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Effects of super absorbent polymer and nitrogen — phosphorus
fertilizers on growth of rain-fed maize
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Abstract: In order to improve water and fertilizer use efficiencies while crop yield is kept increasing
and to slow down surface pollution in dry land farming, a field study was conducted by orthogonal de-
sign of experiment to clarify effects of super absorbent polymer (SAP) and nitrogen — phosphorus ferti-
lizers (NPF) on fertility levels at different depths of soil, maize growth and nutrient use efficiency of
rain-fed maize in the field. SAP and NPF application modes were sought for the optimal maize yield.
The results show that the effects of three factors on fertility at different depths of soil, maize growth and
nutrient use efficiency are inconsistent. SAP mainly affects soil fertility and crop nutrients, but NPF
mainly influences soil nutrients and crop biomass. Under the conditions of this experiment, the maxi-
mum maize yield of 1.27 kg/m” appears when SAP is in 45 kg/hm” dose, and nitrogen and phosphorus
fertilizers are in 120 kg/hm’ and 120 kg/ hm® doses, respectively. The maximum increment in maize

yield is 8% compared with the treatment without SAP and NPF, while the nitrogen fertilizer has
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achieved the maximum partial factor productivity of 105. 83 kg/kg.

Key words: super absorbent polymer (SAP) ;nitrogen and phosphorus fertilizers ;fertility levels of soil ;

maize yield ;nutrient use efficiency

TES A R, AR A R B R AR R A JEE Bk
FRER . ARK T (SAP) AT LA i BEI R SR K
O3 R A R BT A6 7 8K 23 A4 A 77 v, R
EHE P MR NE , (HR R St 2 (£
AR AS AL SR o A P S BT R AR, 5
A IR A SRS A T B R A B DR
Y2 BRI, AR AT U RO R R AR
97K 53R ARG L 0

FURT, B Y AR 22 35 22 0 A X DR KGR ks ff
IR B RS A AT AR S
FEBCHE (9 BIF 7S 38 b2 AD. SCH SR T IE Sl B it
IR PR 7K R 55 U IES T Tt Yo R T AS ) 8 J3E - 3 114
HE 37KV B B 2K A A ISR 3 M) 28038 1 37 Wi L
o7, 4 DR K 7] -5 SR MES I i ) 7= 4 B (I O 5, A

10 Bt Al R SR AL S A
1 HEH%

L1 {3 XHR

PRI AE b T Tl L5 0 (116°41°2. 317E,39°
42'6.93"N) NEAT. 1255 0 Ja il A R Bl v 2 1 i
ZE R I AHRTR B 56. 8 % , Z24FF- Y FETH
600 mm A Ay, FIEBTHIC R L, SR 1 S T A
M HEAY I R A Ao, Horp d O RIERE 0 Tt
AR ORI A2 T 5 43 50, FC R 5 K5, p
TR, E T IELER, SHC h HHETKE, «
AW I L. A S RUR R A5 S B SR [ Al S
- kb = A B TR 53

*1 ARERELENMERLFEER
Tab.1 Physical and chemical properties of soil at different depths

