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Effect of Super Absorbent Polymer Rate on Sandy Soil Property and
Maize Yield under Straw Returning

LI Rong MIAN Youming HOU Xianging LI Peifu WANG Xi’ na
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract; With the aim to explore effect of super absorbent polymers ( SAP) on sandy soil moisture and
fertilizer conservation and maize yield under straw returning condition in Yellow River pumping irrigation
area of Yanhuanding, Ningxia, a three-year field study was conducted to investigate effects of different
rates (30 kg/hm’, 60 kg/hm*, 90 kg/hm*, and 120 kg/hm®) of SAP under straw returning condition on
sandy soil bulk density, water storage, nutrient, maize growth, yield, water use efficiency and economic
benefit, and the treatment without SAP was used as the control. The results showed that the soil bulk
density of different SAP rates in the 0 ~40 cm soil layer was decreased compared with the control, while
the total soil porosity was greatly improved, and the effects of SAP with 90 kg/hm’ and 120 kg/hm’
treatments were the best. The soil water storage capacity at 0 ~ 100 c¢m soil layer under SAP with 60 kg/hm’,
90 kg/hm’ and 120 kg/hm® was better than that of other treatment in the whole growing season of maize.
The mean soil water storage capacity of SAP with 60 kg/hm’ | 90 kg/hm” and 120 kg/hm” was increased
by 18.3% , 21. 6% , and 23. 5% compared with the control, respectively. The application of SAP with
60 kg/hm’ and 90 kg/hm® obviously increased the soil organic matter, available P and available K
contents in 0 ~40 cm soil layer, resulting in the best results compared with the control. The application of
SAP significantly increased the maize plant height, stem diameter, and above-ground biomass, especially
the application of 60 kg/hm’ and 90 kg/hm” of SAP was the most significant. The mean maize yield,
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water use efficiency and net income with 60 kg/hm’ of SAP was the best among the treatments, which
were 30.4% , 26.0% , and 20. 7% higher than that of the control. Therefore, the application of SAP

with 60 kg/hm® under straw returning condition could effectively improve sandy soil physic-chemical

properties,, promote the growth, and bring an increase in maize yield and income of farmers. The research

results could be recommended to apply in maize field in the Yellow River pumping irrigation areas of

Yanhuanding, Ningxia.

Key words: super absorbent polymer; sandy soil; straw returning; maize; yield; water use efficiency
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growing periods of maize
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Fig.2  Changes of soil bulk density and soil porosity at

0 ~40 cm depth under super absorbent polymer dosages
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Fig.3  Effects of super absorbent polymer dosages on change of soil water storage at growing stage of maize
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Tab.2 Effects of super absorbent polymer dosages on soil nutrient content in 0 ~40 cm layer

EERING Ve gV T i 28Uk HL/ RO L L/ A B L/
Ay pog:il
(g-kg™") (mg-kg™') (mg-kg™') (mg-kg ')
Ak B R (4.70 £0.15)* (35.20 +1.12)* (4.60 £0.34)™ (67.50 £2.74)"
CK (3.46 £0.17)" (23.61 £0.93)° (2.38 £0.26)° (30.48 +3.34)°
W30 (3.88£0.20)* (21.88 +1.34)° (3.57 £0.18)°" (30.90 +0.93)°
2016 W60 (4.92£0.10)° (29.75 +1.42)® (5.98 £0.29)"° (50.20 +2.44)"
W90 (4.92+0.06)" (28.00 =£1.04)™ (5.62+0.24)" (40.40 =4.02)"
W120 (4.63£0.12)" (24.50 £1.26)" (4.36 £0.22)™ (30.00 +1.72)°
Kb B AT (4.70 £0.15)™ (35.20 £1.12) " (4.60 +0.34)¢ (67.50 £2.74)°¢
CK (4.07 £0.07)°¢ (22.51 +1.21)° (5.02 £0.13) (69.95 +3.62)°
W30 (4.51+0.14)" (26.65 £0.88)" (6.83 £0.36)® (78.14 £2.85)"
2017 W60 (5.47 £0.08)" (34.21 +£0.84)" (7.46 £0.43)" (84.88 +3.72)"
W90 (5.10 £0.16)* (28.65 +1.35)® (6.12 £0.38)" (89.09 +4.08)*
W120 (4.31 £0.10)" (24.48 £0.98)" (5.36£0.29)° (80.08 £3.96)
Aib i (4.70 £0.15)* (35.20 +1.34)" (4.60 £0.30)° (67.52 £1.99)°
CK (4.20£0.22)°" (31.74 £0.99)° (5.53 £0.22) " (70.64 £2.57)"
W30 (4.60 £0.10)" (33.98 £1.20)° (7.61 £0.17)*° (82.58 £2.46)™
2018 W60 (5.62+0.18)" (39.87 +1.65)" (7.89 £0.29)" (88.33 +3.12)*
W90 (5.41+0.24)° (38.13 £0.72) ™ (6.21 £0.26)™ (85.91 £2.85)*
W120 (4.26 £0.16)" (34.61 £1.53)" (5.68 £0.41)" (75.16 £3.04)"

