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Introduction
Sugarcane (Saccharum officinarum) is a perennial plant from graminea family that has high
commercial and nutrient values for producing sugar (Abdollahi, 2009). In addition, special attention

has been given to sugarcane cultivation in Iran because of its many applications in food, medicine and
chemical industries. In this line, a large number of areas in Khuzestan (about 100,000 ha) is under
cultivation of this plant (Abbasi & Sheini, 2017). Due to having a long duration especially in the hot
season as well as high evaporation and evapotranspiration, it is classified as a high water requiring
plant (Singh et al., 2018, Bhingardeve et al., 2017). For this reason, it is cultivated in areas with high
amounts of rainfall (Abbasi & Sheini, 2017). Since furrow irrigation is used to supply water
requirement of sugarcane, it leads to a decrease of irrigation efficiency. The sub-surface drip irrigation
system, as a system set up under the soil, plays a better role in controlling salinity and deep percolation
compared to drip irrigation. This method saves water by applying water in the root zone and decreasing
deep percolation. So, it increases irrigation water productivity (Camp, 1998; Lamm & Trooien, 2003;
Lamm & Camp, 2007). Due to scarcity of water resources in Iran, it is necessary to evaluate the effect
of sub-surface irrigation system on sugarcane. Therefore, the objectives of this study were to achieve
yield and yield component variation under different dripper spacings and depths in the sub-surface drip
irrigation system.

Methodology
This research was conducted at Khuzestan Sugarcane and By-products Research and Training
Institute with an area of 0.82 ha located at latitude 30° 59° N and longitude 48° 32° E with an elevation
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of 6.6 m. Treatments consisted of dripper spacing in sub-main pipe (L1: 30 cm, with discharge of 2.2
I.h*, and L2: 50 cm, with discharge 3.8 .h™) and dripper depth (D1: 15 cm, D2: 25 cm, and D3: 35
cm) with six blocks as a strip split plot in randomized complete block design. The impermeable layer
was up, hence two blocks of each treatment were not studied. Each plot had three furrows with two
rows. Pipes with a diameter of 16 mm were set in the middle of each furrow. In-line pressure-
compensated PC2 drippers were used for irrigation. Sugarcane (Var. CP69-1062) was cultivated on
October 2016 and was harvested on November 2017 and all the process was done manually. For
removing the marginal effects, 10 meters of mid furrows was manually harvested and weighted. Then
20 stems were randomly selected and the height of stem, the biomass weight and the net stem weight
were measured. Then, the samples were transferred to the laboratory for extraction. Percentage of
sucrose in juice (pol) was measured using saccharimeter by applying a correction factor. Percentage
of soluble solids in juice (brix) was measured using refractometer. Finally, the following equations
were used to determine sugar quality and yield:

Pty = % 1)
QR = % (2)
PSS = é% (3)
RS=08F5S (4)
NSY =SY xRS ()
GSY = SY x PSS (6)

where Pty is the purity of sugar, P.F is the correction factor for purity, Q.R is the quality of sugar,
PSS is the percentage of gross sugar, RS is the percentage of recoverable sugar, NSY is the sugar yield
(ton.ha™), GSY is the gross sugar yield (ton.ha™), and SY is the stem yield (ton.ha™).
In order to determine biomass water productivity and sugar water productivity, the following equations
were used:

pr :Y_b
VIRR (7)
NSY
WP, =
V IRR (8)

where WPy, is the biomass water productivity (kg.m™), WPs is the sugar water productivity (kg.m’
%), Yy is the biological yield (kg.ha), NSY is the sugar yield (kg.ha?), and Virr is the volume of
irrigation water (m*.ha).
After collecting the data, statistical analysis was done with ANOVA by SPSS 24 software. Then mean
comparison was done by the Duncan test.

Results and discussion

The results showed that dripper depth had a significant effect on the height of stem, biomass yield,
water productivity of sugarcane biomass, net stem vyield, gross sugarcane yield, net sugarcane yield
and sugarcane water productivity (p-value<0.05). Also, dripper spacing had a significant effect on
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biomass yield, sugarcane water productivity, and net stem yield (p-value<0.05). Interactions between
dripper depth and spacing had significant effects (p-value<0.05) on biomass yield, net stem yield and
sugarcane water productivity. The results revealed that D2L1 had the highest biomass yield (142.73
ton.ha?). In addition, the highest net stem yield and water productivity were observed for the
mentioned treatments. These values were 124.40 ton.ha™ and 5.6 kg.m?, respectively. The values
obtained for this treatment were significantly different as compared to D2L.2, D3L1 and D3L2. It might
be due to the moistening of a large area of root zone as compared with other treatments. It decreased
moisture loss as evaporation and deep percolation.

