J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 8 (5): 195-202, 2017

Impact of Potassium Fertilization and Cultivation Methods on Productivity and

Water Use Efficiency of Sugarcane
Nadia M. Hemeid; Basma R. A. Rashwan; E. I. Mohamed and F. A. Khalil
Soils, Water and Environ. Res. Inst., Agric. Res., Center (ARC), Giza, Egypt.

nis aTtic;
< was e

CHECKED

against plagiarism

ABSTRACT

A field experiment was conducted at Shandaweel Agricultural Research Station, Sohag Governorate, Egypt (latitude 26° 34'
N and longitude 31° 42" E and Elevation 61 meters from the sea level) for the two successive seasons of 2014/ 2015 (plant cane)
and 2015/ 2016 (first ratoon), to examine the effect of potassium fertilization (0, 24 and 48 kg K,O fed™") on sugarcane grown in
clay loam soil under two cultivation methods, i.e. rows or on raised beds (water limited conditions). The experiment was laid out in
a split plot design with four replicates. Results indicated that decreasing amount of irrigation water by growing sugarcane on
raised beds caused significantly reduction in stalk height and milleable cane yield of the plant cane and 1st ratoon, while stalk
diameter was significantly increased. N concentration in leaves and sugar yield were not significantly affected by cultivation
methods in plant cane and first ratoon. The highest value of K % was obtained with growing on rows having normal water
quantity in the 1st ratoon. Average of CU (actual evapotranspiration) values were 5233 and 4721.5 m’® fed”' in plant cane and 1st
ratoon, respectively under growing on rows which were reduced by 25.66 and 29.77 % growing under raised beds conditions.
Water use efficiency (WUE) was increased with decreasing irrigation water quantity under growing on raised beds conditions. On
the other hand, applying 24 kg K,O fed' significantly increased stalk height and milleable cane yield compared with control
(without K) and 48 kg K,O fed™'. However, using 48 kg K,O fed' gave the highest values of N and K% in leaves as well as stalk
diameter and sugar recovery (SR %) in plant cane and 1st ratoon, except, purity (%) and sugar yield which were significantly
increased by this rate in the 1st ratoon only. Generally, the highest significant values of stalk height and milleable cane yield were
recorded with application of 24 kg K,O fed™' under normal irrigation water amount growing on rows. Whereas, a high rate of
potassium (48 kg K,O fed') under growing on raised beds gave higher values of sugar recovery (%), sugar yield, purity (%) and
WUE in thelst ratoon.
Keywords: Potassium fertilizer, cultivation methods, sugarcane, yield, purity and WUE

INTRODUCTION yield proportionately. Ahmad et al., (2002) reported that
cane yield and commercial cane sugar gradually

decreased as the moisture stress increased. In Egypt,
sugarcane production faces some problems which

Availability of water in soil together with an
adequate supply of potassium are considered essential

factgrs affecting the gccu.mulation. and storage of developed by time. The main problems nowadays are
nutrients by plants, making its essential for the healthy the limited freshwater supply and water requirements

growth and deve!opment of sugarcane crop. Sugarcgne which increased accompanying the increase in
(Saccharum ojjicznarum L.)vlsgh1gh biomass producing temperature degrees and wind speed as well as the
crop that requires substanF ial mput of both water and reduction in the relative humidity. Thus, the first
nutrients to achieve maximum yields. Water present important step of Egyptian strategy is increasing

N . .
agout 7,5 % Og sugarcane stall:cs ar}d ha;s a v1.tal rollce mn productivity from unit area with the lowest irrigation
absorption and transporting of mineral nutrients from water quantity and saving the irrigation water.

soil to plant roots and ,ShOOtS' Wiedenfeld (2004) Moreover, sugarcane is an exhaustive crop and depletes
reyealgd that growth and yields of sugarcane responded i) potassium heavily. Potassium is an essential
prl(rlnarlly tohthe to‘;al amouln t of water dapp}iled..l\/.[ath.ew nutrient for sugarcane production and fulfils a number
anc .Varug. ese (2005) a so reported that irrigation e important roles in plant growth. Its role in regulating
positively influenced all attributes and nutrient uptake uptake of water and leaf stomatal opening in plants

and appreciably increased the cane yield. They obtained is of particular interest in view of the periodic drought

. . -1 .
the highest yield of 107.49 t ha” with water use conditions  that  affect the sugar industry