2 R BVECT G AN Rl ING - BE 3R 7R A 3R] 22 55k

KW K (P <0.05) . R,
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65.3% ; U3k #1, W60, W90 FI W120 kb ¥ 43 5] %
CK 3 25 51.4% 48.2% 45.7% . 2017 4F, jii
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B, W60 W90 Ab FHXT F KB AN £ F M b2 P ik
SR el B 3, FLRCh W20 Fi W30 4b#E, W60 Al
W90 4hFH W30 FI WI120 4bBH 6] 2% F R I % (HY
& T CK, W60 W0 4b #F-35 F oK M b A= 4)
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Tab.3 Effects of super absorbent polymer dosages on plant height and stem diameter at growing stage of maize
L | Jrly 1 it 22 44 M Ak 4
ARy Qb — — — — —
HE/em ZEMH/mm ME/em ZH/mm BFEE/em ZEH/mm BE/em ZH/mm BEE/em X /mm
(38.4+ (13.63+ (138.7+ (21.30% (229.3+ (21.70 (223.8+ (20.06= (228.3+ (20.29 =
CK
1.7)° 0.34)° 4.5)° 2.89)° 8.5)" 0.77)" 7.3)° 3.25)° 7.8)" 1.67)°
(42.3+ (1570 (149.0+ (24.60% (245.0+ (23.30% (233.5% (21.90% (228.0x% (21.82=%
W30
1.4)* 0.55)" 5.4)° 3.67)° 6.3)° 0.94)* 7.0)° 2.07)" 8.4)" 2.11)*
(48.5+ (17.30 (161.2+ (25.82% (247.5+% (23.76% (259.5+ (23.54% (255.5+ (23.03=
2016 W60
2.1)° 0.13)* 7.6)° 2.62)*° 7.5)° 0.85)* 8.2)" 4.15)° 6.9)° 3.06)*
(45.0+ (16.43 = (158.7+ (25.03 % (249.0% (23.66+ (260.0= (23.11% (249.5+ (19.74=
W90
3.2)° 0.82) 4.2)° 3.15)* 9.2)¢ 1.02)° 7.4)° 1.98)* 8.0)¢ 2.88)"
(44.3+  (16.26+ (158.0% (23.62% (254.0% (23.00=% (246.5+ (21.56% (244.0x (19.92 =
w120
2.2)® 0.54)* 6.5)" 4.84)" 11.8)* 0.94)* 9.0)" 2.83)" 7.9)® 1.69)"
(30.5+ (10.56 (94.2% (18.41 = (111.8+ (23.29+ (187.0=% (23.97+ (180.8+ (20.69 %
CK
1.8)¢ 0.68)" 5.5)" 3.71)¢ 8.3)1 0.88)°¢ 6.4)" 3.06)" 8.0)" 2.24)4
(39.8+ (1261 (98.0% (18.48= (127.0% (24.96+ (199.7= (25.30+ (198.2+ (21.25%
W30
2.9)° 0.41)"° 4.6)" 3.79)°¢ 10.0)>  0.96)® 7.9)° 2.99)" 7.9)" 3.72)
(46.6 = (15.27% (107.8+ (20.89 % (141.1x (25.82=% (212.8+ (26.15% (210.3+ (22.32=
2017 W60
3.8)° 0.66)* 8.3)" 4.70)"° 8.9)° 1.21)° 7.0)° 1.89)*° 6.8)" 2.81)"
(44.8+ (15.03% (107.2+ (22.26= (140.7+ (25.90+ (224.2% (26.28+ (220.2+ (24.23 =
W90
4.1)® 0.50)* 7.4)° 4.44)*° 9.6)° 0.96)* 8.0)° 3.46)"° 8.9)¢ 3.63)"
(44.3+  (14.55% (102.7+ (21.19% (121.4% (24.71 = (210.3+ (25.69=% (203.7+ (22.72=
w120
2.2)* 0.38)* 6.9)° 3.58)® 7.6) 0.89)" 9.3)° 2.86)*" 6.2)" 2.58)"
(45.7+  (11.31% (120.7 % (22.31% (247.3 % (20.32% (269.6+ (21.04% (270.6x (21.08 =
CK
1.8)" 0.51)° 5.0)" 3.30)°¢ 8.4)° 0.83)° 6.8)° 3.16)°¢ 7.9)¢ 1.96)"
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2.0)® 0.46)" 4.8)® 3.55)" 7.8)" 0.95)® 7.5)° 2.53)° 8.2)® 2.92)®
