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Analysis of Impact of Different Super Absorbent Polymer on Comprehensive
Efficiency of Maize Growth Based on the DEA Model
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Abstract ; In order to further promote the reasonable application of super absorbent polymer r(SAP) in the ag-
ricultural production and ecological restoration in arid areas, using the DEA model, we evaluated the compre-
hensive efficiency of biological growth when different SAPs were applied to desert soil in arid area to promote
biological growth, thus the most efficient SAPs were determined. This study selected three SAPs (AA-AH,
KCE and PAA ), the basic properties of three SAPs were tested firstly, then SAPs were applied to the
experiment of maize planting. The results were analyzed by DEA model. The results are as follows. (1) The
salt tolerance of PAA is the best, the environmental persistence of AA-AH is the best, and the side effect of
AA-AH ton the soil is the fewest. (2) All three SAPs can significantly improve the sprouting rate of maize
and the water retention of soil, the AA-AH has the best effect on the water retention and PAA has the best
effect on increasing maize plant height. Higher concentrations of SAPs cannot improve the soil water reten-

tion significantly, but different SAPs have different performance in the same concentration, KCE has the
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best effect on increasing the ground biomass of maize in the concentration of 20 g/m’ and AA-AH has the
best effect he concentration of 40 g/m*. The comprehensive evaluation proved that the comprehensive
efficiency of all three SAPs could reach DEA effective value in the concentration of 0. 6 g, the growth
efficiency of maize all decreased when the concentration of three types of SAPs reached 1.2 g, reduced rate
decreased in the order; PAA>KCE>AA-AH. The result shows that AA-AH has the best effect in desert
soil under low concentration. Conclusion demonstrated that the SAP has good application prospect in the
agricultural production and ecological restoration in arid areas. DEA model can analyze and evaluate the most
suitable one from large variety of SAPs, this study provides theoretical basis for increasing the comprehen-
sive efficiency of SAPs on plant growth and the reasonable application of SAPs. The absorption capacity of
PAA in deionized water, 0.9% NaCl solution, alkali water, tap water, well water and soil leaching liquor
were better than the other two super absorbent polymer. The suction force ratio of three super absorbent
polymers decreased with repeated suction increase under 70 celsius system, the repeated suction capacity of
AA-AH is the best. The water retention of super absorbent polymers increased with the concentration, the
water retention of KCE in the concentration of 0. 6 g is the best, and the water retention of AA-AH in the
concentration of 1. 2 g is the best. the pH of soil increases with the super absorbent polymers concentration,
the sequence is KCE>PAA>AA-HA. The germination rate of maize and drought resistance significantly
increased (p<C0.05), which AA-HA super absorbent polymer increased capacity of drought resistant maize
(p<<0.05), but the best three kinds of super absorbent polymers concentration is more than 1.2 g after the
drought resistance of maize does not significantly increase at the concentration of 0. 6 g (p=>0.05). The PAA
increased maize height more than the other two super absorbent polymers significantly; KCE at the concen-
tration of 0. 6 g had the best effect on increasing maize ground biomass, AA-AH at the concentration of 1. 2
g had the best effect on increasing maize ground biomass; when the three kinds of super absorbent polymers
were at the concentration of 0. 6 g, maize growth comprehensive efficiency could achieve the effective value of
DEA, when the concentration increased to comprehensive the efficiency of 1. 2 g the growth of maize
decreased, a decline sequence was: PAA>>MP 3005 KCE>AA-HA. This study provides theoretical basis for
the research of DEA model in the evaluation of the comprehensive efficiency of super absorbent polymers on
plant growth and the reasonable application of super absorbent polymers in arid area.

