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INTRODUCTION

T orrtMuM USE OF irrigation water should be an importantstrategy for increasing
agriculturalproductionin Bangladesh. The overall developmentaf the country's
agriculture sector will require year-round use of the irrigation faciliies for
productive use of water. The country will realize substantial benefits if the
allocation and distributiondf the availablewater are improved. Field studies are
needed toidentify the nature and magnitude of water managementproblemsand
to developmethods of improving water management, which would help achieve
higher crop yields, higher irrigation efficiency and greater water distribution
equity.

Research, conducted by the Bangladesh Rice Research Institute (BRRI) and the
Bangladesh Water Development Board (BWDB)in collaborationwith the Interna-
tional Rice Research Institute (IRRI), was started in November 1981 in two
irrigation projects in Bangladesh-the Ganges-Kobadak (GK) Project (Phasel) and
the North Bangladesh Tubewell Project (BTP). The International Irrigation Man-
agement Institute (ITMI) joined the collaborative project in 1988.

Thispaperhighlightstheresultsof thecollaborativeresearch,withthe following
objectives:

1. Toestablish the status of water utilization and crop production.

2. Toidentifyand analyzestrategiesand methods followed in project opera-
tion and their effect on crop production.

3. Tosuggestimprovement alternatives for increasingwater use efficiency
and crop production.

METHODOLOGY AND MEASUREMENTS

Research Sites

In the G-K Project (Phasel), the field-researchsitesare in the service areas of nine
tertiary canalsbelongingto three secondarycanals-thefourth, ninthand eleventh,
respectively, representing the head, middle and tail reaches of the main canal.
Three tertiaries were selected from each secondary to represent the head, middle
and tail reaches of the secondary. The tertiariesare: T3, T9, T18 of $4K; T3, T¢é, T10
of S9K; and T2, T6, T10 of S11K (Figure 1).



105

uyg=wol
[EUED UlBLW 10} 8jeas djeluxoiddy ey Aprg
f1eseyd o]
0
S
a
Q)
3
<+ "3
®
_a._au uE_enusnl ssnoy
duing
-
m&@ﬁ&@ _
v,>
°
vwayy [ undig

puv fuppuooss papajas Sumoys ‘ysapy8uvg yopvqoy



106

Inthe North Bangladesh Tubewell Project, field research was conducted mainly
in 12selected tubewellsand their serviceareaswhich were chosen to represent the
wholesystem. These "pilot” tubewellsare: tubewell nos. 63, 77,89, 93,117, 118, 119,
120,125,126,138and 142. Afterthe firstphaseofresearchin 1983,apair of tubewells
called "Satellit" was selected adjacent to each pilot tubewell for monitoring water-
and crop-relatedparameters. Thus, 24satellitetubewells (nos.47, 48, 49, 53, 64, 65,
76,88,90,91,92,95,114,121,122, 123, 124, 127, 128, 129, 131, 133, 141 and 347)were
included in the study.

Observation and Measurements

Fifty observation paddies were selected in each tertiary pilot tubewell area to
represent the head, middle and tailreaches. Seasonal data on production status, use
d inputs, and crop varieties were collected and analyzed.

Yields were assessed on the basis of crop-cuts taken in each season from the 50
selected plots of each of the nine tertiary/tubewell areas. A five-square-meter
sample area was harvested from each plot, taking one square meter harvest each
from five differentlocations o the plot. The harvest was threshed and grainyield
measured. Moisture content of the grain was determined by a moisture meter.
Yield was adjusted to 14percent moisture content and expressed inkg/ha orton/
ha.

RESULTS AND DISCUSSION
The Ganges-Kobadak Project

Water utilization. The average rainfall recorded during land preparation vaned
from 0.5 to 3.8 cm for the Aus and 1.2to 15.2cm for the Aman seasons (Tables 1,
2.3and 4). Theaverageirrigationdeliveryunder research managementwas about
22 and 14 cm, for the Aus and Aman seasons, respectively. Under farmers'
management, this correspondsto 24and 15cm, respectively. During the growing
period (after seedlingestablishmentprior to harvesting), rainfallwas 69and 58cm
in the Aus and Aman seasons, respectively. Irrigation delivery was 68and 69¢m
under research managementand 83and & under farmers' managementin the Aus
and Aman seasons, respectively. Waterapplicationvalueswere higherfor farmers'
managementasfarmersdidnotmaintainfieldleveesproperlywhichfavoredater
loss.

Water use efficiency at field level varied from 36 to 69 percent in the Aus season
and from 55 to 100 percent in the Aman season (Table5). Low efficiency was
observed near the head ends, possibly due to misuse of irrigation water. Water
application values were higher for farmers' management as farmers did not
maintain field areas properly. Average productivity of water during Auswas 2.85
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Table1.  Waterused (mm} by farmers for land preparation and crop growth period in the selected
locations ¢ the Ganges-Kobadak Project (Phase 1) the Aus seasons, 1985-89.
Location 1985 1986 1987 | 198 1989
1R | RF | Tota1] 1R | RF ]Total] 1R | RE JTotat ® | RF [ Total| 1R | RF | Total
_ Land preparation

T3/S4K _ 330 | 11 | 341|276 25 | 301 | 234§ 13 | 247
TO/S4K 262} 08 | 270|231 30 | 261|327 | 07 | 334|290 00 | 290 [ 273] 10 | 283
T3/S9K 236 | 19 | 255|217 25 | 242} 236| 00 | 236
T6/S9K 315| 00 | 315) 2821 23 | 305 {262 00 | 262 198 | 42 | 240 |240]| 0O | 240
T10/S9K 190) 63 253 212| 20 | 232 -
T2S11K 127105 | 232133 | 21 | 154 | 213] oo | 213
T6/SIIK 240 36 | 276 | 234| 46 | 280 | 184 ) 58 242 - | - -
Mean 272] 15 | 287 | 249| 33 | 282237 37 | 274 221 22 | 243[239] 05 | 244
Location Growing season
T3/S4K 821 | 453 1,274 828 | 961 |1,789] 827| 738 | 1,565
T9/S4K 828 | 496 | 1324 | 835 | 708 | 1,543] 791 | 504 |1,295] 752 [1.110{1,862| 844 | 737 | 1,581
T3/S9K 705 | 604 |1,309 376 1,273 1,649] 605 | 678 |1,283
T6/S9K  |1,096) 509 |1,605] 749 ] 596 | 1,345] 686 | 582 |1,268] 418 1,209/ 1,627] 65 | 640 | 1,292
TI0/S9K 666 | 628 {1,294 606 [114101,547| - | - | -
TXSIIK 630 | 609 |1,239| 552 | 998 | 1,550| 781 | 350 | 1,131
T6/S11K  1,651] 379 |2,306]1,299 603 |1.902] 476 | 802 Jt,27¢ - | - | - | -} - | -
Mean 1,192] 461 |1,653] 961 | 636 |1,579] 682 | 597 11,2801 555 [1,115]1,670] 742 | 629 §1,37]
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Table2. Water used (mm) for land preparation and crop growth period under recommended
management in the selected locations ¢ the Ganges-Kobadak Project (Phase I), the Aus
seasons, 1985-89.