: -1
e{ﬁmencfy Ol; l.ﬁ8 t.ha m’ water. Azevedg ledt al., (Gopalasundarum et al., 2012 &Wood and Schroeder
(2006) found that increases in sugarcane yield are 2004). In pot experiments, Sudama et al., (1998)

directly apd linearly corre.:lated with increa§es in the showed that application of K at time of planting under
consumption of water. Wledenfeld andv Enciso (2008) 1t stress  conditions significantly increased the
found that increasing irrigation levels increased sugar stomatal diffusive resistance, thereby decreasing
a; (()1 1s3ugarcane glellfst and Sucrose content. dGhaffar e.t 7!1 transpiration rate and increasing the leaf water potential,
( ) {)epgrte(:i ¢ }? max1mun; cane and sugar y1elds - cane length, sucrose content in juice and cane yield. It
were obtamed where normal lrrigation water was o, plays a significant role in controlling the hydration
applied. Conversely, the apphca'qon of 2 hlgh Imgation: 4 osmotic concentration within the stomata guard
water volume does not necessarily result in hlgh vield- copls. Presence of potassium makes sucrose production
Solo;non de ! ai., (ZOtOO)lnotejd that excess W&ter zlmpt?de from simple sugars possible. This element contributes in
acration due to water logging, causing yield reduction production and neutralization of organic acids and

and also \gateﬁ losses Singh et ‘Ll," h(2007)h§tated that increases product quality by balancing sugar and acids.
water use by the ratoon crop was higher with increasing o1, strengthens cell walls and tissues and increases

,SOI.I moisture regimes. WUE decreased with increasing efficiency of nitrogen fertilizer (Mansouri, 2011). Many
irrigation water applied. Inadequate water supply acts as | bl od an increase of cane and sugar

a retarding factor in nutrient uptake and reduces the yields as a result of increasing the levels of potassium
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fertilization Kumar et al, (2014), El-Geddawy et al.,
(2015) and Gameh et al, (2015). Jafarnejadi (2013)
found that the highest sugarcane yield (147.5 ton ha™)
was obtained from 200 kg ha™ potassium chloride (1/4
at cultivation time and the rest in three times along with
nitrogen fertilizer). Also, the highest sugar and purity
percentages (12.9 and 89.7%) were obtained by this
treatment. Hajjari et al., (2015) showed that applying of
potassium had no significant effect on stalk diameter.
The highest stalk length (188.51cm), cane yield (111.62
ton ha™), sugar (10.86%) and purity (89.9%) were
obtained in 200 kg K ha™ as potassium sulfate. McCray
and Powell (2016) noted that sugarcane yield and
sucrose yield increased significantly to K fertilization in
plant cane and first ratoon crop.

Therefore, the major objective of this study was to
identify the appropriate potassium fertilizer level under
water limited conditions for enhancing productivity and
water use efficiency of sugarcane growing on raised
beds under Sohag Governorate conditions.

MATERIALS AND METHODS

A field experiment was carried out at Shandaweel
Agricultural Research Station, Sohag Governorate,
Egypt (latitude 26° 34' N and longitude 31° 42' E and
Elevation 61 meters from the sea level) in the two
successive seasons of 2014/ 2015 ( plant cane) and
2015/ 2016 (first ratoon) to study the effect of
potassium fertilization of sugarcane grown on raised
bed cultivation method (water limited conditions) on
yield, and juice quality as well as water use efficiency
(WUE) and consumptive use of water irrigation under
surface irrigation system in Upper Egypt. Some physical
and chemical properties of the experimental soil were
analyzed before planting according to Black (1965) and
Ryan et al., (1996) as shown in Tablel.

The experimental treatments were arranged in a
split plot design with four replicates. The plot area was
21 m* (6x3.5 m?). The main plots were allocated for two
levels of irrigation water through two methods of
cultivation, i.e. on rows and raised beds where the water
amount was reduced by about 25-30% approximately.
The sub plots were devoted for three levels of potassium
application (0, 24 and 48 kg K,O fed™). Each sub-plot

consisted of six rows or three raised beds. Each row was
3.5 meters in length and 1.0 meter in width and each
raised bed was 3.5 meters in length and 2 meters in
width. The cane cuttings were planted on both sides of
raised beds.

Table 1. Some physical and chemical properties of
the experimental soil.

