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Saburo YamasHIrRO : Studies on the crop coefficient of sugar
cane

Summary

This study was done in order to investigate the mean monthly crop coefficient
of sugar cane with the evaportranspiration rate measured by lysimeter and
potential evaportranspiration rate estimated from meteorological factors.

The evaportranspiration rate were mesured during the growing seasons
1967~1968,1968 ~1969,1970 ~1971 and 1983, 1984. The first three seasons
involved summer planted sugar cane whereas the last two seasons involved
spring planted ratoons. In order to estimate potential evaportranspiration
modified Penman method, radiation method and pan method were used.

It became clear that the curves of monthly mean crop coefficient of sugar cane
increase smoothly for the first time, arive at peak and then decrease smoothly.
The values of monthly mean crop coefficient differed a little from the estimation
method of potential evaportranspiration.

In Penman method,the peak values of monthly mean crop coefficient 1.0~1.1
appeared during July to October.In radiation method,the peak values 1.1~1.2
appeared during August to November. In pan method,the peak values 1.6~1.8
appeared during July to October.

It seems that the Penman method is better than other methods because of the

peak growing season and the values of monthly mean crop coefficient.
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Table 1 Mean monthly evaportranspiration rate (mm,~day) mesured by
lysimeter for the summer planted sugar cane and ratoons of the
spring planted sugar cane
Season Summer planted suger cane Spring planted rstoons
Month 1967 ~1968 1968~1969 1970~1971 1983 1984
Jan. 1.2 0.8 0.6
Feb. 1.8 1.2 1.0
Mar. 2.5 1.8 1.4
Apr. 3.6 2.4 2.1 1.6 0.7
May 4.7 3.2 3.0 2.6 1.7
Jun. 5.7 4.0 3.8 4.0 3.4
Jul. 6.2 4.6 4.5 5.2 5.5
Aug. 6.0 4.9 4.9 5.5 5.9
Sept. 5.1 4.9 4.9 5.0 5.3
Oct. 3.9 4.5 4.4 4.0 3.7
Nov. 2.8 3.9 3.6 2.9 2.5
Dec. 1.9 3.1 2.8 2.0 1.2
Jan. 1.2 2.4 2.0
Feb. 0.7 1.9 1.4
Table 2 Potential evaportranspiration ET,(mm ~day)
s Summer planted sugar cane Spring planted ratoons
eason 1967~1968 1968~1969 1970~1971 1983 1984
vongMethod| p 1 P, | R, [ P | Pg | Pa | Ry | Pa | Py | P | Ro|Pn| Py | Pu| Ry | Po| Py | Pu|Ry| Py
Jan. 3.213.941.9|2.7|3.214.0(2.3|1.7{2.4,3.1|1.7|1.0
Feb. 2.814.112.6(2.1[3.313.5/1.6(2.0|3.1|3.7|2.4|1.4
Mar. 3.214.9/4.012.8(4.1|3.9({2.9|1.8(2.4|3.1{1.9{1.4
Apr. 4.214.714.112.5/4.014.914.1|2.3(3.4|4.2(3.3|1.7|3.9{3.9|3.2(2.2/|4.0{3.912.8|2.0
May 4.6/4.8(4.0(3.214.1|5.4|4.3|2.513.7|4.5(3.6(2.2{4.1|4.1|3.3(2.414.2(4.1|3.5|2.2
Jun. 4.815.714.413.2|3.7/4.6{4.3|2.5/4.6|/5.414.6(2.7|4.4]/4.3{4.012.5/5.0(5.0({4.5]2.8
Jul. 5.4|16.2]16.0(4.0|/5.316.7/6.4|3.3!5.2{5.9(5.5|3.0!5.6|/5.6|5.0|3.3|5.5|5.4|5.2|2.9
Aug. 5.015.7|4.914.214.9(5.3|4.4|2.6|4.9|5.7|5.2{3.6]5.0({4.9|4.4|3.6|6.0(6.0(|5.0{3.1
Sept. 4.8/6.0(5.113.7/5.2|5.6{4.6|2.8(4.2{5.0({4.2|2.5|/4.9(4.9{4.0|3.1|5.0(4.9{4.6|2.9
Oct. 4.615.4|3.6|3.214.5|5.4|3.7|2.414.0|4.7(3.5|2.414.3|4.2|3.3]2.9/4.2/5.3|3.3|2.9
Nov. 3.5/3.7/2.512.1/3.5|4.2(3.0{2.1|3.7|4.5/2.8|1.9|5.0]/4.9{2.5]3.0|3.3|3.3/2.2]|1.7
Dec. 2.214.012.1|2.0(3.313.4/2.6(1.7|2.9|3.5|2.5|1.7|3.6|3.5(2.0|2.1|3.4{3.3|1.5[1.7
Jan. 2.513.712.3/1.9/3.3/3.0/2.0{1.5/2.5|3.6|2.1i1.5
Feb. 3.0/13.5{1.6|2.2(2.8(3.7/2.3|1.4|3.314.1|2.3|1.8
NOTE Pg:Modified Penman ET,(grass based) P.:Modified Penman ET,(alfalfa based)

