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Table 1 Geﬁeral physicochemical properties of the soils in the irrigated farms studied

Site and pH EC SAR Water soluble salts Particle size distribution =~ Organic Carbonate CEC
depth (mmol Na Mg Ca Cl 8O, Sand Silt Clay carbon  carbon

(cm) (mScm™) L')'? {cmolckg *) e 4 (%) () (cmolckg™)

BK34 (u'oppmg field, 2nd year of upland cropping)
8.23 6.87 097 081 099 045 195 50.1 359 14.0 . 8.8
50 8.45 1.81 3. 78 028 0.14 0.17 0.10 0.43 26.2 49.7 24.1 . 13.8

100 812 3.37 1.75 0.25 0.43 080 0.03 1.28 515 36.0 124 118

200 8.32 0.91 303 016 0.09 0.07 006 0.19 1.1 585 404 16.4

300 8.10 1.39 1.86 010 0.08 0.10 0.18 0.13 3.7 681 282 12.4

400 8.31 1.89 224 019 020 022 022 031 33 627 341 18.3

500 8.30 0.60 2.76 010 0.04 0.03 0.04 0.09 66.2 260 7.8 4.4

BK42 (cropping field, 1st year of paddy)
0-10 .75 2.24 228 019 013 0.2 0.23 0.38 1.6 35.0 150 0.57 0.99
25 8.12 1.84 263 021 013 025 0.20 0.25 1.8 638 290 0.51 1.33
50 8.32 1.25 3.73 020 0.08 0.08 0.10 0.21 1.3 721 250 0.30 1.03
% 8.22 1.59 436 026 0.11 0.i1 0.12 0.26 12 732 226 0.31 0.88
100 8.04 1.69 384 025 012 014 0.13 0.30 1.2 798 14.0 0.28 0.96
BK113 (uncultivated field adjacent to the irrigation canal)

0-6 7.34 658 146 147 b59.4 0.26 117 689 56.2 313 125 0.58 2.25 7.9

6-20 722 180 57.8 336 19.2 097 335 205 545 346 109 0.59 2.18 71
2035 732 121 564 252 109 1.00 21.7 14.1 519 35.1 131 0.67 2.28 8.8
35-70 751 95.8 544 216 829 109 14.7 136 59.6 292 112 0.54 2.05 6.3
70-100 7.61 76.6 459 17.2 7.67 0.70 9.68 16.3 61.7 291 9.2 0.74 1.60 6.1

BK105 (natural soil)

0-10 9.07 5.71 328 174 0.08 0.09 0.26 0.44 702 213 8.6 0.29 0.57 4.0
10-21 8.39 3.84 294 121 0.02 0.08 0.16 0.26 46.3 414 123 0.26 0.64 6.0
2162 7.63 1.35 090 0.08 0.05 038 0.12 0.36 93.0 42 28 0.11 0.49 1.8
62-76 6.96 60.3 121 567 6.58 6356 174 1.14 415 410 175 0.28 1.74 9.2
76-110 7.61 16.7 128 277 1.85 091 260 3.28 489 141 36.0 0.16 0.84 3.8

KR301 (cropping field, 2nd year of upland cropping)

0-14 8.08 21.6 14.1 5 297 116 265 4.71 55 50.7 43.8 0.82 2.40 11.8
1430 8.13 139 11.0 239 211 0.68 0.88 4.69 5.1 508 44.1 0.55 1.93 12.1
3050 8.06 184 1562 3.81 3.02 0.67 0.98 6.44 06 508 486 0.25 1.68 10.4
50-70 7.99 13.0 119 257 1.99 0.67 0.76 4.52 0.1 463 536 0.24 1.73 115
7080 8.02 116 112 247 192 071 071 4.35 02 408 b59.0 0.25 1.7 10.9

100 7.71 8.85 924 162 120 0.64 050 3.00 52.0 208 272 0.24 0.94 7.3

200 791 10.0 938 178 143 0.70 0.65 3.31 24 660 315 0.16 1.14 8.6

300 794 14.7 134 295 212 0.74 098 4.79 1.2 608 380 0.12 1.36 8.7

KR55 (a-oppmg ﬁe]d, 18t year of paddy)
7.9 13.0 116 238 171 0.77 1.01 3.87 65 711 224 0.67 1.40 11.2
25 8. 12 129 139 262 131 075 1.02 3.90 55 631 314 0.55 1.41 117
50 8.01 8.07 804 140 103 076 0.55 260 25 680 295 0.34 1.04 11.8
% 7.91 6.95 620 110 0.94 0.84 048 2.39 1.0 641 349 0.28 1.19 12.7
100 7.82 98.23 888 159 1.07 0.82 0.90 2.56 1.0 628 36.2 0.25 0.95 13.4
KR303 (uncultivated field adjacent to the irrigation canal) N

0-3 483 153 139 47.3 0.11 372 144 141 623 236 0,88 2.51 10.8

3-10 8.11 53.7 47.7 155 6.06 0.02 4.62 139 87 b64 348 0.49 2.48 10.6
10-20 7.89 18.6 23.0 4.64 220 0.02 1.99 5.44 10.0 59.2 309 0.44 2.00 10.4
20-30 8.17 81.0 446 200 11.0 022 6.89 259 1.5 b54.7 438 0.29 1.80 10.5
30-50 8.08 38.9 296 939 4.81 0.73 3.87 117 04 587 409 0.25 1.60 9.4
50-70 8.08 270 230 653 3.65 0.69 241 8.9 02 559 44.0 0.26 1.50 10.0
7080 8.18 39.4 275 9.14 548 0.74 3.49 123 03 572 425 0.24 1.69 9.9

