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SV Yl 2019 A=HiUY 2020 A= HIY 2021 4=HLY
N~ B—)v N SANTE—) Ry NTH—)L
A4+ 67.18 44.32 45.00
& A FALER 68.72 46.41 50.30
FarTFy o~ Rk 65.38 43.21 50.23
o s RAR 67.81 46.14 48.87
7R H =R 68.94 40.46 50.42
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# 16 202021 FHEEH Fr o AT Y U TRER

Tx1 AT 4 AT TTTDH uT ANV i)
Tx2 AH ) EIR N NT T DRI KK o S
Tx3 AR T I T &EZART 4 AT TT T NR FarvIgF o~
Tx4 HARYTIA T &AHT I RIR N AT T D
Tx5 AT )T I T EBART 4 27T
Tx6 AT )Y TIASKAT )R N AT T
Ty v Pos
RERAIT Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 S
* ¥ v | &E (cm) (IHERE) | UT 215.00 | 195.00 | 218.64 | 217.73 | 194.09 | 202.72 | 207.20
el KK 167.08 | 165.42 | 166.67 | 165.42 | 165.42 | 151.67 | 163.61
- NR 176.13 | 196.75 | 158.63 | 182.20 | 197.38 | 221.79 | 188.81
S 186.07 | 185.72 | 181.31 | 188.45 | 185.63 | 192.06 | 186.54
KEDIEE (em) | UT 158.36 | 166.09 | 157.63 | 162.82 | 167.27 | 168.27 | 163.41
(S FER) KK 117.08 | 129.58 | 10542 | 112.92 | 129.17 | 118.75 | 118.82
NR 146.06 | 156.23 | 122.08 | 149.63 | 157.50 | 186.40 | 152.98
A 140.50 | 150.63 | 128.38 | 141.79 | 151.31 | 157.81 | 145.07
+-5 Ph fi& UT 5.0 5.4 53 55 55 5.2 53 5.4
KK 49 4.6 44 45 45 4.4 4.4 45
NR 5.6 5.8 5.9 5.6 5.7 5.7 6.0 5.8
¥ | 5.6 5.8 5.9 5.6 5.7 5.7 6.0 5.2
HHMEHHE (%) | UT 0.41 0.43 0.43 0.45 0.41 0.45 0.47 0.44
KK 0.3 0.2 0.3 0.2 0.2 0.3 0.3 0.3
NR 0.60 | 0.57 0.68 0.51 0.66 0.77 0.69 0.65
¥ | 044 | 0.40 0.47 0.39 0.42 0.51 0.49 0.45
Vv & A & |UT 10 13 20 15 19 18 22 18
(mg/Kg) KK 14.5 6 13 14 13 9 19 12
NR 66 14 35 19 21 24 27 23
) 30 11 23 16 18 17 23 18
BV v AER=|UT 30 32 34 35 31 41 36 35
(mg/Kg) KK 31 19 21 20 21 21 23 21
NR 48 44 45 42 39 54 51 46
) 36 32 33 32 30 39 37 34
R K 4 020 cm) | UT 349 | 5.56 8.57 6.34 7.09 929 | 1094 | 7.97
& (g/cm3) KK 8.5 18.2 14.6 19.3 18.0 17.1 12.7 16.7
NR 269 | 3.14 8.36 3.89 5.07 8.91 1083 | 6.70
W) | 489 | 897 | 1051 | 9.84 | 10.05 | 11.77 | 11.49 | 10.44
K4 (20-40 cm) | UT 2.74 | 3.29 4.17 3.36 3.42 6.29 7.41 4.66
(g/cm3) KK 0 20 22 23 22 27 20 22.33
NR 3.09 | 256 4.40 3.77 3.87 437 5.07 4.01
W) | 194 | 862 | 10.19 | 10.04 | 976 | 12.55 | 10.83 | 10.33
K4 (40-60 cm) | UT 205 | 2.94 3.33 2.99 3.25 3.36 5.04 3.49
(g/cm3) KK 9.38 26 26 29 28 26 22 26.17
NR 290 | 2.96 3.38 2.89 3.02 4.05 473 3.51
W) | 478 | 1063 | 1090 | 11.63 | 11.42 | 11.14 | 10.59 | 11.05
i HLE (0-20 cm) | UT 147 | 145 1.41 1.43 1.42 1.41 1.29 1.40
(g/cm3) KK 153 | 0.74 0.68 0.69 0.75 0.71 0.76 0.72
(BRWZERW) NR 124 | 1.49 1.23 1.41 1.28 1.22 0.73 1.23
V¥ | 141 | 1.23 1.11 1.18 1.15 1.11 0.93 1.12
i H#E (20-40 cm) | UT 1.60 | 1.53 1.45 1.50 1.47 1.44 1.36 1.46
(g/cm3) KK 1.68 | 0.79 0.87 0.82 0.79 0.78 0.72 0.80
(EWzERW) NR 140 | 1.55 1.33 1.52 1.37 1.32 0.95 1.34
¥ | 156 | 1.29 1.22 1.28 1.21 1.18 1.01 1.20
) . & (40-60 cm) | UT 1.75 | 1.71 1.51 1.68 1.55 1.50 1.40 1.56
(g/cm3) KK 1.60 | 0.78 0.78 0.72 0.68 0.72 0.77 0.74
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(ERVIFE B NR 148 | 1.8 1.40 1.56 1.43 1.38 1.02 1.40

