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Abstract — The utilization of treated wastewater has no
only advantage of solving water scarcity problem ir
agriculture but also it is expected toprotect the envircnment
by reducing the pollution load with little or no risk to the
plants, groundwater or human health Pearl millet
(Pennisetum glaucum [L.] R.Br.) is one of the most important
drought-tolerant crops in semiarid tropic regions of the
world including Oman where it is one of the important
summer cereal crops. It requires relatively low irigation due
to its short growing season for fodde Eleven forage
genotypes of pearl millet which wereselectel based on the
their superiority for forage yield under normal irr igation
water conditions were investigated for their respoge totreated
wastewater and normal irrigation water conditions n respect
of productivity consecutively for two consecutiveyears during
summer seasons of 2012 and 201Blgrch-May) under drip
irrigation at Agriculture Research Station, Rumais. The
results indicated main effects of year wasignificant (p<0.05)
to highly significant (p<<0.01) with respect to all character:
under study except green matter yield while that ofwater
type was significant (p<0.05) for all the charactes except
chlorophyll content. The effect of genotypes was significar
for only plant height (p<.01) and dry metter yield (p<0.05).
Interaction effect of year and genotypes was sigmifant for
plant height (p<0.01) and green matter yield (p<0.D) while
that of year and water type was significant (p<0.0bonly for
chlorophyll content. However, interaction effect of two
factors viz. genotypes and water type and effect ahree
factors were non-significant (p>0.05).The highest greer
matteryield was observedduring the years 20:3 and 2012
(51.26t/ha and 51.15 t/ha, respectivelywvith no significant
differences under treated wastewater. There were significar
differences between years in relation to thdry matter yield.
The dry matter yield in the first year (2012; 19.8: t/ha) was
significantly higher than that in the second yee (2013; 12.42
t/ha). In both the years, he green and dry matter yields were
higher under treated water conditions than under fiesh
water conditions due to its higher nutritional status. The
random samples of plant and soil after harvest assisted i
investigating the impact of the use of treatewastewater on
the plant and soil. The results showed that all theheavy
elements were in low concentrations irboth plant and soil
samplesafter the harvest of pearl millet crop. In concluson,
the growth parameters of pearl millet were found ircreased
during irrigation by treated wastewater with no adverse
impact on chemical characteristics in either planbr soil.

Keywords — Forage Yeld, Freshwatei, Treated Waste
Water, Growth Attributes, Pearl Millet ( Pennisetum Glaucum
L).

|. INTRODUCTION

The utilization of treated wastewater | not only
advantagef solving water scarcity proble in agriculture
but also it is expected tprotect the environment
reducing the pollution load with little or no rigk the
plants, groundwater or human he: However, its
application warrantgffective treatment to protect pub
health and environment at an affordable ([1-5].

The problem ofriesh water scarcity is commonall the
arid and semi arid regions of the world. The prob
becomes further acute the countriesthat have agro-
based economy. Treated wastewater is being w
appliedfor irrigation in many continueas alternative to
available water for irrigatiomo surmount the problems of
water scarcity [5, 6-8].

Pearl millet Pennisetumglaucum[L.] R.Br.) is one of
the most important droughdlerant crops in ser-arid
tropic regions of the world including Oman wheris one
of the important summer cereal crof[9]. It requires
relatively low irrigation dueo its short growing season for
fodder. Tallervarieties in general produced more fod
yield than the short ones [g5]. Pearl millet fodder is
often considered highly palatable and a good sooift
protein, minerals and energy1].