DZ15 (ﬂ'uppmg field for cotton)
8.15 3.06 1.56 0.19 0.33 057 0.15 0.67 30.1 496 203
50 7.76 5.33 401 065 0.71 0.8 025 1.84 454 424 122
100 .19 6.27 450 076 091 0.80 0.39 214 48.1 417 103
150 770 5.58 336 059 098 0.82 0.23 213 43.8 452 109
200 771 6.42 373 070 130 0.78 0.20 255 600 319 8.1
250 176 9.32 683 139 172 0.75 0.46 3.39 59.9 311 89
300 172 1.5 9.28 199 209 063 076 3.63 494 416 9.0
DZ25 (cropping field for cotton)
0-10 813 6.71 578 097 0.88 0.79 0.34 2.05 365 b50.2 14.3 .
50 7.89 14.8 166 3.38 1.80 0.66 0.89 4.66 335 495 17.0 .
100 .79 16.5 189 3.87 1.83 0.67 1.06 4.91 444 423 133 .
150 .72 14.1 168 3.24 1.57 0.64 090 4.18 46.1 400 139
200 7.72 13.5 136 280 1.84 0.67 0.81 4.31 56.5 309 126
250 1.76 8.77 915 1.63 1.27 0.63 0.41 3.01 616 269 114
300 7.16 8.86 956 1.66 1.11 0.68 0.44 3.07 676 236 89
DZ35 (cropping field for cotton)
0-10 8.00 389 260 7.85 433 105 6.28 6.27 340 480 179 .
50 1.74 28.1 289 7.80 3.63 0.67 2.61 b5.87 39.7 475 128 .
100 1.76 26.6 26.1 6.58 3.10 0.67 2.90 b5.88 406 45.8 136 . .
150 7.40 26.1 272 632 241 0.73 3.31 5.87 46.0 39.6 144 .
200 7.59 20.0 229 469 1.82 0.67 223 486 46.2 399 14.0
250 7.59 205 239 4.84 176 0.70 2.38 4.76 51.1 383 107
300 758 20.2 231 473 1.84 066 235 4.77 46.0 389 15.1
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Table 2 Average content of salts accumulated in the surface 10 cm soil
in each stage of crop rotation system in the BK farm

Land use Na K Mg Ca Cl NO,; SO, Sumof Sumof
cations anions
(kmol cha ™)

paddy, 1st year 320 142 344 697 077 042 3.02 15.0 4.21

paddy, 2nd year 250 149 3.08 7.61 098 040 3.88 14.7 5.26
upland, 1st year 103 114 122 297 378 183 46.6 53.4 522
upland, 2nd year 293 185 164 326 108 295 610 80.2 74.8

All the data are calculated based on the supposition that the bulk density of the soils is 1.4 g cam™
BKS5 is excluded from this calculation.
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Fig. 5 (1) Content of soluble cations and sodium adsorption ratio in the soil
profiles in Syrdary'a/Dzhetysay and north Chimkent regions.

2. 4 EBKELUVEERHKOME
EFAKDOKEICOWTIE, A VIINKROERI VT THKRLD SBRFTHS
(Table 3) o ECENaRAN % FlVv 7 KEBRHE OEBKDOKEFMELEN L
&, 1V BKER) RV 7R (FGHX »—Ef - NCHILK) & h&EA
SNIEBKDC2-S17 5 A (EHEF - 7V A VESE) THHEDIX LT, YIvy
U7 NAR (FGHIX - SD/DZH#EX) 75 DERAK TIZC3-S1 (HEHEWR - 7vA Y
E55) Th Do
BK,KREE B L UFGHE O W HIZB\WTh, EFKICH L THERHEAK TEC,
SARDIEMAPEEZE TH 1), EFK—BER-EHIKOKOTFEN O T, BRI E
HRHED B VIZHTK - TIEEE DS ONaDBH PRI o TWE I EBELLN
%o T TAKHEHHERY T H H KRS DWERPEIKDEC, SARIBKERS T2
PREL, TEPREEONAEFERENTVWAILERL TS, 2I25 D
KRES DREEFERBYE D2 VEREZRIRICH S LD pibh b,
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2. 5§ AMEBEEHMEXDFEALEREY
CCETRTERLIC, B, b7 V7 OKERSE— —KIRENE & 18
FHE—— BB 4BEEOMBEICER L Tw5, EIKOL &M & BT BT
% ARG & T 2 AMMIMETIE, FRIEEDOERKEFRAL TE 205w I
ﬁ@ﬂ?%&ﬁtﬁt,mw&&wiﬁﬁﬁwﬁMEénétﬁﬁm,mmﬁ@@
ThoEAHoBRESEELZL b VS, KREBD L ) REEN KRS N
DOH b, Tk - REOTTb L WEIRH T, Bk tEEN R &
DR IS BEDEIERIN TV AEIMR 51 (Table1 : BK113,KR303) , Z#id
BRI EET 5 A4 DEEREOATHN L HLERTHNDED VR B,
—F. INF TRELIT o RGN T, B2 E7 VAT % T
JIAFE T LB BT TH T K LA MO TR o JMESR S h B 4%, —#ic
RYEHASELEOEM LT ZF 0 EEIMEL Tdvw v, L LaDS, JEKD
Aty 7HIRTE, TREKSEOEFERL TV LIELIERS
n, SHOEFIELOED 5V PR ROSRLICE) R/ JEKY AT LD
At Ly, En TEERAAT I XRBI SNATREEYES 2, SLIKEKRREDNT

Table 3 Chemical compsition of the irrigation and dranage water

EC Na Mg Ca Cl SO, HCO; Sumof Sumof SAR
cations  anions

(mSem™) (mmol ¢ L. (mmol
L-l)'lll
BK farm
Irrigation water 0.60 1.6 1.6 25 10 22 28 5.8 5.9 112
Dranage water 0.85 3.2 24 34 14 35 4.2 9.1 9.2 1.89
KR farm
Irrigation water 1.64 5.9 52 45 25 1.5 23 15.8 16.3 2.65
Dranage water 4.44 243 19.2 140 109 378 4.6 57.6 53.3 5.95
Fergana basin
Irrigation water from the small branch 0.32 0.3 08 22 01 14 20 3.4 3.4 0.27
of R. SyrDarya .
Irrigation water from R. Syr-Darya 1.34 43 45 59 22 95 29 14.8 14.6 1.89
Dranage water in the main collector 2.89 94 11.3 132 46 273 2.7 34.4 345 2.70
to R. SyrDarya
Syr-Darya region
Irrigation water 134 3.7 45 54 19 87 24 13.7 13.0 1.65
Drainage water 2.38 8.9 84 96 39 202 3.0 271 271 297
Northern Chi mkent
Irrigation water 0.54 1.8 23 17 04 21 35 5.9 6.1 1.29