Yy | 1.61 1.36 1.23 1.32 1.22 1.20 1.06 1.23

£ L I | ZDIFE(cm) UT 2.69 2.84 2.73 2.79 2.88 2.91 2.81

Y (1B KK 2.36 2.43 2.27 2.35 2.42 2.17 2.33

B) NR 3.00 3.19 3.02 3.15 3.07 3.46 3.15

] 2.68 2.82 2.67 2.76 2.79 2.85 2.76

% o @ &|UT 2.20 2.00 2.23 227 2.14 2.30 2.19

(Kg/stem) KK 1.13 1.13 0.99 1.08 1.28 1.38 1.17

NR 2.10 2.25 1.58 2.18 2.28 2.50 2.15

] 1.81 1.79 1.60 1.84 1.90 2.06 1.83

BPEAR O X (cm) | UT 23.00 | 28.00 | 2545 | 2791 | 2836 | 30.82 | 27.26

KK 4450 | 48.00 | 52.50 | 46.75 | 49.25 | 54.50 | 49.25

NR 29.60 | 41.58 | 30.00 | 31.85 | 41.30 | 44.67 | 36.50

R 3237 | 39.19 | 35.98 | 3550 | 39.64 | 43.33 | 37.67

AR DR & (em) | UT 26.00 | 28.00 | 26.10 | 27.09 | 29.18 | 30.00 | 27.73

KK 56.00 | 4325 | 47.50 | 56.00 | 47.00 | 50.75 | 50.08

NR 40.45 | 55.90 | 46.50 | 53.73 | 54.93 | 61.40 | 52.15

S 40.82 | 4238 | 40.03 | 45.61 | 43.70 | 47.38 | 43.32

HrBAR D& (cm) UT 3.10 4.04 3.16 4.00 479 4.96 4.01

KK 5.05 4.25 4.40 4.85 438 4.43 4.56

NR 1230 | 13.23 | 12.83 | 13.45 | 13.70 | 14.93 | 13.41

S 6.82 7.17 6.80 7.43 7.62 8.11 7.33

BPAR DK UT 1200 | 13.82 | 12.18 | 13.36 | 14.00 | 15.09 | 13.41

KK 10.50 | 13.50 | 13.25 | 14.50 | 17.00 | 16.50 | 14.21

NR 11.75 | 16.00 | 10.00 | 12.75 | 13.75 | 12.25 | 12.75

S 11.42 | 1444 | 11.81 | 13.54 | 14.92 | 14.61 | 13.46

B o o & & |UT 3,529 | 4,172 | 3,768 | 4,139 | 4,283 | 4819 | 4,118

(Kg/rai) KK 4303 | 4,742 | 4,032 | 5,136 | 4,327 | 4,942 | 4,580

NR 3,940 | 5,840 | 4,463 | 4,920 | 5,180 | 8,153 | 5,416

Y 3,924 | 4,918 | 4,088 | 4,732 | 4,597 | 5971 | 4,705

TAMIRE (%) UT 2422 | 24.78 | 2545 | 24.77 | 26.80 | 26.59 | 25.44

KK 23.68 | 26.00 | 25.68 | 24.55 | 25.18 | 29.58 | 25.78

NR 16.63 | 2237 | 23.38 | 2475 | 19.50 | 22.50 | 21.52

Iy 21.51 | 2438 | 24.84 | 2469 | 23.83 | 2622 | 2425

WHEROE & (em) | UT 21.83 | 23.98 | 2227 | 24.68 | 26.18 | 28.87 | 24.64

KK 31.00 | 31.25 | 32.25 | 30.25 | 41.00 | 36.00 | 33.63

NR 31.58 | 36.65 | 33.20 | 35.10 | 35.70 | 36.93 | 34.86

Yy 28.14 | 30.63 | 29.24 | 30.01 | 3429 | 33.93 | 31.04

HEDOEE(Kg) KK 0.11 0.34 0.10 0.20 0.23 0.17 0.19

KR HTZY O | NR 118.20 | 17520 | 133.87 | 147.61 | 155.41 | 244.58 | 162.48
N FE (K g/48m>)
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F 17 202021 FHREEH VoYY TR