R.:Radiation method ET,

P,:Class A pan method ET,
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Table 3 Calculation of monthly crop coefficient K. by Modified Penman grass

based ET,

g Summer planted sugar cane Spring planted ratoons

cason 1967~1968 1968~1969 1970~1971 1983 1984
Month Item ETmm |ET,mm K ETmm |ET,mm K. ETmm |ET,mm K. ETmm (ET,mm K ETmm |ET,mm K.
Jan. 1.213.2(0.38/0.8|3.2(0.25/0.6|2.4]0.25
Feb. 1.812.8/0.64|/1.2]3.3]/0.36/1.0¢{3.1]0.32
Mar. 2.5(13.2(0.78[1.8|4.110.44{1.4|2.410.58
Apr. 3.6 4.210.8] 2.4 4.0/0.60/2.1|3.4/0.62{1.6|3.9[0.41{0.7]4.0]0.18
May 4.7 4.6 |1.02|3.2|4.1]0.78/3.0]3.7]0.81/2.6|4.1|0.63| 1.7 | 4.2[0.40
Jun. 5.714.811.19| 4.0 3.7 |1.08| 3.8 | 4.6 {0.83| 4.0 | 4.4 /0.91| 3.4 | 5.0 |0.68
Jul. 6.2 (5.4|1.15| 4.6 |5.310.87{4.5|5.2(0.87|5.2{5.6(0.93]5.55.5([1.00
Aug. 6.0(5.0/1.20/4.9|4.9|1.00(4.9(4.9[1.00|5.5{5.0[{1.10]5.9]6.0/0.98
Sept . 5.1 4.8|1.06|4.9(5.2/0.94{4.9]4.2|1.17|5.0|4.9|1.02|5.3|5.0(1.06
Oct. 3.9(4.60.85{ 4.5 4.5(1.00| 4.4 4.0|1.10{ 4.0 (4.3 [0.93}3.7{4.20.88
Nov. 2.813.5]0.80]3.9|3.5/1.11/3.6|3.7|0.97]2.9|5.0(0.58] 2.5|3.3[0.76
Dec. 1.912.2/0.86/3.1{3.3(0.94(2.8|2.9|0.97|2.0|3.6[0.56{1.2)|3.4]0.35
Jan. 1.2]2.5|0.48|2.4|3.3(0.73/2.0]2.5]0.80
Feb. 0.7 13.0[0.23/1.9{2.8/0.68|1.4|3.3|0.42
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Table 4 Calculation of monthly crop coefficient K. by Modified Penman alfalfa
based ET,

s Summer planted sugar cane Spring planted ratoons
eason 1967~1968 1968~1969 1970~1971 1983 1984
Month Item ETmm |ET,mm| K. |ETmm |ETomm| K. |ETmm|ETomm| K. |ETmm |ET,mm| K. |ETmm |ETomm| K.