The present study wastende( to explore the potential
of treated wastewater available from STPs (Sew.
Treatment Plant)in the countifor the growth of pearl
millet in producing higher yield of fodden comparison
with that by use of fresh available water with
deleterious elements in fodd:

[I. MATERIALS AND METHODS

The experiment was laid in two consecutive sum
seasons of 2012 and 2013 under modified -plot in
RCBD with Water Type as main factor viz. Fresh wi
and Treated wastewater) and eleven genotypes/tieai
of pearl millet as sub factor. Seeds of pearl mi
genotypes were planted iplots consisting of four 3
rowsat 25 cm between rows and 15 cm between [ in
each water type during Ap and harvested in June as
these varieties took 455 days to attain 20 to 50
blooming period, when the crcwas usually cut for green
forage.Plots were irrigated for half hour three times e\
week and fertilized atl00:50:50 kg NPK/haas per
national recommendations ]. At fodder harvest, the
observations were recorded on plheight (cm) and green
matter weight (kg/rf). The green fodder samples wi
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taken at random for each genotype for determinatib
dry matter content [10]. SPAD valuef leaf samples wer
also measured by use of SPAD2 meter that produc
relative SPAD meter valuesshich are proportional to tt
amount of chlorophyll present in the I chlorophyll
content [4].

[ll. RESULTS AND DISCUSSION

Tables 1 to 4resent the means of characters of el
pearl millet genotypes recorded durisumme seasons of
2012 and?013 along with means over ye, respectively.
The results indicated main effects of year wasifiggmt
(p<0.05) to highly significant (p<<0.01) with regpéo all
characters under stu@xcept green matter yield while tt
of water type was significant (p<0.05) for all
characters except chlorophyll content. The effeél
genotypes was significant for only plant height .(qi&g
and dry matter yield (p<0.05). Interaction effetyear
and genotypes was significant for plant height (P&}
and green matter yield (p<0.01) while that of yead
water type was significant (p<0.05) only for chlphyll
content. However, interaction effect of two factaig.
genotypes and water type andeef of three factors wel
non-significant (p>0.05).

Plant Height:

The grand mean value of theapt height of the
genotypes wassignificantly higher in summer 2013
(191.30 cm) than that in summer 20(138.70 cm (Table
1) as mean values over water types in 2013 were
than those in 2012ZT'he values of plant heighn both the
yearsas well their means over the years under tre
wastewate(161.82 cm, 195.76 cm and 178.79 cm) w
significantly (p<0.05) higher than teeunder fresh water
(155.58 cm, 186.85 and 171.21 cni) general, mean
values of plant height of genotypegere significantly
(p>0.05) higher under treated wastewater than ufrdeh
water conditions. In summer 2012respective of wate
types, IP 2228 was significantly highest in plant heic
(192.17 cm) followed by IP 19612 (180.50 cm), IPL33
(171.00 cm), IP 6104 (170.67 cm) and Sudan |
(162.17 cm) whereas in summer 2013 Sudan Pop |
significantly tallest (200.00 cm) followed by IP 269
(197.17 cm) Sudan Pop Ill (194.83 cm), IP 19586
(193.33 cm) and IP 6110 (192.17 cm) as compare
other genotypes. As regards mean values over thes,
irrespective of water types, IP 22269 (194.67 crayl
highest plant height followed by IP 19612 5.25 cm),
Sudan Pop | (181.08 cm), IP 6104 (180.17 cm) an
13150 (176.50 cm).In respect of performance
genotypes under treated wastewater conditions, @
(193.50 cm) recorded highestant heigt followed by IP
6104 (189.17cm), IP 19586 B3 (188.50 cm), IP 1€
(18550 cm) and Sudan Pop | (180.50). Similar tren
response of genotypes to water types were observ
both the yearsSuch increase in plant height under tre:
wastewater condition was also observed previously
only in pearl millet [5]but also in maize and other cer
fodder crops[l, 12]The vegetative characters like pli
height are mainly influenced by NPK and organicten,
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which are adequately available in treated wwater
which improves the plant growtThis is evident from the
fact that three major elements viz. N, P and K wetmd
in higher concentrations in soil after harvest loé trop
under treated wastewater conditions— 313.0ug/kg; P —
68.5 png/kg and K 50.0 pg/k) than under fresh water
irrigation ((N — 296.5ug/kgP — 60.2ug/kg and K — 45.0
pa/kg) in the present experime (Table 5). It was
observed in 200éhat the use of treated wastewater cc
increase the density of soil microorganisms thatst in
nutrient availability of plantslf3].