(68.0+ (14.82% (154.0+ (25.82% (284.2% (22.69=% (292.3+ (23.77% (295.0+ (22.66 =
2018 W60
1.1)* 0.40)" 8.0)° 3.68)" 8.3)" 1.04)" 7.6)" 3.04)° 6.9)" 2.94)°
(69.1+ (14.72% (153.7+ (25.72= (286.3+ (21.97+ (293.9=% (22.93+ (291.9=+ (22.43=
W90
3.4)° 0.60)*° 5.2)° 3.45)*° 8.6)° 0.90) 7.0)° 2.47)" 7.7)° 2.96)*°
(61.0+ (13.13% (146.0+ (24.13+ (269.3+ (21.11x (275.2+ (21.84x (277.0% (21.28=
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2.2)° 0.46)" 6.7)" 4.21)" 9.8)" 0.93)" 9.3)" 2.89)" 7.1)" 2.17)"
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Fig.4 Effects of super absorbent polymer dosages on aboveground biomass at growing stage of maize
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Tab.4 Yield and water use efficiency and economic benefit of maize under super absorbent dosages
FPRL™ i/ K4y F s/ BA/ i/ gl 25/
Ay Pis:] FE/K R /mm . . .
(kg-hm~?) (kg-hm 2 -mm ") (JG-hm?) (JE+hm~?) (J&-hm~?)
CK (7482.0£347.2)°  (486.34 £12.60)"  (15.38 +1.14)° 2500 (11971.2+£472.6)" (9471.2 £398.2)°
W30  (9462.0£276.4)"  (483.36 £14.54)"  (19.58 £2.10)" 3400 (15139.2£526.1)" (11739.2 £457.6)®
2016 W60  (10612.5+301.9)* (466.90 £16.61)"  (22.73 £1.23)" 4300  (16980.0+499.6)" (12680.0 £412.8)"
W90  (10456.5 +415.3)®  (464.90 +12.92)" (22.49 £3.58)° 5200  (16730.4 +512.3)® (11530.4 £384.9)"
WI120  (8521.5+368.0)" (455.20 £13.23)"  (18.72+2.19)" 6100  (13634.4 £422.4)° (7534.4+382.6)"
CK (8383.4%315.8)° (431.70 £14.53)*  (19.41 +2.14)¢ 2500  (13413.4£389.0)° (10913.4 £342.8)°
W30  (10350.8 £384.0)" (425.49 £12.26)™  (24.33+1.89)° 3400  (16561.3 +458.2)" 13161.3 +414.5)"
2017 W60  (11277.5+308.1)* (405.51 £10.42)°  (27.81 £2.52)" 4300  (18044.0£474.6)" (13744.0£426.3)"
W90  (10820.2 £391.6)" (402.32 £13.68)°  (26.89 +2.86)" 5200  (17312.3 £388.7)" (12112.3 +323.4)°"
WI120  (10090.7 +£298.8)" (410.91 +11.73)"™  (24.56 £2.46)"™ 6100  (16145.1+436.4)"> (10045.1£411.6)°
CK (8048.3 £213.5)¢  (400.40 £10.45)*  (20.10 +£1.99)° 2500  (12877.3 £459.3)° (10377.3 £419.3)"
W30  (9793.6 £272.6)"  (393.29 £10.42)"  (24.90 +2.44)" 3400  (15669.8 +470.4)" (12269.8 +441.2)"
2018 W60  (10416.8 £146.7)"  (368.06 £9.34)° (28.30 £0.91)° 4300  (16666.9 £342.7)" (12366.9 £375.5)"
Wo0  (9960.2 +172.2)"  (396.81 £+10.42)" (25.10 £1.56)" 5200 (15936.3 +487.4)" (10736.3 +436.8)"
WI120  (9771.4 £138.4)"  (402.10 £12.24)*  (24.30+1.16)" 6100  (15634.2+£329.3)" (9534.2+394.4)°