Keywords: super absorbent polymers; DEA; high temperature repeatedly absorbing water; comprehensive
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JE S 0. 1 20 X Al 7 4 28 A A W A R AR T L o A
B AL Rt 5 3 W OB AR A 7K R0 ok B e 0. 5 00 Yk
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PEAL LKA HT T B REE 20 HT A [ D 3R B 7T 1) AN TR
WA Z A= M RCR AT SR . B anRE
Pk 0 R DEA BRI X6 28 048 3 T il g RIOR
FFWFSE . 5 WA 25755 ) DEA J7 8 6 4% 1 bk b 28
FERORIEATIN G P A %65 5k F DEA 38 P 45
RO H 4 12 A Ho 9T 19 4 22 30 1T 850% . DEA
B L 732 0 1 T 28 5% 2 AU 1) 200 6 HL A i 3 L AR B
HEH A SRR L A ORI R T 34 AS ] 7k 50
) A K 2 MR BIE 5 v e PR K R0 A P A K 1 25
BRCE A BT RGO A 7 b i S AR R

A3 L MP 3 005 KCE 447K 7] (2L T fai # KCE)
LB 8 K 2 Ak 2 A T2 BE B 9 PAA R AA-AH
PRI R BF 52X 52 B S8 AS TR AR K R0 AEAS TR 2 T Wi
KA B A8 AL SR oK AR K 2R A RER L T iE
DEA BERI43HT 3 Fp /K R 26 R Al 48 A & F %t £ oKk 2R
KA RCER . 6 Bk A [F] £f K ) 7 558
WAL TG BRI AR AR 7 v ) L AR A 2

1 BER 5 ik

1.1 KRl

L1 X3k AR AR i ORK R ZE R 92 X R
b A 7= A N FE . b AR R BT R K A BRI Y
FE M A7 T 3788 2 35 N B R T e S B R R R T
ZRHR 46 km gb) (Y 3 B - 8 i M XA B BEOK Bl
248. 4 mm, AE¥ 78 KK 1 553. 2 mm, {1 1
KR 3.65% .pHE K 9. 21 ML K 5. 468 g/
kg 2R N 0.54 g/kg . 2WH 0.599 g/kg.

L1220 BRoKA A fir i Y 3 FhORAKGRI X it
Bpe i 40 HARMETS VB BURLAR 7E 40 H 0% T B9
IVEJ ARG B R, o AA-AH K 5 7 8 K o
b2 TR 2 BE A 77 A2 B3 2R 3 TS e 2 1) TR s T
REW PAA RAKF R 8 s8 K b2 TR S B ™,
27 W4y R 2l s TR 2R A s KCE R K5 Sy ik
SNF G #R) 2A R A 7= Ak 2% B3 R SV M R 32k Rl SR T
A5 TR e e 2R A

1.2 REWigi A&

(1) PRI A P B I < DR 7K 5] I K % 23 1 )
PR LT T B R A FRRDIR PR KR 0.1 ¢
(mD) A 1000 ml fBERRHT AR S INA 500 ml 7K,
A HCHRE 4 /NS SRR 7840 K 100 B e e
{7 PO 308 0 A 20 in 2 R A IR B ()90 5 UK L SR JE R S
IKEERE B B m, 3% F A TROK R Q.

m—m,
Q="—"
ny

PRACGRAI AL A A FRECH ) i 0. 1 g B 3 b

PR B AR 100 H A J Je ug 4% v SR 5 i 75 4
BALBE TR R WK 4 b J5EH# 1E 20 min
IR 2 A R B P 07 125 7K AR LB o, O i it . PRI
THEA P T T IR BN 70 CL BT R U
AR SR A B TR IROK R K 20 1K
ook gy = P HEARUR

(2) 2 PR YR - 0 TR R AR IR B R 5T
PR R0 Xt A 9 R0 AR B 09 R A, SR AR 4 (d = 19. 5
cm,h=16.0 cm) 47 FF A , PR K 43 5 20 g/m”,
40 g/m” WP AR B AT IR B (R AN 0.6 g
L2 g Hd 1 R MARAKFIAE 25 AL B ARk
FVF S KA Fe AR A A B A D 12 R K
Ff. BT R AR 1 LR
7 0.5 g/L B R BRI W . LhJS BB L K BE /K 500
ml CR PRI IR R 25D » 56 7K P U5 P AS e K 5 i sl
Py A RKOIR B0 o 38 a0 R T R T G R T 2
Pri bk R R B RS KR pH (P,
S BTN TR R 7K SR 26 AS TR] v T 6T S8 RRE ke 1) 5% T
75 H DR KR X IR 2 48 B AT 5 B AR