/% o/ SHC/ o/(mg - kg1)
d/em FC/% 5 &% 0-3 . - -
R MR B (g em™) (07 em =70 o 2 oW GIUR AR GEGE s
(0,30] 26.153 53.431 20.416 22.95 1.32 47.01 5.290 5 1 360 1160 19320 18 880 141 109 99 8.08
(30,60] 22.456 72.192 5.352 18.11 1.64 37.71 3.543 0 990 810 18930 14 370 124 43 67 8. 16
(60,100] 18.435 70.406 11.158 23.42 1.41 45.03 31.645 7 530 550 18 940 9 690 69 6 62 8. 16
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Tab.2 Mass average soil moisture at different depths
W/ %
JNX (0,20 ]ecm (20,40 ] cm
PO R MR b Ul ¥ifH PO RN MR Al Ul ¥
PO 17.00ab  12.98a  10.97b  18.99ab  17.69c¢ 1553 17.72ab  16.14a  11.49a  16.30a  14.5la 15.23
Pl 16.40ab  11.94a  10.83b  18.76b 18.96h 15.38  17.6lab  14.28hc  11.45a  17.30a  16.17a 15.36
P 15.87b 11.70a 9.91b  19.12ab  18.45bc  15.01 17.40ab  14.92b  11.14a  18.25a  16.32a 15.61
P3 16.12b 11.39a  11.42ab  18.65b 18.33bc  15.18  17.96a 14.17bc  12.26a  17.57a  16.94a 15.78
P4 16.83ab  12.63a  11.24ab  18.85b 18.44bc  15.60  17.47ab  13.95bc  10.89a  17.46a  15.22a 15. 00
P5 16.97ab  10.87a  10.83b  19.39ab  19.51ab  15.52  17.87a 13.89bc  11.17a  16.14a  15.64a 14.94
P6 15. 89b 12.74a  13.20a  18.59b 18.37bc  15.76  16.74b 13.58¢c  10.15a  16.28a  14.23a 14.20
p7 16.95ab  12.62a  10.70b  19.66ab  19.10ab  15.81 17.96a 13.70¢ 9.87a  15.54a  16.25a 14. 66
P8 17.88a 12.02a  12.00ab  20.41a 19.62ab  16.39  17.37ab  14.67bc  12.11a  16.18a  15.10a 15.09
P9 17.26ab  13.06a  12.64ab 19.33ab  20.27a 16. 51 17.46ab  14.37bc  11.50a  16.80a  16.30a 15.29
e R — 3 NG FRER R S TR 22 R B A SR, P <0. 05 AR #H TR 2 R AR BA G2 L, R
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Fig.1 Mass average soil moisture in different stages
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Tab.3 Experimental results of crop and soil nutrients

K w(R)/ % a(ZH)/(g-kg™!)  a(HEA)/ (mg - kg™1) () /% a( &) /(g kg™!)  a(HEWE)/ (mg - kg™1)
FoKRAPR AEREFRSS  (0,20]em (20,40]em (0,20]em (20,40]em  EORFPRL  MIREFEZS  (0,20]em (20,40]em (0,20]em (20,40 ]em
PO 2.4la 1. 08he 1. 04 0.85¢ 118.55b 91.00b 0. 40ab 0. 19ab 0. 87¢ 0. 80b 15.90¢ 10.25b
Pl 2.34a 1. 08he 1. 10c 0. 74c 133. 75ab 99. 00ah 0.41a 0.21ab 0.90c 0.70b 17. 63¢ 5.75b
P2 232 1. 06hc 1. 16¢ 0. 89¢ 137. 50ab 74.35b 0. 38ab 0.22ab 1. 03¢ 0. 83b 27.60c 16.30b
P3 2.17a 1. 09he 1. 16¢ 0.85¢ 122. 50ab 87.50b 0.37ab 0. 20ab 0.90c¢ 0.79b 23. 80c 9.05b
P4 2.09a 1. 03¢ 1. 16¢ 0.85¢c 111.25b 106. 50ab 0.33b 0.18b 0. 94c 0. 80b 35.18¢c 22.15b
P5 2.47a 1.12b 1.33b 1.11b 128.75ab  122.00ab 0. 36ab 0. 20ab 1.29bc 1. 09ab 96. 53b 58.05ab
P6  2.28a 1. 08he 1. 20be 0. 84c 114.75b 96. 00ab 0. 39ab 0. 20ab 1.31b 0. 88b 105. 00b 25.55h
P7 1.30b 1. 13ab 1.47a 0.92bc 156. 75a 114. 00ab 0.17¢ 0. 18ah 1.63a 1.08ab  124.00ab  62.50ab
P8 1.22b 1.21a 1.51a 1.34a 146.00ab  137.00a 0.19¢ 0.23a 1.75a 1.40a 143.25a 77.35a
P9 1.37b 1. 10be 1.50a 1. 14ab 143.50ab  120.00ab 0.17¢ 0.2lab 1. 68a 1.19ab  127.90ab  74.20a
YER SR 57 1 L3RR IR 45 R Ty 2200 Fr i A, B3R & BRI AR 35 40 % R UE E, MR oK
4 PR AT SR O BRI ORI PRI TR & BT L.