Tx1 BART A AT TT DR uT 7 RNy & =[#
Tx2 AT )R NLT T DR KK o Y
Tx3 ARG T[T —&EAMT 4 AT TT T NR FarIF vy
Tx4 ARG T AT —&AT ) HR LT T
Tx5 AR )WY T IAFTEIART 4 27 T T
Tx6 AH YT A S &AH )R N AT T
B hUyXxE GHE)
RERAIT Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 S
ER- Ph & UT | 460 | 520 6.00 5.50 5.30 5.10 5.20 5.38
KK | 530 | 5.00 5.20 5.00 5.10 5.30 5.40 5.17
NR | 550 | 5.20 5.40 5.30 5.60 6.50 5.30 5.55
| 513 | 5.13 5.53 527 5.33 5.63 5.30 5.37
HEHwE A% ur | 042 110 1.00 1.30 0.80 0.90 0.80 0.98
(%) KK | 0.10 | 0.27 0.36 0.35 0.38 0.38 0.38 0.35
NR | 027 | 0.8 0.50 0.60 0.59 0.79 0.63 0.62
EHy | 026 | 0.65 0.62 0.75 0.59 0.69 0.60 0.65
Uy v & f &| UT | 800 | 5.00 8.00 5.00 4.00 6.00 5.00 5.50
(mg/Kg) KK | 8.00 | 11.00 | 17.00 | 15.00 | 18.00 | 16.00 | 18.00 | 15.83
NR | 11.00 | 21.00 | 20.00 | 15.00 | 17.00 | 17.00 | 18.00 | 18.00
g [ 9.00 | 1233 | 15.00 | 11.67 | 13.00 | 13.00 | 13.67 | 13.11
AUy AEHAE]|] UT | 330 | 21.00 | 18.00 | 20.00 | 18.00 | 23.00 | 22.00 | 20.33
(mg/Kg) KK | 29.0 | 35.00 | 36.00 | 30.00 | 33.00 | 31.00 | 41.00 | 34.33
NR | 37.0 | 25.00 | 33.00 | 34.00 | 30.00 | 51.00 | 33.00 | 34.33
Sty | 33.0 | 27.00 | 29.00 | 28.00 | 27.00 | 35.00 | 32.00 | 29.67
+ B K 4 020 ecm)| UT | 585 | 3.14 5.30 5.96 422 4.82 3.99 4.57
b (g/cm3) KK | 251 | 2.8 4.44 3.52 432 3.65 4.58 3.89
NR | 289 | 2.59 3.32 6.04 3.08 3.08 3.23 3.56
g | 375 | 2.85 435 5.17 3.87 3.85 3.93 401
K%y (20-40 cm) | UT | 042 | 3.83 4.94 6.36 6.65 5.55 5.44 5.46
(g/cm3) KK | 265 | 3.25 5.04 3.90 3.50 4.20 5.15 4.17
NR | 328 | 6.59 4.66 5.54 4.29 4.94 5.98 5.33
| 212 | 456 4.88 527 481 4.90 5.52 4.99
K%y (40-60 cm) | UT | 1.56 | 4.56 | 4.76 6.71 5.11 4.61 5.91 5.28
(g/cm3) KK | 3.03 | 3.77 5.52 3.80 3.90 4.76 5.80 4.59
NR | 280 | 944 | 1083 | 7.39 5.64 5.13 7.11 7.59
g | 246 | 5.92 7.04 5.97 4.88 4.83 6.27 5.82
i L (0-20 cm) | UT | 135 | 1.51 1.42 1.43 1.57 1.46 1.31 1.45
(g/cm3) KK | 145 | 143 1.36 1.43 1.40 1.38 1.32 1.39
(R E RV NR | 134 | 135 1.34 1.39 1.39 1.37 1.33 1.36
ity | 138 | 1.43 1.37 1.42 1.45 1.40 1.32 1.40
it tb & (2040 | UT | 161 | 1.64 1.60 1.62 1.65 1.59 1.49 1.60
cm) (g/cm3) KK | 152 | 1.55 1.40 1.55 1.44 1.44 1.37 1.46
(VI ERWY) NR | 1.39 | 1.56 1.51 1.49 1.49 1.49 1.47 1.50
ity | 151 | 158 1.50 1.55 1.53 1.51 1.44 1.52
i HE T (40-60 cm) | UT | 1.61 | 1.68 1.55 1.65 1.62 1.54 1.51 1.59
(g/cm3) KK | 1.66 | 1.60 1.46 1.59 1.55 1.48 1.39 1.51
(VI ERWY) NR | 1.46 | 1.69 1.51 1.55 1.54 1.52 1.45 1.54
Sty | 158 | 1.66 1.51 1.60 1.57 1.51 1.45 1.55
I & ¥ | W) (Kgfrai) UT 7,400 | 9,838 | 7,837 | 9,085 | 9,550 | 10,086 | 8,966
LR KK 8,148 | 9300 | 8464 | 9,693 | 10246 | 10,782 | 9,439
NR 8,771 | 11,504 | 8,896 | 10,858 | 11,261 | 12,422 | 10,619
T 8,106 | 10,214 | 8399 | 9,879 | 10,352 | 11,097 | 9,675
BEEE (Brix) UT 2245 | 2327 | 21.27 | 21.81 | 22.18 | 22.54 | 22.25
KK 1920 | 19.00 | 1930 | 19.30 | 19.00 | 19.00 | 19.13
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NR 2292 | 22.81 | 22.89 | 2259 | 23.66 | 21.96 | 22.81
ey 2152 | 21.69 | 21.15 | 21.23 | 21.61 | 21.17 | 21.40
WHER o E & | UT 28.75 | 29.75 | 26.00 | 32.25 | 38.00 | 39.50 | 32.38
(cm) KK 3038 | 41.41 | 3555 | 42.72 | 45.23 | 49.16 | 40.74
NR 46.67 | 55.67 | 5133 | 56.67 | 55.33 | 60.34 | 54.34
) 3527 | 4228 | 37.63 | 43.88 | 46.19 | 49.67 | 42.48
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18 2021/22 FFHREEH Xy v R B hUuXeH Y TR

Tx1 AABT 4 2T T T TDH KK BNt
Tx2 AT ) BUIR NN T TD I NR FarvIgFx o~
Tx3 ARG T IA FT—&EAMT 4 AT TT D
Tx4 ARG T AT —&AT ) HR LT T
Tx5 AR )BT IATKIART A AT TT T
Tx6 AT )Y TIATEAT )RR N LT T
E RS
Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 S
% LI | MO ER (Kgra) | KK 3,692 | 4,100 | 3,817 | 3,983 | 4,190 | 4367 | 4,025
: LZGE NR 3,506 | 3,363 | 3,485 | 2,894 | 3343 | 3,649 | 3373
) | 3,599 | 3,732 | 3.651 | 3,439 | 3,767 | 4,008 | 3,699
TABIEE (%) KK 22.4 223 23.6 22.7 23.1 23.5 22.9
NR 23.8 25.5 245 24.1 25.1 25.6 247
S 23.1 23.9 24.0 23.4 24.1 245 23.8
FrUFE (FiE)
Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 S
T M| KK E (020 cm | KK 1.58 1.31 1.42 1.53 1.46 1.38 1.44
& (g/em3) (RWMFE RV
i b B (20-40 cm) | KK 1.66 1.59 1.66 1.62 1.47 1.48 1.58
(g/em3) (RWFERWY)
i b B (20-60 cm) | KK 1.67 1.61 1.65 1.64 1.59 1.55 1.62
(g/em3) (RWFERWY)
INFEY | Y (Kg/rai) KK 9,984 | 15322 | 10,716 | 11,028 | 12,520 | 17,803 | 12,896
BERE (Brix) KK 2427 | 2077 | 2097 | 20.17 | 20.63 | 2423 | 21.84
FhUuke BRHLU14ER)
Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 SEH
+ B | KL E (020 cm) | KK 1.41 1.41 1.54 1.45 1.46 1.45 1.45
& (g/em3) (RNEERV) QR 1.60 1.35 1.28 1.30 132 1.25 135
AT 1.51 1.38 1.41 1.37 1.39 1.35 1.40
i b # (20-40 cm) | KK 1.51 1.48 1.59 1.61 1.55 1.49 1.54
(g/em3) (EVZERWY) PNR 1.65 1.42 1.29 1.46 1.45 1.37 1.44
) 1.58 1.45 1.44 1.53 1.50 1.43 1.49
Iz bt B (20-60 cm) | KK 1.61 1.59 1.71 1.62 1.57 1.53 1.60
(g/em3) (EVZERWY) PNR 1.66 1.43 1.47 1.57 1.54 1.42 1.51
AT 1.63 1.51 1.59 1.59 1.55 1.47 1.56
INFEY) | WY (Kg/rai) KK 13,166 | 11,882 | 10,745 | 10,998 | 10,119 | 10,290 | 11,200
NR 20,468 | 21,042 | 18,311 | 20,138 | 20,809 | 22,484 | 20,542
Wy | 16,817 | 16,462 | 14,528 | 15,568 | 15,464 | 16,387 | 15,871
BEEE (Brix) KK 21.90 | 24.17 | 23.93 | 24.10 | 23.70 | 2423 | 23.67
NR 2377 | 2257 | 2317 | 23.07 | 2327 | 23.90 | 2329
Ty | 22.84 | 2337 | 2355 | 2359 | 2349 | 24.07 | 23.48
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(3) BIHESVEMERSAR (B2 % 2 REAH)
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1.1 AR R EFE FarsgFyo~iie6 FargFyowis
a8 = AV
TR A =R 6 TR =IE S
320 B 315 BE
1.2 BAEY) O IUHE i f 239 74 (38 ~TH—/) |13.16 A4 Q1~7 H—))
(2020721 FHE5H) CE¥ME) CE¥ME)
1.3 b7 7 % —FifaBFEk 12 J#5E (60%) 11 B (73%)
% <13 60 BIILLTF /N K | £ <1360 B LT /L K
Z U X —% A% Z 0 X —%Aa
1.3 BV —v2%179 b7 | 512 &% 411 xR
7 2 —FTHRFEK NI E—FABERD 2% | NT 7 X —FAEFRD 36%

