55 43 5 5 FEREMBEXRLHFR Vol.43 No.5
2025 49 H Agricultural Research in the Arid Areas Sept. 2025

T EHS . 1000-7601( 2025) 05-0272-08 doi : 10.7606/j.issn.1000-7601.2025.05.27
£+ @PAM RAFINEHS R E L HE”
SHREKMEREE D 4EE R I
£ OB,E W TEE HEk AEE, D

CHHRR BRI B S AR 2B, 10 401 747000)

B EARTELTRGREEHTREKNETRAN, F AR S EL AR AL B L ERRMAMNIA
SR B B £ (BC) KB (AM) N, N'— 7 5 35 30 7 i Bt fie (MBA ) 3 5 B0 % (APS) 0 JR B, 1 4 it
FKFE 414.3% fRAF 383.8% B L@ PAM FRA R, R = B & = AP ERRI % HF E +@PAM fRA A & EM®
A 4535 FT-1R Fn SEM st 2 40U 45 # 384T RAE A ALIE 047, BB 58 7 2 £ @ PAM R A 89 K 2 BAME i 3
it pHwm R B A EETEMETHERS B AME(PPO) E M LEFABEENYm, FRXV, B
T @PAM R AR E L 6 RRERAR, RARMA K 338.5%,3E T pH {E K 6.0~9.0 By + 33135 ; 7 Ao 4k A #
35d EAEBEMN 40.3% % E 34.1% ,PPO EHN 223 mg - ¢ AHE 231 mg - g, ot HABEF KD & A
HMIBREZENLEFHEmEL@PAM, 122 Mk A3 8 K, U B ARG E D,

KPR RAA ;&R T EP R FR; FRE R

hE S HS.S812.6; S512.9  HIFRER:A

Effects of black soil-@ PAM water-retaining agent on the growth
of highland barley and sand-fixing performance of grassland in
“Black Soil Beach” of the Qinghai-Tibet Plateau

LI Rong, MA Zhe, DING Yuru, YANG Fujian, LIU Guozheng, MA Jianqi
( College of Chemistry and Life Science, Gansu Normal College for Nationalities ,Hezuo, Gansu 747000, China)

Abstract: In order to find suitable water-retaining agents for the growth of highland barley or the Qinghai-Tibet
Plateau and effectively control the degradation of the “black soil beach” grassland on its eastern margin, a black
soil-based polyacrylamide water-retaining agent ( BC@ PAM) was prepared using black soil ( BC), acrylamide
(AM), N,N’-methylene bisacrylamide (MBA) , and ammonium persulfate ( APS). The BC@ PAM had the water
absorption rate of 414.3% and the water retention rate of 383.8%. A three-factor and three-level orthogonal test was
designed to select the best synthesis conditions of BC@ PAM. The microstructure of BC@ PAM was characterized by
FT-IR and SEM. The repeated water absorption performance, salt resistance, pH responsiveness, and sand-fixing
performance of BC@ PAM were evaluated. The effects of BC@ PAM on the activity of PPO of highland barley and
soil water retention under drought stress were analyzed. The results showed that the water retention rate of BC@
PAM was as high as 338.5% after 6 times of repeated water absorption, and it was suitable for soil with the pH val-
ue of 6.0~9.0. The moisture of the soil with BC@ PAM decreased from 40.3% to 34.1% after 35 days, the PPO
activity in barley increased from 2.23 mg + ¢”' t0 2.31 mg - g™, and leaf browning was less frequent. After the ap-
plication of BC@ PAM, the wind erosion modulus of the soil planted with thoreau was significantly reduced, and it
indicated that the soil had better sand-fixing performance.

Keywords: water-retaining agent; synthetic process; sand-fixing performance; highland barley; Qinghai-
Tibet Plateau
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H0~25 em + )2 HIEFEARBALPER R . pH {H 6.28,
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g - kg, 2 16.80 g - kg, AT VAT A 498.33 mg -
kg™, AW 42.71 mg - kg™, AT 37.50 mg -
ke™';Cu, Ni, Pb. Cd, Hg, As & f 4> B Ky 24.58
29.56 .21.02 .0.83.0.04 .8.49 mg - kg™, % Cd 24k,
Hofth F 4 8 5 o A T ( - SRR BT o o T b -
15 Y KU AR E) (GB 15618-2018) H 4% Fil b
15 LA AR E H Cd & 0.83 mg - kg,
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—EHR I Cd 4% BT, T EMHE X - Cd & &
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+(BC) , ASHES FHIA 25 mL 281K, i+ 40
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Bt @PAM K HAEE F 1 100 B+, R84 H .