Properties Value
Particle size distribution (%)

Sand 24.11
Silt 47.46
Clay 28.43
Texture class Cla]y loam
Bulk density (g cm’ %)

Field capa01ty g% W/W) 27. 6
Wlltln% 1pomt (% W/W) 15.5
Avail water (%) 12.25
CaCO; (%) 2.70
pH (1:2.5 soﬂ water susp.) 8.10
EC (dSm Soil paste ext.) 1.85
Organic matter (%) 1.46
Available macronutrients (mgkg™)

N 25.31
P 10.76
K 218

Sugarcane variety G. 84-47 was planted on 20"
of March 2014 and harvested after 12 months for plant
cane and first ratoon. Phosphorus fertilizer as calcium
super phosphate (15% P,0s) was added at the rate of 30
kg P,Os fed” during the preparation of soil. Nitrogen
fertilizer at the rate of 200 kg N fed”! as urea (46% N)
was splited into four equal doses; the first dose was
added after two months from planting and the other
doses were added at two- week intervals after the first
one. The same rates of phosphorus and nitrogen were
applied to the first ratoon. Potassium fertilizer was
applied in the form of potassium sulphate (48 % K,0) in
two equal doses with the 1% and 4™ nitrogen fertilizer
doses. All treatments received the same sowing
irrigation in plant cane, and the amounts of applied
irrigation water were measured via a flow — meter
attached to the irrigation pump in plant cane and first
ratoon as shown in Tables 2 & 3. After 120 days from
planting a random sample of plant top (Top visible
dewlap (T.V.D.)) leaves was collected to determine N
and K contents according to the method described by
A.0.A.C. (1995).

Table 2. Amount of water (m’ fed™) applied to plant cane (2014/2015) under the two cultivation methods and

different levels of potassium fertilization.

No. of irrigation

Cultivation K-levels s
methods (kg KzO 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 é‘é‘
A fed”) (B e e
() " (B) Data of irrigation E 5 Mean
S @2
13/142/2 30/4 20/ 4/6 18/6 2/7 16/7 30/7 13/8 27/8 10/9 24/9 15/10 12/11 9/12 24(;}/5 %g
Control 388 358 318 388 388 418 448 448 538 448 418 418 508 480 360 340 6664 416.5
Row 24 358 358 334 328 418 418 448 438 508 478 448 448 538 500 340 340 6700 418.8
48 417 328 348 388 388 418 448 418 508 508 388 478 478 520 360 360 6753 422.06
Mean 387.7 348 333.3 368 398 418 448 434.7 518 478 418 448 508 500 353.3346.7 20117 419.10
Raised Control 300 240 258 300 300 328 328 328 388 358 328 358 328 320 280 260 5002 312.63
bed 24 328 260 288 328 300 276 328 358 350 358 328 300 388 340 300 240 5070 316.88
48 358 240 228 328 300 300 358 322 418 328 328 300 358 360 260 240 5026 314.13
Mean 328.7246.7 258 318.7 300 301.3 338 336 385.3 348 328 319.3 358 340 280 246.7 15098 314.54
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Table 3. Amount of water (m3 fed™) applied to first ratoon (2015/2016) under the two cultivation methods and

different levels of potassium fertilization.

Cultivation K-levels No. of irrigation T. Mean
methods (kg K,0 water
(A) fed )(B) 1 2 3 4 5 6 7 8 9 10 1S ed
Data of irrigation !/season
23/4/2 18/5 7/6  23/6 11/7 28/7 18/8 14/9 10/10 3/11 16/12/
015 2015
Row Control ~ 560.6 528.6 488.0 405.6 600 648.0 660.0 642.2 6004 620.0 620.0 6373.4 579.35
24 4322 4972 4788 4062 600 666.0 6822 640.0 600.0 607.0 627.8 6237.4 567.04
48 502.0 466.0 454.8 418.0 600 664.4 684.2 643.8 598.40 603.6 640.0 62752 570.47
Mean 498.27 497.27 473.87 409.93 600 659.47 675.47 642.0 599.6 610.2 629.27 18886 572.30
Raised bed  Control ~ 351.2 332.0 374.0 345.6 4064 464.0 456.8 447.2 400.0 400.0 439.8 4417 401.55
24 3242 3082 357.6 3352 434.0 463.0 471.6 448.6 406.0 420.0 420.0 4388.4 398.95
48 3842 3702 353.8 339.8 4234 462.4 417.8 432.0 4284 420.0 4264 44584 40531
Mean 353.20 336.80 361.8 340.2 421.27 463.13 448.73 442.6 411.47 413.33 428.73 13263.8 401.93

At harvest, plants of the two middle guarded
rows and one raised bed of each treatment were
harvested, topped and cleaned. Then, stalk height (cm),
diameter (cm) and milleable cane yield (ton fed™) were
recorded.

