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The effect of super absorbent polymer on the growth and nutrition absorption of

Festuca arundinacea L.. on an improved gangue matrix
ZHAO Zhifeng, WANG Dongmei* , ZHAO Tingning

College of Soil and Water Conservation , Beijing Forestry University, Beijing 100083 , China

Abstract: Super absorbent polymers (SAPs) can absorb water up to a few hundred or even a few thousand times their own
mass. Their special physical structure, unique chemical composition, and characteristics of high water absorption capacity
allow super absorbent polymers to be widely used in agriculture, horticulture, forestry and other industries to relieve drought
and reserve water for farmland, seedling protection, and crop yield improvement. However, the amount of super absorbent
polymers applied is an important parameter to evaluate. Applying the incorrect amount can result in either no effect, or soil
permeability may be compromised if excess amounts are used. This can cause plant roots to have difficulty breathing or to
have root rot. To explore the influence of super absorbent polymers on the growth and nutritional characteristics of Festuca
arundinacea L. on gangue waste, three matrix gradients were set up with different weight ratios of gangue/soil. The matrix
of each gradient was added into the super absorbent polymer in three different qualities. Ten treatments in total, including
CK, were set up in this paper. The height growth, biomass, nutritional characteristics and SPAD ( Soil and Plant Analyzer
Development) value of Festuca arundinacea L. under different treatments were observed. The effects of different treatments
on the gangue matrix and on Festuca arundinacea L. growth were analyzed to determine the reasonable dosage of super

absorbent polymer to be added to the gangue wasteland for vegetation recovery. This provides a theoretical basis and
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technical support for this practical application. The results show that adding super absorbent polymers helps strengthen the
gangue matrix’s ability to hold water, increasing the water available to the plants, which promotes plant growth and biomass
increase. The super absorbent polymer mainly impacts aboveground biomass, while the underground biomass is mainly
affected by the weight ratio of the gangue/soil ; for treatments where the weight ratio of gangue/soil is the same, adding 1 g/
kg super absorbent polymer accelerates Festuca arundinacea L. growth; adding 2 g/kg super absorbent polymer to the
matrix helps Festuca arundinacea L. quickly adapt to the matrix environment and the daily average growth rate reaches peak
value 2 weeks after the seedling emergence. Adding super absorbent polymer to a gangue matrix enhances the gangue’s
ability to hold fertilizer and to supply nutrients to plants. Festuca arundinacea L. can promote growth by transferring
nutrients in the gangue matrix from underground plant parts to aerial parts. Phosphorus absorption was most efficient when 1
g/kg super absorbent polymer was added. Super absorbent polymers affect photosynthesis parameters of blade leaves by
imposing impact on plant water use efficiency. Therefore, adding super absorbent polymers can increase the SPAD value of
the blade leaf. From comprehensive comparisons of plant height, biomass, nutrition characteristics and leaf SPAD values of
Festuca arundinacea .. under different treatments, treatment No. 6 (weight ratio of gangue/soil is 750:250, with 2 g super
absorbent polymer) and treatment No. 8 (weight ratio of gangue/soil is 500:500, with 1 g super absorbent polymer) were

the optimal conditions found to help Festuca arundinacea L. grow on gangue waste.
Key Words: super absorbent polymer; gangue matrix; biomass ;nutritional characteristics ; SPAD value
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T il FH 3 BE D 2% SRR OK B ) AR R BE Bk oy 26 %, BA PR MR 4 K AR
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AER0.15% ,APUTR A 1.31% , SR HE & & 48. 68 mg/kg, AL & & 195. 11 mg/kg, LH L%+ 1 kg
HERHE R B3R s  EAUMBHE IR = k1T
1.2 SRt