Dranage water 1.00 43 33 33 06 B3 45 10.9 10.6 2.36
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L5 T TR 7 FHWX T, MIEERE RS o LEE bR L T b
EDERIDHY, COHIEODVWTRELLZLITARLLETH D,

CNOWROKBEERER, BBRERICL > TEHRNIITOILTEZE WS
£ 0id, IBY Ex MEREHTOHRE - BENES L > TERINTE2AHE
PTRVBDTH L, IhboHR  BEMFEIEEL2O0H 540, TOEMEE
TEDL ) ICERRICHMUL L RN L BEICEZ TV 2% b ) —FEL2 T
HBERNERBETHDEVZ D, &) DTS BREREOE D & HERUKER OEik %
KOLFEDPRE BHT, WHAIIKEELFRNCFIA Uk 550 R 0 ML % B
CHVBREERETHS )0 MEE LT, 1) EBEDROWE, 2) PFAZMHOS
/- TECINZ T, 3) PR - BEAEOEMMEIRO 5N EFEHL B0 %
Lz,

3. WY TRG B 7y THHEDLIBEEEREE BE

AN OA T 5 EBE 2 T, TS OB A EEE T L 2IA v ER L
BOBRICINE, F2V/ —EABLUF2RAFyY (AAS ) —EL) Thhb,
MZBREKREZBLE L TELELDDTH S, TAEELRHALELLT, Vo
Fv Y NasgBELE) LWL on, EFEICARy MRICOAT 26T
DEEED BIRENEE LR T,

AMIBIAY EREEERELTh, FEL2RERFO—2THE, L LE
bEDRREREL, LBEAEDEPLBBLWI O 5, FRBKESB L
Z300mmT, £09) bLIBREAFORTZIZL > Tn5 &) A TIX, FHEH
ThbbEHOMEKESEMETICE > TEARTL %720, FLEOMEK % T
DELFIAT AV BEBKEDEA v P oTWBE LI Th b, BEMICIE,
EROULFER T T30 % TRBE L DI S S B - BE AU T 2 2 Lok o THEAD
RKHAF LI X, FROMBKY TERFR TH LEMOBRWEE AT 5 &
W) FEDPEL ELNTVD, SLIMER—FIX, BEATLHX o018k
THUEAHEMNT, 2WHRI LARETOLERBEIE2EH: K%
THDSNE, AL OFFEOEETH B, OBEFHBEEL TIEAR
VBLEEROWFECH LT, TN TH NV ELIOLE,D, AEEELT,
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ABOTE - BBV TR T —< L5 THA,

3. 1 EAZEIEH

ARaTi, EREREECBITAHEOFRMEICEH LT, HEO®EKS
RIFEL COBLEN L BT T 2 02NN E, WEGARE (T g tbo
BB L V) BIRTR AN 71 72HEMTH 5 5) BLUBEEKENHEN
FTHHIEARYOBFE L PO, FAETER, 779, a/F 2%
Y, VAYFAZHMBICSATAEFY Y - Frv) —CAKERLTENME, Fa
J—EALBE, vaixyY - varFysE104, BEFHLTETHL, LToh
5095, FOEFHHEE - KPFHUE B TREN L Bbn s 115K
(SCZ1n, SNZ1n, BF2n, SCZ12n,CZ2n) WO WTEWRH L %, F-HBD0, &
WAF 75 ¥ - 777K (RINUKROZHE) EILEDF =V —E A -
F = A% v V35 (WCZs, DCNs,LCNs) 122w T H BRI 2479

b OHBEOELEMICEYT 2 WEEE 1, SR X 2pH, ECH L U
BHEEEE, TRMNaR & LfRM 4 VORAR (CEC) , A% - 28#EBL
CKREBIEEE, TEONBEHB L TS Th 5, &6 ICHBMMERICBIT 5
Nali &, (SAR) B & UHHEDS#M: & Na-Cadf F ¥ SR E R I D W T H#RET
T 5o BMARLEHEOBOFMIIOWTIE, BIROTHREERATH S,

3. 2 £HBOUYMSLUVUEET 3EBIEFEY

St & ) A O SARRGR | AR LIEWTE OREHK % Table 4 1R o —#%
K7 74 vINEO L ABM TEHIE - YV MNESICEAR, HtaElisst
R30DLNTFTH %, —HALEHOHIEY B O L3E (SCZIn, SNZ1n, SCZ12n, CZ2n)
BEDHRET, HEEEEL DA% BAL 5. T TESE LIiE LISH
HLER, ZOERDRERTLEIICAAZ 54 FThbD, {EEE M OB
TIHHBEENRO TRKEL, M CREREYMIEMT 5, AFETHAEL
PeATy THETE, —BRICKBRIESBELUECHLEFET 4% (Table5) , &
EWTRCREBIEE RV TWA L) BIb Ron (CZak k) , HERMOSHEN
By bbb, TOL ) HEORFEHEL - WK, HERM OBV ER
RHLTWB L) ThHb,
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—fCHBIEE DM T, BELTEOSPEAEDERESE LRI N T
Wb, FD L) BEKRTE, ATy TRIELOMT 5 A A2 54 VELES,
REHEEOEREDNSLIIETHEEVZIL00H Ltk