Juice quality and sugar yield:

A sample of twenty five stalks from each plot
was taken at random, stripped, cleaned and squeezed to
estimate the following traits.

Sucrose (%) of cane juice was determined using
saccharometer according to A.O.A.C. (1995).

Juice purity percentage was calculated as in
Satisha, et al., (1996) using the follow formula: Juice
Purity % = (Sucrose % +T.S.S %) x100.

Sugar recovery percentage was calculated
according to Yadav and Sharma (1980).
Recoverable sugar yield (ton fed') was

calculated according to the following equation as
described by Mathur (1981), where:
Recoverable sugar yield (ton fed') = cane yield (ton

Statistical analysis:

Data were statistically analyzed according to
Snedecor and Cochran (1980). Means of treatments were
compared using the L.S.D. test at 5% probability.

RESULTS AND DISCUSSION

N and K % in leaves of sugar cane after 120 days
from planting:

Data presented in Table 4 show that nitrogen
concentration in leaves of sugarcane was not
significantly affected by the two tested cultivation
methods (rows and raised beds) in both plant cane and
first ratoon. On the contrary, the irrigation in rows gave a
pronounced significant effect on K % in leaves after 120
days from planting compared with the irrigation in raised
beds in the 1stratoon only.

Table 4. Effect of potassium fertilization and cultivation
methods on N and K concentrations in leaves of
the plant cane and first ratoon.

fed™) x sugar recovery%. N (%)
Water relations: Plant cane (2014/2015) 1st ratoon
. . K- levels (2015/2016)
Actual water consumptive use (ET): . .. (kg . K,O Cultivation methods Cultivation methods
For determining water consumptive use, soil fe(%-l) (B) (A) (A)
samples were collected just before and two days after each Row Rﬁis(;ed Mean Row Rzis;d Mean
irrigation in 15cm increment from soil surface down to 60 : L e
cm of soil profile. Water consumptive use was calculated 5 Contm %%g %ég %;g %g %%‘9‘ %;?
according to Israelsen and Hansen (1962) as follows: 43 243 240 242 232 227 230
CU=D x Bd. x (Q; —Q,)/ 100 Mean 233 228 - 223 220 -
Where: L.SD o, A=N.S B=008  A=NSB=0.027
_ o 30 g1 05 AxB =N.S AxB =N.S
CU = actual evapotranspiration (m’fed™). K (%)
D = irrigation soil depth (cm). Plant cane (2014/2015)  Ist ratoon (2015/2016)
Bd. = bulk density of soil (g Cm’S) K- levels (kg Cultivation methods (A) Cultivation methods
Q; = percentage of soil moisture two days after K,Ofed”) )
S (B) R Raised M Row Raised M
1rrigation. ow bed can bed can
Q, =percentage of soil moisture before next irrigation. Control 1.70 1.68 1.69 1.55 151 1.53
Seasonal water consumptive use: 24 1.87 1.82 185 1.76 169 173
The seasonal water use values for each treatment 43 1.96 1907 1.93 184 175 1.80
- . Mean 1.84 1.80 - 1.72 1.65 -
were obtained from the sum of water consumptive use of LSD A=N.SB=0.060 AXB A=0.064 B= 0.042
all irrigations from planting and until harvesting. 2 00s =N.S AxB =N.S

Water use efficiency (WUE):

Water use efficiency was calculated for all
treatments according to the following formula (Vites,
1965).

WUE = Sugar (kg fed™") / water consumptive (m® fed™)

This significant effect may be due to that the
availability of water in the soil increases the efficiency
of nutrient absorption, especially with high — solubility
nutrients such as nitrogen and potassium, since these will
be available to the plants in the soil solution, thus
facilitating the process of absorption (Dalri et al., 2008).
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In this connection, Costa et al, (2016) found that
increasing availability of water increased the
accumulation of potassium in the leaves of sugarcane
plants. However, nitrogen accumulation in leaves was
not influenced by water treatments.