ARSI R A AAE AT SRR A S R L 3 BRI AR B, A il AL (1000:0) (A, (750:
250) \A;(500:500 ) ; [A)FfEE BT 2544 T 43 s A0 3 AN [R] BT i (9 ARk 380, 43 508 B (NS (B, (AN 1 g) B,
(BN 2 g) s BXF A (CK) IRIR O Eb , X FEAL R P AT 5 i LA 0:1000 , RESINER AR (£ 1) , AR5
Y536 10 FlALER, AFAPALER 3 AN AR AR KRG 9 i BEAh AU RT— B = 2R T 10% H,0, 1R 10
min FFATRIATHEE , SR )5 FIZE IR /K T4 B TR (G DR AR, 78 25 CHERS SR AR 28, A7 52 (1 R0 T 36,
5 AL 5, B 1—2 em, A T RIFAH Y AE K BIMOR 2Z 6 N K B SR 00, B A an LLA iR B =
[f) 455 35 5 B AR I A S HE (ZE R AR 9 BTBF NH,NO, \KH, PO, F1 K,SO, #% N 100 mg/kg,P 30 mg/kg, K
15 mg/kg B HIEISNRA LIS MANEEHEIRAG A5, P51,

x1 KBd
Table 1  Groups of experiment
F# B factor B

K% B factor B

K2 A factor A K% A factor A

=1 N - IKH/ =3 N o K3/
KR T AT T oA/ g B R R R G
No. Weicht ratio of e 10 soil Super Absorbent No. Weicht ratio of e 10 soil Super Absorbent
(:‘lg ratio o gdngue 0 SOL Polymer (dddcd) elg ratio o gdngue 0 SO1 Polymcr (dddcd)
1 A, (1000 :0) B, (A% 2 A, (1000 :0) B,(##n 1g)
3 A, (1000 :0) By(#in2 g) 4 A, (750 :250) B, (A#AN)
5 A, (750 :250) B,(# 1g) 6 A, (750 :250) By (W2 g)
7 A;(500 :500) B, (A& ) 8 A;(500 :500) B, (%N 1g)
9 A, (500 :500) B, (N2 g) CK( X IR) 0 :1000 YN

1.3 f5bRilE

B E  AFEABR AR NS EL 5 bR, FAHE RoE e i s R B AR R R e K s S,
A 2 JETF LG I AR i B VR M (il o, B34 KR (em/d) = Al Kom /A0 B H 8k
KB (em) = Ji— RN i 40y v 446 060 A K B — A — U s ) v 4 AR K s

AYERIE  CRAMET I SR 5 RS R AR IR AR ) DR 254k AT , 3 st 38 A R 84
FRigf & AR5 HCAEBEAR rh Bt 2 E 8 AT P RR i, 40 S b Fnk B A

SPAD fE (FHXT 4% 3 & f ) M SPAD {ELHLARER (0 1 | & — N AHX 4R R & i 3240, SPAD-502 if
SR AT AE LRl I S AR A B T AR R X TSR ER AR B, B SPAD B, #E R KA BRI
6], FF SPAD-502 B4 202 2800 5 = 225 1 o SPAD A, AN E A I 3 9K, id 0 R
B,

MR EFRICEMME AR TSR0 E AR AR BT MoK R B Y,
1.4 HdEabag

H Microsoft-Excel #1784 AL LR 0 /E , LSD £ 8 LA Lo Ar - Ab B 0] i) 25 55 B 35 1k
2 #ER551
2.1 ARG T EFEFNEKRSESEY &
2.1.1 (Rl BT A5 A K B A S e

B RAFANEE T & 0 K s B A AR TR £, el BRI nT 80, 45 A B R 1 2 58 A0 K B 1 AR fb S B — e 1Y)
FUEPE RIAG 3 8 A KRl | AF K B AR A e, e AR K R AR, m AR K IR AT 22, ASRAR B HLES, 3k
[ BT A 5 T LU AN RIS, 3T O 0 B R RS A A R R R 5 B 3 RS B R R Y
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EL 1000:0) L5 R A IR K I REK B8 7 38 5, AR 7T R FH 7K 4038 2 T K 0 70 2 A R T AEAR R MR 47
MR BER AR AR T S T AR TR S50 T, 356 50 R A8 /K R0 A B A 85 R 20 B AR K R T
FE TR AR IR AR B A K B (E IR R RN 1 AR K 500 (B, ) Bt v 2 20 A0 A K B K T 3 T P s in 2 #-K
FI(B,) BAE R, Al UL LR 78 58 B A AR K I R aT fE BE B 20 AR K, AR BE 6 (ALB,) MR mIERK &
FENT 3K 28,74 em, FEXTIRAR T 10.32% A0FE 8 (A, B, ) frei A4 K U X IR 4R 755 9. 64%
2.1.2 RREMEETFEFEFE KRN ZL

