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Effect of improvement modes on physico-chemical characteristics of saline-
alkali soil and rice yield

SHEN Jing-li, WANG Bin, TIAN Xiao-ping, XU Xing
(College of Agronomy, Ningxia University, Yinchuan 750021, China)

Abstract: Four soil improving modes were employed in a pot experiment by randomized complete block design to
study their effects on soil and rice growth. Single improving modes were desulfurized gypsum+modifying agent, organic fer-
tilizer, irrigation, and rice planting, solely. Integrated modes were combinations of above four measures. Gypsum+modifying
agent increased the contents of Ca®* and Mg®*, SO, and decreased the contents of Na* and K*, Cl7, CO¥", and HCO;,
leading to the improvement of soil salinity and alkalinity. The irrigation lowered the soil alkalinity by 51. 16% and brought
down the salinity by 4. 74 g/kg. In treatment T9 which is a improving mode combining gypsum+modifying agent, organic
fertilizer, irrigation and rice planting, rice achieved the highest yield, and the plant height, SPAD value, photosynthetic
rate, proline content, POD and CAT activities per formed better than those in control. Treatment T9 is favorable for soil sa-
linity and alkalinity improvement and rice growth.
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Table 1 The designs for the experiment

b7 ERAE R APUE WK KA
T1 0 0 0 0
(ZHXIR)
T2 1 0 0 0
T3 1 0 1 0
T4 1 0 1 1
TS 0 1 0 0
T6 0 1 1 0
T7 0 1 1 1
T8 1 1 1 0
T9 1 1 1 1

RIS AE T B R Z R 1T, 1050 2 A
¥ H T 23 emx E#2 30 emx 255 25 em, Wi
B R FIAA MR YA 1 hm® £ 1. 125X
10° kg, Z MK Wt w7 5B 5 5 LR S 26 4
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Table 2 Soil physco-chemical properties affected by soil improvement modes

Wi oH fif Bl AGEE g B PR TR fire AL HHLR
(%) (g/kg) (mg/kg) (mg/kg) (mg/kg) (¢/kg)

T1 8.11 62.5 3.67 184.1 7.12 23.01 8.21

T2 8.01 61.4 4.17 480.4 7.03 21.52 16.20

T3 8.12 19.3 0.63 96.1 10.47 19.30 14.36

T4 8.12 16.0 0.92 115.7 5.89 25.97 15.26

TS 7.45 82.1 6.56 578.3 13.47 28.94 14.75

T6 8.57 21.6 0.27 86.3 8.71 34.14 7.07

T7 8.87 23.0 0.22 76.5 6.42 29.69 7.60

T8 8.46 13.1 0.42 66.7 6.95 36.36 11.66

T9 8.42 19.8 0.63 76.5 8.71 46.75 16.56

ENIE 9.86 62.5 6.58 356.0 11.40 19.00 6.59

B, 9.64+0.19 68.18 +2.91 4.42 £ 0.44 347.34 £ 54.93 8.53 +1.21 17.65 = 2.41 8.10 + 0.88

B, -0.27 £0.21 -4.27+3.19 0.35+0.48 92.23 + 60.17 0.15+ 1.32 5.93+2.64 5.76 + 0.96

B, -0.01£0.21 5.73+3.19 0.80 + 0.48 108.53 + 60.17 1.88 +1.32 14.59 + 2.64 1.38 + 0.96

B, 0.73 +0.25 ~51.16 = 3.69 -4.74+055 -398.16 + 69.48 -1.17+1.52 -1.40 £ 3.05 -4.00+1.11

B, 0.11+0.21 1.60 = 3.19 0.15+0.48 6.53 + 60.17 -1.70 £ 1.32 420 +2.64 1.69 = 0.96

FAH 1.36 27.95** 9.13" 3.61 0.64 3.69 3.58

T 2 28 UM T, o B AT + 20 R0 5 Ty BB A T + 20 R AR+ K S T < IO A1 75 + B0 R 500 + K + AR KR s T« A HLIE ; T - A HUAE +EEAR S T, o A
HUNE +E AR +FIAE /KA 5 T o BB AT 5+ 25 R+ A AL+ K 5 Ty < BRI 5+ 50 R R+ A UL + HE K + R B 5 B < IR A 5 + 2 R R0 [ 5 R 4
B, AL A2 H; By K BT R H B, FRAEK AR [N Z 80 By M W8, ™ 28 0. 05 3K ™7 25 0. 01 BEKF,
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Table 3 Soil ion concentrations affected by soil improvement modes