The effect of K fertilizer levels on nitrogen and
potassium % in leaves of sugarcane plants was
significant in plant cane and 1st ratoon. The results
showed that the higher values of N and K% were
obtained by adding the treatment of 48 kg K,O fed™ in
both plant cane and 1st ratoon. The increments in N and
K % in leaves of sugarcane plants with increasing the
rates of potassium fertilizer application may be due to
the role of potassium on plant nutrition, such as
photosynthesis, translocation of nutrients, nitrogen
uptake and synthesis of protein and starch (Hawkesford
et al., 2012). Also, increases in potassium accumulation
in leaves may be linked to the crop ability to absorb
large amounts of nutrients, especially when provided in
excess (Silva et al., 2007). Similar results were obtained
by Ahmed and Ferweez (2004) who found that the
highest values of N and K contents in cane leaves were
recorded with applying 48 kg K,O fed' in the two
seasons. Kumar et al., (2014) showed that application of
potassium increased the K concentration in sugarcane
index leaves (3" whole leaf) at maximum growth stage
for the first plant cane and ratoon crop.

The obtained results reveal that the interaction
effect between cultivation methods (rows and raised
beds) as well as K fertilizer treatments was insignificant
on nitrogen and potassium % in leaves of sugarcane
plants in plant cane and Ist ratoon.

Yield of sugarcane:

Data illustrated in Table 5 clear that stalk height

(cm), stalk diameter (cm) and milleable cane yield (ton

fed™) significantly affected by irrigation water quantities
in both plant cane and Ist ratoon. The obtained results
indicated that decreasing irrigation water quantity from
20117 m® in rows to 15098 m” in raised beds in the plant
cane and from18886 m® in rows to 13263.8 m® in raised
beds in the 1st ratoon reduced stalk height by 5.13 and
6.12 %, respectively. Similar trend was also observed
with milleable cane yield which was significantly
decreased by 9.42 and 7.74 % over the normal irrigation
levels (on rows) in the plant cane and 1st ratoon
respectively. While, applying irrigation water at raised
beds resulted in the thickest stalk diameter compared to
the other irrigation in both plant cane and 1st ratoon.
These results may be due to the fact that water is an
essential factor for the turgidity of leaf cells, lengthening
of stalk cells as well as photosynthesis process, as
mentioned by Van Dillewijn (1952), who stated that
water is the most important food quantitatively for
sugarcane. Higher irrigation levels caused more
vegetative growth which resulted in dehydration and
forced the conversion of total sugars to convertible
sucrose and used them for growth compared to lower
irrigation levels (Dorenboss and Kassam, 1979).
Moreover, Rossler ef al., (2013) showed that water stress
during the stalk elongation phase reduced cane yield by
6 to 11 t ha' (5 to 9 %). Such findings are in parallel
with those of Bahrani et al., (2009) who found that lower
irrigation levels significantly decreased cane yield and
the crop suffered the desiccating effect of high
temperatures under water stress. Yahaya et al., (2010)
reported that length of milleable cane and cane yield
reduced with increasing irrigation intervals in the two
seasons. Ghaffar et al., (2013) concluded that irrigation
stress decreased the cane yield up to 47.17 % at 40 %
moisture stress.

Table 5. Effect of potassium fertilization and cultivation methods on stalk height, stalk diameter and
milleable cane yield in plant cane and first ratoon.

K- levels Stalk height (cm)

(kg KO fed™) Plant cane (2014/2015) 1st ratoon (2015/2016)

(B% 2 Cultivation methods (A) Cultivation methods (A)
Row Raised bed Mean Row Raised bed Mean

Control 276.75 255.30 266.03 308.67 288.00 298.34

24 285.25 273.38 279.31 321.83 300.83 311.33

48 277.50 267.75 272.63 310.00 293.22 301.61

Mean 279.83 265.48 ---- 313.50 294.02 -—--

L.S.D s A=4.19B=3.08 AxB=4.35 A=386B=4.68 AXB=06.62

Stalk diameter (cm)

K- levels X Plant cane (2014/2015) Ist ratoon (2015/2016)

kg K,0 fed™) Cultivation methods (A) Cultivation methods (A)