. oss | uess  \ wesr | ioss ] ios

R | RF Tew | R | RF Towl, IR , RF Tow| R , RF Tol| IR , RF Total

Land yreparation

T3/84K . -1 - - |28 11 | 259 | 268] 25 | 293 | 223 | 13 | 236
TO/S4K 222|108 | 230 | 215] 30 | 245 | 260 | o7 | 267 | 225 61 | 286 | 248 | 10 | 258
THSIK A -l -] - 1226 15 |2as | 208] 03| 211 | 230 ] 00 | 230
T&/S9K 51| oo | 51 |238] 23| 261 |26 | W | 26]202] o| 232|229 00 | 229
TIHSIK . -1 - bl 63 | 2aa)ioo] e | as| - | - .
TUSI LK - -1 - -l 123]os| 2827 ) 2 | 148 - | - .
TESTIK 2074 36 1 263 [207 | a6 | 253 | 167 | 58 | 25 - f203)| 00 | 203
Mean 233f 15| 248 |220]| 33 | 253|204 | 38§ 22| D | 26 | 231 | 227 05 | 232
Location Gn  ing season
T3/54K - - - - T44 | 453 {1,197] 792 | 961 | 1,753 ] 794 | 738 | 1.532
§9/34% 721 | 496 | 1.217| 762 | 708 | 1.470 | 708 | s04 |1.212] 602 |1.110] 1,712 670 | 737 | 1.407
TS9K 677 | 604 |1.281] 387 {1.190| 1,577} 529 | 678 [1.207
T6/S9K 772 | 509 | 1281] 600 | s96 | 1,196 | 602 | 582 |1,184] 372 | 1,211} 1.583 | 600 | 640 | 1,240
TIWSIK - - - - 624 | 628 1,252 367 |1,142} 1,509 - - -
TUSI K . b - | - fe2ieoe iz sao ) oos bisagl rsnlasedine
T6/S11K 992|379 | 13711906 [ 603 |rsool40doo2 12220 . . -, - -
Mean 828 | 461 | 1.289] 756 | 636 | 1392 | 627 § 507 12241 570 1102, 1612) 671 629 1300
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Table 3. \Water used (mm) by farmers for land preparation and crop growth period in the selected
locations of the Ganges-Kobadak Project (Phase |), the Aman seasons, 1985-89.

1985 1986 1987 1988 1989
Location
IR RF |Total| IR | RF |Total| IR | RF ota‘ IR | RF|Total| IR | RQ |Tota
T3/84K 185 05 | 19¢| 00 | 120| 120] 244] 19| 263
T9/54K 236 | 29| 265|203] 21 | 224|167] 00 | 167] 00 112 112 271] 28 | 299
T18/S4K -1 - 00 |133] 133 - | -
T3/89K 2331 20 | 252|198 34| 232] 230| 06 | 236
T&/S9K 117 | 52 | 169 SO | 12C| 170 23 |215| 231 210| 37| 247 234} 09 | 243
T10/89K 1491102 | 2511 204} 20| 224208 15| 223
T2/811K 00 §241| 241|177 56 233|180 25 | 205

T&/SIK 137 | 22 | 159 | 237} 40| 277 00 j243 | 242] 140| 79| 219 199] 12| 21

T10/811K 00 |240 ) 2421 168| 47| 215) 2121 03 | 215
Mean 163 | 34 -19_7 163] 60 ;2—3 95 |13: -2£ 1221 711 193] 22| 15 ;
Location Growing season

T3/54K 8111184 | 995| 857 | 288 |1,145}1.244 302 |1,54
TG/84K 1,013 | 234 |1,247] 538 [1,05%1,59}} - - ~ | 900 ] 600 |1,500f 996 | 345 11,34,
T18/84K 709§ 307 |1,014 902 | 561 |1,463

T3/8%K 633 1670 11,303 686 1629 11,315) 770 | 402 11,17:

T&/SIK 873 }14991,372| 633 |1,0521,685] 503 | 789 1,29 610 | 671 |1,281] 768 | 353 |1,12
TI0/89K 515)694 1,209 675 | 563 |1,238} 748 | 375 |3,12;
TYS1IK 3361710 11,044 737 1 411 11,148] 662 | 493 11,15!
T6/S11K 1,054 | 291 {2,345 7.91 1'.05% 1,843( 3391910 '1.241 6351488 11,123} 777 1 349 11,12

T10/811K 265 | 586 | 851 | 7551 350 (1,105} 707 | 408 |1,11:

Mean 1,313 | 341 [1,654| 654 1.0541,706 5141606 (1,104 751 | 507 11,258} 834 1 378 11,21.
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Table 4. Water used (mm) for land preparation and crop growth period under recommended
management in theselected locations of the Ganges-Kobadak Project (Phasel), the Aman
seasons, 1984-89.

1985 1986 1987 1988 1989

Location

IR | RF |Total| IR | RF [Total| IR | RF Total| IR | RF | Total| IR RF | Total
T3S4K 89| 05| 94| 00 | 120| 120|231 19| 250
T9/S4K 213 | 45 ) 258 | 175 21| 196 - - oo|112| B12|250| 28| 278
T18/S4K - - 00 | 133 133 - -
T3/89K 206| 20| 226 208| 17| 225|224 o0 | 224
T6/59K 117 ] 52| 169| S0 | 120) 170 19| 215| 234|204 19| 223|224 09 | 233
T10/59K 138 | 102 | 240 187 20| 207 | 203| 03| 206
TAS1IK 00| 241] 241 170| 56| 226 | 168 | 25| 193

Te/S11K 195 | 22| 217 | 220| 28| 248| 00 | 243| 243|136 79| 215|182 12| 194

TI0/8 1IK 00 | 240] 240| 168 | 36| 204| 196 | 03| 199| 215
Mean 175 | 40| 215| 148) 56| 204| 66| 152 217 119 -Gg 185 | 210) 12| 222
Location