KA ZHE =K IELRE " &t R+ e
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wps(Z2)3 MHEER, ZBE 5 RGP
Fge ARl 5 2508, Nk 1 R 1R & my, ¢
myy A X (5: 1) X,(5:2) X,(5:3)3 K, %
By N Y, (1.5%) . Y,(2.0%) . Y,(2.5%) 3 17K
W B w,pe N Z,(0.8%) Z,(1.2%) . Z,(1.6%) 3
IR

£1 ZERSAERRET

Table 1  Three factor three-level experimental design
K K £ Factor
Level oyt myy(X) s /% (Y) wps/ % (7)
1 5:1(X,) 1.5(Y,) 0.8(%,)
2 5:2(X,) 2.0(,) 1.2(Z,)
3 5:3(X;) 2.5(Y;) 1.6(Zy)

1.5 ZE+@PAM RKFIIRIE

KM FT-IR ( FTS 3000, 32 [&] DigilLAB Merlin) |
SEM( ULTRA PLUS, % [E Zeiss A #]) 2774, % BC
@ PAM R S5 HE T RAE S5 50HT .
1.6 Et@PAM RAKFIAIEREMIK
1.6.1 2 1 @PAM KA 8 baeml X R E WK
P e A AR DR K R D3 i) 3 AR A, R

i) BC Al BC@ PAM 43l #E4T 6 WK B WK 56
FREU m, (g) A Lt Bt BC F1 BC@ PAM 43l
BT 250 mL #EIR N, IR0 AE 2 0 KB oK,
Fih TR 24 h JF 2 RKS, BREICH m,
(g) BRI AW A BRI FREE I
o my(g) o3RI AR (1) M (2) 355 BC HI
BC@ PAM [HW KRR

WA %)= 0%100% (1)
(K (%) = % 100% (2)

o, m, WRIHT BC 8 BC@ PAM BT (g) ;m,
RiEHLJE BC 5 BC@ PAM iR (g) sm, A H R K
TJ5 BC 5 BC@ PAM FIfife (g) .

1.6.2 2 1@PAM &K A 893 ke ml X RS
B o7 FH e A v, 398 b T 5 19 ER 2 X R K L Y
W KA B, FREUT & 0.1 ¢ 9 BC@ PAM
TRAGRIF PAM LK, 5351 735 # 7 0.90% Y NaCl
VW I N TR s 1] R WK R

1.6.3 pH A 2 + @ PAM 42 K 71 Bk % 49 %
ey A A PR pH (XA FAR KR 1k 22 25 4
R, I 52 0 AR 7K R KR Rk, 448
pH BT PRAGR] 9 0 FHRCR OG22, WA [m] T &
[ BC@ PAM /K51 PAM 37K F) 43 517 & 75 pH
54 4.0.5.0.6.0.7.0.8.0,9.0,10.0 ,11.0 1 12.0 f#¥
SRR E K

1.6.4 FFmia T ZL@PAM FRAKF 3 HFRAEK
M CHERAM AR E T IR IR ER
AR TG, 8 60 PR bR & A —21 4
BT AR 2 AP R AL P, AR
i 30 %, RIB FEAL A PO BT 1.0 kg AH RV EE
By« R R R A Hod— A 0.05% 1)
BC@ PAM {R/KF, 34— R 28 FlAE, 75 75 B4
HARKIER G AR E 300 R A A
SRIGHEAT T A RS 0 AR P OR Bk, R S
d FHIREETHIN & 2 fy e A RR 1, I A2 22 1 4R 1k it
(PPO) Pk, i B B 0 B F Sk 4 A 4
A, ATIRE N 3 em, 10 min 5 BUR EE , %220
#% 35 d, FFHdE SR

1.6.5 2 1@PAM 4R/KA 89 B i bkae KU R
e [E VPR RE Y B R bR, R R AF R R R
AR SR, TR RN BC@ PAM {2
ARG VD PEREHEAT IS, 4 — 8 i iR Y 5 A PRk
5 < A e R TR A (PR KGR R 4
Y 0.1%) R 5 B2 ol & T s
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KRB LAY 50 #RARY R AR & TP IE LR =
FIFE N XT3 158 6 A7 KUt | 32 XL
S BRI, Hh XA S RUER. 3 A R s A
A, KA 41K 100 em, 3K B 30 em | T8 25 cm
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il BC@ PAM FIR HIR G W B (g) s M, RS
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2 RO