Conclusion

Based on the results, the pipe depth of 25 cm and the dripper spacing of 30 cm were the suitable
options to set drippers for irrigation of sugarcane in subsurface drip irrigation system. Nevertheless,
no significant difference was observed among the treatments for technological yield (percentage of
sucrose in juice and soluble solids in juice, purity and sugar percentage), sugarcane yield and sugarcane
water productivity. Therefore, further research is recommended to evaluate the effect of depth and
spacing for other varieties under different conditions.
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Tablel- Climatic parameters during the research period

Month/year Mont?gﬁ:?infall montmzxf%/ﬁ?ge o montm%/nﬁ\]/s;? gect ev'\:sgrt:tli)(/)n
temperature (°C) temperature (°C) (mm)
1255
Oct-Nov2016 0 31.2 12.7
Nov-Dec2016 42.7 20.4 6.4 49.6
Ezﬁggig 3.2 20.5 6.9 475
Jan -Feb2017 5 19.6 5.7 521
Feb -Mar2017 25.7 25.3 9.9 70.2
Mar-Apr2017 23 30.7 16.3 110.2
Apr-May2017 0 39.5 21.4 376.6
May-Jun2017 0 43.8 23.5 539
Jun-Jul2017 0 45.7 25.3 524.1
Jul-Agu2017 0 46 25.9 394.8
Agu-Sep2017 0 44.2 23.6 331
Sep-Oct2017 0 38.6 18.3 253.3
Oct-Nov2017 0.8 31.9 14.2 176.5
Total 100.4 - - 3161.4
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Table2- Soil physical and chemical properties

Soil Soil EC

2+ 2+ + + - - 2-
depth texture  (dS/m) pH SAR Mg Ca Na K HCOs Cl S04
Meg/lit
Silty
0-30 Clay 4.7 7.17  9.09 9.12 14.9 31.52 0.2 2.1 26 27.37
Loam
Silty
30-60 Clay 5.08 7.03 11.02 786 1464 36.96 0.28 1.42 29 26.49
Loam
Silty
60-90 Clay 5.38 7.15 11.36 8.08 1593 39.35 0.3 1.22 27 34.56
Loam
B yan g5 10 oo 38 (ST O A Ologas buwgio polic -3 Jyus
Table3- Average values of irrigation water quality at peak consumption
Mg?* Ca?* Na* K* HCO;y Cl S04”

it SAR  pH  EC(dS/m)

386 418 1486 0.069 4.14 7.25 9.33 7.4 7.56 2.1
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Table4-Monthly reference evapotranspiration and crop coefficient values

o [&) > A o > - [ L =
g 2 g g S 5 3 g 3 3 2 g =
Ke 0.68 0.52 0.47 0.54 0.65 0.77 1.03 1.12 121 1.09 0.87 0.7
ETo 1.2 0.56 0.43 0.55 2.63 4.74 8.25 11 1595 14.78 8.14 1.9
(mm/day)
Gl ST px> dilalo polio-5 Jgus
Table 5- Monthly values of irrigation water
Sep-  Oct-  Nov- 2522 Jan—- Feb- Mar- Apr- May- Jun- i\ut Agu- Sep-Oct Oct-
month Oct Nov Dec 3an20 Feb Mar Apr May  Jun Jul 20%7 Sep 2%17 Nov
2016 2016 2016 17 2017 2017 2017 2017 2017 2017 2017 2017
Irrigation
water 1165 442.3 97.56 1063 & 2403 9 322 7244 253 3 2900 3310 2150 1900 1158 640

(m*/ ha)
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Table6- Analysis of variance of quantitative and qualitative characteristics of sugarcane cultivar CP69-1062 and irrigation water efficiency in
sugarcane and sugar production in experimental treatments

Mean of square

Source Percenta percenta Percenta Water Water
of Stem Biomass Net e of ge of Percenta ge of Gross Net roducti product
- ds : . yield of g soluble geof  recovera  sugar sugar pre ivity of

variatio height yield sucrose S . ' ' vity of
n stem in ivice solids in purity ble yield yield suaar sugarca