T3/84K i 796 | 184 | 980 | 776 | 288 | 1.064]1,02(] 302 | 1.322

T9/S4K 936 | 258 |1,194] 497 1,053‘ 1,550| 688 | 209 | 897 [ 722 | 600 | 1,322} 859 | 345 | 1.204
TI8/84K 612|307 919 | 644 [ 561 1,205 -
T3/S9K 604 | 670 | 1,274 633 | 675 | 1,308 704 | 108 | 1,112
Te/S9K 839 | 499 § 1.33 | 527 |1,065]1,592] 462 | 789 | 1,251 553 | 689 | 1.242] 730 | 362 1,092
TI0/S9K 480 | 694 [ 1.174] 641 | 563 }1,204] 697 | 385 | 1.082
TAUSIIK 304 [ 710 |1,014] 733 | 411 | 1,144 657 | 493 | 1,150
T6/S1IK LO70§ 291 1.36 | 696 I,O3ﬂrl,734 314|910 |1,224] 624 | 488 |1.112]| 771 | 349 1.120

TIWSIIK 2321666 | 898 | 672 1 418 |1,090| 702 | 408 | 1.110;

Mean 948 | 349 | 129 | 573 |1,0521 1,625} 499 1 571 |1,070] 666 | 521 | 1,188 767 | 382 1,149
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Table 5. Average field level water use efficiencyin the Ganges-Kobadak Project (Phase 1), the Aus
and Aman seasons, 1985-1989.
| | Aus season Aman 230N
Water | Walr use Weaiter Waer | Water ue
applied required | efficiency | applied required | efficiency
| - | _{mm) % (mm) (mm) %
1,632 1.126 69 1,511 1,022 68
1,190 59 1,975 1,082 55
3111 1122 36 1.783 1,783 69
1,726 1,083 63 1,356 1,141 84
1989 1,728 1.037 60 948 1,035 100
Men . 1112 54 1.522 1101 72

and 2.51 kg/ha-mm for research and farmers’ management, respectively. The
corresponding figures for Aman were 3.75and 3.17kg/ha-mm (Tablesé, 7, 8 & 9).

Table 6. Water use, yield and productivity of water under recommended management level in the
selected tertiaries of the Ganges-Kobadak Project (Phase 1), the Aus seasons, 1985-89.
1985 1986 1987 1988 1989
Loca: Water§ .. p:zzt:;— Water | .. p\r::i::t:— Waterf .. :o:::- Water| .. wim Water | p\r::tlz
ton wsed (i:,::: tivity | used (:;:: tivity | used (‘:;fﬂ tvity | used ({:.‘.::: Ftim’t)f_ used m tivity
(mm) (kg/a- | (mm) (kg/a- § (mm) (kg/a- | (mm) (kg/ha-| (mm) (kg/a-
mm) mm) mm}) mm) mm)
Tys4} 1.859] 5.167| 278 . I,SSGf 5010f 3.22| 2.046f 4.640( 2.27| 1.768f 5.220[ 2.95
T9/S4 |.9331 52670 2.72| 15| 3910] 266| 1.479] 3.910 2.64!I.9‘98I 4,160 2,osr 1,665 5,110 301
T3/s9 .| 1.526[ 5.210f 3.41f 1,788 5.050] 282 1437} 4950] 3.44f
T6/S9 1,922#5.057 2.63] 1.459] s.70] 3.82| 1.410] 4,930 3,50r1,515 39200 2.16] 1.469] 4.630{ 3.5
T10/8 2,109 3.697| 1.75 - 1.496{ 3.840] 2.57| 1,727 4.620} 2.68
TSI -] 1.449] s.0s0] 3.49] 1.686] 5.050] 3.00] 1.313] a920| 375
Ters1[2.830[ 4,127 146 1,762 4.890( 3.27| 1.447) 4280 2.
Mean | 2132 4.663]  227] 1.645] 4610) 3.17) 1.466) 4.600] 3.14| 1.843| 4750) 248 1532|4966 | 326
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Table7. Wateruse,yield and productivity of water under recommended management leel in the
selected tertiaries of the Ganges-Kobadak Project (Phasel), the Aman seasons, 1984-89.

1985 1986 1987 1983 1989
Loca- Water Water Water Water Eﬁmr
. Water oduc-|Water| ... duc-|Water| . . [produc-|Water| .. roduc-{ Water] .. ue
ton used (::hlg] tivity | used (Yleld} tivity | used (::121 livity | used (:’:eld) tivity usnd_(;{;;::) tivity
(mm) (kg/a-| (mm)| “&™ kg a- | (mm) (kgha-} (mm) | “EP N (kgma- | (mm) (kg/ha
mm) mm) mm) mm) mm)
T3/54]1,851{4,953 | 2.68 - - - |1,074] 4,980 4.64 |1.184]5,730| 4.84 |1,572] 5,640 3.59

T9/S4]1,767] 5,403 ] 3.06 |1,746| 5,033 | 2.88 | 897 14,400 4.91 |1,434|4,767| 3.32 |1,482] 4,450\ 3.00
T18/5{1,757|6,823| 3.88 | - - - | 919]6,570] 7.15 |1,338|6,610| 494 | - - -
T3/89| - - - . - - |1,500{ 5,710 3.8 [1,533]4.855! 3.17 [1,336] 5.6400 422
T6/59]1,452] 5,787 § 3.99 {1,762} 6,320 3.59 |1.485] 5,220 3.52 }1,465) 5,340] 3.64 |1,325| 6,010§ 4.54

Tlﬁa’Sl.Z?Ofﬁ,Zl?» 4821 - - - 1.414r6.040 4.27 |1,411|5970| 4.23 }1,288] 5,220 4.05
T2/S81} - - - - - - |1.255]5,440| 4.33 |1,370/ 5,555 4.05 |1,343] 5963] 4.44
T6/51}1,692] 6,287 | 3.72 |1,982( 3,897 | 1.97 [1.467| 5,600 3.82 |1,32715,405| 4.07 |1.314] 6,080] 4.63

T10/516,220{ 4.02 - - - {1,156 14,510] 3.90 {1,29414.900] 3.79 | 1.309]5,260§ 4.02

Mean|1,622| 5,955 3.74 |1,830] 5,090 2.78 |1,289] 5,390 4.18 [1,370] 5,459| 4.00 I.STIi 5,533 4.0¢

Table8.  Water use, yield and productivity of water under farmers’ management leve! in the
selected tertiaries of the Ganges-Kobadak Project (Phase I), the Aus seasons, 1986-89.