DA B UOURIN ) A AR R S TR RN N S H AR R, WP H AR
AN 2 BN 45 A FE TR S0 0 B AR ROR B AR, B A KRR R 2—3 B ik BlECR,
WEAERKRZE FREET R, S0P R RKHERKRITIL0.83 cem/d(4bHE 6) ,4bHE 3 6 F19 (1 H A
KARAE W 558 2 AR BN, i A Ab 2 H 34 KRR HEIR 1 A B, SO BE A N 2 g/ kg PRIKFHIXF
LIRSS P R EE0E, vT WAL R 2 o/ kg 19 L BFEJEAT 4 35 5 b 4 i A 7 R0 R Aol i 2 250 SRV PR o 6 o B e
RS ESE 3 FILUG AR KR T REZRN, 2ad/y 3 B AR JE5 IR E R 2R ORI | 8 5 v
FEoT O BN R R R T, SO T &0 BB AERRAEN TR 6 BN (K 2) X
SRR KRG 0 B A0 7K 53 RS 53 S 18 e s b o, bR ) AR KR AR

ol —o—2 3 ——4 —m5
——6 —x—7 —x—8 ——9 —— XM 1.0 - —&—1 %2 —3 —4 &5
09 ——6 —X—7 —%—8 ——9 ——C(K
3
= 0.8
~ 0.7
i 2 B 06r
i 2 BE o0s |
o) # 8 0.5
= an
35 g 047
2 =
T :% 0.3
2 02
<
A o
1 1 1 1 1 J 0 s
1 2 3 4 5 6 7
WA Yk %k Times for observation N k%K Times for observation
E1 SFEFERSETHHLE B2 SFEFEHEKRE
Fig.1 Height growth curve of Festuca arundinacea L. Fig.2 Average daily growth rate of Festuca arundinacea L.

2.1.3  R[EAE BN A58 AR ) R 5

ANTRI AR BER e 550 R R SRR A0l b AR 0 B R PR B R M B T E A R R T E AN R (R
2) ., SR L EEE AR 0. 404—0. 533 o/ BRZ[H], M R ER M EE FE TE 0. 222—0. 282 g/ k2], FEEH
WS INGRAK R HE T R AR K AR S 5 T SR N0 AR S50 4% A FHLR vy 2 56 SR i T T O b B 8
(A,B,) > 9(AB,) >ALBE 6 (A,B,) >ALHE 5 (A,B,) >XF R (CK) >AbFE 7 (A,B, ) >AbBE 4 (A,B, ) >Ab# 3
(A By)>AEFH2(AB,) SAEH 1 (A B)) . BbFA 5 LI TR LUAH R A5 PF T, v 2250 Skl b 3 7y - F AR
ST EI AN 2 ¢ SRR (By) ST 1g ARG (B,) SABIMARIK (B, ), 1M -5 Bk L T 38 73 T 8 3R
SR 0T L S e D 7 N = R S 1 o R 7 N BT V) € DO S A B 7B e TR St 3 S
g oS 1 1= S 5 N1 A B 7 e sl i el X e e w I pig g <0 A
2.2 A[EVAR BN R S AR AR E SRR R A 2
2.2.1 A[ELEFET &R A S