Chlorophyll Content (SPAD Values)

It has been reported that leaf color indicatesatmeunt
and proportion of chlorophyll in leaves which areturn,
closely related to plant nutrient status. Therefdeaf
colour, as a function of chlorophyll content, canused a
an index to diagnose nutrient sta In the present study,
SPAD values recorded for chlorophyll have been dee
interpretation of results. The rdts indicated that the
effects of all the fetors and their interaction were r
significant (p>0.05) except that of y (p<0.01) and year
X genotypes (p<0.05which were significant to highl
significant. The mean value of SPAD under trea
wastewater conditions in 2013 (52.50) was aboutant
half times more than that in 2012 (35.45) indiagtthat
nutritional status of plants in general of all tpenotype:
in 2013 was higher than that in 20The conditions of
treated wastewater, however, did not have anyentte in
elevating SPAD valuesf the plants of all the genotyp
under study.

Green and Dry Matter Yields (t/ha):

The results indicated that only the effects of wagpe
and year x water type were significant (p<0.05) wehe
the effects of rest were found r-significant (p>0.05).In
both the years the green matter yield of genotypeter
treated wastewater conditions wsignificantly (p<0.05)
more than that under fresh water condit as the same is
reflected in the mean values over the years. I lbo¢
years, mean greematter yield of all the genotypes unc
treated wastewater was significantly higher togkint of
51.15 to 51.26 t/ha than that under fresh wateditioms
(41.13 to 44.78 t/ha). This was also reflectedhim mear
values over the years.

The results bthe experiments in terms of dry mat
yield of pearl millet genotypdadicated that only thmain
effects of year, varieties and water type were ifigamt
(p<0.05) to highly significant (p<0.01) whereas
interaction effects were nagignificant (;>0.05). In both
the years the drynatter yield of genotypes under trea
wastewater conditions wasignificantly (p<0.05)more
than that under fresh water conditions as the swas
reflected in the mean values over the yeJust like in
green matter yield,ni both the years, meadry matter
yield of all the genotypes under treated wastewatas
significantly higher to the extent (12.42 to 19.82 t/ha
than that under fresh water conditiorl0.70 to 15.78
t/ha). This was also reflected in the mean es over the
years. Earlier studieslso reported that treated wastew:
improves the yield ofpearl mille [5, 14].Among the
varieties,in terms of mean values over the yeilP 22269
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was significantlyhighest in dry matter yiel(20.93 t/ha)
which was followed byP19586 B3 (17.48 t/ha), IP 196
(16.30 t/ha), Sudan Pop Il (15.31 t/ha) and IP4®.16
t/ha). This trend was also found in the responst
genotypes in both the years.

Several authorbave studied earlier on thesponse of
annual forages under treated wastewater conditiar
comparison with freshwater conditions and demotestl
the merits of treated wastewater conditions in foliog
higher yields of forage with either low or undee tlimits
of contents of heavy elementthat are otherwis
deleterious to livestock health and in turn inpte®ducts
for human use[5, 8, 15]n the present study also all t
heavy and micro elements studied viz. V, Co, Cd, R,
Cu, Cr, Mn, Ni and Zn were either very low, low in
trace amount under the limits in both plant andl
samples taken after the harvest of the crop in Iblog
years, 2012 and 2013 (Tables 6 and
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Table 1. Means of plant height (cm) of eleven peanhillet genotypes in two summer seasons under fre¢gW) and treated

wastewater (TW) irrigation conditions
Genotypes Summer 201: Summer 2013 Mean
FW W Mean FW T™W Mean FW T™wW Mean