RFELEWTHE (WCZs, SCZ1n, BF2n) & Y R L 72 LB ORG W50 X AR EHT
R Fig6lRto —MICHTEI207 nmA 4 Y V8%, 1.0 mEREY, 1.4nmA
A7 54 VOBREYWTHY, HEHOEVZEFNITIEREIEZV, 0.7mB LU
LOmmO XAREFTE— 7 i, IR O EERIVNS GV RERETEBY, Th
& DM EC BT B EULEY T %, SRTERINIEREOFH DT
HHIERRMELTW5, Fig6 FI4cSCZInBEH3E & ) HRELL 7241kt B & UM
HiLES O XHEHEER L7225, ML ARX 7 44 PEGCED
75, HELESRES - A4 ) VEHICE NV EATWA I Edbhb, /222K
BRE D o7%, YIIMNESRINGIIIA TAE - BAL EDO—RED % %<

Table 4 Particle size distribution and mineralogical properties of the steppe soils (1)

Site  Depth -eeeeeececeeceee Particle size distribution ------eeeeeeneen Clay mineral composition
and Coarse Fine Silt (0] F:1" e —
horizon sand sand Coarse  Fine
(2mm-  (200- (20-  (<%um) clay clay
200pum) 20pum)  2um) (2-0.2um) (<0.2um)
(cm) (%) %) (%) (%) (%) (%)

WCZs (Weathered Chernozem)
Al 0-9 0.2 32.4 35.5 32.0 15.6 16.4 Mixture of mica, kaolin, and
A2 9-18 0.0 40.3 16.8 42.9 23.3 19.6 smectite.
B 18-32 0.2 31.9 36.3 31.6 15.9 15.7
B2 32-42 0.2 43.1 31.6 25.1 14.8 10.3
BC  42-61 0.0 44.8 312 240 13.5 10.5
C 61-90 0.0 49.4 31.3 19.3 12.2 71
150 0.0 48.9 32.4 18.7 10.5 8.2
200 0.0 46.2 38.7 15.2 12.8 2.3
250 0.0 42.4 415 16.2 13.9 2.3
300 0.0 45.2 35.4 19.3 13.9 5.4
400 0.0 45.0 38.8 16.2 13.1 3.1
500 0.0 45.0 28.6 13.2 10.8 2.3
LCNs (Light Chestnuts)
Al 0-8 1.3 55.6 28.6 14.6 13.0 1.6 Mixture of mica, kaolin, and
A2 8-18 1.2 55.2 29.1 144 12.6 1.9 smectite.
B 18-38 1.2 50.6 26.9 21.4 15.7 5.7
BC  38-47 0.1 59.1 28.7 12.1 10.0 2.0

C 47-90 0.0 63.7 25.5 10.8 9.2 1.6
100 0.0 59.7 29.5 10.8 8.6 2.2
150 0.0 60.6 29.6 9.8 7.6 2.2
200 0.0 62.2 26.4 113 9.0 2.4
250 0.0 64.2 25.4 10.5 8.6 1.9
300 0.0 62.1 27.2 10.7 8.2 2.5
400 0.0 62.9 25.1 12.0 9.6 24

500 00 639 249 111 81 25
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EATVE, 2L TIDL) hHBEORRERS T L OEEY L, TEOEWE:
Bih3IIIZIETH Y, Tno0TESEFNIEEVWEALOESR (BEIL—REH
DEAL, TREMDOHEER E) 2HELTWEREWI EWPRBENS, DLEOFERD

Table 4 Particle size distribution and mineralogical properties of the steppe soils (2)

Site  Depth --e-eeecmeeeeees Particle size distribution Clay mineral composition
and Coarse Fine Silt Clay --eeeceeeememeccmennan:
horizon sand  sand Coarse  Fine
(2mm- (200- (20-  (<pum) clay clay
200pm) 20pm) 2um) (2-0.2pm) (<0.2pm)
(cm) (%) (%) %) (%) %) (%)

SCZ1n (Southern Chernozem) )
Al 0-20 0.0 24.9 25.9 49.2 27.9 21.3 Dominated by 1.4 nm smectite
A2 20-40 0.0 25.2 26.8 48.0 22.0 26.0
AB  40-50 0.0 27.1 29.0 44.0 23.1 20.9
B 50-75 0.0 26.1 25.8 48.1 26.1 22.0
BC1 75-92 0.0 279 21.9 50.2 26.8 23.5
BC2 92-100 0.0 29.0 22.9 48.0 27.7 20.4
C 150 0.0 33.2 249 41.9 25.1 16.8
200 0.0 32.4 22.6 45.0 24.4 20.6
250 0.0 33.9 24.1 42.0 25.2 16.8
300 0.0 30.4 25.2 44.4 242 20.2
SNZ1n (Solonetz)
Al 0-5 14.7 34.4 22.8 28.0 17.9 10.2 Clay translocation through the
A2 5-13 19.3 33.1 20.3 27.3 13.7 13.6  profileis notable.
Bh 13-23 12.0 19.3 14.1 54.5 16.1 385 A1l: Kao, Mica
B21  23-47 14.4 21.2 22.8 41.6 25.9 15.7 A2: Kao, Mica, Vt
B22 47-65 16.8 18.4 21.0 439 25.8 18.1  Bh and deeper layer:
BC 65-100 9.8 21.7 21.0 47.6 24.6 23.0 Sm> Mica, Kao
C 100 9.5 19.5 21.2 498 22.7 27.1 300 ¢cm: Kao dominant
150 9.8 19.3 21.5 49.5 25.5 24.0
200 3.4 12.2 27.8 56.6 26.4 30.2
250 2.3 9.3 29.1 59.3 26.4 32.9
300 71 8.2 32.0 52.7 33.5 19.2
BF2n (Brown Forest Soil)
A 0-2 20.3 14.3 21.8 43.6 30.0 13.6 Mixture of mica, Kao, and Sm.
AB 2-10 44.8 16.3 22.9 15.9 12.7 3.2
B1 10-25 45.6 17.1 22.8 14.5 2.0 12.5
B2 25-40 41.7 18.1 22.4 17.9 4.9 13.0
BC 40+ 44.4 16.8 20.0 18.7 6.3 12.4
SCZ12n (Southern Chernozem)
All 0-9 23.2 14.1 25.9 36.8 24.1 12.7 Unique clay mineral composition
A12 9-18 24.8 19.4 22.4 33.4 22.8 10.6 0.7nm > 1.0nm >> 1.4nm
A2 18-28 27.1 17.8 22.2 32.9 20.8 11.7 Smectite is dominantin the
B 28-48 26.1 113 13.9 48.7 241 24.6 B horizon.
C 48-100 117 4.8 49.4 34.1 33.9 0.3
CZ2n (Chernozem)
Ap 0-10 17.6 119 18.7 51.8 37.5 14.3  Mixture of mica, Kao, and Sm.
A 10-20 17.3 12.9 18.0 51.9 41.5 10.4
20-27 217 10.2 18.0 50.1 35.0 15.2
AB 27-45 15.7 15.8 21.1 475 42.9 4.6
45-60 18.2 14.9 20.3 46.6 43.0 3.6
B 60-70 117.0 15.0 23.0 45.1 40.4 4.8
C 100 12.3 16.2 22.8 48.7 43.5 5.2
120 9.6 17.6 25.0 47.8 38.1 9.8
150 40.0 26.0 14.6 19.3 14.0 53
170 48.4 26.8 13.5 113 8.7 2.6
200 511 25.9 12.3 10.7 8.1 20
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Table 5 General chemical properties of the steppe soils (1)