) juice sugar 9 ne
Block(re -3 . . . . ns . . . . .
peat) 3 479.4 322.04 202.7 18.19 19.08 14.09 8.06 25.5 17.5 0.027 0.49
depth of
dripper 2 2732.1  "1049.2 855 439 4ns 10.03™  2.18™ 21.49 “14.85 “0.023 “1.6
;:Ztr 6 “403.7  '279.87 2223 2.44 2.36 ™ 4.56 1.18m 9.15m 6.3 0.01m “0.43
distance
of 1 767.7"  "559.7  "433.47 1.83m 2.49 0.18™ 0.68 "™ 11.3m 7.95™  0.012"™  "0.86
dripper

second ns ns ns ns ns ns ns ns ns ns ns

error 3 137.6 66.47 30.23 1.63 1.54 5.46 0.84 2.61 1.81 0.003 0.1
depth
and X

distance 2 226.2"  281.12 280.27 0.38™ 0.17 " 1.66 ™ 0.26™ 2.46 ™ 179"  0.003"™ 043"
of

dripper

';/Ir?;? 6 89.29 51.53 31.09 2.29 1.67 8.58 1.29 3.26 2.26 0.003 0.079

Coeffici

VZ?ita(t’ifo 452 5.89 5.29 8.83 6.39 346 1101 1362 1366 1342 586
n

** * and respectively are significantly at the level of one percent, five percent and no significantly.
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Table 7- Comparison of the mean of quantitative and qualitative properties of sugarcane cultivar CP69-1062 and irrigation water productivity in
sugarcane and sugar production for experimental treatments of dripper spacing

Percentage  PErcentage Percentage Water

Dripper Stem Biomass Net yield of g of soluble Percentage of Gross sugar Net sugar o Water productivity of

! . . of sucrose S . - . productivity of 3
spacing height(cm) yield(ton/ha)  stem(ton/ha) O solids in of purity recoverable  yield(ton/ha) yield(ton/ha) 3 sugarcane(kg/m®)

in juice - sugar(kg/m?)
juice sugar
L1 214.75% 126.642 13.952 10.50 2 20.572 84.82 2 17.432 109.592 11582 6.06 2 0.552

L2 203.45° 116.97° 12,572 10.17 2

19.932 84.452 16.88 2 101.09° 10.432 5.59b 0.52

In each column, the means with same letters are not significantly in the level of 5% with Duncan's multiple range test. In this table, L1 and L2 are the
dripper spacing of 30 and 50 cm, respectively.

OG0 kb (5551 B Fos (loiT Sldslewd Kb 9 ;i g 58 ol T ST (5190 50 9 CPB9-1062 o8 ;i (™ 9 (o Dlio (uSlie Saw o -8 Jgu>
Table 8- Comparison of the mean of quantitative and qualitative properties of sugarcane cultivar CP69-1062 and irrigation water productivity in
sugarcane and sugar production for experimental treatments of dripper depth

Percentage percentage Percentage Water Water
Dripper Stem Biomass Net yield of of soluble Percentage of Gross sugar Net sugar S L
. . of sucrose S . - . productivity of  productivity of
depth height(cm) yield(ton/ha) stem(ton/ha) O solids in of purity recoverable yield(ton/ha) yield(ton/ha) 3 p
in juice juice sugar sugar(kg/m®)  sugarcane(kg/m?)
D1 216.162 124.382 108.47¢ 17.92 20.852 85.81°2 10.89¢ 14.24# 11.81% 5.954 0.562
D2 2232 131.75% 113.75% 17.332 20.43 84.842 10.25% 14.182 11.77# 6.32 0.562
D3 188.13" 109.28° 93.8"° 16.42¢ 19.47# 84.08°2 9.86¢ 11.37° 9.43" 5.23° 0.45°
In each column, the means with same letters are not significantly in the level of 5% with Duncan's multiple range test. In this table, D1, D2 and D3 are the
dripper depth of 15, 25 and 35 cm, respectively.
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Table 9 - Comparison of mean of quantitative and qualitative properties of sugarcane cultivar CP69-1062 and water productivity in sugarcane
and sugar production (comparison of interaction treatment effect of spacing and depth of drippers)

Stem Biomass Net vield Percentage percentage Percent Percentage Gross Net Water Water
Dripper  Dripper ) . Y 9 of soluble of . sugar  productivity  productivity
. height yield of stem of sucrose - age of sugar yield '
depth spacing (cm) (ton/ha) (ton/ha) in illice solids in urit recoverabl (ton/ha) yield of sugar of sugarcane
] juice punty e sugar (ton/ha) (kg/md) (kg/md)
L1 223.92@ 12353 107.45%® 18.182 21.10@ 86.10° 11.092 14.13# 11.892 5.9%® 0.56%
L2 222,082 125.23%® 109.5%® 17.622 2.60° 85.522 10.7¢@ 14.17¢# 11.742 g 0.562
a a
L1 227578 142.73% 124.42 17.19° 19.96° 83.28° 10.222 15.39 12.782 6.82 0.61
L2 204.76°  120.77° 103.10° 17.07% 18.98° 84158  10.27° 12.97% 10,760 5.8° 0.51°
a a
L1 192,778 113.64° 96.92° 16.912 18.18° 84.48° 10.192 12.14 10.08? 5.43b 0.43
L2 183.49¢  104.93° 90.67° 15.922 17.622 83.68° 9.53@ 10.59¢ 8.972 8.79@ 0.42°

In each column, the means with same letters are not significantly in the level of 5% with Duncan's multiple range test.