(3) LK) DEA $FAN 43 BT - B8 A 265 50 B 7 i
TE B 3 2437 (Decision Making Unit, DMU) Z i % A
7 U S R 0 A A R A A5 B R R 1Y
S H TS B gk 2R . LR TE AR LR 1 DMU,
WA A B A ST A SR (AR E N 1,
i A FE A A DMU WA B R IFE T 1
AN I RCRAEFE AR CRK T 0 T/ F (D),
1.3 HELE

Microsoft Office Excel 2007 f1 SPSS 17. 0 ¢k 47
7 24T A £ 8 R, Origin 7.5 %t e F 47 ) & &b
B, Deap 2.1 ##47 DEA 571 (i 4b 2,

2 450

2.1 3IFMRAFIEREEWKERS S

2.1.1 3HBAARARBERTRKGEELERSE 5
A AR A 7 b DR K R R S VR Y R S TR OR B —
B2 B 17K 0. 9 %6 NaCl i3 559 Ad 7K (pH {E 7. 5~
8.5) s FIRAK FFAKF HHER IR (LS LB FK1: 5
RA TR G EE 24 h BUETE RO 6 RO W 1A 8 U
i AA-HA KCE F1 PAA3 K FI7E 6 FfA [R] %5 9
IR A 2 (B 1) o 3 R ERIKFILE 6 i v v 1 W K A
AN PAA>AA-AH>KCE, AA-AH il KCE
PRI AE 6 B W 1 W K A% S AH 22 3 AN B i (p=>
0.05), 0.9% Nacl % H PAA 157K 5 il 7K £ 2 4 He
b 7 B LR AT 3 I B, AR PAA LR KGR A T 3k
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A H A P AP R K 5 1 (p<<0. 05)

4000 -2 [F2d PAA
O AA-AH
up 3000 22 KCE
B
422000 a
1000 %
bb b b
m%abb ahbb abp abop
0 Emza Bl Bz Bz sz
1 2 3 4 5 6
S

VI AR P LR )N 7 7 R AR 2 5k B35 7K F-(p<<0. 05).
B 13 # R K 7E R B A R o IRk
2.1.2 3ABEARABRKAERL 5 [EKFIE
A G oK 5 78 i R K D 25 W K B B . T
BF 7K 531 18 8 T 3B UK 2 WK I K . FE R IR
KRR PR R B WK R D B AR . RS
10 H R UL A R S AR T B4 g ol TC #E ) AR B
FE AR R X R R TR HL R SR 2 R K
B R OC 1 FERE A ME L AA-HA (KCE #il PAA3
FiORAKFNAE 70 CF B T8 K 20 Yl i £/ 7K 5]
fRE AME (B 2) 1250 3R W BE & W KR T 8 B Y
B 3 FhORAK AWK 7 FeREAR 3 i DR 7K R 34 78 2
— UKW K T B W K g L3R B R RAE L 5 20 YA I
K3 He ik Bl e /ME . WK I HE R i PAA>KCE>
AA-HA, i AA-HA K5 7+ 2 5 s 5 o H
W 7K RE 7 AR ik A AR e 482 1 L Atk 7 o R K R 4