TE A AT AP T AR NE AR AK ) BV AL A T 2% R AR B o BT IERE 285724 600 JT/hm* IR 4% 22 S fig K ) 3 4E 45 30 Ji/kg, A T 3%
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g d o
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YEPIREIK 5 5% BRFE AR 0. 6% ~ 6. 4% , FHo v W60 |
W90 \W120 4 FEAEYFE/K 4 CK & FEAL 4. 0% |
4.4% 6. 4% . 25 Kb P F K K 43 F) FH AR B 2K
WK W60, W90 , W30, W120 , CK, W60 b 3 1 7K
Sy FIURRCR e, 45 CK AL BRAH b &2 25 38 47. 7%
HW Sl W0 4b B, % CK W 35 H2 55 46.2% ; W30,
W120 b FRYR 2, HooK o3 R 803 53 il 4 CK i 25 4
5 27.2% 21. 7% . 2017 4F, fR7K 57 £5 b AT 4 FE
KEEX IR EREAM 1.4% ~6.8% , H i W60,
W90 b B 433 48 CK &b FHFEAL 6. 1% .6.8% , £ 4k
B OKIK 43 F) % R s BRI IR i W60 . W90
W120 W30 ,CK, W60 4k P [y 7K 43 F1 FH 2% e i, 38
CK Ab 38 & 238 43. 2% ; ko W90 4b 3, %5 CK
B 38.5% ; W30, W120 4b K 43 F FH 503 43
B#E CK 4255 25.3% .26.5% , 2018 4F, W60 4b Hf
T KK 43 AR 3R f s (28,30 kg/ (hm? »mm) ), 3
Wk W90 AbFH (25.10 kg/(hm® -mm) ) , 4 % CK
BB 40. 8% F124. 9% ;5 1ii W30 F1 W120 kb ¥k
Sy FUFRCR S 345 CK 35 2 55 23. 9% .20.9%