DOI: 10.22055/JISE.2018.25258.1747

14

ol T Calizes gla oy e 3B 10LKen 5 6oL Caw g 4555

5o LS 618 4 LS 5 s 124/40 LsSn o o3 142073
yiehls 93 a5l ol el ool Cawday pdlie D ey
D2L2 sla)los an cus (5)b sixe (g)lo] ©glds ¢ sy D90
P gl e CuiS ol e S ygbds il D3L2 5 DALY
Gk Sl ol by hals ) dnngs 40§l 65,5 pisy
O S5 e D2LL Jlas o (s Culigd ialS g s
Aol Uy o 50 25 gos 11 39 Uiyl polas 4y
Golio dlold g Bas sie 4 olgien |y ol 30 (Kae,kd
oy gl b (o)l (bey 3 LS kad (55 (ol
ool g5 &Sl Ll 3 o) 4] 900 by S
5 Js-loe sl @y i o) (iS5 Skes il ()3 sine
S0 9 S S 3 Slas (1S Aoy g Cupd ogls 42
s odalidie 3 ol e G S5 M5 5> )l
9 G S 93 3l (s S it Slidos plsl (e
ey gliste Ll 53 9 o)) ol sl (BSer0)kad alols
D9
Sleyad g K

o3lj Gluid ) yual odine GBI Gl 5l (B x5 gy
alo 5 St dng Ghjgl g Olidos duwe Jolo Cy e
4abiyy g Gimgfy Cu o osen! Lo 185 B Ol g
S Sl glio 5 St ansg (higel § Claiod dunto )
el bl dolye (ooled 5 (305 ol (sl b e e
led oo (S13)18 5 Sl il ansly 1) Slaidy g g lSen JloS

OSreskd Aols 5 s iz 5149) Sy ol ol
Oy bl I re 3 oyl (A sl gl | Son
80 o 55 K sl o g0 5 5 3Skas
D2L1 Jlas 4281 5 6,55 15 olSo kb alold 5 Gas lite
Lol el 1y Sb bl o (syg0 a0 9 Sib 3)Shos o 5V
D95 5B sine (g)lel yL5 5l Lo jlogs ol L jlaus oSS
P me AU K gl Sy 5.5 (2016) Costa et al
Hdg0i5 odnliie Cilisio pl) )3 Capd (S Sl SRy O

R

OLSeoykad 3os g Aol Sl gw)p jolate 4y pol> Jingh

Jols bt 4 pldl jSis (S g (o Cloogad (S )
L)) slayially o S0 )kd Bec oS 3l Lis Giaghy ol ]
St 035 (5Ll O (590,80 @iy j 3, SMas calus
9 5= pAllS 3 Slee S8 (AL 5 )Slas Bl palls 3 Shoe
Aol (P<0.05) sy b ino »31 S )Ll ] cspgorte
Sb )l o 5y90 80 03 3,Slas Jelge S kb
9 Ges Bl Sl g 1S5 (bl O (yg0000 9 Bl Lalls 3 )Shoe
g a8l alls 5, Slas 0355 a3 Slos 5 S50,k alols
syl ime 51 St 0395 Sy )bl OF spg0 e
i 45 ol gl Jolite 3] il duslio (P0.05)
POl G s gygop g Blo (A 5 Sles @395 2 Slas
L =l s pan piehly acw ol polie 4 Jols D2L1 jlows

References
1- Abbasi, F. and Sheini Dashtegol, A., 2017. Evaluating and Improving the Sugarcane Furrow Irrigation
Management in Khuzestan. Water and Soil Science, 26(2,4), pp.109-121. (In Persian)

2- Abdollahi, L., 2009. A revision of sugarcane fertilizer irrigation management and integration of domestic
and foreign experience and using plant models predict. Shekarshekan Magazine. (In Persian)

3- Andrade Junior, A.S.D., Bastos, E.A., Ribeiro, V.Q., Athayde Sobrinho, C. and da Silva, P.H., 2017. Stalk

yield of sugarcane cultivars under different water regimes by subsurface drip irrigation. Revista Brasileira
de Engenharia Agricola e Ambiental, 21(3), pp.169-174.