x4 EUFRSNIEFSRBERTEDIN

Tab.4 Variance analysis of experimental results

Sig.
) 2R AR X AR
d/cm d/cm d/cm d/cm
FORKPRL  AEMRIRSr EARKFRL  AEMRTRS
(0,20] (20,40] (0,20] (20,40] (0,20] (20,40] (0,20] (20,40]
BEEARY 0. 000 0. 006 0. 000 0. 003 0.170 0. 191 0. 000 0.298 0. 000 0. 006 0. 000 0. 004
i 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
SAP 0. 000 0. 007 0. 000 0. 002 0. 030 0.035 0. 000 0. 485 0. 000 0. 001 0. 000 0. 000
AL 0. 899 0.031 0.135 0.979 0. 847 0. 684 0.122 0.417 0. 405 0. 840 0. 049 0.778
e 0.732 0. 103 0. 021 0. 004 0. 566 0.720 0.944 0.129 0. 054 0. 054 0.013 0.174
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M 75 3L 5 SRUBE R AR R 7 53 1Y) 4 SRF 32 o o L5 i
HAGIHER (P <0.05) 5 BAL HUx A [A] £ 3%
JEE 4 01 249 o LR W LA G2 (P <
0.05). A RLETIT i, SAP XA [F] £ HER B YA 2R
PR R AR A G (P <0.05) , 1
1R[], BV SAP REAS B i A RS B A B TAE

PR SR R R AR AN BAT e TS L W
S SAP FURE T KR RL AN AN [R] TR JBE 1 38 Y 4= W F-
Py Jriie U2 BT et 220 30 (P < 0.05) X Tk
FPAL A P44 o BE 7 AR 07 ) R IR RS, R
TE ) 2 8 S5 BT X KR RL AE PR 57 3 LA
[7] - SR L 11 4= - 24 i EE S A RS KA Gt
SRS AT LR e R E , B F L
ISt A O R . AT 80 75 AT, SAP Ao AN R 4
AR A - 34 Jo i LS R BT 2 (P <
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AT LU, P2 /0N DX 0N i IE M 28R A 2
e, 43k #) 20. 53% F1 10. 65% . — i &, +4E
HE 37Kt HE R A3 g (R A S A R 3R B
TE L SENE F7 7K BRI, 45 21 o A9 HER A TR

FRCRIIMEAREOR, R Z AR ) T B R
PR AT 23 A 2R LR /N ARG o HE
BRI AR IR, v] RE 2 i Tl ir 76 b 1 S e
3. PA /NI B BB A A 7 77, 35 5] 105. 83 kg/
kg3 P8 /NX Wl AR 2 7 7 #¢ i, 35 3] 105. 00 kg/
ke SRARBIE Ay, 24 TR ] RN ERBE 3R 441
R AR HE S 7 A0 25 T R T AT RE R0 1 38 R
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Tab.5 Nitrogen and phosphorus fertilizer use efficiency of maize

N M/ (kg + hm=2) FUE/% FP/(kg - kg=1)
VAN
it Rt it W Wl it AIERAREE  BIERASE  ZEmER ) BENE R A 7= 71

PO 0 0 220. 97 38. 11
P1 0 0 240. 58 45.98
P2 120 120 245. 60 50. 89 20. 53 10. 65 97.50 97.50
P3 240 240 245.59 44.09 10.26 2.49 52.50 52.50
P4 120 0 219. 09 37.79 -1.56 105. 83 N
P5 240 120 255.20 46. 60 14.26 7.07 49.58 99.17
P6 0 240 243.90 44.71 2.75 48.75
P7 240 0 244. 54 39. 86 9.82 44.17
P8 0 120 254. 83 47.34 7.69 105. 00
P9 120 240 243. 85 45.65 19. 07 3.14 90. 00 45.00