1986 I 1987 1988 1989

Loca- Water Water Water Watel
G|V | i (WO | AR 5y [VONME MR oy mp e pmae ) WA |ooan s jpescE

used (kg/ha) tivity { used (kg/ha) tivity | uvsed (kg/ha) tivity | used (kg/ha) tivity

(mm) (kg/ha-| (mm) (kg/ha-| (mm) {(kg/ha-| {(mm) (kg/ha

mm) mm) mm) mm)

TI/S4K| - - - | 1615 4810 298 ' 2,090 | 4270 | 204 | 1.812 | 4920 | 2.72

T9/S4K| 1,804 | 3910 | 2.17 | 1,629 | 3.660 | 225 | 2,152 | 3,610 | 1.68 | 1,864 | 3,380 | 1.81
T3/S9K - - - 1,564 | 4880 | 3.12 | 1,891 | 4920 | 2.60 | 1,519 | 4730 { 3.11
T6/SIK} 1,650 | 5,170 | 3.93 | 1,530 | 4,590 | 3.00 | 1,867 | 3,310 | 1.77 | 1.532 | 4270 | 2.79
T10/59 - - - 1,547 | 3.610 | 2.33 | 1,779 | 4,400 | 2.47 - - -

T2S11 - - - 1471 | 4,040 | 2.75 | 1.704 | 3.450 | 2.02 | 1,344 | 4800 | 3.57

T6/ST1| 2,182 | 4,890 | 224 | 1,520 | 3,710 { 2.44 . - - - - -

Mean | 1,879 | 4,610 | 245 | 1,554 | 4,180 | 2.69 | 1,913 | 3,900 | 2.09 | 1,615 | 4,420 | 2.80
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Table 9.  Water use, yield and productivity ¢ water under farmers’ management level in the
selected tertiaries of the Ganges-KobndakProject (Phase I, the Aman seasons, 1986-89.

| 1986 | 1987 1988 1989
I i Water Water Watei Watet
tion | WACT [ yieq fProduc-| Water } i, | roduc-| Water | ) fproduc | Water | ;) Jproduc
used (kg/ha) tivity | used (kg/ha! tivity | used kg/ha) tivity | used ke/ha) tivity
(mm) (kg/ha-| (mm) *| kg/ha-| (mm) | (kg/ha | (mm) (kg/ha
mm) mmy) mm} mm)
3!841(1 - - 1,185 14,750 | 4.00 | 1,265 | 5320 | 421 | 1,811 | 5480 | 3.03
9/S4K| 1,815 | 4,333 | 239 - - 1,612 | 4,187} 260 | 1,640 | 4190 | 2.55
r18/54 - . - 1,016 | 6,030 | 590 | 1,596 | 5970 | 3.74 - -
“31S9K - - - 1,552 | 5,000 | 322 | 1,547 | 4,560 | 2.95 | 1,408 | 5,190 | 3.69

"6/S9K] 1,855 | 5,850 | 3.15 | 1,526 | 4,400 | 288 | 1,528 | 5,055 | 3.31 | 1.364 | 5,650 § 4.14
T10/8 - - 1,460 | 5,380 | 3.68 | 1,462 | 5590 | 3.82 } 1,346 | 4.470| 3.32
r2/s11 - - - 1,287 1 4140 | 3.22 | 1,381 | 5050 | 3.66 | 1.360 | 4.937 | 3.63
F&/S11§ 2,120 | 3,150 | 1.49 | 1,492 | 4980 | 3.34 | 1,342 | 4,820 ] 3.59 | 1.337| 5.720 | 4.28

ro/si - - 1,191 1 4060 § 341 | 1,320 | 4,020 | 3.05 | 1,330 | 4120 | 3.10

Mean | 1,930 | 4,440 | 230 | 1,360 | 4750 | 349 | 1,451 | 4952 | 3.41 | 1,450 | 4970 | 3.47

Water Adequacy

Clearly, farmers are growing rice in both the Ausand Amanseasonswithlesswater
supply thanrequiredformaintainingcontinuousstandmgwaterinthefield.While
all known research indicates that continuousshallow ponding is needed to obtain
maximum rice yield, itis not clear yet how much yield reduction is actually taking
place in farmers' fieldswhich is attributable to the water shortage induced by the
rotational method of water distribution. Analysis of some field-level water-status
records indicates that the perched water table fluctuatesbetween a level above sl
surface to about 30 cm below for most of the days in the Aman season. Field water
level, measured in PVC pipes installed at 50 farmer plots in each selected tertiary/
tubewell, dropped below 50-cm depth from thesoilsurfaceduringabout 10 percent
of the Aman crop growth period. In the Aus season, field water table fluctuated
between a level above the soil surface to about 45 cm below it during most of the
season. In certain areas, the water table was found to drop below 80 cm on some
days before irrigation water delivery was made. An in-depth study of the field
water table fluctuations and their relationship to rice yields showed that yield
reduction was not significantdue to fluctuation of the water table (Ghani.1987).
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Fertilizer Use and Rice Yield

Fertilizer (NPK) applied and rice yield obtained at the head, middle and tail reaches
of the Kushtia main canal are presented in Table 10.

Fertilizer use decreased from head- to tail-end areas of the main canal. Rice
yields obtained from head reaches were higher than those from tail reaches.
Differencesin rice yields from head to the tail ends of the main canal were higher
in the Aus season than in the Aman season. Farmersgenerally used more fertilizer
in Aman thenin Aus. Higher fertilizer use in the Aman season may have been due
to adequate and relatively assured water supply from the beginning of the crop
season.However, farmersin the study areas applied relatively higheramounts of
fertilizer N than the recommended rate in the Aman season.

Farmersalong the head tertiariesgenerally applied higher amounts of fertilizer
and obtained higherrice yieldsthan those in thetail-end areas. Thetertiary T9/S4K
(middle)is an exception where the average fertilizer use rate was much lower in
the head section, even though rice yield was higher. Uncertain and scanty water
supply in the Aus seasonat the tail ends of secondary canals may have been the
major reasons for low fertilizer use.

Table 10. Average yield and input used in the selected tertiares of the Ganges-Kobadak Project
(phase I}, the Aus and Aman Seasons, 1982-89.