N R R LR R 1 SR B A), Tk =3 SO JRUAE ST 0 M A A A R 1) A I o A S
B F B 2 — , BATE AR TG 3l b S A R R TEI3 2 AN [ A B s R S0 AR AR M b A R RN
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x2 TRALEBTHEFERNEYE
Table 2 The biomass of individual Festuca arundinacea L. in different treatments
bk - Apka T s - kT o
oM 5 L 4T/ g 5T g ot o bk g
45 No Fresh weight of Fresh weight of Dry weight of Dry weight of ot N ‘ Total dry weight
aerial parts of underground parts aerial parts of underground parts . I_V\H_e(;é 101 . of individual plant
individual plant of individual plant individual plant of individual plant mdmicual plan
1 0.415+0.017e 0.222+0.018e 0.105+0.026b 0.038+0.020a 0.637+0.035¢ 0.143+0.015¢
2 0.404+0.018¢ 0.234+0.022de 0.110+0.018ab 0.036+0.016ab 0.638+0.041c 0.146+0.013bc
3 0.455+0.023d 0.225+0.025¢ 0.121+0.019ab 0.031+0.012ab 0.680+0.012be 0.152+0.022a
4 0.468+0.014cd 0.251+0.016ab 0.119+0. 020ab 0.023+0. 009bc 0.719+0.013b 0.142+0.022¢
5 0.495+0.018bc 0.272+0.016ab 0.129+0.013ab 0.022+0.012be 0.767+0.011a 0.151+0.014b
6 0.515+0.012ab 0.264+0.022ab 0.136+0.031ab 0.025+0.011bc 0.779+0.031a 0.161+0.021a
7 0.492+0.030bc 0.232+0.014de 0.119+0.021ab 0.017+0.013¢ 0.724+0.033b 0.136+0.014d
8 0.512+0.025ab 0.282+0.018a 0.126+0.018ab 0.021+0. 006bc 0.794+0.017a 0. 147+0.023b
9 0.533+0.013a 0.247+0.009bc 0.142+0.017a 0.017+0. 004bc 0.780+0.016a 0.159+0.019a
CK 0.502+0.014ab 0.261+0.012ab 0.137+0.011ab 0.018+0.007¢ 0.763+0.011a 0. 155+0.012ab
i, M3 AIE AR 1—6 S SR A bkl E R4 N & it T R840 Ab 3 7 (8 9 KONt R 3 3 Ak

RSB N KT R &R0, 3 1 B X G T A 8 LU AR, PR KSR BB AR A i S S A A S B N
W iz iy A B AR AR A B o3 AR AR AR KRR L R DR R K R e ) A R R o () K AR 1 AT
SEF R B R RS 3R 000 I E SR C R MR | X el B A R B T — e Y AR 1F T AR 18
O RO EY ) 3R R IR TR, BRXTREAN, Ab B 1—9 5 E SRR R 3B 40 i N 2 2 B AR R
e AR X U I S v - SR LA R I R S SN N OB R AR R B M R A, SR AR KRR
W N B R PR F 53 o) BB A3 8% IR IE TSR N B E VR, A0 PR R S SR A bk (b bR A
FI R HB50) o N S EMRAR N  AbFE 9 (A, B, ) SALFE 6 (A, B, ) SALFE 5(A,B,) >ALFH 8 (A,B, ) >X} g
(CK)>AbHE4(A,B,) > 7(A,B, ) > HE 3 (A, B,) > HE 2(A,B,) >4 # 1(A,B,) .
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Fig.3 Plant nitrogen content
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Fig.4 Plant phosphorus content
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SR P SRR 31.04—78. 51 mg/kg Z 1], BROSHRAN AT A1 55 3 LUAR [R] SR PR B rp s AR K
AR BRSSP A R LR M T PSR B R T B A ORESINORAGRI A Pl DL R B R Es n
KGRI BERE E o 200 PRI, PR R K 5 AT LU 1 g 201 FL AR 5 4L RS 8 5 FIK B9 R R, & Y 1R £L AT
VAAUBRI ISR 0 15 5 o0 1 B BORE , " A4 0 5 2 T i A i A 6 S ) 0 L i 0 T DA VB R 66 It b ) 9% 0 00
T A AR, (BTN 1 g BRIKGR (B, ) iR SESPAR BRI Pt TR NN 2 g AR A
(By) B P &8 BB, (AN 1 g BRIKFR)) >B, (BN 2 g BRIKF)) >B, (CRBSINERIKT) o X UEHIERAN 1 g/kg HIPR
IR X LT b P3R53 A R B ORI BE 7 B , LGN o8 50X PR WOCCR B

2.2.3 R[EACHER SRR S O My 364 T
KR A A S0 B35 590 £ K A 45 ol O I

R FPRAE KR 1 AR R A wolf B

A T LA DR N RN AT A, B S oo

RIS B A b A I T4 K At K
TERT U AT R A0 A 22 AR, Jorhad R A
PR ESE M B RS K AR R4 6.9 f%; i ool