5 PHEF (G
Ca™*(g/kg) Mg (gkg)  K'(mg'kg) Na*(gkg) SO, (gkg)  Cl(gkg) €O (mgkg) HCO;™(mg/ke)

Tl 1.69 0.10 45.9 3.38 2.15 8.81 0 17.9
T2 2.18 0.21 45.9 2.75 2.09 7.90 0 15.6
T3 1.56 0.14 77.8 0.04 2.28 0.89 0 17.2
T4 3.06 0.31 20.4 0.07 2.03 0.74 0 21.8
T5 2.94 1.03 262.8 10.88 1.35 19.87 0 60.8
T6 0.30 0.07 71.4 0.02 0.22 0.62 0 28.1
17 0.23 0.15 109.7 0.02 0.60 0.57 1.5 39.0
T8 0.13 0.08 45.9 0.02 0.06 0.61 0 23.4
T9 0.90 0.13 58.7 0.05 1.47 0.39 0 23.4
AJEAH 0.84 0.32 101.7 1.46 6.25 10.70 0 30.5
B, 2.42+0.45 0.36+0.14 101.89£30.25  4.91=+1.13 2194022  11.16 £ 1.69 0.17+0.22  28.31£5.26
B, 0.33+0.50 0.03+0.16 -25.50+33.14 -0.20+1.24 0222024 -037+185 -0.50+024 -7.53£5.76
B, -0.78 + 0.50 023+0.16  74.43+33.14 2492124 -1.19%0.24 3.48 = 1.85 0024  16.90+5.76
By -1.46+0.57 -044%0.18 -69.48+38.27 -6.41+143 -0.68+0.28 -12.52+2.14 0.17+£0.27 -11.66 = 6.65
B, 0.73 £ 0.50 0.10£0.16  -2.10+33.14  0.02+1.24 0.51£024 —0.14=1.85 0.50 + 0.24 5.17+5.76
FAH 1.31 0.64 1.11 2.79 4.78 4.74 1.00 1.75

Ty 2 28 UM BT, o B AT + 250 R0 5 Ty 2 BB AT T+ 20 R AR+ K S T < IR A 7 + 200 R 500 + K + AR K R s T - A HLAE S T A HUAL +IE AR T, A
HUAE +E AR +FIAE KA 5 T o BB AT 7+ 25 R+ AT AL+ K 5 Ty < BB 5 + 50 R A+ A UL + HE K + R A 5 B < JBBR A 5 + e R 590 [l 5 R 4

By A UL [R5 By - HE/K BUH 2K B, VKRR IR R K By M ™ 9 0.05 K ™ 4 0.01 BEKF,
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FHMAEI AL ] CO, MR BE 22 RE R T Ab ¥ i 24 = T
T7 AbFR DA A R T Ab BH AT B A% 2k B0
PR A R IR A K,

223 REARBX ARG ELIERGHH K
FEAALTE PRI E S R UL 6, TN R Mg i 1k
1) Y, AYEERA T7 T9 AbBRTN & i B2



342 H K&k 2% W

2016 4 45 32 & 4 2

x4 FEBREX R MK TEE KRR
Table 4 Rice growth parameters affected by soil improvement

modes in saline-alkali soil

febr AREL B oMEEN] ARERI MESRM Ul

NG T4  293b 50.8b 53.7b  63.8b 65.5b
(em)