WM 4 iR, t TR oK i FH & 00 R 6], R ) 4k
PR AAAE—E M 225, 2016 4, %5 b 34 A H
B FRAK R W120 W90 W60 W30 ,CK , Tiij 4% &b B

g £5 i BRI W60 W30 W90 .CK \W120,
W60 kb ¥4l 45 f =, W30 A W90 Ab 3Rk 2z, W30,
W60 W0 &b FE 41U £ 43 il ¢ CK i 2 42 % 23.9%
33.9% 21.7% , Tii W120 &b ¥ #% CK & 2 % (K
20.4% . 2017 AE & A B A5 2016 4R L AR — 3,
254k B Al 0 5 i e B IR R W60, W30, CK
W90 \W120, W60 Ab H ) 4li Ui %5 5z &, W30 &b B ik
Z . W30 ,W60 1 W9O kb # i 4l Ui 5 48 CK i & 41
5 20.6% 25.9% F1 11.0% ,1fii W120 kb FE% CK W&
FREAG (022 SR 1 2%, 2018 4F, W60 4b ¥ 41 Ik 15
e, W30 bR 22, 43 i B8 CK fb 2 42 5 28. 6%
29.7% 1 W120 % CK kb ¥0 5§ &1L 8. 8% , #f
WL, 54 2 1 Ao Bir , 3K 90 ite FH B 60 kg/hm i,
KGR A

3 g

PRIK ) S 5 AT WK R i B K M 4 X — ) 7
AT R AT AL . A
T8 2 W, DR /KGRt FH 85 R 60 kg/hm b 38T &5 25 F
i 0 ~20 em Fl 20 ~40 em JZ2 + B2 &, 1M jiti FH 42>
45 .75 kg/hm® R BT - e 75 FR A L E R,
T A R 2L a5 0 E 5 A, R UK ) B 8 ok 3
A AL, I B PR K TR v B A 1 K, AL R
WG . A WF SR & B, it AR K R e S BE AR 0 ~
40 em JZ HHEAE TR, X2 R T IR AR 2 TR R KR
A HL-TCHLA A DR AR, BLAT A 18 WK A% 8 R ik
PERE, 7N AT A 2 LA E L RT, AW
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Hh Y LK 5 it FH A e 90 kg/hm? J5 4 A 25 5 AN
FLBRE 3 RO ROCR BN 8 SE R R T
aob e it FH R 7K TR0 23 e AR - S LB, o5y JHL A<k
Jiti FH PR K S O A e 22 g, IR A T R A £ K R A fiE
A3 - SR BRI o A it PR KR 2
AE AR IR 720 AR R, SRk RE 4R
VRN [R) A 7 30 1 S K MK BE T, Al S it
)G 5, L AR KGR 7 6 T & L (30 ~
60 kg/hm” ) £ 3 I 7K fk Bl U 7K 550 e P k4 s o i 43
I AR BEGA KIE ER A  R
MR PR BOR BB B, A6 3 AFBF 5T, R ARk T C
TR KA [ b B, HAE A AT 0 ~ 100 em JZ2F-45 +
SR 7K LR K R it i 60 ~ 90 kg/hm” {7 7K 3R ¢
3 AT AE R T 3 O A ROKGR G TR R
WA AR T T 2 K E

HEICRE ST N R L AR K R - Rk
Fr o RO 2 W] 0 0 IR B R AT, BA IR K AR
AR . AT RS S B, 3 ikt P S A 1R A K
FIBEAE— & 2B b Gt 0 I EOK AR i S Bt
AT HLR 4 0 (T AE R . S M B
FEAMWT A5 RRbK A S 1 i PR A R0 T e R e
R RCHR T A 0 SRR AR R A AR R R
ERFE R AOTIEE AR R, R AT L AT
FHAR K R BE A RS S AE TR 0, A] i 7 — 2 7
JE 2% i A ML AL o0 Al Bt TR R I TH AR, 42
o b S B DR AE AN AL AC BE Ty, 20 M7 JC I PR dhy T A AT
i FH R i AR /K R RE B3 B0 o S AR
{2 RS 1)+ 3T BT RL AL, A ik + 19 3% 43 11
TR (R 25 A 3R 40 o T 7 T K
HEJG , o T PR AR RS b 3K 73 35 53 B W KR RE T, 18
TR 2 3R o e T