MEMD 21T o BEHIT, Fv v PSRRI 207 F v o~ RETU N =R T
K6 RFE, arrrRT8REE G20 B, ¥ MUy EEREFIISER S BE GEH 15 E
F) T, Fv oI ANEH MUIFEOMBFEZFIE L TODLRELEL HoTm, 2020721 FHibs
HOHINEREIL, Fv v P AN 38 ~AT X —)b FFUFER 21 AT X =L T, Fv v
PO TR DN LB E VK HE T H o T2 2 D, F v v OB RS 2 B0 RN
Zinolz, MERY 21T BED 66% 0N N7 7 Z—%5FiA L TCWERN, TG o774 —0
%1% 60 AOLLFDO/ND w5 7 Z—Tdh o7,

@ ¥
2. BIEHE (L TV EFE)
Xy v BREEE QAR |V MUy eHEEERE (15EF)
2.1 #fid 20 25 (100%) 15 2% (100%)
2.2 JfiK 1 % (5%) 4 2% (27%)
2.3 MEAE CEREIEED | 12 2% (60%) 7 EFE (47%)
2.4 fiflt (BZAmeh) | 20 25 (100%) 14 2% (93%)
2.5 Bl BHBAES | 3 BEFE (15%) 2 B% (13%)
2.6 BREHI 13 25 (65%) 11 =% (73%)
2.7 7% (35%) 4 1EF (27%)
2.8 ULHERFDMEN UL | 15 BF (75%) 10 23 (67%)
Y —1E R
29 U A7 WA o Jpi o Jpi E
o JB7K o 157K
o ZHIC L HRIE A o [P EMIT R D _F -
e MR LDOEHEICLD T | o HAMIKD EF-
Bl o BREME X B EHHMC LA
o REMEEIBIC L 2B R | o BREAIAEEIEIZL D2 X b

71074 (Le~7Z—\) L LOBGHEEZAT 2THRBEORZEX%E LT, MIEZE»LOM
7R SIS MY 217 9 BE 2 ®E LT,
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o ¥ Y MIIREDO TR, Aol

o LA LR, L

2.11 #Hri= 72 Bl o1k
W D1 IR

o BRI

o EANDDEARDE

o I Z N —TF A LN—
o EHt— b ARt

o FEEEHAT

o FIR. BRA

o RpETY;

o BEERIEIC L 2y, 72 &

o 1—Fa—7 &

M & H Y 21T o T2 BFE DL < DAREHITLFAERE, PREAIZEH L, IHER: I35 87 % T
STWAHZERRTEND (Vb X EDOEEIT N—_AX R EETe), fiKIZOWTIX
%< DEFZMToTELT, FHiCxr v v 31 BRERO T X CTOEZNERNICHE-> T
W5, ¥ v, B hUuFEREELEO Y X7 L LT, FRE, BK, A= A RO
DETF LTz, £, P hUSFEREICIY HERERT 720, HEGEOT-OICY Y
FELXY v AREHBIETLEZLHD L7, H-m28ii-ClEM OB HRIR & LTk, Mk
DEHXEFBETOAS » 7OEMDEF I ENEF T bz, £, I THEF v v
TR U X EE G RIEY OB TIEOF T e H T, RIS T A EMAEIE S Y — v L A
T4 T7EBUTCHEAINTEY, HFRRE LUEALTWIEZ b oT,

@  FEFRIENBHE B L~ DL

3. BB ~OBL ™

v o T REEE (0B

¥ b U EREER (15 BF)

3.1 AR R B0 & 1

19 2% (95%)

14 2% (93%)

3.1 BT YA FERIZE L

17 2% (85%)

14 2F (93%)

