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Abstract

An expeniment to study the performance of ber (Ziziphus mauritiana Lamk.) to saline water using drip irrigation
was started in 2005-06 on four years old plants planted in 2002. Yield and yield attributes were recorded from 2005-06 to
2008-09. The maximum average yield (43.6 kg/plant) was obtained in the treatment 0,8PET+canal water with mulch and
the yields were at par with saline water in this treatment (39.6 kg/plant). Similar trend was also observed in casc of average
fruit diameter and average weight of fruits. The average per day water requirement by the ber plant from 2005-06 to 2008-
09 at 1.0 and 0.8PET was maximum in the month of May i.e. 54.25 and 43.40 l/day and was minimum in the month of
J:llillﬂi‘}’ Le. 1187 and 9.47 Ul."ﬂ}', rcSPl:l;ti,vei}r, The average water requ ired b}r the ber ]J],ﬂnt ina CTOp Scason from 2005-06 to
2008-09 were 8655 and 6927 liters at 1.0 and 0.8PET, respectively. Application of saline water resulted in salt accumulation
in lower depth of the soil profile due to high hydraulic conductivity of sandy soils. Minimum salt accumulation in the soil
profile existed just below the emitters. Comparatively, higher salinity levels existed in treatments with 0.8PET+without
mulch conditions at almost every point of abservation. This could be attributed to lower moisture level in soil profile as

compared to 1.0PET thereby, increasing the salinity status. Application of plastic mulch resulted in lower salt concentration
in surface soil.
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Introduction saltaccumulation in soil profile.

Agriculture in western Rajasthan is faced with
challenges such as extremely high summer temperatures,  Materials and Methods
low relative humidity, strong winds, rapidly depleting An experiment was undertaken to evaluate the
groundwater resources and highly saline irrigation water.  Performance of ber (Ziziphus mauritiana Lamk ) to saline
Farmers have to rely on the use of brackish water for  water using drip irrigation with irrigation schedules with
irrigation. Perennial irripation with brackish water without  mulch and without mulch was started in 2005-06 on four
proper water management practices has resulted in severe  year plants planted in 2002. Yield and yield attributes werc
salt buildup in the soil. Therefore, irrigation-induced  recorded from 2005-06 to 2008-09. The objectives of the
salinization has become a widespread problem in irrigated  experiment was to find out the effect of saline water,
agriculture in western Rajasthan. Consequently, irrigation schedules and mulching on water saving, yield
application of simple, efficient salinity management  attributes and yield and to determine salt accumulation in
strategies, such as use of freshwater to leach excess salts  soil profile. The treatments consisted of two levels of water
from the root zone and use of salt-tolerant crops have  application as per waler requirement i.e. 1.0 and 0.80PET,
become increasingly important. Salinity tolerance of  two levels of water salinity i.c. canal water (EC 0.25 dsSm™)
various fruit crops, including Zizyphus, has been  andsaline water (EC 8.0 dSm™') and two levels of mulching
investigated by several researchers (Dhankar er al., 1978;  je. with mulch and without muleh. Four plants were
Patil and Patil, 1983; Hooda er af,, 1990; Singh and Singh,  planted for each treatment. Total 96 plants of Ber variety
1994). Ziziphus mauritiana improved varieties of Ber  Gola were planted with three replications under split plot
[G-i:rl_n. Seb and Mundia), have made abigimpactinaridand  design with spacing of 8 x 8 m in the sandy soil of ARS,
semi-arid regions. It provides reasonable income to farmers  Bikaner in the year 2002, The observations recorded were
even during drought years. Further, under arid and semi  plant growth, yield, and vield attributes, quantity of water
arid regions in the scenario of scarcity of good quality water applied and periodic soil sampling for pH, and EC,. pHs and
the use of poor quality waters for agriculture .55 inevitable.  ECe of soil and water were determined by the‘ methods
Tlhr.: crops requiring more waler _E‘ur production are to be outlined by Richards (1954).
discouraged. Ziziphus mauritiana could be raised The soil of the experimental field was alkaline in
successfully having low water requirement. Therefore, the  pamyre and sandy in texture with poor fertility status. pH and
present investigation was undertaken to find out effect of e ofsoil ranged from 8.31 to 8.70 and 0.53 to 0 ‘?'!pdSm"