Yield (kg/a) | Nitrogen (kg/ha) | Phophorus (kg/ha) | Potassium (kg/ha)

Aus I Aman Aus l Aman Aus —l Aman Aus Aman
TYSAK 4299 | 4422 | 8 7% 4 3% 26 20
T/S4K 3721 | 4167 | 118 115 47 31 31
TI8/S4K 2681 | 4390 54 13 17 28 7 18
T359K 4290 | 4592 | 101 106 47 46 30 28
T6/S9K 3324 | 4196 75 105 34 39 2 Px)
T10/59K 3134 | 4614 54 8 27 46 14 28
TUS1K 3059 | 4.4% 59 83 33 48 20 28
T&S11K 2159 | 4.140 44 83 20 11 29

ro/s11K1L,815 | 3.219 18 76 9 40 3 22

Mean 3240 | @250 67 <Y 31 4 18 25
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Fertilizer N Efficiency

Fertilizeruse efficiencyis the output of any cropper unitof fertilizerapplied under
asetof environmentalconditions. ThoughfertilizersN,Pand K were applied, only
fertilizer N was considered for calculation of its efficiency. Thisisbecause N is the
most important nutrient for rice production and its deficiency occurs almost
everywhere (Yoshida1981). Rice responds better to the application of fertilizer N
than to the applicationof Pand K. Several factorsdetermine fertilizer N efficiency
for rice at the farm level (De Datta 1981). Among them are soil, rice variety, season,
time of planting, water management, weed control, fertilizer source, time of
application, pest control, and cropping sequence. Fertilizer N application under
Recommended Management (R.M.) was fixed at 80 kg/ha but under Farmers*
Management (F.M.) it varied firan farmer to farmer. Mean rice yields in the Aus
season of all tertiaries under R.M. and F.M. levels were 5497 and 3,590 kg/ha,
respectively (Table 11). S0,therewasayieldgapof 1,007 5kg/habetween R.M.and
F.M. levels. Farmersat the head and middle tertiaries (T3/54K, T9/54K, T3/59K
and T6/59k) of the 34K and S9K applied relatively higher amounts of fertilizer N
than those of the other tertiaries. However, average N use at F.M. level was 62.1
kg/ha. Average fertilizer N efficiency was 57.5and 62.2 (kg rice/kg N applied)
under RM. and F.M. levels, respectively during the Aus season. Fertilizer use
efficiencyin the Aus seasonat F.M. level was higher than that at R.M. level. Barber
(1977) and De Datta (1981) reported thatfertilizerefficiencywashighwith the first
increment of fertilizer at a relatively low rate. High fertilizer N efficiency with
relatively low rates of fertilizer N application in tertiaries T18/S4K, T10/S9K, T2/
511K and T6/S11K during the Aus seasonunder Farmers’ Management level was
consistent with literature.

Farmers generally applied a higher rate of fertilizer N in all tertiaries then that
under RM. levelduring Aman. Mean fertilizerN applicationduring Aman under
F.M. levelwas98.0kg/ha asagainst80kg/ha under RM. level. Averagericeyields
during the Aman season were 5462 and 4,927 kg/ha under RM. and F.M. levels,
respectively. Approximately 536 kg/ha of additional rice were produced under
R.M. level over that under F.M. level. Fertilizer N efficiencyunder R.M. and F.M.
levels was 68 and 51, respectively. Mean fertilizer N efficiency under R.M. was
higher then that under F.M. level. The low fertilizer efficiency under FM. level
during the Aman season may be attributed to relatively high rates of fertilizer N
application. Results obtained on fertilizer N efficiency during the Aman season
were alsa consistent with literature (Barber 1977; De Datta 1981).

Water Fertilizer Interaction

Field experimentswere conducted in the G.K. Project area during Aman 1988and
Aus and Aman 1989to determinea suitabletime of fertilizerN and irrigationwater
application. Fertilizer and water management treatments were: fertilizer N
applicationoneday beforeirrigation (T1), fertilizer N applicationaftercompletion
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Table 11. Fertilizer N use, riceyield and efficiency of fertilizer N use under recommended(R.M.)
and farmers’ management (F.M) practices at the selected locations of the Ganges-
Kobadak Project (PhaseI ), the Aus and Aman seasons, 1987-1989.

R.M. | F.M.
Location Yield | N-efficiency| Yield |N.efficiency
Aus season

T3/S4K 80 5.030 62.9 75 4,670 62.3
TO/S4K 80 4,040 50.5 125 4,680 374
T3/89K 80 5,070 634 102 4,840 475
T6/S9K 80 4,530 56.6 67 4,060 60.6
TH)/S9K 80 4,230 52.9 32 2,007 62.7
T2811K 80 5.m 62.5 44 4.130 93.9
T6/S1IK 80 4.280 535 30 2.140 713

Mean 80 4597.1 57.47 62.1 3,589.6 66.9
Location Aman season
T3/54K 80 5,560 69.5 75 5.240 69.9
T9/S4K 80 4630 57.9 134 4,160 31.0
Ti8/84K 80 6,600 825 108 6,030 55.8
T3/59K 80 5,270 65.8 99 4.830 48.8
T6/59K 80 5.480 68.5 108 5,040 46.7
TI10/89K 80 5,740 717 103 5,150 50.0
T2/511K 80 5,520 69.0 87 4,750 54.6
T&/ST1K 80 5,470 68.4 89 5,080 57.1

T10/S11K80 4.890 61.1 89 4,060 45.6
Mean 80 5,462.2 68.27 98 4,926.67 51.05

of irrigation (T2)and fertilizer N applicationaftercompletion of irrigation followed
by =il incorporation on the following day (T3). Yield responses of MV rice to
fertilizer N applicationat different times of irrigation are presented in Table 12.
Fertilizer N applicationfollowedby soil incorporation(T3)produced the highest
riceyield during the three seasons in both locationsexcepting Swastipur (T3/S4k)
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area, where rice yields were statistically identical at all levels of treatmentduring
the 1989 Aman season only. However, substantial increase in yield was recorded
in all seasons under treatment T3. Additional yield obtained from T3 over the
control (ThHranged from 0.46 to 1.41t/ha. Similarly, treatment T2 produced an
additional yield of 0.21.to 0.90t/ha over the control. Rice yield increasedby 11to
38percent under T3 as compared to the control. On the other hand, treatmentT2
resulted in a 5- 29 percent additional yield over the control.