Q)] T Ak E L LT, BEAD 4 53— (144 5H) BED

AN EHOEA1T 250-500 X—V/F A LN,

T M OTEARE OB E S AL T, T VA FEHA~OBOICOWTERI LT\

&Y 21T > T RE DL < i O 2385 L TR 0 . BB H 5 LEIE L
oo ¥TVATITONWTHEL OREZENELEZRLTEBY, RN 72 —2ALTED
TEHI—E X 22T THHEZ1T > TS RFOPITIE, Bter&m<e-oTh, #HIPHRE
R E Y W AT D20 7T VA TERBENTENWE NI BERH T2, £, 7 VA 7D
ANTBLERTEFE L HoT2h, MR 213 4 73— (144 5HM) BEZZT S5

H3% <. RENTETE DAk H TREREETE 200388222 L b,

@ H LUk Fp o o SBRREN

¥y v P FHRE (20 B5)

Y hrk eREER (15 8%)

XA
4.1 HIY 3.87 b /T4 11.92 b /74
(242 bv /~g B —)L) (744 >/~ B —))
4.2 Woefiks 2170 8—> (78121) k> | 998 83— (3,593 ) / kv

430N (1 74 H7=1) *1

8,485 /N—> /T A
(190,912 [/~ X —)1)

10,512 "—> /A
(236,520 [/~ X —)1)

44NN (1 EFEHT-0)

234,792 73—V (845251 )

151,306 73—V (544,702 )

EH

458H 1 74H720)

3313 85— /54
(74,543 1,/ ~2 X% —)L)

4359 "—> /5 A
(98,077 [/~ % — L)

46 M (1 EFEHT-0)

91,675 73—/ (330,030 [)

62,742 73—/ (225,871 )

AR

47 MR 0 74 &7
D)

5172 /83— /5 A4
(116,370 /'~ % —)L)

6,153 "—> /T4
(138,442 [/~ 52 —)1)
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BACKGROUND

Thailand is one of the largest exporters of sugar and cassava tapioca products in the world.
However, with growing international competition, the country has been facing the necessity to
further improve the productivity of these commodities. Besides, as sugarcane and cassava yield is
prone to drop by natural condition, particularly by drought, countermeasures for recent climate

change are an urgent issue to be tackled.

Sugarcane and cassava growers in Thailand attempt to break the hardpan in the soil by the
sub-soiler with large knives for facilitating the growth of roots deep into the soil. However, in
practice, the knives of the sub-soiler widely applied in the country do not reach the depth of the

hardpan in the soil.

Sugarcane and cassava are widely cultivated in the North-eastern region of Thailand. However,
with less rainfall and irrigation facility, the region is more vulnerable to drought than other regions
in the country. At the same time, use of the sub-soiler attached to the high-powered tractor is not
applicable for many of farmers in the region with their small size of the farmland and economic
condition. With the application of the sub-soiler which can be attached to the relatively low-
powered tractor to break the hardpan in the soil as well as the plow to improve the soil nutrition,

increase in the productivity of sugarcane and cassava in the region is highly expected.

OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S TECHNOLOGIES

(1) Purpose

This ‘SDGs Business Model Formulation Survey with the Private Sector for Enhancing
Productivity of Sugarcane and Cassava through the Soil Improvement in the North-eastern
Region of Thailand’ was conducted under the ‘SDGs Business Model Formulation Survey
with the Private Sector’ supported by JICA. For the problem on the low yield of sugarcane
and cassava in the North-eastern Thailand, this feasibility survey aimed to examine the
feasibility for increasing the productivity of sugarcane and cassava with the use of proposed
Sub-soiler to break the hardpan in the soil and Plow to plow-in organic substances into the

soil.

(2) Activities

In addition to the collection of information and data for the feasibility of the proposed
Sub-soiler and Plow to increase sugarcane and cassava productivity as well as for the
application in the local socio-economic and cultivation environment, field tests were
conducted to grow sugarcane and cassava with the use of the proposed products at the 3 field

test sites in the region. Planned activities of the survey are provided below.
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Table 1: Survey Contents

Survey Contents

1. Development Issues

1.1 Survey on development issues, such as situation of cultivation and farmers

1.2 Survey on development plans, policies, laws on the development issues

1.3 Confirmation of Japan’s development cooperation policy on the development issues

1.4Analysis on the ODA projects and projects supported by other development partners

2. Products/Technologies of the Company

2.1 Survey on the local application of the proposed products/technologies

2.2 Survey on the contribution to the development issues

3. ODA Project Plan/ Cooperation

3.1 Consideration for ODA project and possibility for cooperation with the C/P

3.2 Consideration for challenges/risks countermeasures on the ODA project

3.3 Consideration for environment and social consideration

3.4 Analysis on the development impacts of the ODA project

4. Business Development Plan

4.1 Development of a business development plan

4.2 Market analysis, such as competitors and financial condition and needs of farmers

4.3 Value chain analysis

4.4 Consideration for establishment of local base and partner company

4.5 Development of a financial plan

4.6 Analysis on the challenges and risks and consideration for countermeasures

4.7 Analysis on the expected development impacts from the business development

4.8 Analysis on the contribution to the local economy and activation in Japan

(3) Information of Product/ Technology to be Provided

Proposed products for this feasibility survey are two farm

machineries attached to the tractor, namely 1) Sub-soiler and 2) ,.- 1 ﬁ‘* o~
)\
]

Plow. The Sub-Soiler breaks the hardpan in the soil and, ?‘ ¥ (

eventually, creates better growth environment for the plant T

water and nutrition, and better water retention and drainage.

through the extension of roots deeper and wider, more intake of ]

Proposed Sub-Soler for this survey can be used for a wider
range of the tractor power with higher running speed. It is also

expected that the knives of the Sub-soiler reach deeper in the

soil to break the hardpan. For the Plow, it is designed to plow-

in organic substances effectively to enhances the soil fertility.
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(4) Counterpart Organization

Land Development Department (LDD), Ministry of Agriculture and Cooperatives, Thailand

(5) Target Area and Beneficiaries

Fields tests of the feasibility survey were conducted at the sites provided below. Partner
sugarcane and cassava farmers of fields test sites as well as staff of the LDD and Regional
Land Development Offices under LDD were direct beneficiaries of the technical transfer of

the survey through the implementation of the field test.