MC94C2 135.00 133.3¢ 134.17| 172.00 203.33 187.6y 153.5( 168.33 160.92
IP 6104 165.67 175.6: 170.67| 176.67 202.67 189.6y 171.1 189.17 180.17
IP 6110 149.00 158.0( 153.50| 187.67 196.67 192.17 168.3: 177.33 172.83
IP 13150 161.67 180.3¢ 171.00| 185.00 179.00 182.00 173.3: 179.67 176.50
IP 19612 175.00 186.0( 180.50| 195.00 185.00 190.00 185.0( 185.50 185.25
IP 19586 B3 157.33] 175.3! 166.33| 185.00 201.67 193.38 171.1 188.50 179.83
IP 22269 198.33 186.0( 192.17| 193.33 201.00 197.1y 195.8: 193.50 194.67
Sudan Pop | 158.33] 166.0( 162.17| 205.00 195.00 200.00 181.6% 180.50 181.08
Sudan Pop IlI 132.00] 135.3¢ 133.67| 192.33 197.33 194.88 162.1 166.33 164.25
ICMV155 original 137.33 134.3: 135.83| 181.67 190.33 186.00 159.5( 162.33 160.92
ICMS 7704 141.67 149.6: 145.67| 181.67 201.33 191.50 161.6" 175.50 168.58
Mean 155.58 161.8: 158.70| 186.85 195.76 191.30 171.2: 178.79 175.00

Statistical Parameters

Source of Variation df | F-test LSD (5%)
Replication 2 - -
Year 1 ** 6.82
\Varieties 10 * 16.00
\Water type 1 * 6.82
Year*Varieties 10 ** 22.63
Year*Water type 1 NS -
\Varieties*Water type 10 NS -
Year*Varieties*Water type 10 NS -
Error 86 NS -
Total 131

Table 2. Means of Chlorophyll contents in terms of BAD values of eleven pearl millet genotypes in tweummer seasons unde
fresh (FW) and treated wastewater (TW) irrigation conditions

Genotypes Summer 201: Summer 2013 Mean

FW TW Mean FW TW Mean FW TW Mean
MC94C2 33.00 35.3¢ 34.17 53.00 55.33 54.17| 43.0( 45.33 44.17
IP 6104 31.67 36.0( 33.83 51.33 53.33 52.33] 41.5( 44.67 43.08
IP 6110 44.67 36.67 40.67 54.00 54.00 54.00] 49.3: 45.33 47.33
IP 13150 34.33 23.0( 28.67 54.33 48.00 51.17| 44.3: 35.50 39.92
IP 19612 40.33 35.61 38.00 51.33 53.33 52.33] 45.8: 44.50 45.17
IP 19586 B3 51.00 39.0( 45.00 51.00 53.67 52.33] 51.0( 46.33 48.67
IP 22269 32.67 28.0( 30.33 51.67 51.00 51.33] 42.17 39.50 40.83
Sudan Pop | 35.33 | 33.0C 34.17 51.67 50.00 50.83] 43.5( 41.50 42.50
Sudan Pop llI 38.67 34.67 36.67 51.67 53.33 52.50] 45.17 44.00 44.58
ICMV155 original 37.00 30.3¢ 33.67 53.00 54.33 53.67| 45.0( 42.33 43.67
ICMS 7704 34.00 35.61 34.83 52.33 53.33 52.83] 43.17 44.50 43.83
Mean 37.52 33.3¢ 35.45 52.30 52.70 52.50| 44.9] 43.05 43.98

Statistical Parameter:

Source of Variation df | F-test LSD
(5%)
Replication 2 - -
Year 1 ** 2.24
Varieties 10 NS -
Water type 1 NS -
Year*Varieties 10 NS -
Year*Water type 1 * 3.17
Varieties*Water type 10| NS -
Year*Varieties*Water type 10| NS -
Error 86
Total 131
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Table 3. Means of green matter yield (t/ha) of elevepearl millet genotypes in two summer seasons undiesh (FW) and
treated wastewater (TW) irrigation conditions