5 10 15 20
KRB AR R

B2 3HEAFBANLE

2.2 ERNZHZHEDRE

2.2.1 3ARAA T EE A KFEFo pH A Y a2 R
o4 tHEpHMEMSKRELEMNESRE.
AN B 2 52 e AR ) 1 A K TR ERE R ) 21 1 38R g RN
Hofth— g6 i, 4 B 2 B ok #E AA-HA L KCE
A PAA3 FEK5F 0.6 g F1 1.2 g BFP I EEAEFH T
20 d i 435 pH A& /KRCLE 3), 3 P KF Y
TSl - e pH E -, BB PR K R G v BE 1
TN B L 5 e AR R R . KCE>PAA > AA-HA.
AA-AH K FIE R F 805 pH A TH & 09 F2 R
HoAb P RO AK /N B AA-AH & A BURK R A S

T 9 A2 20 R R A . 3 R R A HS DR K PR
it e JEE B i 35 L AR 0. 6 g W PROK BE 1 R/
H:KCE >AA-HA>PAA, 1 1. 2 g W JE T U H
AA-HA>KCE>PAA,

11 -~ 8.00
10 n%e\o/o =4 7.95
Xog L 7 \ o - 7.90
B : 2
;%8 | -1 785%
“ | o sokzm 780

—o— pHfA 4775
6 -
1 1 1 1 1 1 1 7.70
L2 2 4 2 ¢ L
- < % g g 2 Z
® & P v/ Y/ P A
< <
0.6g 12g 06g 12g 06g 12g

S iEES
B3 i pHEMEKRE

2.2.2 HAFMNHERBE R LEFRERERS
oA TRHMXMFEKESE LR AENER
32 B B R L ane] B8 AR B 1 & 2F SR K
PEREZE L 2, L AA-HA KCE fil PAA 3 fji 3
IKFNIFBEE 0.6 g Fl 1.2 g P/ B L I3t £ /K 551 %
TR K TR R K M BRI R 2 SR L 1

INALRIK TG 5 K 0 Y 25 RS 28 R0 2% 1
ZH T B AN (p<<0. 05) ik K& ZERKFMA 3 Fl
IKFUIG BRI & 2R 2 (LA 7 17 %, K
FUXRE I TR K 2R B R (p<<0.05). AA-
HA fRKFIFE 0. 6 g BT ERM 2 REE = A4
B 61.5% ;s KCE fyK B m 7. 7% ; PAA £ K
Bt 23.1% . AA-HA f#KFI7E 1.2 g R oK
HZE KRB 25 (43 69. 2% s KCE {3 7k 51 34
11.5% ; PAA fRKFIBE N 23. 1% . FRoK 538 i + 1
Fok PEfE K/ AA-HA>PAA >KCE, AA-HA {4
IR 1 I A 3 K P 8 2 At 7 B PR K R AL 3 Rl R
KR B R 1. 2 g J5 FOR ARG 28 KA 0. 6 g B
WAT 2 3G (p<<0. 05) .,

F 1 RER B AR K 70 31 0 1 52 44 5 0

PR R0 2 PRAKFNWE /g RERB/d HER/Y%
= 0 26a 83a
0.6 42b 100b
AA—HA
1.2 44b 100b
0.6 28¢ 100b
MP3005 KCE
1.2 29¢ 100b
0.6 32d 100b
PAA
1.2 33d 100b

TE RIS EE A 7]/ 5B R AR R b B 22 5235 4 35K F- (p<<0. 05)
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e R b A A AR VR W A ORI Y i A
i o R 185 2 7K 43 1 ) £ S A B T M b AR D)
JEREARM MR T TR R R A AR L )
FokFFE AA-HA KCE F1 PAA3 Fi 5 /K 5] 0.6 g
L2 g MR EERREEAE R 20 d BBk (B 4), 9F
D32 FORAEAS 255 FOR A b A= 4 (| 5) . A 3
Tl 4 7K 500 I 5 K A ke 1 4 o I A 34 4 W g 34 o L i
PR IK TRV B 1 1 o i 8, PROKRIAE 0.6 g WRE T S
AA-HA f K Ak #4155 %F B8 41 bk s 48 11, 1%,
KCE i 7K FI kb B4 34 A0 13. 9% . PAA {5 7K 71 4b # 21
PR 50% . £F 1.2 g HIE T AA-HA {fK 5 4b
P2 45 % HRZH b e B4 44 7%, KCE {3 7K 31 42b 31 21
PRSI IN 53. 4%, PAA K5 &b B 41 44 7K 590 Ak i 14
B63.2% . PAA 7K 5 %t 5 K Bk v 042 E 1R 4%
S At 9 A DR K TR - AR A AR AR v 2R B T RN R
PAA>KCE>AA-HA, 7K i FH 5 2K Y 1 T A= )
ST R B S, K A b T A 9 R R K R 1Y)
W PE I I AE 0. 6 g MR T HE I oK b AR i
1K/ R KCE=>PAA™S AA-HAL7E 1. 2 g Y T 88 m
Tk FA MR RNl AA-HASKCE>PAA,