Allen, R.G., Pereira, L.S. Raes, D. and Smith, M., 1998. Crop Evapotranspiration: Guidelines for
Computing Crop Water Requirements. Irrigation and Drainage Paper 56, Food and Agriculture
Organization of the United Nation, Rome, 300 P.

Bhingardeve S.D., Pawar, D.D., Dinger, S.K. and Hasure R.R, 2017. Water Productivity in Sugarcane
under Subsurface Drip Irrigation. International Journal of Agriculture Sciences, 9(29), pp.-4377-4381.

Camp, C.R., 1998. Subsurface drip irrigation: a review. Transactions of the ASAE, 41(5), p.1353.



15
1'15f.1400d\.~4o)\.&44a)‘9> 6)\34.-\"5«.\..@}}(‘).\9

7- Célia de Matos Pires, R., Barbosa, E.A.A., Arruda, F.B., Sakai, E. and Araujo da Silva, T.J., 2014. Effects
of subsurface drip irrigation and different planting arrangements on the yields and technological quality of
sugarcane. Journal of Irrigation and Drainage Engineering, 140(9), p.A5014001.

8- Costa, C.T.S., Saad, J.C.C. and Junior, S., 2016. Growth and productivity of sugarcane varieties under
irrigation levels.Caatinga, 29(4), pp.945-955.

9- Cunha, F.N., Silva, N.F.D., Sousa, A.E., Teixeira, M.B., Soares, F.A. and Vidal, V.M., 2016. Yield of
sugarcane submitted to nitrogen fertilization and water depths by subsurface drip irrigation. Revista
Brasileira de Engenharia Agricola e Ambiental, 20(9), pp.841-846.

10-Degefa, A., Bosie, M., Mequanint, Y., Yesuf, E. and Teshome, Z., 2016. Determination of Crop Water
Requirements of Sugarcane and Soybean Intercropping at Metahara Sugar Estate. Advances in Crop
Science and Technology, 4(5):10-13.

11-Dos Santos, L.N., Matsura, E.E., Gongalves, 1.Z., Barbosa, E.A., Nazério, A.A., Tuta, N.F., Elaiuy, M.C.,
Feitosa, D.R. and de Sousa, A.C., 2016. Water Storage in the soil profile under subsurface drip irrigation:
Evaluating two installation depths of emitters and two water qualities. Agricultural Water
Management, 170, pp.91-98.

12-Golabi, M., 2009. Mathematical modeling of sugarcane response to use of saline irrigation water and
application in SALTMED model in order to irrigation water management for sugarcane in semiarid areas.
Phd thesis of irrigation and drainage. Faculty of Water Science Engineering Irrigation and Drainage
Department. Shahid Chamran University of Ahvaz. (In Persian)

13-Khodabande, N., 1987. Industrial Plants Cultivation. Sepehr Publishing Center.454 p. (In Persian).

14-Lamm, F.R. and Trooien, T.P., 2003. Subsurface drip irrigation for corn production: a review of 10 years of
research in Kansas. Irrigation Science, 22(3-4), pp.195-200.

15-Lamm, F.R. and Camp, C.R., 2007. Subsurface drip irrigation. In Developments in Agricultural
Engineering (13), pp. 473-551. Elsevier.

16-Leandro, J.E.V., 2014. Effects of subsurface drip irrigation flow rates and emitter spacing on sugarcane
water uptake and production in Florida alfisols. Thesis.University of Florida.98p.

17-Shokri, S., Hooshman, A. and Ghorbani, m., 2017. The Estimation Evaporation Pan Coefficient for
Reference Evapotranspiration in Ahvaz. Journal of Irrigation Sciences and Engineering.40(1): pp.1-12. (In
Persian)

18-Singh, 1., Verma, R.R. and Srivastava, T.K., 2018. Growth, Yield, Irrigation Water Use Efficiency, Juice
Quality and Economics of Sugarcane in Pusa Hydrogel Application Under Different Irrigation
Scheduling. Sugar Technology, 20(1), pp.29-35.

19-Sheynidashtgol, A., Naseri, A., Boroomandnasab, S. and Kashkouli, H., 2012. Water used Optimized
Management in Southern Ahwaz Sugarcane Field. Journal of Irrigation Sciences and Engineering, 35(4),
pp.21-31 (In Persian).



	1-1078
	2-1078
	_Hlk503966094