saline water, irmigation schedules and mulching on water respectively in tl ; b
; : - 4 . 12 soil l :
saving, yield attributes and yield of Ber and to determine P ¥ i profile up to 150 cm depth. Organic
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carbon content was very low (0.09 %). Available nitrogen
(105.0 kg N/ha), available phosphorus (14.6 kg P.OJha)
and potash (198 kg K,O/ha) was also of low magnitude.
CaCO, in surface soil was 1.17 per cent whereas, at 150 cm
depth it was 3.75 per cent. The texture of the soil was sand,
and the lydraulic conductivity ranged from 7.2 10 7.9 cm It
thus, the drain ability of these soils is high whereas, the
water halding capacity was only 6.18 cm m™, thereby the
irrigation frequency was of short duration. Bulk density
ranged from 1.52 (o 1.37 Mgm”. The sand, silt and clay
content ranged from 90.2 to 86.3,2.1to 3.7 and 6.4 to 5.7
percentinthe soil profile, respectively.

. The water requirement of bér crop (Table 1) at
mffcmm stages and for different period of the vear was
estimated by using open pan evaporation and FAQ
guidelines. The volume of water required is calculated by
the formula as under;

V=Ep. xKc xKp. xSp. xSr. xWp
Where,
_ V = Volume of water required
litre/day/plant
Ep=Panevaporation (mm/day)
Ke=Crop coefficient
Kp=Pan coelficient
Sp=Plant to plant spacing (m)
Sr=Row (o row spacing (m)
Wp = Wetted area (0.3 for widely spaced
crops)
The daily waler requirement is presented in Table
1 revealed that :verage per day waler requirement by the
ber crop for the seasons from 2005-06 to 2008-09 at 1.0 and
0.8PET was maximum in the month of June i.e. 55.45-and
44 .30 /day and was minimum in the month of January i.e,
11 87 and 9.47 Vday, respectively,

Results and Digcussion

Yield

In 2005-06 the maximum yield i.e.35.87 kg/plant
was recorded in the treatnent 0.8PET+plastic mulch with
canal water. With saline water this treatment yieldecd 32.63
kg/plant. In 2006-07 also the maximum average vield ie.
37.08 kg/plant was obtained in treatment 0. 8PET+plastic
mulch with canal water. Even under saline waler. this
trcatment resulled in maximum yicld of 35.40 kg/plant. Tn
2007-08 the maximum average yield i.e.40.05 kg/plant was
recorded in the treatment 0. $PET+plastic mulch with best
available water. Under saline waler this treatment yielded
average fruit vield of 38.03 kg/plant. Similarly in 2008-09
the maximum average yield i.e.52.2 kp/plant was oblained
in treatment 0.8PET+canal waler with mulch. Even under
saline water this treatment resulled in maximum vield of
44.5 kg / plant. The average of all four vears (Table 2)
showed that the maximum average yield of 43.6 kg/plant
was oblained in the treatment (L8PET+canal waler with
muleh. Even under saling water (his treatment resulted in
maximum vield ol 39.6 kg/plant. Singh and Siugh (1994)
and Avasthi ef al. {1997) also reported thal Z. iranritiona
grew well under maoderale sod{ciL}r remd salinily levels. In
general, hi gher yiclds were obtained in treatment of 0. 8PET
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as compared to 1.0PET under both canal and saline
application. Comparatively higher yields were recorded
under mulch conditions irrespective of water quality. Data
presented in Table 4 showed that maximum increase in the
ber fruit yield was 45.7 and 32.4 per cent in the treatment
0. 8PET+canal+mulch and O0.8PET+saline+mulch
respectively, over LOPET+canal+withowt mulch,

