, while in other cases it was about 3 p.c. below that for the healthy canes.

(10) Glucose percentage, however, showed increases under the insecl pests. Signi-
ficantly enough ‘L'op-shoot Borer by itself and in combination gave the highest values of
glucose perceutage.

(11) The total glucose content, in consequence, remained practically constant for 6 of
the treatments. ‘I'his constancy may be attributed either to: (a) a preferential consump-
tion of the sucrose by the insects, or (b) to a process of compensatory production of glucose
by the plants.

(12) The effect of the pests in combinations was additive in a few cases, hut this was

not generally true. In fact, a combination of three pests sometimes caused less damage
than certain combinations of two pests.

Finally, it is a pleasure to express our indebtedness to Rao Bahadur C. 8. Misra for
kindly supplying us with the original records and to Dr. McRae, Director, Imperial
Institute of Agriculture, Pusa, for permission to use the data for this statistical note.

(Seplember, 1933.)
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