Jan. 1.213.9]0.31/ 0.8 4.00.20| 0.6 | 3.1 (0.19
Feb. 1.814.1/0.44|1.213.5(0.34|1.0| 3.7 |0.27
Mar. 2.514.9(0.5111.813.9|0.46| 1.4 3.1 {0.45
Apr. 3.614.710.771 2.4 4.9 10.49| 2.1 | 4.210.50(1.6|3.9]0.41]| 0.7 | 3.9(0.18
May 4.7 14.810.98| 3.2 |5.4|0.59{3.0{4.5|0.67|2.6|4.1(0.63|1.7|4.110.41
Jun. 5.715.7(1.001 4.0 4.6 10.87|3.8|5.4,0.70/4.0|4.30.93|3.4)5.0]0.68
Jul. 6.2 16.211.004.6 6.7 |0.69{4.5|5.910.76}15.2|5.60.93}5.5|5.4]1.02
Aug. 6.0{5.7(1.05/4.915.310.9214.9|5.7{0.8|5.5|14.911.12|5.9]6.0|0.98
Sept. 5.116.0/0.85/4.9|5.6|0.88;4.9|5.0(0.98/5.0|4.9(1.02{5.3(14.9]1.08
Oct. 3.915.410.7214.5]15.410.83(4.4|14.710.94|14.0{4.20.95|3.7|5.3|0.70
Nov. 2.813.710.76] 3.9 4.210.93} 3.6 ]4.5]0.80}2.9|4.9/0.59|2.5] 3.3]0.76
Dec. 1.9(14.0(0.48/3.1]3.4(0.9112.8]3.5(0.80(2.0!3.5(0.57/1.23.310.36
Jan. 1.2 1 3.710.3212.4|3.0(0.80}2.0| 3.6 |0.56
Feb. 0.713.5]0.2011.913.7]10.51|11.4]|4.1|0.34
Table 5 Calculation of monthly crop coefficient K. by Radiation ET,
Summer planted sugar cane Spring planted ratoons
Season |
1967~1968 1968~1969 1970~1971 1983 1984
Month Item ETmm |ETomm| K. |ETmm |ET,mm| K. |ETmm |ETomm| K. |ETmm |ET,mm| K. |ETmm |ET,mm| K
Jan. 1.211.9(0.6310.82.3|0.35/0.6]1.7(0.35
Feb. 1.812.6{0.69|1.2|1.6(0.75;1.0| 2.4 0.42
Mar. 2.514.0]0.63{1.8}2.9(0.62|1.41.9(0.74
Apr. 3.6 14.10.88|2.4|4.110.59}2.1]3.3(0.64}1.6|3.2|0.50}0.7|2.810.25
May 4.714.011.18{3.214.3]|0.74] 3.0{3.6]0.83|2.6}3.3/0.79|1.7|3.5]0.49
Jun. 5.714.411.30{ 4.0 | 4.310.93| 3.8|4.6]0.83|4.0]4.0/|1.00| 3.4 |4.5]|0.76
Jul. 6.216.011.0314.6 |6.4|0.7214.5{5.5]0.82|5.2{5.0|1.04|5.5}5.2|1.06
Aug. 6.014.9(1.2214.914.411.1114.9|5.2]0.94/5.5|4.41]1.2515.9]5.0|1.18
Sept. 5.115.1(1.00{4.9|4.6 (1.07{4.9 4.2 |1.17/5.0[4.0(1.25|5.3|14.6|1.15
Oct. 3.9(13.6(1.08|4.5|3.711.2214.4|3.511.26|/4.0|3.3|1.21{3.7|3.3]|1.12
Nov. 2.812.511.1213.913.0(1.3013.6{2.8(1.29(2.92.5{1.16/2.5]2.2|1.14
Dec. 1.912.110.9013.112.6{1.19/2.8(2.5(1.12{2.0]2.0(1.00}1.2]1.5]0.80
Jan. 1.2 12.3]0.52{2.4]2.0(1.20(2.02.1[0.95
Feb. 0.711.610.44|11.9]2.310.83]1.4|2.3]0.61
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Table 6 Calculation of monthly crop coefficient K. by class A pan ET,

S Summer planted sugar cane Spring planted ratoons
cason 1967~1968 1968~1969 1970~1971 1983 1984
Mouthltem ETmm |ETomm| K, |ETmm |ET,mm| K. |ETmm |ET,mm| K. |ETmm |ETomm| K. |ETmm |ET,mm| X,