2.3 EREYMESN
FREY i B A ZE RS, m] LA e
YRR HERRDL. 18] 2 D9 ARl B BEAY TR A4

2.4 EXRFESWRERRATRSH
6 N IR REUR, AT LR ), SAP FIABEIL
PETt xS T oK™ S M BAT G4 B L (P <0.05).

— S — AR — O PO /NDXOZ XS RRAH, (HEIANE P i fr /N /N X PA /)

o i DR 5, IR 1 1,27 kg/m’ S /N P N IX

£ P71 1. 20 45 2 XS HEZL PO /NIX Y 1. 08 5. B
= 200 == =)

2150 PR B /N DO P2 /NI, R R 1017 ke

IQSD:: o, A A L, DL, A 0
HR R E L.

0 P T
PO P1 P2 P3 P4 P5 P6 P7 P8 P9
NX

K2 AR B TR A R

x6 FEABRER
Tab.6 Experimental yield results

Fig.2 Maize biomass in different stages g -m D)
INIX SAP MR MRk — — —
2 LT D BRI

WM ZEA K, e EFE P2 /NIX 3K 309. 87 o/ fk, i P
{RAEAE PO /NIX, 2R 272.31 g/#k. P3 /NX AT PO /N X. IPZ
(1) T KA 1 A A B B A i) 22 B0 v AR AR K P4
- WA EF A, P3 /NX A AE Y i PO /NX Y 1132
131 % SR A W 9 e e B AE AR PO /INIX A P7
BT 1) I 30 e IR AP e 82% 5 b A0 199 2 ) s e lljg
H I PS /X, AR T [ B A SR AP 5 11 42%

TR 5 ) 0 3L S 300 1) A s (S HH BAE P3N

1.29 1.17 1.25 1. 24ab
1.19 1.11 1.23 1. 17ab
1.31 1.28 1.20 1. 26ab
1.24 1.29 1.30 1.27a
1.22 1. 11 1.24 1. 19ab
1.16 1.25 1. 09 1. 17b
1.07 1. 06 1. 06 1. 06b
1.18 1.25 1.35 1. 26ab
1.08 1.08 1.08 1.08b

I 7 T 2250 Ml LA B, SAP F R WAL Y

W W W RN N = ==
N o— W o= W N W N =
LN = W N = W N =

DX, AR T R B A S AR A 43 3310 8t 57 % F1 73% . i3
] SAP R WAL FCHE T A S 0E0F Tk g4 2
JENT A B 1) A= W AT Ve sE MEAE .

Sig. IR TF 0. 05, i A SAP FI B AL 35 % £ K 1)
PR R AN L SO FH 1 S ) i e K Y
5 PA NN AL SR 415, ] A2B2CT 415
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Tab.7 Variance analysis of experimental results

s S/ VR | df bapin F Sig.
RERIE  0.063a 6 0.010 1.452 0.245
A 38.259 1 38.259 5 299.505 0. 000
SAP 0. 043 2 0.022 2.989 0.073
AE 0.013 2 0. 006 0.893 0.425
e 0. 007 2 0. 003 0. 475 0. 629
PR 0. 144 20 0. 007
it 38. 466 27
FIEREGT 0,207 26
A
3 %5 ﬁ:\.

1) SAP F& B L BT it 35 258 % %2 (0,20 ] em
TREE 1 3 1 7 4 ot o & K8 IR o E K 4.
(20,40 cm FRPE -3 )72 B 5 K 3 AR E
TeHIE EARAKIG W, A5 2 B0, 14 B0 8
M.

2) SAP FIEBEAE XS + 357 43 Fl E K TR 43 1 52
M55 AN — K. P8 /N X (14 - 3 524 R AR 77 404 2
B 7K, B KR RL P i 357 43 U] 22 B AR K
A R HE A ISR 20, PA /N B Dl A= 7
T iK% 105. 83 %.