AEFE1—9 S B K R T R Y ZOOLLLLLLLL

L

Potassium content/(mg/kg)
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8.3 f5—9.8 M, AIUL, i fin OR /KA I s 2500 R A T
W ) K W 00 B B B LR 0 1 SR Tresiment umbers
J:%Bﬁj\ , 'Tiliftﬁ%g o /ﬁj]l]’f%ﬂ(?fU%ﬁ *K‘Xﬁ?ﬂ—:iﬁg E5 #EkEes

B/‘J 'f‘t% Ei ﬂ] Ellzélﬁ @%'ﬁzﬁﬁ ) ﬁﬁﬁ Iﬁjﬁﬁﬁﬁﬁﬂ(%ﬂ Eg ﬂﬁ Fig.5 Plant potassium content

AT 71 R it 7 1 S A PR A5 S e ) AL A
ZEAS I S A P iR R A AR IR AN AL AE R A5 3 T T T B TR SR S R R R R AR B
FEEIP R R R4 A R 4> K & HE R AL HE 6 (A,B, ) >ACFE 8 (A,B,) >AbFH 4 (A,B, ) >ALFE 7
(A,B,)>AbBEE9(A,B,) >AbBES(A,B,) AR 3 (A, B,) >AbFE 2 (A, B,) >AbHE 1 (A, B,) >XIHE(CK) ,
2.3 AT EFEF AR SPAD B

M2 5 SO I A K ROUBTIAR DG B2 E VR T BRI BT, d A A KR AR BB AR 57
ROLBYHEFEFR . SPAD {EZ— N AHXT 40 2 & J e 8 (G 0—99.9) , 5 a R S & A W W IEAH G
PECS BRIE R, I SPAD (K, HSEPRIT S R SRR . SPAD 1Y R IR AR AL IR BEAS S WA 4 A 3
T PEAR AL R A A ROBR I 07 K 0 3 o 4 v A A K 43 )R SR S i I A9 6 B 2 5, DA i i
F 1Y SPAD (B3, A SEE &AM FE T w5 E 25 H 19 SPAD {5 N 39.733—49. 633 (% 3) , ARIALFE T &3
B0 R SPAD {E M = EK 2 5 AR 6 (A,B, ) >ARFE 8 (A,B,) >AbHE 4 (A,B, ) >AhFE 7(A,B,) > FE9
(A,B,)>ABES(A,B,) >XTHR(CK) AR 2( A B, ) >AFE 3 (A, B,) >4 1 (A, B,) , S5 EF MR & HEF
—E, AL AR 6 (HERT A TG LR 750:250 FERT AN 2 o AR S AR 8 (MR A S T L
4 500:500 EEFT ARSI 1 g PROKF) SR id A A R B L E S AR KR RC LE

#3 KT EFEFN AR SPAD H (XTI 4R & &)

Table 3 The SPAD ( Soil and Plant Analyzer Development) value of individual Festuca arundinacea L. in different treatments

i SPAD ity SPAD fi
No. SPAD value No. SPAD value
1 39.733+0.655¢ 6 49.6330.732a
2 41.167+1.226¢ 7 46.968+1.223h
3 40.1010.432¢ 8 49.334+0.591a
4 47.566x1.008a 9 46.300=0. 804h
5 45.402+0.572b ck 44.8330.262h
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VAR 2 SR H AR IR BIEAE  DRORGRT i 32 AR W AR ) 2 ER B 3 Loy, e TR AT A
R R LU R B RS R AR A

R A7 B R S TR 7K TR BE RS I B R o ) 3R 0 8 1 O 18 BRI M S R rp R L)
BARIS , BN GRAKGA BEAR A 5 5 R T A BE BT A N (P K MBS 3B 23 1) 3 b 3050 7 7% bR R A KT
B FEPUNIN T g/kg BRI 1o 22 0 B A WOSOSOR B, b, R DR 7K 88 s AL 1) 7K 20 R P 2
AR R A SPAD BN, BRI AL AR .

LR HEBAN TR AR BT 15 35 A RORE SR A 52 ), AR AR B 6 (AT A 5 3 s i L oy 7502250 6 T
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