Yield parameters

In 2005-06 the average fmiit diameter vared from
2.60 to 3.90 ¢m in different treatments with highest in
0.8PET + canal water with plastic mulch and lowesl in
1.0PET+ saline water without mulch, In 2006-07 (he
average fmit diameter varied from 2,66 to 3.96 ¢m in
different treatments highest being in 0, 8PET+canal waler
with mulch and lowest in 1.0PET+saline water without
mulch. Similar trend was also observed in case of average
fruit weight. Similarly in 2007-08 the average fruit
diametervaried lrom 2,82 to 3.74 cm in different treatments
with highest in 0. 8PET+canal water with plastic mulch and
lowest in 1, 0PET+saline water without mulch. In 2008-0Y
also the average fruit diameter vared from 2.84 to 3.77 cm
in different treatments highest being in (0.8PET+canal
water with mulch and lowest in 1.OPET+ saline water
without mulch, Similar trend was also observed in case of
average weight of fruits. The average of all four years
showed that average fruit diameter varied from 2.84 10 3.77
cm in different treatments highest being in 0. 8PET+canal
water with mulch and lowest in 1.0PET+canal water
without mmlch. The average fruit weight was also recorded
highest 36.7g in treatment 0.8PET+canal water with
mulch. In general higher values of yield attributes were
recorded in treatment of 0.8PET as compared to 1.0PET
under both canal and saline application. Comparatively
higher values of yield attributes were recorded under mulch
conditions irrespective of water quality (Table 3).

Water Use Efficiency

. In the treatments of 1.0PET the volume of water
applied was 11.48 lac I/ha/year, whereas.it was 9.19 lac
L-'lm.n‘g_acar m 0.8 PET treatments. The maximum water use
efficiency i.e. 7.40 g/l was in 0.8+canal+nmlch treatment
and followed by 6.72 g/l in the treatment
0.8+saline+mulch. The minimum WUE was 4.06 glin
LOPET+canal+without mulch treatment,

Salt build-up in soil profile
_The distribution of salts in the soil profile after
completion of harvesting of fruits in the month of April
2009 is presented in Table S, It is clear that application of
saline water resulted in salt accumulation in lower depth of
the soil profile. Bhat ef al. (2009) also reported that saline
waterapplication resulted in salt build-up in the soil profile.
The salts leached from the upper layers are being piledupin
the lowe r depths. Minimum salt accumulation in the soil
profile existed just below the emitters, Comparatively, high
salinity Ir:rc_ls_ existed in treatments witl 0 BPETIin wi’llmlll
mul;:r:wmldlgmns at almost every point ul'i.:Jhscn'ﬂli“n This
Eﬂu be attributed to lower moisture level in soil profile as
ompared lo 1.0PET, therchy, increasing the salinity stafus-
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Appli cation glf plastic mulch resulled in lower sall
concentration in the soil profile. This might be duc (o the
fct that since equal amount of water was given to plants at
one irrigation level irrespective of considenng (he plastic
mulch and under mulching soil cvaporation is restricied (o
considerable extent. hence higher moisture exisied causing
ess concentration of salts.

It can be concluded that the highest vield and vield
qttributes and WUE were obtained at 0.8PET forboth suline
and canal water. Further, no significant difference 1as

Table 1: Volume of water applied (litres) per day/plant
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obscrved inyield levels for saline and canal water both with
muleh and without mulch conditions. It can be inferred that
saline water up to 8 0dSm” can be successiully used for ber
cullivation under drp irmmigation without any significant
reduction in yield and without much salt accumulation in
the upper layers of (hesc sandy soils. The results arc in
corroboration with the findings of Dhankar ef al., 1978,
Palil and Paul, 1983; Hooda ef al., 1990, Singh and Singh,
1904,

e 2006-07 2007-08 2008-09 Average
Vonths [ 1.0 0.8 1.0 08 10 0.8 10 038 10 0.8
PET |PET -|PET |PET |PET |PET |PET |PET |PET | PET
= 41379 1502 1402|649 [S16 |93 | 475 | 5545 | 44.30
huly 363 1290 [364 290 [487 |389 |40 320 [4037 |3225

wgust_ [ 324 [259 1312 (250 [#29

143 372 298 35092 | 2875

‘eptember | 27.0 216 24 4 19.5 16.2

289 jl4 25.1 29.75 23.77

Jetober 234 12,7 220 17.6 274

219 216 17.3 23.60 18 R7

Jovember | 19.2 154 16.2 13.0 17.0

136 19.1 153 17.87 1432

Jecember | 18.1 14.5 146 . [ 137 11.2

89 10.4 83 13.57 | 11.35

|anuary 12.4 9.9 11.3 90 .| 125

0.9 11.3 9.1 11.87 947

“ebruary 14.0 11.2 13.0 10.4 13.7

10.9 143 11.4 13.70 11.00

Table 2: Yield of Ber fruits per plant under different treatments of canal and saline water applications and mulching