B% Row Raised bed Mean Row Raised bed Mean
Control 2.425 2.455 2.440 2.225 2.252 2.239
24 2.460 2.500 2.480 2.268 2.299 2.284
48 2.537 2.535 2.531 2.324 2.345 2.335
Mean 2471 2.497 -—-- 2272 2.299 -—--
L.S.D s | A =0.024 B=0.030 AxB=N.S A =0.032B=0.014 AxB =0.020
cane yield (ton fed) Milleable
K- levels X Plant cane (2014/2015) 1st ratoon (2015/2016)

kg K,0 fed™) Cultivation methods (A) Cultivation methods (A)

B% Row Raised bed Mean Row Raised bed Mean
Control 62.40 56.28 59.34 61.30 56.40 58.85
24 67.28 61.70 64.49 65.07 60.70 62.89
48 65.90 59.18 62.54 63.60 58.17 60.89
Mean 65.19 59.05 -—-- 63.32 58.42 -—--
L.S.D o5 A=1.19B=1.76 AXB=2.49 A=2.67B=1.74 AxB=2.46

Concerning the effect of K fertilizer treatments,
the results in Table 5 reveal that applying 24 kg K,O fed

! significantly increased stalk height and milleable cane
yield compared with control (without K) or 48 kg K,0O
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fed” in plant cane and Ist ratoon. Meanwhile, increasing
K level up to 48 kg K,O fed™ significantly improved stalk
diameter in plant cane and 1st ratoon. The increases in
cane yield owing to K fertilizer level might be attributed to
increasing nitrogen absorption which has increased dry
matter therefore, stalks diameter increased. Also,
potassium preparation is followed by cell enlargement due
to potassium accumulation and lignifying of vessel systalk
(Kholdbarin and  Eslamzadeh, 2001). Potassium
significantly increased the stomatal diffusive resistance,
thereby decreasing transpiration rate, increasing the leaf
water potential and thus increasing the size of cell,
followed by sugar cane stalk elongation which resulted in
yield increment as confirmed by Sudama et al. (1998). In
this connection, Taha et al., (2003) noted that potassium
application significantly increased milleable cane
diameter and cane yield in plant and ratoon crops. El-
Geddawy et al., (2015) found that increasing the applied
dose of potassium fertilizer was accompanied by a
significant increase in the values of stalk length and cane
yield in both seasons. Hajjari et al., (2015), Gameh et al.,
(2015) and McCray and Powell (2016) showed that
potassium sulfate significantly increased both stalk
length and yield.

Data presented in Table 5 also exhibited that the
interaction effect between cultivation methods (rows and
raised beds) and potassium fertilizer levels were
significant on stalk height and cane yield in plant cane
and 1st ratoon. Also, stalk diameter followed the same
trend in the 1st ratoon only. The highest values of stalk
height (285.25 and 321.83cm) and cane yield (67.28 and
65.07 ton fed') were recorded with normal irrigation
water amounts in rows and using 24 kg K,O fed' in

Table 6. Effect of potassium fertilization and cultivation methods on sugar recovery,

purity in plant cane and first ratoon.

plant cane and Ist ratoon, respectively. Moreover, the
thickest stalk diameter value (2.345cm) was obtained
with lower irrigation water quantity in raised beds and
applying 48 kg K,O fed! in the st ratoon crop. This
increment in productivity of sugarcane may be due to the
hydric soil conditions in the rhizosphere region are very
important for the emergence and growth of sugarcane
tillers, because most of the potassium is transported to
the roots surface via diffusion; a process highly
dependent on the soil water content according to Oliveira
et al., (2004).This trend was obtained by Karthikeyan et
al., (2003) reported that application of K up to 168.75 kg
K,O ha™! increased cane length, cane diameter and cane
yield under optimum amount of irrigation water.

Juice quality and sugar yield:

The results in Table 6 point out that sugar
recovery (SR) percentage (%) in both plant cane and st
ratoon was significantly affected by cultivation methods.
The irrigation in rows induced significant increases in
SR (%) which gave (2.11%) in the plant cane. While, the
corresponding SR percentage in the first ratoon under
irrigation in raised beds was (5.87%). Yet, purity
percentage increased significantly by decreasing
irrigation water quantity from 18886 m’ in rows to
13263.8 m’ in raised beds in the first ratoon only. The
increase in purity percentage caused by decreasing
irrigation water quantity (water stress) may be attributed
to increasing sucrose percentage in stalk juice. These
results are in accordance with those obtained by Yang et
al, (1995). On the contrary, sugar yield was not
significantly affected by cultivation methods in plant
cane and first ratoon.

sugar yield and juice

Sugar recovery (%)