Genotypes Summer 201: Summer 2013 Mean
FW T™W Mean FW TW Mean FW T™W Mean

MC94C2 28.52 | 35.33 31.93 33.28 55.31 44.38 30.90 | 45.35 38.13
IP 6104 48.48 | 67.90 58.19 27.62 52.02 39.82 38.05 | 59.96 49.00
IP 6110 4252 | 48.62 45.57 52.58 50.5( 51.54 4755 | 49.56 48.55
IP 13150 33.75 | 54.10 43.93 35.90 31.64 33.78 34.83 | 42.88 38.85
IP 19612 38.27 | 66.23 52.25 41.58 53.2( 47.39 39.93 | 59.72 49.82
IP 19586 B3 48.35 | 58.45 53.40 59.85 50.34 55.10 54.10 | 54.40 54.25
IP 22269 58.68 | 66.50 62.59 61.68 53.71 57.78 60.18 | 60.13 60.16
Sudan Pop | 41.88| 48.98 45.43 46.12 45.9( 46.01 44.00 | 47.44 45.72
Sudan Pop llI 37.62 | 34.83 36.23 74.50 66.45 70.48 56.06 | 50.64 53.35
ICMV155 original 32.68 | 25.07 28.88 39.68 65.42 52.55 36.18 | 45.24 40.71
ICMS 7704 41.73 | 56.60 49.17 19.75 39.21 29.50 30.74 | 47.93 39.33
Mean 41.13 | 51.15 46.14 44.78 51.24 48.02 42.96 | 51.20 47.08
Statistical Parameters
Source of Variation df F-test LSD (5%)
Replication 2 - -
Year 1 NS -
Varieties 10 NS -
Water type 1 * 6.58
Year*Varieties 10 * 21.83
Year*Water type 1 NS -
Varieties*Water type 10 NS -
Year*Varieties*Water type 10 NS -
Error 86
Total 131

Table 4. Means of dry matter yield (t/ha) of elevepearl millet genotypes in two summer seasons undéesh (FW) and treated
ation conditions