35 [E R 0.6 gff: K
B 1.2 gl K H I
30 |

25 |
%20 | il l
15 [ ] =

10 |
5 FE=
=

1 2 3
AA-AH KCE PAA
PRI K

B4 EX20d4d¥%5

35 [ MR 0.6 g 7k
B 1.2 gl K H I
30 | l
<25 l
220 [ | [ l__/
®15 | :E:F :E:F 1
10 |25 ==
1 2 3
AA-AH KCE PAA
157K 3 7 2
Bs5 mEw=E

2.3 DEAEBZEREHMH

PIRIK I B A A G5 - L 3 A 28 R
M IR AR R R RHE S KEER pH S R bR .
FH Deap2. 1 A G AR B 8™ R AT I 5
M L5 5 L3 2, M4 DEA BB, 50 E o 1 Bl &R
DEA H R, 3 2 IR AP R ] LI

AA-HA KCE F1 PAA 3 R IR AT H 25 53K
RAESMAE B . oK DEA 25308 (E R 1 1)
A 0.6 gAA-HA {57K51.0. 6 gKCE {7k ] F1 0. 6 gPAA
TRKFIAL F DEA 4 80 R, 53 46 3 F K 5l ik F
DEA JERCIRAS . Hodr 1.2 gPAA SROK I 256303 J ik
b 0.545, 7€ DEA B i FLER R =HARMOR X
FUBLRCR L[] 3 R K A4 oA 6] B8O A B P A
], 3% H 2% 1& 3 P K FIA R AR T ERAEKMLS
RO I AT T8 3 PR KRNI A B F AR FR L BT LA
% 2 ] LU E R R KGN I BB RO 5 e 2R
W%, 3R EKFIFER A 0. 6 g B E8iA 3] DEA A %L
RS SR AR NS 1.2 g B, HE S MEEA
NEFERE R B IR 8 PAAS>KCE>AA-HA, %
TR M ZE R B M T R B RR L A KRR
pH A 6 /46 br S8R BE & T 7K 500 04 e B 38 fin i 4
A KR AE K 1 BRI AE T A AA-HA K
F 25 A OB B IR /N, o 0. 244, FEARD AR 7= 3 72
TR A DG TR AR K R 23 412 1 A 0 WIR S 45 A 1) 1 G
W SRR 255 308 A 7 me Ak A
FIF oW A P E
2 RANGEME
15 7K 70 45 70 BACR HARMCR MUBIROR

AA-HA 0.6 g 1. 000 1. 000 1. 000
AA-HA 1.2 g 0. 756 1. 000 0.756
MP3005 KCE 0.6 g 1. 000 1. 000 1. 000
MP3005 KCE1.2 g 0. 654 1. 000 0. 654
PAA 0.6 g 1. 000 1. 000 1. 000
PAA1l.2 ¢ 0. 545 1. 000 0. 545
S 1 {8 0.826  1.000  0.826
» . i:\
3 Wwhsiie
1 it i@

(1 BRI TAL AR SN R KR R 22 2 i 7y
- HLSR 5 FLVA K T AN AR AR S A2 T P R 2R R
BRI EAER B oK S I S e TR ER W b Y
IKEAHLL . H K g I BRI 35X 5 PAALKCE il AA-
HA3 F 7K AE 0. 9 %0 Nacl 37598 v i WK A5 585 25 B
TR AR AR B R IR A R ARAT .