K-levels Plant cane (2014/2015) 1st ratoon (2015/2016)

8‘3% K;O fed”) Cultivation methods (A) Cultivation methods (A)
Row Raised bed Mean Row Raised bed Mean

Control 12.73 12.70 12.72 11.69 13.12 12.41

24 12.73 12.75 12.74 12.60 12.52 12.56

48 13.68 12.90 13.29 13.02 13.86 13.44

Mean 13.05 12.78 - 12.44 13.17 -—--

L.S.D g5 A=0.091B=0.111 AxB=0.158 A=0.203B=0.103 AxB=0.146

Sugar yield (ton fed™)

K- levels | Plant cane (2014/2015) 1st ratoon (2015/2016)

(kg K,O fed™) Cultivation methods (A) Cultivation methods (A)

B% Row Raised bed Mean Row Raised bed Mean
Control 7.94 7.15 7.55 7.17 7.40 7.29
24 8.56 7.87 8.22 8.20 7.60 7.90
48 9.01 7.64 8.32 8.28 8.06 8.17
Mean 8.50 7.55 -—-- 7.88 7.69 -
L.S.D g5 A=N.SB=N.SAxB=N.S A =N.SB=0.202 AXB =0.286
Juice purity (%)

K- levels | Plant cane (2014/2015) 1st ratoon (2015/2016)
gk K,O fed”) Cultivation methods (A) Cultivation methods (A)

B% Row Raised bed Mean Row Raised bed Mean
Control 86.39 86.78 86.59 85.34 85.95 85.65
24 86.43 86.90 86.67 85.87 85.69 85.78
48 87.15 86.57 86.86 85.80 86.31 86.06
Mean 86.66 86.75 - 85.67 85.98 -
L.S.D g5 A=N.SB=N.S AxB=0.342 A =0.231 B=0.238 AxB=0.337

For the effect of potassium fertilizer levels, data in
Table 6 show that the high level of K fertilizer (48 kg

K,O fed') gave the positive significant increases in SR
percentage compared with the other levels of potassium
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in both plant cane and 1st ratoon. However, purity (%)
and sugar yield were significantly affected by K fertilizer
levels in the Ist ratoon only. The positive effect of
potassium fertilization on SR and juice quality may be
mainly due to the important role of K in encouraging
translocation of sugars to the store tissue in the cane
stalks, as well as the transformation of simple sugars to
sucrose which cause an increase in sucrose and sugar
recovery (Filho, 1985). This element contributes in
production and neutralization of organic acids and
increases product quality by balancing sugar and acids
(Mansouri, 2011). In this connection, Kumar et al,
(2014) showed that sucrose (%) increased with
application of 50 kg K,O ha™ for plant crop and ratoon
crop. Hajjari et al., (2015) found that applying 200 kg K
ha”' gave the highest values of sugar % and purity %.
McCray and Powell (2016) also noted that sucrose yield
increased significantly by K fertilization in both plant
cane and first ratoon.

With respect to the interaction of the two studied
factors, data in Table 6 reveal that the addition of 48 kg
K,O fed' gavethe high significant values of sugar
recovery and purity (%) as well as sugar yield (ton fed™)
under irrigation in rows in plant cane and Ist ratoon,
respectively. While, the same rate of K fertilizer under
irrigation in raised beds gave a similar significant effect
on these traits in thelst ratoon.

Crop —Water relations:
Seasonal applied irrigation water:

Total number of irrigation water application
varied from16 in plant cane to 11 in first ratoon Tables 2
& 3. Total seasonal applied water quantities under

irrigation in rows were 20117 and 18886 m™~ fed”' and
which are exceeded those with irrigation in raised beds
by 33.24 and 42.39 % in plant cane and first ratoon,
respectively. This expected result and it is attributable to
more irrigation events applied under irrigation in rows.
Abdel Reheem (2010) found that the lowest values of
water applied were 7856.43 and 8565.57 m” fed’
obtained from transplanting method and normal planting
in beds respectively.