1. Buayai District, Nakhon Ratchashima Province
2. Mancha Khiri District, Khon Kaen Province
3. Si That District, Udon Thani Province

(6) Duration

February 2020 — January 2023 (3 years)

(7) Survey Schedule

This feasibility study was initially planned for the period of 1 year and 8 months from
February 2020 to September 2021 which covers one crop season of sugarcane and cassava.
However, with the world-wide outbreak of the COVID-19 pandemic in the early 2020, which
did not exclude Japan and Thailand, the field visit by the survey team members of Sugano
Farm Machinery from Japan was restricted after their first visit in February-March in 2020

just before the start of the travel van between Japan and Thailand.

Accordingly, the feasibility survey period was extended until the January 2023 to enable
the field visit by the team of Sugano Farm Machinery to directly assess the results of the field
tests at the site. At the same time, information of the field tests were thoroughly collected with
the cooperation from the Regional Land Development Office of the LDD to cover two crop
seasons, 1.e., 2020/21 and 2021/22.

Visiting program to Japan was also organized in September 2022. 6 personnel of the LDD,
both from head office and regional offices, joined the one-week program in Japan to learn the
technology and practice for soil management from Sugano Farm Machinery and other

cooperating organizations.
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3.

ACHIEVEMENT OF THE SURVEY
(1) Results of Comparative Field Test
In the field survey, land preparation at sugarcane and cassava fields was conducted before
the plantation with the combination of local plow/subsoiler and plow/subsoiler of Sugano
Farm Machinery as shown below to verify the adaptability and effectiveness of the Sugano

Farm Machinery products.

Table 2 Combination of Plow and Subsoiler at east pilot field

Plot Equipment used for land preparation
Plow Sub-soiler

1 Trl Thai Disk Plow No use
2 Tr2 Sugano Bottom Plow No use
3 Tr3 Thai Disk Plow Thai Sub-soiler
4 Tr4 Sugano Bottom Plow Thai Sub-soiler
5 TrS Thai Disk Plow Sugano Sub-soiler
6 Tr6 Sugano Bottom Plow Sugano Sub-soiler

The results of the comparative test at each product, site, and cultivation season are provided in
the tables below.

<Cassava>

Table 3 Nakon Ratchashima Province: 2020/21 Season

Equipment used for land Yield per rai (kg) Starch density ~ Length of fiber
preparation (Yield per hector (ton)) (%) roots (cm)

1 Thai Disk Plow only 3,940 (24.63) 16.63 31.58

2 Sugano Bottom Plow only 5,840  (36.50) 22.37 36.65

3 Thai Sub-soiler (SS) & 4,463 (27.89) 23.38 33.20
Thai Disk Plow (Di.P)

4 Thai Sub-soiler (SS) & 4,920 (30.75) 35.10
Sugano Bottom Plow (Bo.P)

5 Sugano Sub-soiler (SS) & 5,180 (32.38) 19.50 35.70
Thai Disk Plow (Di.P)

6 Sugano Sub-soiler (SS) & 22.50
Sugano Bottom Plow (Bo.P)
_ Highest among 6 plots

Second Highest among 6 plots

Third Highest among 6 plots
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Table 4 Nakon Ratchashima Province:  2021/22 season'*

Equipment used for land Yield per rai (kg) Starch density
preparation (Yield per hector (ton)) (%)
1 Thai Disk Plow only 3,506 (21.91) 23.78
2 Sugano Bottom Plow only 3,363  (21.02) 25.50
3 Thai SS & Thai Di.P 3,485 (21.78) 24.45
4 Thai SS & Sugano Bo.P 2,894 (18.09) 24.07
5  Sugano SS & Thai Di.P 3,343 (20.89) 25.10

Table 5 Khon Kaen Province: 2020/21 season

Equipment used for land Yield per rai (kg) Starch density ~ Length of fiber
preparation (Yield per hector (ton)) (%) roots (cm)

1 Thai Disk Plow only 4,303 (26.89) 23.68 31.00
2 Sugano Bottom Plow only 4,742 (29.64) 26.00 31.25
3 Thai SS & Thai Di.P 4,032 (25.20) 25.68 32.25
4 Thai SS & Sugano Bo.P 24.55 30.25
5 Sugano SS & Thai Di.P 4,327 (27.04)

6 Sugano SS & Sugano Bo.P 4,942  (30.89)

Table 6 Khon Kaen Province: 2021/22 season

Equipment used for land Yield per rai (kg) Starch density
preparation (Yield per hector (ton)) (%)
1 Thai Disk Plow only 3,692 (23.08) 22.38
2 Sugano Bottom Plow only 4,100 (25.63) 22.25
3 Thai SS & Thai Di.P 3,817  (23.86) _
4 Thai SS & Sugano Bo.P 3,983 (24.89) 22.68
5 Sugano SS & Thai Di.P 4,190 (26.19) 23.13
6 Sugano SS & Sugano Bo.P ; 23.50

11 For the collection of samples at the field test sites in Nakhon Ratchashima and Khon Kaen Provinces in
2021/2022 season, data on the length of fiber roots were not collected due to the constraints in human resource
and time affected by COVID-19 preventive measures.
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Table 7 Udon Thani Province: 2020/21 season

Equipment used for land Yield per rai (kg) Starch density Length of fiber
preparation (Yield per hector (ton)) (%) roots (cm)

1 Thai Disk Plow only 3,529  (22.06) 24.22 21.83
Sugano Bottom Plow only 4,172 (26.08) 24.78 23.98
Thai SS & Thai Di.P 3,768  (23.55) 25.45 22.27
Thai SS & Sugano Bo.P 4,139  (25.87) 24.77 24.68

Sugano SS & Thai Di.P 26.18

4283 (26.77)

NN | B~ WN

Sugano SS & Sugano Bo.P

Samples of 2021/22 season for Udon Thani field test site were not collected by the Regional

Land Development Office due to constraints affected by COVID-19 preventive countermeasures.