Site Depth pH(H,0) EC Organic Total Carbonate Cation Water Exchangeable Sodium

and carbon nitrogen carbon exchange soluble Na adsorption
horizon capacity Na ratio
(cm) (mScm?) (%) (%) (%) (cmol(#+) (cmol(+) (cmol(#) (mmol
kg) k) kg’) L)"®
WCZs (Weathered Chernozem)
Al 0-9 6.88 0.754 . . 0.30 30.0 0.04 0.01 0.53
A2 9-18 6.70 1.05 . . 0.27 27.2 0.01 0.04 0.13
B 18-32  6.99 0.348 . . 0.31 26.3 0.01 0.05 0.14
B2 3242 6.82 0.304 . . 0.28 22.0 0.01 0.06 0.17
BC 4261 6.87 0.178 . . 0.22 20.7 0.01 0.06 0.20
C 61-90 7.43 0.294 . . 2.96 10.4 0.01 0.04 0.16
150 7.78 0.211 . . 2.60 9.0 0.01 0.06 0.20
200 7.82 0.254 . . 2.49 8.5 0.02 0.06 0.27
250 8.02 0.277 . . 1.97 6.3 0.02 0.08 0.32
300 8.02 0.302 . . 148 8.5 0.03 0.10 0.43
400 8.06 0.357 . . 1.60 9.2 0.06 0.13 0.81
500 8.09 0.344 . . 2.01 6.8 0.11 0.17 1.83
DCNs (Dark Chestnuts)
Al 0-8 7.72 0.320 . . 0.29 20.9 0.01 0.02 0.09
A2 8-18 7.73 0.366 . . 0.30 16.9 0.00 0.03 0.06
B 18-40  7.68 0.317 . . 1.20 13.8 0.01 0.02 0.10
BC 40-60 7.66 0.244 . . 3.14 8.8 0.01 0.03 0.17
C 60-90 .76 0.245 . . 2.72 8.6 0.02 0.05 0.32
100 7.80 0.270 . . 2.48 6.2 0.03 0.07 0.60
150 7.92 0.247 . . 2.25 6.4 0.03 0.07 0.49
200 8.07 0.384 . . 1.89 6.0 0.08 0.12 1.15
250 7.95 1.28 . . 1.88 5.9 0.47 0.49 4.92
300 7.63 4.42 . . 1.73 6.1 1.95 0.67 7.09
LCNs (Light Chestnuts)
Al 0-8 7.68 0.834 . . 1.59 . 0.02 . 0.22
A2 8-18 7.82 0.375 . . 1.81 . 0.02 . 0.25
B 18-38  7.72 0.336 . . 1.88 . 0.03 . 0.38
BC 3847 7.82 0.280 . . 2.30 . 0.03 . 0.51
(o} 47-90 7.88 0.253 . . 2.33 . 0.04 . 0.69
100 7.88 0.418 . . 1.99 . 0.07 . 0.90
150 7.89 0.382 . . 1.87 . 0.07 . 0.92
200 8.02 0.355 . . 1.87 . 0.15 . 3.05
250 8.02 0.304 . . 1.82 . 0.11 . 2.28
300 7.96 0.280 . . 1.89 . 0.09 . 1.89
400 7.99 0.339 . . 1.98 . 0.14 . 3.12
500 792 0.340 195 013 263

WAEEESBTOND, ST TIRELI, BTy AL S L, T OHIRD
BEIG X DBREMNLFEFREVEALNDL A A S ¥ 4 Mt LG oE
WAEB L THRE %o 72
THEOCECRRENOKRE S L EXRTIIETH LD, —RIZAA) 8D
CECH Bcmolc kg #iE L F CH B DIxt L, A X2 ¥4 P OCECIFH+cmolc kg4
TEREVOIHEHTH S, FAELEOFTH, HEBFEZOIONKEL,
AXZH A4 VL CEGIEA 7y THEREYHRTIE TR, HEOCECY, AHYW
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Table 5 General chemical properties of the steppe soils (2)