AE TS i PR K R BE A — E TR 1 42
fift -+ HEBOKCIR B R BRI IR AR R E . X
13245 B ST I A, B P 3 R 1 S A K R T
AR R KPR SRR T BRI A R SR BHZE
A R GE L FE T bR R X, B AR I AR PR
TRKFA R T ER AR LT, FRHEE™ Bk
WY, O 7K 500 R AR 22 1 0 4 i b e L o e T AR
0BT A R 4 R K A it A R 90 kg/hm”
YER R B3 o A WEFE A B, B AT I 145 4F 1 it 1
PR R Al fie 2 T OK 2R A, 25 PR R GRL i ]  AE 60 ~
90 kg/hm®Bf R EEAF . X T RE AR L XS 4
BRA AR B BT R PR T AGE K R
B AT A #E A AT O ok 3 AL B A5 4, SO RE 1 i R
TR IR AR K R B 280 5L, AR 0 R 1 A T R K
FR T P o AR P SR AN B o g S T 4 )

P

WFFEFM] 76T S BOKSAF T it 45 ke/hm’ £
IKF +120 kg/hm” B J58 R 55 e iy, K 43 1) L
AT 90% , F AN 50% Y ARk ok
A 1 kg/m’ BEARE/INRLIINHE 2L 4, K 43 1) ]
SR T2 A 1.5 kg/m’ IREASH] T T4 o R
BU KA FITACR B IC W B4R . ABFIE 45 R 3%
W] it FH AR K 55 60 ~ 90 kg/hm” i A {25 2 5 % K™
MUK M RCR o X2 i TR KGR B A B 1 I
R AR 1) I BE , R i ss e g K IR 3R 58, M i 4
B 7R IK AR R ROR O AR T AR K R P e
(120 kg/hm® ), 2251 3 A 90 368 17K 43 ) T 280%
A, 20 A FC IR < (K 50 114 o A6 it 52 - e A4 9
FAETE 2 R, ROK R i i 22 78+ A
T 5 SR A 2 oK o3, AT A AR 52 T 5 A
P8 R 2 AR AR, I 325 P R S 48 0 8 R, 52
P A e A AR eh 4 B AR K
F L BE R B KRB SR O A A 1 A
JAARERL it P 2K e D e 1] B i D ik g S T,
TEAN TR M DX | 3828 R 0f ke 38 4 S BRAL 4 o A0 2
K RO AR AL BT, AR T
PROK R BN TR A G 7 B B JEA il PR3 19 32 )
AR ¥R BN TR RS RO AL AR
RAaWkz AL TS, NI e TR el
VD9 AR AR TR THARAKGR R BY 1 e AR £ . AR 45
A VS AR AS T R 00 P AR K 3R 1 7 A, s I o
5D AR KR LR e e Eh A R PRI, T
RIS H 2 Bk ABFFEd L B, 77
A3 FE I T8 26 8 T it AR 7K 3R] (T A 6 0K 1 31 X
Jil il — 4 S OK 46 B 01 % it ) 60 kg/hm®, X 0 1 1 g
F DL K o3 MR 23 6] 552 B 1) b [ 2800, i 3k 5K 114
AR T, R A 7 g W, o 7 R R B E 1
DX F T oK [H & Bt AR AR BAT S 2 B S48
o SR, A 5 i 5 DO 4 98 PR K R 0 2 1
A B T KA g A B -5 PR K TR E B IR K R AR
FH G, B 10 i R K G T S A ] R AR
ANl R A HEEE A LA R AR K R it 7 3R e K IE
TR WA AR BROK o RO AN A O A A X ik
A frit— 5.

4 L5RIE

Fili FF 3 T e £ 7K 590 8 A7 3 B AIR 0 ~ 40 em )32
HHEZ T, o R FLBUR B, R B RS i 0 ~
40 cm )22 + AT LT AR A BT B i it AR K
1 60,90 kg/hm® &b B % 5 =5 + 198 1) 4% JIE (4t A 8 2R £
R, R kA K . 5K TR L, it FH R
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