Treatment Fruit yicld / plant (kg)
03-06 06-07 07-08 08-09 Mean

LOPET+Canal+Without Mulch 27.9 28.1 2.5 il2 299 |
1 OPET+Canal+Mulch [ 300 16 394 373 346

I OPET+Saline+Without Mulch | 26.4 27.0 41.2 33.7 321

- OPET+5aline+Mulch 287 9.9 394 3513 336

1. 3PET+Canal+Without Mulch i1l 49 442 42.9 383

1. 8PET+Canal+Mulch . 359 39.5 46,8 522 43.6
0.8PET+Saline +Without Mulch 304 32.2 49.9 112 38.4
0.8PET+Saline+Mulch 326 182 433 44.5 196
SEm+ 1.4 1.7 1.3 32 1.9
LTD':S%} 43 5.1 3.9 9.6 5.7

Table 3: Effect of different Ireatments of canal and saline watcr applications on average weight and average

diameter of Ber fruits
Treatment Average weight of fruits(g) Average diameter (cm)
05-06 |06-07 |07-08 | 08-09 | Mean | 05-06 06-07 |07-08 |0%-09 Mean

1.OPET+Canalt Without Mulch 290 | 307 |28.1 | 303 [ 295 | 271 |28% [292 | 291 | 2.84
|1 OPET+Canal+Mulch 305 | 323 | 263 [30.7 | 299 |3.10 [3.30 277 | 3.02 | 305
1. OPET+Saline+Without Mulch 1275 (291 |30.1 |287 |288 |260 |271 |327 |297 | 289
1.OPET+Saline-+Mulch 300 |318 |29.9 | 315 [308 [2.83 |2.94 [327 [293 [299
0. 8PET+Canal+Without Mulch 330 | 343 |329 | 341 | 336 | 351 |3.72 | 345 | 3.60 | 3.57
U.8PET-+Canal+Mulch 375 | 397 | 328 | 370 | 367 |390 | 401 |337 [3.79 [ 377
0. ¥PET+Saline+Without Mulch 310 (328 [353 [ 344 | 334 | 340 | 360 | 390 | 370 | 365
U.8PET+Saline+Mulch 345 | 36,5 | 350 | 351 353 [365 [3.84 |373 | 381 |3.76
SEm+ 15 |13 |12 |08 |[L2z [016 |0.18 020 |[0.13 |0.17
CD (5%) 5 138 |36 |24 |36 |050 |054 |061 |0.39 |05
T 13




Table 4: Fruit vield. water applied and water use efficiency as influenced by dnp imgation in ber
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r_Tn:nmrcnl

. Yield Increase in vicld Water use (lac. | WLUE

| oh | o) Vhay) | gt |
1.0PET+Canal+~Without Mulch | 16.64 - . 11 4% 106 |
1.0PET+Canal+Mulch . 330 15.6 l 1148 | 370 |
1.OPET+Salinc+Without Mulch T s007 | 73 —_ Ut 4% |
|.OPET+Salinc+Mulch | 3241 i 12.4 | 1148 | 156
(0. KPET~Canal~Without Mulch | 5974 , 250 | 919 6 50
0 ¥PET+Canal~Mulch 6501 157 919 740 |
().8PET+Saline+Without Mulch 5950 28 4 9.19 | 651
0.¥PET+Saline+Mulch 6171 | 324 9.19 6.7

Table 5: Salinity (ECe) distribution in soil profile under drip with saline water (8 0dSmi') for ber crop

Distances from Sail 1.OPET=without 0 RPET+without 1 .OPET-+Mulch 0 RPET+Mulch |
cmiller (cm) depths Mulch Mulch
0-15 2.28 2.00 2,02 183
15 1545 268 2.36 222 2.33
1575 2.80 2.71 2.61 2.56
75-105 342 3.26 2.05 291
0-15 388 2,50 2.53 2.28 K
30 1545 3106 109 2.88 2 81
1575 3.36 i 3.25 317 300
75-103 314 3.0 297 291
0-13 101 289 2.69 2.50
60 1545 E T | 3.31 308 291
$5.75 3 08 i 340 3.47 298
75-105 3.4 ! 351 3.34 3.21
0-15 133 | 309 2.91 2.52
90 1545 393 3.67 343 278
45-75 397 3.04 3.68 3.59
75-103 397 | 3.59 3.96 | 3,75
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