Site  Depth pH(H;0) EC Organic Total Carbonate Cation Water Exchangeable Sodium

and carbon nitrogen carbon exchange soluble Na adsorption
horizon capacity Na ratio
(cm) (mSem?) (%) (%) (%) (cmol(+) (cmol(+) (cmol(+) (mmol
kgh)  ke) kg') Ly
8CZ1n (Southern Chernozem)
Al 0-20 7.97 0.552 3.16 0.30 0.66 27.8 0.01 0.06 0.14
A2 20-40 7.32 0.422 1.66 0.14 1.33 24.7 0.10 0.31 1.21
AB 40-50 7.82 0.683 1.37 0.13 1.35 23.2 0.21 1.49 447
B 50-75 7.88 0.946 0.97 0.10 1.61 22.8 0.46 3.95 12.5
BC1 75-92 7.58 2.66 0.09 0.02 144 19.5 1.74 3.93 14.8
BC2 92100 7.33 3.26 0.08 0.02 1.18 15.4 1.91 1.98 10.0
C 150 7.28 15.0 0.00 0.02 129 12.8 5.71 3.35 21.2
200 7.36 17.3 0.00 0.01 1.28 17.1 6.28 3.51 21.3
250 745 14.8 0.00 0.01 1.10 19.1 6.99 2.49 22.6
300 7.50 17.2 0.00 0,01 1.05 23.6 6.58 2.35 26.3
8SNZ1n (Solonetz)
Al 0-5 6.82 0.836 2.98 0.24 0.06 16.0 0.17 0.00 2.69
A2 5-13 6.91 1.58 1.11 0.09 0.04 11.8 0.49 0.73 8.66
Bh 13-23 7.09 14.8 140 0.15 0.16 27.7 4.99 4.86 22.5
B21  23-47 745 21.7 055 0.05 1.35 18.5 7.61 3.13 234
B22 47-65 743 19.3 0.40 0.03 1.86 14.3 7.10 2.69 23.8
BC 65100 753 7.82 0.24 0.03 1.32 175 3.58 2.94 17.4
o} 100 7.70 2.85 0.09 0.02 113 18.0 1.45 4.39 17.7
150 750 12.4 0.03 0.02 1.11 20.4 4.92 4.60 27.7
200 7.61 10.7 0.10 0.02 115 21.7 4.33 5.59 29.2
250 7.69 7.99 0.00 0.01 1.28 22.0 3.25 5.72 30.2
300 7.70 8.28 0.00 0.01 1.18 12.7 3.14 3.25 27.5
BF2n (Brown Forest Soil)

A 0-2 5.91 0.228 . . 0.19 29.4 0.03 0.00 0.33
AB 2-10 5.92 0.155 . . 0.14 20.5 0.01 0.04 0.37
B1 10-25 6.14 0.087 . . 0.07 11.8 0.01 0.03 0.42
B2 25-40 5.67 0.065 . . 0.10 14.9 0.01 0.05 0.50
BC 40+ 477 0.084 . . 0.13 15.1 0.01 0.04 0.55

8CZ12n (Southern Chernozem)
All 0-9 6.91 0.259 8.15 0.63 0.25 34.2 0.03 0.08 0.39
Al2 9-18 6.60 0.180 451 0.34 0.20 25.3 0.03 0.10 0.60
A2 18-28 6.71 0.143 143 0.10 0.10 14.6 0.03 0.08 0.62
B 28-48  6.79 0.259 0.55 0.06 0.08 22.6 0.09 0.51 2.28
C 48100 7.21 7.82 0.16 0.02 0.39 5.8 4.39 0.00 15.0
CZ2n (Chernozem)
Ap 0-10 7.32 0.528 2.56 0.24 0.38 30.8 0.02 0.03 0.19

A 10-20  7.62 0.645 2.61 0.23 0.34 32.0 0.02 0.04 0.20

20-27 778 0.614 247 0.22 0.42 30.4 0.02 0.04 0.23

AB 2745 7.81 0.496 140 0.15 0.94 27.6 0.02 0.07 0.32
45-60 784 0.602 0.91 0.09 1.38 24.3 0.13 0.10 2,07

B 60-70 7.95 0.601 0.58 0.06 1.34 23.8 0.20 0.57 353
C 100 8.18 1.05 0.16 0.04 1.12 25.0 0.50 1.85 13.6
120 8.21 1.04 0.06 0.02 1.09 25.5 0.59 2.57 18.7

150 8.41 0.829 0.02 0.01 0.35 7.8 0.60 0.73 20.3

170 8.41 0.553 - 0.02 0.00 0.12 5.2 0.38 0.43 18.3

200 839 0540 002 0.00 007 50 037 041 162
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EBONEILTRBIZBVW T BB AIScmolckg! BlEE A E Vv (Tables) » o
WKL T, YW NEDOBEHAT Yy 7HER A A7 5 4 MEEITZ LWSCZ120-CIE %
CZ:nDiEE+, BF2nTiE, TEOCECIRILEM/NS vV, ThbbHEDRILH LW
H HTE, IR HREEGER 2 LB e v S Ik B, EBICE, BE
T 5L CREROEHDOIEEEN L ) KE 2 Y30 HE T, BEROR
BB A 4 VP LBEOIRKEDO P TR ELREE R T HEIRHTH L, B LAS
WCECKKEIEL T, BB LZE ) BA X7 ¥4 MELOESEMDS, TEABBRE
REERACBVWTEELRE CHL L BN D,

RIETEOREA + VREFHICOWT, & {INa-CalHEE 2 I L7 — i
WCEBSWICHAET A R4 4 Y (Na) - R4 4 (Mg, Ca)DigE L, Thbd
AF VOLEEHNORAEZEDOHITIE, AIZEENaARAL, HBE2RHEBENaXK

(Exchangeable sodium percentage: ESP(%) = X #iENas & / CECX100) TH L 723
B, UToL) ERBRATEINDA F VIRETFHERILSR LT 5,

ESP / (100-ESP) =k XSAR + C
CCTRBKIKREVITE, 20OHERINIGEEBRUESEEVL S, THET
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DOFFFRBNC L iE, £ DL TKEIZOOISEETH L LME IR T 59,