The low yield o rice obtained from the applicationof fertilizerN one day before
applicationofirrigation water (T1) may be attributed to denitrification loss of Nand
washing out of N with surfacerun-off. On the otherhand, fertilizer N application
followed by soil incorporation (T3) may have minimized such loss of N, and
therefore, yield was higher than that from other treatments. This suggeststhat in
the rotational irrigation system, fertilizer N should be applied at the end of
irrigationand should be incorporated for higher yield. Application of Zn and Sat
therate of 10 and 20 kg /ha with NPK resulted in a higher yield than with NPK only.

bl 12. Yield respones of MV rice to fertilizer N application at different times of irragtion in the
Ganges-Kobaduak Project (Phase 1), the Aus and Aman Seasons, 1988-1989.

| | Swastipur | Shailkupa

Tresments Additional | Percent yield incri?er:)ver Additional | Percent yield fncrz/la::nover
yield (¢ha) | oover Tl Tl yield (t/na) | ooverTI Tl
| Aman 1988
TI 44c 37¢
T2 5.0b 0.65 14.94 4.5b 0.80 2191
3 5.5a 1.10 2529 4.8a 119 32.60
Aus |1889
TI 3.4b 39b
T2 43a 0.84 29.32 4.4b 0.42 1065
T3 4.6a 114 3343 5.5a 1.51 38.32
Aman 1989
Tl 4.2 4.9b
T2 4.5 0.21 4.95 5.8a 0.90 18.44
T3 4.1 0.46 10.84 6.3a 141 28.89

Numerical values followedby similar lettersin columnsdo not vary significantly.

T1 =N fertilizerapplication cne day before irrigation.

T2 =N fertilizer application after completion of irrigation.

T3 = N fertilizer application after completion of irrigation followed by soil incorporationon the following
day.
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Table 13. Awverage annualgrain yield (t/ha) for selected cropping pattern in the Ganges-Kobadak

Project {phase 1), Bangladesh, 1982-1988.

Cropping pattern

Total yield under

Total yield under farmers’

recommended management management
Wheat-BR[-BR4’ 11.41(893") 10.06(7.63)
Wheat-BR1-BR11 11.80 (10.34) 10.41 (9.09)
Gram-BR3-BR11 11.77 (10.56) 9.94 (8.8)
Gram-BR1-BR10 11,81 (9.81) 10.44 (8.93)
Lentil-BR1-BR4 10.61 (9.88) 8.14(7.76)
Kheshari-BR1-BR11 11.36(10.15) 10.28(9.23)
Dhaircha-BR3-BR10 10.26(10.26) 8.53(8.53)
Dhaincha-BR3-BR11 11.64 (11.64) 10.17 (10.17)
Sunhemp-BR1-BRT] 11.65 (11.65) 9.25(9.25)
Wheat-BR6-BR16 10.50(9.50) 9.24( 8.14)
Wheat-BR1-BR10 11.25 (10.30) 10.65¢ 9.40)
Gram-BR1-BR1 | 10.47(9.36) 9.54 ( 8.46)
Cowpea-BRI-BRI | 11.51(9.99) 10.80 (9.56)
Kheshari-BR1-BR10 10.84(9.95) 9.52(8.69)
Kheshari-BRI-BR4 10.85(9.78) 9.74( 8.72)
Kheshari-BR14-BR11 10.21 (9.56) 8.07(7.57)
Average 11.12 (10.10) | 9.63( 8.75)

a Crops grown in the Rabi (winter),Aus and Aman seasons, respectively,i.s., wheat is grown in Rabi,
BR1 in Aus and BR4 in Aman.

b Figures in parenthesesare the rice yields (t/ha) fer the pattern.

Cropping Pattern

Cropping pattern trialswere conducted in the projectarea during the years 1983to
1989 under recommended and farmers’ management of inputs, with a view to
maximizing farmers’ economic return from available land and water resources.
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Some tested cropping patterns, along with yields obtained under recommended
and farmers’managementlevelsare presentedin Table 13. Itcanbe concluded that
two H W rice and a legume or green manure crop may be the best combination for
areaswhere water availability permits two rice crops annually. Suchcombination
produced about 12 tons/ha grain yield in the experimental fields, out of which
about 10 tom were obtained from the Aus and Aman harvests. These patterns
yielded aboutone ton less under farmers’management than under recommended
management. Replicated trials in farmers’ fields of T10/511K produced over 6.0
ton/ha when BR11 was grown after green manuring (Sesbania),which is higher
than the two rice crops grown under inadequate water conditionsin the tail-end
tertiary area prior to1984. Itprovidedanaltemativeforthetail-endfarmerstogrow
oneassured HYV Amanrice by transplantingat the recommended time in place of
two rice crops under delayed and inadequate water supply conditions.

Therefore, production of a suitable non-rice crop during the Aus season as an
alternativeto rice should be emphasized in the tail-end areas. (BRRI-BWDB-IRRI
1986).

Among all the Rabi crops grown within the G-K Project, kheshari cccupies the
maximum area. In the project area, farmers generally cultivatekheshari as a relay
crop. It was observed that the majority of the farmers (about 80 percent) broad-
casted kheshari seeds between November 15and 30. Some farmers broadcast
pregerminated kheshari seeds if the moisture is not sufficientin the rice field.
Average yield varies from 190to 1,180kg/ha (Table 14) depending upon the il
moisture, weatherand farmers*practices (somefarmersused greenkheshari plants
asfodder).

Wheat was the second most popular Rabi crop in the GK area before 1987-88
because therewas an initiative to popularize rain-fed wheat within the project area.
Some farmersadopted this cereal cropand usually cultivated in low pockets of the
G-K Project.

In the GK area, yield of wheat was 1,510-2,326 kg/ha under nonimgated
conditions. At the very beginning of the on-farm research in 1981, trials were
conducted with wheat in 1981-82and 1982-83Rabi seasons and averageyields of
about 1987and 1,750 kg/ha under RM and FM levels were obtained (Table 14).
About 13.5percent higher yield of wheat was obtained under RM level which may
be due to the higher amount of fertilizer used in RM plots. Wheat trials were
discontinued after the 1982-83 Rabi season as rice-rice-wheat is not sustainable
(Bhuiyan and Gwnasekera 1988)and after that farmerswere discouragedto grow
wheat in the Rabi season. Yet some farmers within the project area practice wheat
cultivation in some low pocketswhere mostly local Aman rice is cultivated in the
wet season.