Jan. 1.2 12.710.44/ 0.8 (1.7 (0.471 0.6 | 1.0 {0.60

Feb. 1.812.1/0.86(1.212.0/0.60{1.0|1.4(0.71

Mar. 2.5(2.8/0.89/1.8|1.8(1.00|1.4|1.4{1.00

Apr. 3.6 (2.5(1.44|2.4|12.3(1.04|2.1 1.7 |1.24/1.6|2.210.73/0.712.01]0.35
May 4.7 13.211.47|1 3.2 1 2.511.28/ 3.012.211.36|/2.612.4,1.08]1.7(2.210.77
Jun. 5.713.211.78, 4.0 2.5(1.60| 3.8 2.711.41!4.0|2.5(1.60| 3.4]2.81.21
Jul. 6.214.0(1.55/4.63.3/1.39|4.5|3.0]|1.50]5.2(3.3|1.58(5.5]2.9]1.90
Aug. 6.014.2(1.43|14.9/2.61.88/4.9(3.6[1.36/5.5]3.6{1.53|5.9]3.1(1.90
Sept. 5.113.7/1.38/4.9(2.8|1.7514.9[12.5]1.96{5.0|3.1]1.61|5.3|2.9(1.83
Oct. 3.913.211.22|4.5]2.411.88|4.4|12.411.83{4.0|2.9(1.38]3.712.91]1.28
Nov. 2.812.1(1.3313.912.1|1.86{3.6(1.9]1.89|2.913.0(0.97(2.5|1.7(1.47
Dec. 1.9(2.0/0.95{3.1|1.71]1.82}2.8]1.7(1.6512.012.1]0.95]1.2|1.7{0.71
Jan. 1.211.9]0.63/2.4|1.5(1.60|12.0|1.51.33

Feb. 0.712.210.32/1.911.411.3611.4|11.810.78

Table 7 Monthly crop coefficient (K.) factors

s Summer planted sugar cane Spring planted ratoons
eason 1967~1968 1968~1969 1970~1971 1983 1984

MompMethod) p | P, | R, | Pa| Py | Pa|Ra|Pa|Pg|Pa|Ra|Pn|Pg|Ps|Ry|Pa|Pg|P,|RyPn
Jan. 0.38]0.31/0.63|0.44/0.25]0.20]0.35[0.47}0.25|0.19/0.35/0.60

Feb. 0.64/0.44(0.69|0.86)0.36|0.34|0.75]0.60|0.32|0.27]0.42|0.71

Mar. 0.78]0.51(0.63]0.89|0.44|0.46/0.62(1.00|0.58{0.45|0.74/1.00

Apr. 0.86[0.77|0.88|1.44(0.60]0.49|0.591.04/0.62|0.50/0.64/1.24/0.41|0.41[0.50(0.72/0.18|0.18/0.25/0.35
May 1.02|0.98|1.18(1.47]0.78|0.59/0.74]1.28(0.81]0.67(0.83|1.36[0.63|0.63|0.79/1.08|0.40/0.41|0.49|0.77
Jun. 1.19(1.00]1.30{1.78|1.08(0.87|0.93|1.60{0.83|0.70[0.83]1.41(0.91]0.93/1.00(1.60(0.68/0.68|0.76{1.21
Jul. 1.15]1.00|1.03(1.55/0.87(0.69|0.72[1.39|0.87(0.76/0.82(1.50{0.93/0.93|1.04/1.58/1.00|1.02/1.06|1.90
Aug. 1.20]1.05|1.22(1.43|1.00]0.92|1.11|1.88|1.00{0.86[0.94/1.36(1.10|1.12(1.25|1.53|0.98/0.98|1.18]|1.90
Sept. 1.06(0.85]1.00(1.38|0.94/0.88[1.07|1.75/1.17|0.98(1.17|1.96|1.02{1.02|1.25(1.61}1.06(1.08/1.15/1.83
Oct. 0.85]0.72|1.08[1.22{1.00[0.83|1.22{1.88|1.10(0.94]1.26(1.83|0.93/0.95(1.21{1.38|0.88|0.70[1.12|1.28
Nov. 0.80/0.76|1.12(1.33|1.11|0.93{1.30]1.86|0.97/0.80]1.29(1.89]0.58|0.59(1.16{0.97(0.76/0.76(1.14|1.47
Dec. 0.86/0.48(0.90]0.95|0.94]0.91/1.19(1.82/0.97(0.80{1.12[1.65|0.56/0.57}1.00]0.95{0.35|0.36(0.80]0.71
Jan. 0.48/0.32|0.52|0.63|0.73]0.80[1.20{1.60]0.80]0.56!0.95[1.33

Feb. 0.23/0.20(0.44/0.32/0.68|0.51|0.83|1.36|0.42/0.34/0.61/0.78

NOTE P, :Modified Penman ET,(grass based)

R, :Radiation method ET,

P. : Modified Penman ET,(alfalfa based)
P, ' Class A pan method ET,
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