FE LRI OV TNa-Cali I ER R 1TV, LROKOKEICO W TR 7-45H
ZTable6lZRT o CTWKRLND LI, A X7 ¥4 MEEICE A7ZZSCZIn-200 cm
13, CZ2n-120cmt3E, SNZIn-Bh/B2UETETII VI bk{ED0.02% B X 5 DI
L, HMHICARA 7 4 VEEI/NE %CZ20-150 cm13E, WCZs-150 cm 158,
SNZIn-Al/A2ZB LTI, KEXFBBLR00ISULTEEL ZoTwa, T4bbEX

A7 54 PR R, Table 6 Coefficient, k, of the equation :

L Y NaE EBREAKENE W ~ ESP/(100-ESP)=k x SAR + C,
. . which expresses the cation exchange reaction
xBo COFRIE, AX7 4 including monovalent and divalent cations.
MNETEOS A DIL NI A Y
. Site and Depth k C
TJAY /T, Nag#Alva iy horizon (cm)
> igfﬁ LiE L‘ftﬂ}/& L, ¥7 SCZI1n, deep layer 200 0.026 -0.015
’ CZ2n, deep layer 120 0.028 0.296
BTN CO B+ 0B - 150 0.008 0.039
WCZs, deep layer 150 0.016 -0.101
EBRPLERAONDEELFE  sNZinal 05 0011 0.050
N A2 5-13 0011 0.013
T3 (—RIINakh L i3 08D Bh 1323 0022  0.456
. B21 | 2347 0.025 -0.103
=) v \) o

3. 3 LEHRDEREE
PEIEM T, ERBKESTEIMPOSBEERE TR THELTLE ) I
EIRAELZWOT, BHDY 4 FICEoTid, LI LIEHEDICEEDT
BEVRAL W AEIAR N, BELE (Varsys, vaiy Vi E) ol
B, ) TEoTREM bOET R L, EREMEOET D L%,
COHILOWT, TEMFIHEOECSR &  EBEE T LEERAKE W
THENNaEE, 8L OB ONaR#EL 7 &£, Table5, Fig8D 7 — &S THR
HT 5, TRHFHRLER 7V ) BBOEREF IOV T TRET 5,
T b ofekd | EAMEEOEC, THEMNaEE, £ L Tl
NaRE LD WFRIZOWTH, JLERR 7 v FTOHRY M OHIE Tl L X T
{BoTwd, EXIT7 27 ETEBNSCZIn, SNZInTRIZIEZEDNaE VT
Bo THIED & EKEHEFRYHICELBIETN TV ZE DA, 350mm & v K
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bo FNafbDERIEE V) HTR, ThODHEDEL AR 54 VELET
HHIEHBED—DTHE, HIEHTH UL I, ARXAZ 54 FHFEHT 2135
(SCZ1n-200cm, CZ2n-120cm, SNZ1n-Bh/B21/8) Tid, 1 & -~ TNaBiRM255 <
%oTwah (Table6) o THIZABEDSARY FOHBERHIRETTHL LI NEL D
Nast3Eaaf FRESNL I L2 ERLTHB Y, NafEf PEloshELIC L
HNaF A7 )V A UM TEOA RS, B L 2REBOEK L L350

40
SNZ1n:1.5-3m
; ¥ . SNZ1n:B2 hor.
é 20 . '_.,-"'—- i Sy e AN .
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§IO-N:“
A SCZ1n:B-BC hor.
. : , Surface soils . . . |
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—#--MSCZIn, —x--CZ2n

Fig 8 Relationship between EC and SAR of the saturation
extract of the soils from northern steppe
WEBEOBENTH ST EERL TV,

—77, A7 v FIEET HHKLESR, BHATy ToLEETE, JLEfR
7y T HEE AT, THREREEIERICNS Vo B4 4 > STHA R L4
ToTC, HEAFHBRETEVZEYS, IhbntE (L IKEEL) TK, Cat
EDBRGTEIART AT ENHDDYD, L )FEMLRIADPLETHS ),

TvA Y PEt5E [ Table 58 & ORI R D48 % 7R L 72Fig91c &
niE, 27y 7HEBRB~FERLEICE, LIS LIEpHDS: B X A 7V U R R
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FTHBRONDE, Z0OAF VHEUE, By NalkEL (SAR) &, 44 ¥ Y& TAfb
oA A4 vk LA DREES L UCEREA 4 Y OFEICL > TREN S, NaHCO,,
Na,COENFHAHL Mz b DL o TWD, L LEDTS I 6 DGR
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DTREVIEBRbNIE,

BAOT VA VHTESZ0T THEICHTL AL EWEEDRLEY, 0
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F ¥ 7 18D D VI TRIEMAC T EEL R - AKUEL CRIAIT B8, MR iEHEC
Lo Tit (F7%bHMg+Ca)-(HCOHCO) <ONHE) , ZMlifHA 4+ (FERY)
DRBHEA TS, HEST VAT AEREH D V) LA
3 ’

FRMERAR LI | — BT o1 LIS LISpH6A T OB 2R L, 208l
D A 4 V005 MBUF LBV 2 & 5, 2% D HEBAG & TG0
TESERIN O TR EWHAEEZOND (Fig9-2) o £ L THMTEEICIIRE
ATHTOBE - FRORONILENLE W L2 6, BIHERLIZAAZ I |
HtoWEHNBHOBREEI IS CEEINTEErLEbN D,

o MAIRERTIE, BZ2o A HFHROBEMEDS ZFRI T, BRI
FHEIDLTICBVTBLL L TH D &) ICAZIT oz, ERED 2 THHE R
LTh, ShoDHEFEEERTIE, Fob/) —ELEEOEEDICEALZR
BBIENT L (BEROBHRLERBOTM) 2E,S, FxV/ —EALFA%
DVEEERRAD WV THH ) o TNOLFHROFIHIIOWTIE, 4RIRET S
HHATEZ TWLRETHLEEDbNS,

3. 4 LtHEOEFHYEHEE

—R A, TR0 R GOKMER BRI R R T 2 & v o 2D
Bl L, 507 OMBESTB & USSRERA + V& L CRGTLEESE
KR 5 v ) bEHom 2 S, HERRECEZERS T AERZRTTHL L