Gram is another popular Rabi crop in the GK Project area. The sowing and
harvesting dates are almost similar to those of wheat. Most of the farmers
broadcasted grambetween mid-November through mid-December and harvested
by the end of March. Average yield of gram varies considerably fromyear to year
depending on the soil moistureand rainfall. Averageyield of gram over the years
1983-84 through 1989-90was about 1.0t/ha without fertilizer (Table 14).
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Tabl 4. ‘eld (Kg/ ) of populara rabi crops in the selected tertanes of the Ganges-Kobadak
'ofect (Phase 1), Rabi seasons, 1981-82 to 1989-90

— Kheshari Gram Wheat Onion Garlic Lentil
RMaj FM |RM|{ FM |RM | FM | RM | FM | RM | FM [ RM | FM
1981-82| - - - - 2477|2390 - - -
1982-83] - - 1930 | 1510 | 1497 | 1110 - - 280 | 180
1983-84] 1320 | 1180 | 1280 | 1020 | - - - . -
1987-88] 990 | 760 | 450 | 400 - - | 8210} 8280 - -
1988-89] 650 | 500 {2030 (1820 - - | 6450 6340| 1830 - -
1989-901 200 | 190 | 600 | 560 | - - | 7676 | 6986 - -
Mean | 790 . 658 | 1258 1082 | 1987 | 1750 | 7445 | 7205| 1830 | - 280 | 180
Ferti- { N 80 30 45 33 20
lizer usey P 60 | 34 | 44 | 46 60
(kgha)| K 0 [ 192 [ 40
* RM = Recommended Management. FM = Farmers’ Management.

Onion is the second most popular non-rice crop grown in the project area.
Popularity of onion increased after the 1986-87 Rabi season, when demonstration
with onion started under RM level in different locations of the project (Table 15).
Onionisvery sensitiveto moisture stress and also to excess moisture levels. Under
irrigated conditions, yield of onion may go up to 20 t/ha with proper fertilizer
management (Mondal 1988). In comparison to that, yield of onion is much lower
in the study area. It was observed that yield of onion varied from 6.3to 8.3t/ha.
Fertilizerapplicationlevelwasverylowand only about 50-60 percent of thefarmers
used fertilizerin growing onion, which may be the major cause for the lower yield.
Itisalso indicated that the majority of the farmersused "cowdung" (about 10t/ ha)
in their onion field.

About 1to 3percent of the farmers in the G-K area grew pea, oil seeds and lentil
during the Rabi season (Table 15).

North Bangladesh Tubewell Project

Improvements in the useof HY'V rice. As in the casedf irrigation water use, emphasis
was given by the project management and research group from the 1982 Aman
seasonto increasethe use of high-yielding rice varietiesby farmers. The following
specificactivitiesunderscored the effortin this direction: (a)identificationof target
fallow farms and those planted to Aus rice which are on time for HYV rice in the
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Table 15. Adoption of different rabi crops in tke Ganges-Kobadak Project (Phase I, tke Rabi
seasons. 1983-84 to 1989-90.

Adoption of crops (percent)

Year
theshari | Wheat Gram Onion Pea Lenti! | Oil seeds| Total
1983-84 73 38 0.7 8.4 - - 1.6 218
1984-85 27.8 11.1 5.3 8.2 0.9 - 0.7 54.0
1985-86 | 229 11.1 1.1 8.7 31 - - 57.1
1986-87 9.1 13.6 19.8 8.4 42 1.1 - 56.2
1987-88 18.7 53 7.3 15.3 2:2 1.8 - 50.6
1988-89 | 210 33 16.0 6.9 4.7 - 24 54.3
1989-90 13.0 123 38 15.8 23 0.8 2.0 50.0
Mean 17. 8.6 9.1 10.2 29 1.2 1.7 41.9

succeedingseason, (b} information drive to familiarizefarmers with recommended
high-yielding varieties which are suitable for transplanting in the early, middle or
late Aman season; and (c)better supervisiond irrigationfacilitiesand greaterfield
inspection by the irrigation project staff to solve technical irrigation problems and
thereby creating confidence in the farmers” minds about the reliability of water
supply.

In the 1988 Aman season, the use of HYV increased to 74 percent of total rice area
in the pilot tubewells compared to 36 percent for the 1982 Aman season. However,
the HYV rice hectarage grew by more then 70 percent during the one-year period
in 1982-83. Duringthe benchmark period, only about 15percent of all rice planted
used HYV, whereas in the subsequent Aman seasons, in addition to high increase
inareagrownto H W rice, thepercentage of HYV toall rice grownincreased highly
and consistently (Table 16).

Cropping pattern trials during the years 1984, 1987, 1988, and 1989 indicate
prospects of diversified crops in the project area (Table 17). Crop diversification
should be an important strategy for effective utilization of tubewells.

In the project, wheat coverage during 1983-84 was 68 percent and gradually
decreased in the following years (Table 18). In the North Bangladesh Tubewell
Projectdeep tubewellsarehighly underutilizedin the Rabiseason. Inwasobserved
from a study that only 0.16 ha /lit/sec were irrigated in the Rabi season asagainst
the potential of 0.65 ha/lit/sec for rice. The potential for non-rice crops might be
higher than the above figure. The soil is sandy loam and with high potential for
growing non-rice crops. The lower wheat coverage may be due to the high price
o seed and fertilizerand the late harvest of Aman. The low market price of wheat
as compared to that of rice also affected wheat coverage. Moreover, the project
authority allowed farmers to grow rice instead of wheat which was not allowed
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Table 16. Irrigated area and MV coverage in the selected pilot tubewells of the North Bangaladesh
Tubewell Project, Thakurgaon, Aman seasons, 1982-89.

tmiga- Irigated wea (ha) MV coverage (ha)
DTW ble — —_— -
N '. wes

(ha) 1982 § 1983 | 10Y | 1985 | 1986 § 1987 | G988 | (989 | 1982 | 1983 | 19k L9ES | 1987 | 198t 1989

63 L 120 | 555 59.5 59.5 58.7 | 6.7 59.5 355 15.0 n4 393 k.5 411 | 453 344

77 49 108 A6 | 490 738 4“5 451 | 478 49 4.3 179 | 68 38.5 15.2 144 271

89 49 129 460 490 46 46.2 46.6 436 189 04 352 40.1 417 393 kL] 11.9

91 4 wo | 144 | 626 117 | 729 | 481 16.7 | 482 241 | 413 | 500 | S14 | 412 425 4

17 61 8.7 fl5 | 607 62.8 587 | 607 618 59.9 194 111 | 442 335 144 1 04 283

1ns 46 8¢ 478 | 46.2 $5.7 | 445 46.2 M.oq 46.2 142 15.6 | 411 | 425 16| 16 1.1

119 n 161 | & o o 52.6 56.7 | 6L9 56.7 IZE 111 | 211 243 | 348 111 | 111

120 61 164 | 648 60.7 6LR 387 60.7 66.4 o6 174 191 ) 4.f 466 145 | 405 121

125 55 506 514 55.5 55.1 588 555 9.1 607 &1 170 | 304 s 16.8 | 445 425

126 48 413 46.6 | 478 74 06 | 478 46.6 187 | 251 | 391 | 453 453 296 | 405 443

133 30 48.6 50.2 50.5 413 411 500 | 434 R43 243 196 | 4.1 543 50 321 48.1

142 49 1606 | 482 628 | #8.6 | 461 | 490 733 60.7 101 | 31 18 ELY ) 363 L 547

a/ Tubewell was not operated due to sand and gravel pumping problem.

during the previous years. Therefore, fanners preferred to grow rice which is the
main staple and the return from rice is higher than that fron wheat. In can be
observed from the Table that potato and mustard are gaining popularity. There is
no technical problem in terms of irrigation water availability and drainage in this
area for crop diversification.