Water consumptive use (CU):

Data in Table 7 indicate the average values of
actual water consumptive use as affected by cultivation
methods in plant cane and st ratoon. Average CU
values were 5233 and 4721.5 m® fed” under irrigation in
rows which decreased by 25.66 and 29.77% under
irrigation in raised beds in plant cane and Ist ratoon,
respectively. The higher water consumptive use with
irrigation in rows is due to higher cane yield under such
irrigation level. This mean that water consumptive use
increased as the availability of soil moisture increased in
the root zone. Thus, inadequate water supply acts as a
retarding factor in nutrient uptake and reduces the yield
proportionately. These results are in consonance with
those of Singh et al., (2007) who stated that water use by
the ratoon crop was higher with increasing soil moisture
regimes. Wiedenfeld and Enciso (2008) proved that
increasing irrigation levels increased sugar and sugar
cane yields. Abdel Reheem (2010) also stated that
planting in beds (normal and transplanting methods)
gave the lowest values of actual water consumptive use
(5445.75 and 5225.64 m® fed™") respectively.

Table 7. Effect of potassium fertilization and cultivation methods on water consumptive use (CU, m® water
fed”) and water use efficiency (WUE, kg sugar m” water) in plant cane and first ratoon.

K- levels

Cu (m3 water fed'l)

(kg KO fed™) Plant cane (2014/2015) 1st ratoon (2015/2016)

(B) Cultivation methods (A) Cultivation methods (A)

Row Raised bed Mean Row Raised bed Mean

Control 5173 3845 4509.0 4780.05 3312.75 4046.40
24 5267 3946 4606.5 4678.05 3291.30 3984.68
48 5259 3880 4569.5 4706.4 3343.80 4025.10
Mean s 5233 3890.33 - 4721.5 3315.95 -—--
WUE (kg sugar m~ water)

K- levels . Plant cane (2014/2015) 1st ratoon (2015/2016)

(kg K,O fed™) Cultivation methods (A) Cultivation methods (A)

B% Row Raised bed Mean Row Raised bed Mean
Control 1.53 1.86 1.70 1.50 2.23 1.87
24 1.63 1.99 1.81 1.75 2.31 2.03
48 1.71 1.97 1.84 1.76 241 2.09
Mean 1.62 1.94 ---- 1.67 2.32 ——

On the other hand, data in Table 7 show that water
consumptive use was increased by K fertilization in
favor of 24 kg K,0 fed™ in the plant cane, while in the
Ist ratoon showed an opposite trend. In connection,
Khalil et al., (2002) noted that water consumptive use of
maize plants decreased as potassium levels increased in
both seasons. Gameh et al., (2015) stated that total water
consumptive use (Et,) values were increased as the level
of potassium application increased at high soil moisture.

As for the interaction effect on CU, data reveal
that the highest CU value (5267 m’ fed') was recorded
by applying 24 kg K,O fed” under irrigation in rows in

the plant cane. While, the lowest CU value (3291.30 m’
fed") was obtained by adding 24 kg K,O fed” under
irrigation in raised beds in thelst ratoon.

Water Use Efficiency (WUE):

Water use efficiency is a tool for maximizing
sugar production per each unit of water irrigation. The
data of this character presented in Table 7 indicate that
decreasing irrigation water quantity from 20117 m® in
rows to 15098 m’ in raised beds in the plant cane and
from 18886 m’ in rows to 13263.8 m’ in raised beds in
thelst ratoon augmented water use efficiency by 19.75 &
38.92% respectively. Similar results were reported by

200



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 8 (5), May, 2017

Wiedenfeld and Enciso (2008) who reported that WUE
declined with increasing water application level since
yields did not significantly increased with increasing
water application every year. Abdel Reheem (2010)
found that the highest value of crop water use efficiency
(10.68 kg m®) was obtained with transplanting method in
beds. Ghaffar et al, (2013) showed that water use
efficiency increased as water stress was imposed. The
highest value of WUE was observed at 40% soil
moisture stress.

Data also, indicate that application of 48 kg K,O
fed produced the highest WUE (1.84 and 2.09 kg sugar
m” water) in plant cane and 1st ratoon, respectively. This
may be due to the increase in sugar yield by applying 48
kg K5O fed™. In this respect, Dantas Junior and Chaves
(2014) found that potassium fertilization increased WUE
for the production of maize.

The highest value of WUE was recorded (2.41 kg
sugar m~ water) with irrigation in raised beds as
interacted with using 48 kg K,O fed' in the 1st ratoon.

CONCLUSION

Under the condition of the present experiment it
could be suggested that applying 48 kg K,O fed" under
irrigation in raised beds to achieve the optimum quantity
and quality of sugar yield as well as WUE (2.41 kg sugar
m” water) and more water saving (29.77%) in the 1st
ratoon.
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