Results of all 3 field test sites at Nakon Ratchashima, Khon Kaen, and Udon Thai Provinces
demonstrated the relatively higher yield of the 6™ Plot, which used Sugano Sub-soiler and Sugano
Bottom Plow, among 6 plots. Length of fiber roots is also relatively longer in the 5™ and 6™ Plots,
where Sugano Sub-soiler was used. From the field test results, it is assumed that the braking of the
hardpan in the soil by the Sugano Sub-soiler promoted the extension of the fiber roots deep in the

soil.

At the field test sites of Nakhon Ratchashima and Khon Kaen Provinces, cassava yields in
2021/22 season largely decreased from the yields in 2020/21. Early harvest of cassava by farmers
is considered as a reason of'this decrease to avoid the damage by the floods resulted from the heavy
rain in 2021/22 .

<Sugarcane>

Table 8 Nakhon Ratchashima Province: 2020/21 season (new plantation)

Equipment used for land Yield per rai (kg) Sugar density ~ Length of fiber

preparation (Yield per hector (ton)) (%) roots (cm)
1 Thai Disk Plow only 8,771  (54.82) 22.92 46.67
2 Sugano Bottom Plow only 11,504  (71.90) 22.81 55.67
3 Thai SS & Thai Di.P 8,896  (55.60) 22.89 51.33
4 Thai SS & Sugano Bo.P 10,858 (67.86) 22.59 56.67
5 Sugano SS & Thai Di.P 11,261 (70.38) 55.33
6 Sugano SS & Sugano Bo.P
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Table 9 Nakhon Ratchashima Province: 2021/22 season (Ratooning 1% year of new plantation in the

Table 8) *2
Equipment used for land Yield per rai (kg) Sugar density
preparation (Yield per hector (ton)) (%)
1 Thai Disk Plow only 20,468  (127.92) 23.77
2 Sugano Bottom Plow only 21,042 (131.51) 22.57
3 Thai SS & Thai Di.P 18,311 (114.44) 23.17
4 Thai SS & Sugano Bo.P 20,138 (125.86) 23.07
5 Sugano SS & Thai Di.P 20,809 (130.66) 23.27

There was no sampling survey for the new plant for 2021/22 as the partner farmer did not

plant new sugarcane for the season.

Table 10 Khon Kaen Province: 2020/21season (new plantation)

Equipment used for land Yield per rai (kg) Sugar density ~ Length of fiber

preparation (Yield per hector (ton)) (%) roots (cm)
1 Thai Disk Plow only 8,148  (50.94) 19.2 30.48
7 Sugano Bottom Plow only 9,300 (58.13) 19.0 41.41
3 Thai SS & Thai Di.P 8,464 (52.90) 35.55
4 Thai SS & Sugano Bo.P 9,693 (60.58) 42.72
5 Sugano SS & Thai Di.P 10,246 (64.04) 19.0 45.23
6

Sugano SS & Sugano Bo.P

Table 11 Khon Kaen Province: 2021/22 season (Ratooning 1*! year of new plantation in the Table 10)

Equipment used for land Yield per rai (kg) Sugar density
preparation (Yield per hector (ton)) (%)
2 Sugano Bottom Plow only 11,882 (74.26) 24.17
3 Thai SS & Thai Di.P 10,745 (67.16) 23.93
4 Thai SS & Sugano Bo.P 10,998 (68.74) 24.10
5 Sugano SS & Thai Di.P 10,119 (63.24) 23.70
6

Sugano SS & Sugano Bo.P 10,290 (64.31) _

For the ratooning of 2021/22 season at Khon Kaen Province, the comparative advantage of

the plot with the Sugano Sub-soiler and Bottom Plow was not indicated from the field test results.

According to the partner farmer, growth of the sugarcane widely varied in the field test site in this

12 For the collection of samples at the field test sites in Nakhon Ratchashima and Khon Kaen Provinces in
2021/2022 season, data on the length of fiber roots were not collected due to the constraints in human resource
and time affected by COVID-19 preventive measures.
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season by the water lodged in the field due to the heavy rain during the cultivation period. This
might have affected the growth of sugarcane at each plot and, eventually, the result of the sampling

survey.

Table12 Khon Kaen Province: 2021/22 season (new plantation)

Equipment used for land Yield per rai (kg) Sugar density
preparation (Yield per hector (ton)) (%)

1 Thai Disk Plow only 9,984  (62.40)

2 Sugano Bottom Plow only 15,322 (95.76) 20.77

3 Thai SS & Thai Di.P 10,716 (66.98) 20.97

4 Thai SS & Sugano Bo.P 11,028 (68.93) 20.17

5 Sugano SS & Thai Di.P 12,520 (78.25) 20.63

6

Table 13 Udon Thani Province: 2020/21 season (new plantation)

Equipment used for land Yield per rai (kg) Sugar density ~ Length of fiber

preparation (Yield per hector (ton)) (%) roots (cm)
1 Thai Disk Plow only 7,400 (46.25) 22.45 28.75
5 Sugano Bottom Plow only 9,838 (61.49) _ 29.75
3 Thai SS & Thai Di.P 7,837 (48.98) 21.27 26.00
4 Thai SS & Sugano Bo.P 9,085 (56.78) 21.81 32.25
5 Sugano SS & Thai Di.P 9,550 (59.69) 22.18 38.00
¢ Sugano SS & Sugano Bo.P 22.54

At the field test site of Udon Thani Province, sampling surveys for ratooning of 2021/22
season were not conducted as the partner famer had to destroy the plants after the sugarcane was
infected with the plant infectious disease. Sampling survey for the new plant of 2021/22 season
was also not conducted as the personnel of the Regional Land Development Office could not visit
the site to collect samples in the right time before the harvest with the COVID-19 preventive

measures enforced by the government.