Soils affected by alkalization
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» Surface layer of the steppe soils
v Surface layer of the forest soils
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o Deep layer soil (Im-)

Fig 9(1) Chemical compositon and pH of the soil extract

Soils affected by alkalization
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Fig 9(2) Chemical compositon and pH of the soil extract
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Soils and agriculture in the arid and semiarid regions in Central Asia

Shinya Funakawa*, Takashi Kosaki**, Reiji Suzuki**, Kiyoo Hirooka*,

Shinjiro Kanaya**, and Elmira Karbozova**
*Kyoto Prefectural University and **Kyoto University

Under the former Soviet Union, two kinds of large-scale, modern agriculture had
been developed in the Central Asia, that is, the irrigation agriculture along R. Syr-Darya, R.
Amu-Darya, and R. Ili in the arid region and grain production on Chernozem in the
semiarid steppe region of northern Kazakhstan. Nowadays, several difficulties relating to
land degradation and/or environmental problems have arisen in the area. The main
objective of this study is to collect basic information about present situation of these
agriculture in terms of soil degradation by human activities.

1. Soil salinization under the large-scale irrigation agriculture
in the arid region. '

The development of large-scale irrigation agriculture in the arid region, which was
initiated in 1960s, has caused soil salinization in/around irrigated farms. In order to clarify
salt dynamics in the irrigation agriculture, the authors investigated distribution pattern of
salt-affected soils in/around rice-based and cotton-based cropping fields along R. Ili and R.
Syr-Darya in southern Kazakhstan and Uzbekistan. The rice-based irrigation system had
both the paddy and upland cropping phases in its crop rotation system, while the cotton-
based system was a continuous upland cropping.

In the cropping fields under the rice-based rotation system, the salt accumulation
was observed at the upper most horizon of the soil profiles during the upland cropping
phase, indicating that a continuously-high water table under this intensive irrigation
practice enhanced an upward movement of water with high concentrations of salts. On the
other hand, a clear decrease in the contents of soluble salts in the period of rice cultivation
showed that water-logging in this stage was effective to wash out salts accumulated during
the upland phase. The degree of salt accumulation in Kzylorda region was, however, quite
high compared to the other areas, presumably because of an incomplete drainage in the
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paddy cropping phase. It was considered that the rice-based irrigation agriculture was
sustainable under an enough supply of irrigation water and an appropriate drainage system
and, hence, the present situation in Kzylorda region seemed to be quite serious.

On the other hand, a cotton-based irrigation agriculture in the Fergana Basin in
Uzbekistan, which was located in the upper part of R. Syr-Darya, seemed to have few
problems in terms of soil salinization. The drainage condition in the area was generally
comfortable. The farms in the Syr-Darya region in Uzbekistan and in Dzhetisay in
Kazakhstan was, however, partly affected by soil salinization due to an incomplete
drainage caused by a serious economic situation in recent years. Since some researchers
mentioned a quite bad situation in the cotton-cropping farms in the lower part of R. Amu-
Darya, further study and information is needed to elucidate the sustainability of this type of
irrigation agriculture.

As for the quality of irrigation water, both EC and SAR were higher in the R. Syr-
Darya watershed than in the R. Ili watershed, suggesting a relatively risky situation in the
former in terms of potentiality in soil salinization by addition of salts from irrigation water.

2. Soil resources in the semiarid steppe region in Kazakhstan.

Since the land degradation due to winderosion and/or excessive decomposition of
soil organic matter have often been reported in the area, physicochemical and mineralogical
properties of the soils were investigated in this study to obtain basic information for
appropriate management of land resources. Soil samples were collected from Transili
Alatau hillslopes in southern Kazakhstan and Akmola and Kokchetau region in northern
steppe of Kazakhstan.

Soils from Alatau region were highly affected by aeolian deposits, so-called loess,
and hence, showed medium to coarse soil texture with high amount of clay mica minerals.
In contrast, soils from the northern steppe, which is largely covered by tertiary or
quaternary sediments, were generally rich in clay particles with smectite minerals. Some
soils in the north, which were sporadically developed on scattered hills derived from
granite or metamorphic rocks, however, were coarse-textured with a fairly large amount of
mica minerals. Compared to soils under humid climates, the soils of the studied area with
dry climates were less weathered and their characteristics were more related to the nature of
original rocks and/or parent materials.

Soils in the northern steppe, particularly in Akmola region, were enriched with
soluble salts, presumably gypsum and/or sodium salts, which were scarcely observed in
Alatau region. Therefore, the possibility of secondary soil salinization should be born in
mind when introducing irrigation agriculture in Akmola region.

Soil organic matter contents usually exceeded 6%, suggesting high soil fertility.




97 —

Winderosion was observed only in the limited sites. However, organic matter contents in
the surface 30 cm soils were noticeably lower in cropland than in virgin land, indicating that
continuous grain production brought quick soil deterioration through the decomposition of
soil organic matter for the past three to four decades. This may not cause an apparent
reduction in grain yield at this moment because of high inherent soil fertility, but such a
high rate of organic matter decomposition would pose some adverse effects on grain
production in the near future. To mitigate soil degradation and to improve soil fertility,
organic matter should be constantly applied into the cropland to maintain soil productivity.

3. Towards further development of agricultural production in Central
Asia.

Today, Kazakhstan and the surrounding countries are facing economic disorder.
This largely affects agricultural production systems. Shortages of various agricultural
materials including fuels, chemicals, and machinery are causing a decrease in crop
productivity as well as the quality of the agricultural environment. Although the
agricultural technologies and cropping systems now available in the area has been
contributing a lot to increasing agricultural production for the past 40 to 50 years, a
symptom of deterioration in soil productivity starts to appear. Main directions for the
agricultural development future are a well-balanced development of irrigation agriculture
in terms of crop production and regional environment in the arid zone and soil conservation
in the semiarid steppe region.
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