T7  363a 60.9a 64.7a  70.3ab  88.2a
T9 364a 60.9a 70.2a  79.7a 91.9a

it T4  58a 6.4b 7.6b 8.5a 10.0a
T7  6.0a  7.4a 8.0ab  8.7a 10.0a

9 652  7.6a 8.8a 8.9a 10.0a

SPAD{H T4  27.5b  30.1b  34.6b  32.6b 24.4¢

T7 27.8b  35.4a 39.0ab  38.9ab 34.2b

T9 35.1a  36.1a 41.6a 43.8a 40.0a

K T4  -0.62c -0.56¢c =-0.56¢ -0.87¢ -0.68¢
(x10° Pa)

T7 -0.50b -0.50b -0.50b -0.44b —-0.44b

T9 -0.19a -0.25a -0.12a -0.25a -0.19a

FHXT T4  24.50a 27.55a 25.29a 70.0la  45.62a

GRS 4

(%) T7 22.74a 27.59a 24.72a 64.30a  28.05b

T9 21.50a 25.32a 23.75a 32.36b  21.45b

Tk (g) T4 0.04lc 0.319¢ 1.140c 1.856b  1.501b

T7 0.06b  0.492b 1.418b 3.165a  3.40la

T9 0.084a 0.499a 1.825a 3.635a  3.975a

HFEARIE AW 6 A 26 A,/ BERIFSARE A I 7 H 31 H,
RIS AR E B 8 H 24 B BERIWEFRE B9 H 6
H, B850 Wl 9 A 20 H; T4 FERBis A 7+ ok B A +
K +FIHK RS, T7 FR A WAL +HE K + R HE KRS, TO oo st A 5 +
BRI+ HUAE -+ K + R K R 5 TRl — 30 80 5 ARG - RERGER
[R]—F845 T4 . T7 . T9 AbHE] 22 5 8 ¥ (P<0.05),

T T4, B WA TO T7 T4 Ab B[R] 7Y 8 &
o225, R LS N R AR AN A
AKFeE P I B AR DI 2R % i TO AR FR I = T T4
ARBR B Ay BEIA AN A AR B I I 240 R B it T7 AbBE
2R T4 AR AR KRS T RN 43 B B T U 1
T TO T7 AbH i 28 T T4 AL SR  E R )
FIBCEA AT AR i T4 A0 TR B S5 T T9 bR
AT RS T KA B R AR A K, AT MRS AE
R RR B FE A A I SR 0 m R S, it
ATV S SR, KRR I 0T A3 BE T S AL L
FRREE T T4 AbBE B KT TO 403, &4 & W A
AR M | VIR oy BE I 3 AR Ak ST 1 2 3R R
h T4 A AR T TO AbFE ) U UAIA ok i S5 AR
FE T CIEAR S, K A 10 R o B 1) O S i Ji iR
BE,T9 AbPRE s, T7 A FIR 2, T4 Ab P/, 25 5758

F5 ARBREXEFE MK EIERAIF0D
Table 5 Rice photosynthetic parameters affected by soil improve-

ment modes

RUMIEiZ 7N AhEE ORI AYEEN RRAE GEMRI Rl

e % T4 6.85b 7.14c 9.12a 21.23b  2.69b
2-

Cumol/Cm™=s) . 10 7301 10.69b  8.17a 20.99h  2.32b
0,1

T9 87la 12.95a 9.46a 25.22a 4.1la

KL T4 0.14ab 0.10b 0.16a 0.07b  0.04ab
2.

[mm"l}/l(g‘] > 17 017a 030a 020a 0.07b  0.04b

2

T9 0.12b  0.27a 0.21a 0.14a  0.05a

fEE Co,MeE T4 236.7b 244.7b 261.9b 257.4b 255.9ab

[ wmol/mol,

T7 247.2a 295.8a 280.6ab 306.3b 276.4a
CO,]