Among the field test sites of sugarcane, productivity (yield per rai) was higher at the Plot 6,
where Sugano Sub-soiler and Bottom Plow were used, compared with other plots, except ratooning
of 2021/22 season at Khon Kaen Province. The results also show the length of fiber root is
relatively longer at the plots where the Sugano Sub-soiler was used. From the field test results, it
is assumed that the Sugano Sub-soiler broke the hardpan in the soil to support the extension of the

fiber root deep into the soil.

(2) Response of Farmers
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According to the interview with partner farmers after the field test and providers of the tractor
service at the 3 test sites, assessment on the Sugano Sub-soiler and Bottom Plow in terms of
specification, strength, performance, and growth of the plants are high. Some farmers who own
relatively large tractors expressed their interests in buying the products to use for their own fields
as well as for land preparation service to other farmers. This indicates the Sugano Sub-soiler and

Bottom Plow satisfied the technical needs at the field test sites.

In the interview survey conducted in this feasibility survey, many of interviewed farmers
recognized the problem of hardpan in the soil and expressed their interest in braking it for better
cultivation yield. Some of interviewees who receive the tractor service for land preparation without
having their own tractor also insisted their willingness to use the sub-soiler even the price for land

preparation is increased.

FUTURE PROSPECTS

(1) Impact and Effect on the Concerned Development Issues through Business Development of

the Product/ Technology in the Surveyed Country

The results of this feasibility survey demonstrate the potential of the contribution of the
Sugano Sub-soiler and Bottom Plow technology to the growth of crop roots deep into the soil
and increases in water retention capacity as well as to the improvement of soil condition.
These positive factors eventually lead to the improvement of the crop yield. This effectiveness
of the technology is considered high particularly in the Northeastern Thailand, where
agriculture sector is prone to have damages from low rainfall and drought. As mentioned
above, the results of the field test in this feasibility survey showed higher yields in the test
plots where Sugano products were used compared with other plots.

Through the field tests with the use of Sugano products, the knowledge and know-how
of soil management has been transferred to the personnel of the Regional Land Development
Office and farmers in the field test sites. Transferred knowledge and knowhow is expected to
contribute to the improvement in the practice of soil management in the area. Through this
feasibility survey, awareness of the LDD is raising on the necessity for breaking hardpan to
increase yields of field crops, including sugarcane and cassava. Accordingly, the LDD has
planned support programs for farmers to break hardpan under their farmland in the
Northeastern region.

(2) Lessons Learned and Recommendation through the Survey
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Cooperation by partner sugarcane and cassava farmers at each field test site and personnel
of the Regional Land Development Office under the LDD is a key factor for the successful
collection and analysis of data for the feasibility survey. Availability of Japanese and Thai
external experts of the feasibility survey team in Thailand is also considered as an advantage
for the coordination with the concerned personnel, monitoring of the field test site, and
reporting of the progress to the survey members in Japan during the travel restriction between
Japan and Thailand under COVID-19 pandemic.

A visiting program to Japan was organized for the personnel of the LDD in September
2022 as a part of the activity under this feasibility survey. In the war-up session of the program,
participants from the LDD and Sugano staff discussed on various issues, including advantage
of Sugano technology/products, challenges for the application in Thailand, and other issuers.
As a part of discussion, ideas for future cooperation activities between the LDD and Sugano
were raised as below. The company expects and recommends the LDD to continue, and further
strengthen, cooperation with the company on these and other activities to improve the soil

management for field crops and, eventually, to improve the livelihoods of the farmers.

e Cooperation for the LDD’s projects for breaking hardpan in the farming area as well as
survey/research projects

e Dissemination of this feasibility survey results at the related events and seminars, such
as display of the results in the ‘Esan (Northeastern Thailand) Agriculture Day’ at Khon
Kaen Province scheduled for January 27 — February 5, 2023

ATTACHMENT: OUTLINE OF THE SURVEY
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SDGs Business Model Formulation Survey with the Private Sector for
Enhancing Productivity of Sugarcane and Cassava through the Soil Improvement
in the North-eastern Region of Thailand

jica

Sugano Farm Machinery MGF. Co., Ltd. (Hokkaido, JAPAN)

AREBIC
ARMLNEE

rDeveIopment Issues Concerned in Agricultural Sector ) IfPPrc;dl.ic.:ts!Tec:hne::h::gi.ﬂ-,s; of the Company )
«  The productivity of sugarcane and cassava is low. 1. Sub-soiler: a tractor mounted implement used for
+  The knives of the sub-soiler widely applied in breaking the hardpan in the soil to create better
Thailand do not reach the depth of the hardpan, growth environment for the plant.
leading to the low yield. 2. Plow: a tractor mounted implement used for
+  North-eastern region is vulnerable to drought due plowing organic substances into the soil to enhance
to lack of rainfall and insufficient irrigation. the soil fertility.
\_ AN A

« Survey Duration:Feb, 2020~ Jan, 2023

= Country/Area:Bangkok and the neighboring areas, Nakhon Ratchasima, Khon Kaen, | 7 r ¥
and Udon Thani W { Sub-soiler

« Name of Counterpart: Land Development Department (LDD), Ministry of Agriculture '
and Cooperatives -

- Survey Overview: To examine the feasibility for increasing the productivity of Pl = 4
sugarcane and cassava with the use of proposed Sub-soiler fo break the hardpan in -r.'i" Plow
the soil and Plow to plow-in organic substances into the soil. p— .

4 N . A

How to Approach to the Development Issues Expected Impact in the Country

« Develop localized products by taking appropriate « The productivity of sugarcane and cassava

sales price range, production cost, local needs increases.
and other aspects into consideration. «  Farmers’ incomes are improved.
Consider business partnership with local suppliers, - Farmers’ knowledge of soil management is
establishment of a local branch, and localization developed.
of the production.
. J v

As of Dec, 2022
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