Yieldand input use. The levels of fertilizer use in the Rabi, Aus and Aman seasons
were lower than the recommended rate (Table 19). Farmers used a lower rate of
NPK fertilizersin the NBTP area than in the G-K areaand obtained lower rice yields
though water was not a limiting factor in the tubewell area.
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Table 17. Awverage annual grain yield (¢ha) for the selected cropping pattern in the North
Bangladesh Tubewsel! Project, Thakurgaon.

Year D,\:[(;w Cropping paltern Yield (tha}

E 63 Soaalika-Sunhemp-BR11 3.03(5.28) T.40(4.70)
Sonalika-Millet-BR 11 8.08(5.28) 7.40(4.70}
Balaka-Mungbean-BRIO 8.43(5.28) 7.79(4.79)
Pavon-Dhaincha-BR4 7.38(5.00) 65.27(3.171
118 Sonalika-Sunhemp-BR11 8.35.60) 8.33(5.43)
Sonalika-Millet-BRI 1 9.30(5.60) 9.43(5.43)
Balaka-Mungbea.n-éRlO 8.07(5.80) 7.08(4.12)
Pavon-Dhaincha-BR4 7.78(5.38) 6.45(4.45)
126 Sonalika-Sunhemp-BR 1 | 9.18(5.78) 8.78578)
Balaka-Mungbean-BR10 8.00(5.00) BO1(4.81)
Pavon-Dhaincha-BR4 3.02(5.02) T.04(4.64)
1987 126 Sonalika-Purbachi-BR11 12.21(10.33) 11.09(9.21)
1988 89 Kanchan-Millet-BR11 8.34(5.52} 1.71(4.39)
118 Kanchan-Sesame-BRI0 7.33(4.89) 5.30(3.96)
Fallow-Purbachi-local rice 7.95(7.95) 7.40¢(7.40)
120 Sonalika-Sesame-BR11 6.64(4.59) 5.20(3.19)

126 Fallow-purbachi-BRI 1 11.44(1 | .44) 1(1.89(10.89)
Kanchan-Millet-Pajam 8.44(3.67) 7.24(3.67)
142 Fallow-Purbachi-BRI1 9.90(3.90) 3.33(8.83)
1989 89 Kanchan-Millet-BR11 10.02(6.91} 8.46(5.15)
118 Kanchan-Sesame-BRI1 6.63(4.64) 6.3%(4.40)
126 Mustard-Fallow-BRI | 6.61(6.04) 5.66(5.09)

Note: Sonalika, Balaka, Pavon and Kanchan are wheat varieties.
BR stands for rice variety.
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Table 18. Adoption d different Rabi crops in the North Bangladesh Tubewel! Project, the Rabi
season 1982-83 t0 1989-90.

Adoption of crops (percent)
Year Total
Wheat Mustard Potato
1982-83 38.3 - 38.3
1983-84 . 68.3 - - 68.3
1984-85 433 - 43.3
1985-86 333 - 333
1986-87 372 - 31.2
1987-88 | 23.0 - 23.0
1988-89 217 22 23.9
1989-90 292 0.8 3.8 33.8
Mean 36.8 1.5 3.8 40.6
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Table 19. Average yield and input use in the North Bangaladesh Tubewell Project, Thakurgaon,
1983 - 1989.

Year Rabi season Aus season Aman season

— | — — — —

[Wheat yield] Nitrog |[Phosphc | 'otast | Ria itrofit | ospho{ Potash | Rice |Nitroge | wsphe | otash
(kg/a) | (kgma) | mus gha | (kg/ha) | gha) | rus | (kgha)| (kgha) | (kg/ha) rus 2/ha
(kgha | | gha) kg/ha)

1983 | 2,380 | 66 64 | 40 |3539| 52 | 46 | 35 [3,973] 45 43 29

1984 | 1,860 | 44 55 31 | 1,785 31 | 24 16 |1.655| 36 39 24

1985| 1,276 | 43 24 17 |3,100| 45 | 49 25 12,109 | 32 35 30

1986 | 2,496 | 49 48 28 |3608| 44 | 36 23 [2,012] 33 33 24
1987 | 1,662 | 47 44 28 | 4,203 51 51 31 |3,146| 38 37 23
1988 | 1,394 | 60 50 30 13932 79 | 51 32 |2309| 43 42 26
1989 | 2,124 | 62 51 30 | 3663 75 | 48 27 12,319 37 31 18

Mean| 1,884 | 53 48 29 |3404| 53 | 43 27 12,503} 37 37 | 24

— — — — ——

SUGGESTED STRATEGIES FOR IMPROVED WATER
MANAGEMENT

Ganges-Kobadak Project

Adjustment inriceproduction schedules. In theexistingcondition, the Ausand Aman
rice is transplanted mostly in the second half of April/May and August/ Septem-
ber, respectively. Transplantingadf Aus rice should be completed in March which
will allow for better use of available rain in June-Julyand for use of HYVs both in
the Aus and Aman seasons, leading to more irrigationcoverageand higher annual
rice production.

Soil moisture utilization. Means to produce profitable legume crops using the

residual moistureafter the harvest of Aman rice should be acceleratedto utilizethe
period between the end of Aman and the beginning of Aus in the project area.

North Bangladesh Tubewell Project

1.  Water delivery schedule. Farmerspreferawaterdeliveryschedule which will
allocateand distribute water to differentareas or blocks of the servicearea
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in a fixed or predetermined schedule. Blockwise rotational schedule of
water delivery will improve the water distribution system.

Cropping plan. The diversified cropping plan should be adopted for
maximizinguseof land and water resources. Thecroppingscheduleshould
be adjusted so that Aman cultivationcan take advantage of the maximum
rainfall period.

Communication. Communication between the BWDB staff and the water
users (farmers)should be strengthened which will help in improving the
water delivery schedule in the project.

Socioeconomicfactors. Timely input and credit supportand assuranceof fair
price for theproductswi I lencouragefarmerstoadoptdiversifiedcropping.
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