T9 228.6b 301.6a 288.4a 339.2a 230.4b
R R T4 4.20a 3.41c 5.74b 1.79b 1.9lab

[ mmol/(m? - s),

H,0] 6.99ab 1.08¢  1.60b

T7 4.34a 7.12a
T9 4.43a 5.54b 7.25a 2.75a 2.35a

B UHEARANE B LFE 45 T4 T7 FITO AbFH I35 4, [F—515HR5
ARG FRARFE R —F545 T4.T7 .19 AR 22 5 .2 (P<0.05)

F6 FEIMREN R MK TEE IR0

Table 6 Rice biochemical parameters affected by soil improvement

modes
BRI % 18 L 25 3 3 N 8 G 178 8
N T4 10.93a  7.70a 6.05a  3.83b  7.60b
A~ EL
F R T7 7.81a 4.80b 6.24a  9.25a 9.84a
(wmol/g)
T9 6.84a 4.21b  5.38a  4.07b  9.50a
N T4 86.34b 31.71b  21.53¢ 52.08b 37.85b
Po=N
F R T7 97.80a 32.18b 43.40b 74.07a 62.85a
(hg/g)
T9 102.20a 73.50a 88.54a 62.15ab 26.74c
"Rk T4 1.22b 0.70b 2.84a 3.4la 2.09a
3 A'\E
IR T7 1.56a 1.00a 2.97a 2.01b  1.85b
(%)
T9 1.67a 1.20a 2.38b 1.60b  1.80b
Wikl T4 234.8b  274.3b  295.0a 284.4a 289.5a
I Akl v
(U/g.FW) T7 240.9b 27.4a 290.5a 279.6a 288.9a
T9 348.7a 328.3a 276.3a 272.8a 289.2a
SE Y T4 866.7b 1 183.3b 980.0c 1 150.0b 866.7c
ﬁ@{ﬁfﬁ: T7 986.7b 1316.7b1 186.7b  950.0c 986.7h
[U/(g-min),
FW ] T9 1153.3a 1 853.3a1 386.7a 1 553.3a1 350.0a
T LA T4 257.71b 242.1c 1 173.3a 896.9a 1 601.5a
ﬁ@{ﬁ@ T7 287.71b 455.6b 1 177.3a 912.9a 1 098.1b
[U/(g-min),
FW] T9 452.50a 714.6a 1339.4a 944.0a 1429.4a
U 28 A T4 13.42¢ 12.98¢c 12.63a 12.58a 11.74a
TR .
7 17.32b  15.19b  9.89b 13.21a 12.39a
[ng/(g-h)]
T9 18.16a 16.51a 12.21ab 12.16a 12.95a

BT WHEARINE H I 4; T4 T7 F1T9 AbFHILFE 4, [F— 5155
ARG FRHARFR TS R 14,17 19 A BRI 225 B3 (P<0.05)
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B LS 19 40 A S Ak A R 3 A O T A R T AR
FHAEERBRU 30 T 7K R A P I 20 1R Y % o d 2
I, i ARG AR PRI CA A | Tk T AR A
ARG, AT bR A AL E A2 |
JEETEE PR e 45 R N S i A

£7 AREBREX X MK TE B R =B IEHRE 00

PEME 7 i R AL BT TG | D S i 8 45
Bl 7K A A R AR AAE T, AT A SRy 7K 46 B 360 A 1)
WIS HI685 .

2.2.4 RE K RAEX XK F AT MR
W Z% 7 W, T9 AR RS- e e, AR 38. 66
g, T7T PR 2, J 545 37.99 g, i A HLIE (T9 4b
FE-T4 AP ) 34 7= 8500 R B4 10. 27 g, it B AT
B+ A (T AbFE-T7 AL BE) B8R ROR N A
0.67 g, FEiA IR R £ E SRR 2 R 5
2 T9 A FRAFRERI B N 60. 54 i, T7 Ak 45 foki %L
953,74 K0, B R EE T T4 AL R ER B B
A, AT A B A R 350 it P %) ) e 3 75 it P — 2
AL,

Table 7 Rice yield and yield components affected by soil improvement modes

Ahg T Fki%L ghsR T (e by iy (R e IT s iy
(/%) €% ) (%) (g) (g) (g)
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