(2) T~ A 391 R &l i 300 2 A Al ) AR K RIS
Fh i B4 B B T K 2 5 X e R Y R
U 2 W AR KGR B i A X K i e A B
A SR WO AGR] BN AT B T4 v KA
e, 552 0 IR IR MR AR B g R AR K
FRAT T TR R A R T Y 4598 A — B B PR K
FR BRI T K A M TR A b e A SRR K RE AT
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A BB, X 5 R, B b R
TR0 0TS SRR Y B SR L U B AR K R AT A 0 A A
AR BIPE . KB 2 BT 3 R K R Y A 1 2 i
+ 58 pH H 19T B BE S W R B s, 54
L35 MZELAE IR S R — 3

(3) DEA BRI Hr 45 R R W oKk A KN LRG3
R A 7K TRV B 1) g R R AIG 5 2 2 L I L R e
AFELRO R A0 G F B R K R R R Ao v A o O AR A K B
IR 205 7 -6 ) 5 A AR 68 LR A 2 14 i s [ A
B S5V AR IE » B8 BT DEA 8 78 B M 5 7K 57 %F
FREEABR Ty A — 2 B FPE » B R 7K ) B
RKE LG Z BAF PPN J7 12, DEA KA ] AL 45 A
[7i) s, DX 174 AN [ A A X 3 BT >4 14 4 A e £ 7K 7 s
FEVFHr - B DEA A58 YL PF A £ 2K 550 % A= 49 2% e 7 T
A —E N
3.2 &8

(1) 3 Fp R KR 7E 25 B 77K .0, 9 % NaCl i . 55
MK L SR K K R A K b Y W K R g 34 2 B
9 PAA>AA-AH > KCE; PAA Tiif £ 1 % H A 97
PRIKFNEF (p<0. 05) 33 FpLRIKFIAE 70 C il T #E 47
FAZ WK Bt 5 B 52 OB BE T 3 R AR KR I K
IR T R, Ho BRI S PAA>KCE>AA-AH, %
BT 5L A AR S I R T DL B AA-AH K
F s BN A BT AR5 K 43 MK 4y 1 28 % . IF
i PR 7K T v B A 3 i 3 in L 7E 0. 6 g VR T PR UK BE
J1 KN K KCE>AA-HAS>PAA L 7E 1. 2 g W& B B
5 AA-HAS>KCE>PAA.Jiti Fi 3 FlvUf 7K 571 38 2 3 1l
50 pH AR R R K TR R B R 3 g T HL R e
F/N K KCE>PAA>AA-HA, 8] AA-HA {7k
FR it FH AT - 9 0% B T R/

(2) K1 H B 38 A 28 B0 A5 TR K 0 1 vk 3
8 fn i B4 fn s G rb LR KR 3G - 3 R K P BE R/
J1: AA-HA>PAA >KCE, 8] AA-HA {4 7K 5 34
A ERE K PR RE B dp, (H 2 3 PR K M R 1.2 g
ik AR 25 RO AT BB B i (p<<0. 05) 5 B8 i £ K Bk
E AR/ R PAAS>KCE>AA-HA, Ui 0] PAA {§7K
FRXT 38 i Kk A B AR 5 3 R PR UK R ZE 0.6 g
BT BG 0 OK M AR ) B ) R O KCEZ>PAA
>AA-HATE 1.2 g ¥R T 880 5 K Hb img A= 4 2t 19
KN H: AA-HA>KCE>PAA, 25 5k F AA-HA
TR IR X 388 ok A VR S AT

(3) it DEA BRI L 3 R AR KR # A B
0.6 g B HLEA RCRAR L E] DEA A5 20 {H 178 A 2
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