3) SAP FIZ M AL P it Xeb ) 20 1) K AR W
FEMRE/N. I EOK AR W) s S BRAE P2 /)
X, K F) 309. 87 g/ Bk, ey tH A AR AEL 14%

4) ARG 50T, PA N IX IR IS 41 5 2 7
R4, B2 SAP 45 kg/hm® FIAJE 120 kg/
hm? it LS A4 IE 120 ke/hm® B, 3785k KoK
PR 127 kg/m® AR T A i SAP RS A1 IE
XFHRZH, AT LASR 3 - 5k 8 %

5% 3C i ( References)

LIAO R,YANG P,WANG Z,et al. Development of a soil
water movement model for the super absorbent polymer
application[ J |. Soil science society of America journal,
2018,82(2) :57 - 63.

ERHL BN R E T, . KA A XT A L
JREGFMAL T ] AR ,2015,40(1) 45 - 50.
WANG Yang, ZHAO Lanpo, ZHU Menglong, et al.

Effects of long-term application of chemical fertilizer on

(2]

soil organic matter[ J]. Journal of Jilin agricultural scie-
nces,2015,40(1) :45 —50. (in Chinese)

(3] XUBRE. v [ A AL 1 575 e B 858 AU Isf 2= A8 A [ ]

[4]

(5]

[6]

(7]

[8]

(9]

[10]

A IR R} 27224, 2017 ,36 (7) 11247 - 1253.

LIU Qinpu. Spatio — temoral changes of fertilization envi-
ronmental risk of China[J]. Journal of agro-environment
science ,2017,36(7) ;1247 - 1253. (in Chinese)

R AR A, A e, 268 DRI X R TR 97 K
KRR R S 0 B B 7 [T ). e WEHE /K 2741,
2014,33(6) ;141 — 144.

CHENG Chuangsheng, REN Shumei, YANG Peiling, et
al. Effects of super absorbent polymer on water and fer-
tilizer use efficiency of farmland rainfed corn [ J]. Jour-
nal of irrigation and drainage,2014,33(6) ;141 - 144.
(in Chinese)

BARROS A F D, PIMENTEL L D, ARAUJO E F, et
al. Super absorbent polymer application in seeds and
planting furrow: it will be a new opportunity for rainfed
agriculture [ J ]. Semina ciencias agrarias, 2017, 38
(4) :1703.

CANNAZZA G,CATALDO A,BENEDETTO E D, et al.
Experimental assessment of the use of a novel superab-
sorbent polymer ( SAP) for the optimization of water
consumption in agricultural irrigation process[J]. Wa-
ter,2014,6(7) :2056 —2069.

B, PN, B, 45 R 2 T PR OKORI 7R R K
PREFANTS ety BE AP A TR [T ] Alk TR =4I,
2016,32(1) :125 - 131.

HUANG Zhanbin, SUN Pengcheng, ZHONG Jian, et al.
Application of super absorbent polymer in water and fer-
tilizer conversation of soil and pollution management
[J]. Transactions of the CSAE,2016,32(1):125 -
131. (in Chinese)

g - HL RS AL e B [ M. JE AT o B AR R
#1,2003.

EAGLE A J,BIRD J A,HORWATH W R,et al. Rice
yield and nitrogen utilization efficiency under alternative
straw management practices [ J ]. Agronomy journal,
2000,92(6) ;1096 - 1103.

SRARB, O , 7k T, A5 v [ 32 SOR AR IR
MARBR G @[], A4, 2008 (5) :915
-924.

ZHANG Fusuo, WANG Jiging, ZHANG Weifeng, et al.
Nutrient use efficiencies of major cereal crops in China
and measures for improvement[ J]. Acta pedologica sini-
ca,2008(5) :915 -924. (in Chinese)

(BifTamtH  FRatde)