wastewater (TW) irrig

Genotypes Summer 201: Summer 2013 Mean
FW T™W Mean FW ™ Mean FW T™W Mean
MC94C2 9.41 12.91 11.16 6.72 12.4( 9.56 8.06 12.66 10.36
IP 6104 16.61 24.71 20.66 7.46 11.88 9.67] 12.03 18.30 15.16
IP 6110 15.98 19.44 17.71 11.47 10.4( 10.94 13.72 14.92 14.32
IP 13150 11.06 20.67 15.86 7.56 7.56 7.56] 9.31 14.11 11.71
IP 19612 15.74 26.82 21.28 10.16 12.49 11.38 12.95 19.65 16.30
IP 19586 B3 19.28 22.25 20.77 15.92 12.48 14.20 17.60 17.37 17.48
IP 22269 25.48 28.42 26.95 16.16 13.66 14.91 20.82 | 21.04 20.93
Sudan Pop | 14.50 19.27 16.89 8.90 14.10 11.50 11.70 16.69 14.19
Sudan Pop I 12.64 14.39 13.51 17.57 16.64 17.11 15.11 15.51 15.31
ICMV155 original 15.80 8.48 12.14 10.55 14.06 12.30 13.17 11.27 12.22
ICMS 7704 17.07 20.71 18.89 5.20 10.94 8.07 11.14 | 15.83 13.48
Mean 15.78 19.82 10.70 12.42 13.24 | 16.12
Statistical Parameter:
Source of Variation df | F-test LSD (5%)
Replication 2 - -
Year 1 ** 2.21
Varieties 10 * 5.18
Water type 1 * 2.21
Year*Varieties 10 NS -
Year*Water type 1 NS -
Varieties*Water type 10 NS -
Year*Varieties*Water type 10 NS -
Error 86
Total 131
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Table 5. Means of concentrationgug/kg)of major elements(N, P and K) undeffresh water and treated wastewateirrigation
conditions over two experimental years
Unit Water type
Element Treated wastewater Fresh watel
0-15(cm) | 15-30(cm) |  Average 0-15(cm) | 1530(cm) |  Average
Before planting
N pg/kg 313.0 220.0 266.5 214.0 205.0 209.5
P mg/kg 60.1 42.9 51.5 79.3 627.0 353.2
K mg/kg 120.0 40.0 80.0 80.0 60.0 70.0
After harvest
N pg/kg 324.0 302.0 313.0 313.0 280.0 296.5
P mg/kg 49.6 87.4 68.5 50.2 70.2 60.2
K mg/kg 40.0 60.0 50.0 40.0 50.0 45.0
Table 6. Means oftoncentrations (mg/kg)ofmicro- and heavy elements in soilinder fresh water and treated wastewate
conditions in two experimental years, 2012 and 20
Elements Mo Pb Cu Cr Mn Ni Zn
2012Fresh water 0-15cm 12.43 3.90 4.84 0.50 32.71 13.29 34.29
15-30 cm 12.53 4.59 4.03 0.88 15.22 8.47 18.68
Treated wastewater | 0-15cm 13.10 3.54 341 0.78 16.91 10.23 16.35
15-30 cm 13.25 4.80 3.97 1.08 18.4( 7.51 21.04
2013Fresh water 0-15cm 7.33 19.12 18.24 0.75 185.4: 36.29 47.80
15-30cm|  20.49 8.25 12.31 0.48 85.6¢ 23.18 18.13
Treated wastewater | 0-15cm 13.14 12.74 17.04 0.65 121.3¢ 29.18 24.75
15-30 cm 7.57 11.48 18.53 0.65 123.8¢ 29.47 26.46
Statistical parameters F | LSD [F-test LSD [F-test LSD |F-test LSD |F-test LSD |F-test LSD |F-test LSD
tesl| (5%) (5%) (5%) (5%) (5%) (5%) (5%)
Year NS - ** 1249 | ** |335| * |0.17| ** |453Z| NS | - ** 14,90
\Water type NS - NS | - NS - NS - NS - NS | - ** 14,90
Depth * | 1.89 * | 249 NS | - NS - NS| - NS | - ** 14,90
Year*WT * | 267 | NS| - NS - NS - NS - NS | - NS -
Year*Depth NS - *»* |352| NS | - * | 024 NS | - NS | - NS -
WT*Depth ** | 2.67 * | 352 NS | - NS - NS| - NS | - * | 6.93
Year*WT*Depth *» | 378 | NS| - NS - NS - NS - NS | - NS -
CV (5%) 17.3 37.2 26.4 69.1 32.7 21.6

Table 7.Means of concentrations (mg/kg)of micr- and heavy elements in plant samples under fresh weatand treated

wastewater conditions in two experimental years, 2@ and 201.

Year Water type Mo(ppm) | Pb(ppm) | Cu(ppm) | Cr(ppm) | Mn(ppm) Ni(ppm) Zn(ppm)
2012 Fresh water 1.48 0.34 2.63 1.81 12.71 1.39 66.79
[Treated wastewater 3.65 0.34 2.50 1.80 19.00 1.20 28.95
2013 Fresh water 0.71 0.97 2.08 4.49 20.35 3.12 279.33
Treated wastewater 9.08 0.17 2.70 2.05 25.19 1.42 215.80

Statistical Parameters Ftesi| LSD |F-test| LSD |F-test| LSD |F-test| LSD |F-test| LSD |F-test| LSD |F-test| LSD

(5% (5% (5% (5% (5% (5% (5%

Year NS - NS - NS - ** | 0.57] NS - * 10.93| * |66.4
\Water type NS - * 10.36| NS - ** 1 0.57| NS - * 10.93| NS -
Year*WT NS - * 10.51| NS - ** 10.80| NS - NS - NS -

CV % 181.6 55.8 33.3 15.9 86.5 36.9 31.8
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