2.1 BFT@PAMRAFIHMERIE

FH =R =K IE AR R R £ BC@ PAM
PIAES T 2, BC F1 AM BB 1SS &
AR5 | 2500 FH 2 X P K R0 18 R 7K 1 R B K 1 R
BRI LB 25 AT T 558 45 R a3k 2 Fisk
3 R, I ZEXT BC@ PAM K K4 % T 2 5%
WA F K. X>Z>Y, 45457 1 BC@ PAM /K5 Y
WK R FRACR R E A R T2 AN, Y, 2,
2.2 E+@PAM RKFILEHRAE
2.2.1 FT-IR % # BC fll BC@ PAM (4T /Mg
WK 1 fizs, 78 BC B FT-IR &3], Si-0-Si By fif
PR3N 5 R R R IRAE 1 041 em™ 4L, Si-0-Si
(A5 i % 20 51 R A W i 0 R BAE 542 em ™ T 480
em™ Ak, — CH, (940 45 ¥z 20 51 2 Y W e 0 oy 30 7
1 459 cm '4b, B T7E 801 em ™ &b 3R T A4 05 B HEAE
WU | BT LL BC ) FT-TR WA 48 22 1 6 E R 4 Ak
fit, BC@ PAM 1 FT-IR H &R T B + ) I A 2
Fa, 76 1 700 em™ LA BRI 1 000 em™ UL F BC@
PAM 5 BC W ICgAR I, HBERE-C = O 8 A RRAE TR
Wl H BETE 3 458 em™ b, —~NH, FRFAF I 5006 H3 B
TE 3 183 em ™' &b, 7 1 651 em™ Ab i BL-NH, i 2AE TE
PRSI —-C= O By AR PR sh W e A 1 692
em™ " 4b, DL FEEEA BC 5 AM BIIE G,
2.2.2 SEM 4 # W5 BC@ PAM J H 5K BC
MR IEE A, R 45 f B8 0 s TS BC Y 2R 1
JEAFAT T SEM 20 #r 45 R WK 2 s, HE2 &/
HBC R M A G R, B SR Z RE5 5
ANEE e T TR B 2R Z B SRR
(A2 B AL (18] 2B ), 3X Ui BC HAT — 5 oK f/
KM, ZOIREE SR AM S TRCES 21 BC@ PAM

&2 BC@PAM AR EZRKFFR
Table 2 BC@ PAM synthesis factor level table

o WK 3/ % BIKER/ %
e . Wypa  Waps SR . .
Mg * Myy Water absorption Water retention
No. /% /%
rate rate
1 X, Y, Z, 363.9 342.5
2 X, Y, 7 357.5 348.8
3 X, Y5 Zs 371.6 354.1
4 X, Y, Z, 363.5 344.7
5 X, Y, Zy 414.3 383.8
6 X, Y, 7 402.9 379.0
7 X Y, Zy 376.4 362.6
8 X3 Y, Z 389.5 371.8
9 X5 Y, 7, 362.7 347.4

3 ZEHR3 BC@PAM AR T ZHI#M
Table 3  Effects of three factors on synthesis of BC@ PAM

o WK/ % PAKA/ %

GG Water absorption rate Water retention rate
Index

X Y A X Y Z

K, 1093.0 1103.8 11563 10454 1049.8 1093.3
K, 1180.7 1161.3 1083.7 1107.5 1104.4 1040.9
K; 1128.6 11372 11623 1081.8 1080.5 1100.5
ky 3643 3679 3854 3485 3499 3044
k, 3936 387.1 3612 3692 368.1 347.0
by 3762 379.1 3874 3606 360.2 366.8

2 Range 293 192 262 207 182 198

FUIF Order X>Z>Y X>Z>Y

7K Optimal level X, Y, 7, X, Y, A
L&

. X,Y,Z,
Optimal treatment °

X,Y,Z,

K, K, Ky FmsK 5433 1.2 A3 B %R s — 51 4 3k
WL SNk, ey Bl ey FR IR ZR UK 54354 1.2 0 3 i, %
X—F I 45 R A,

Note: K, , K, and K;represent the sum of results of 1, 2, and 3 lev-
el, respectively. k, , k, and k; represent the average value of 1, 2, and 3

level, respectively.

[ ----BC@PAM
—_BC

i% i # Transmissivity/%
Py

4000 3500 3000 2500 2000 1500 1000 500
% % Wave number/cm '

1 BC 1 BC@PAM & IR B
Fig.1 IR spectra of BC and BC@ PAM
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2 AT LVE BB )2 5 2 Z I 2 fL45H, T
DR R KRR K (R 2D)

2.3 E1@PAM RAFIHMHEEE R

2.3.1 Z L @PAM £ KA 64 KM Ak Fe R E R K
MAE BC@ PAM 27K I B W 7K 4 fi i i 235 1 dn 1]
3 7R, BC@ PAM 19 7K 38 LU 3R 73 4 ik i 3R & )
(PAM) WK %5, PR AR FIAE 40 min J5 7K %

H EHT=500kV WD=149mm Mag= 58X

Signal A = SE2

(A)BC (50X)

Signal A = SE2

[ EHT= 500kV  WD=149mm Mag= 51X

(C)BC@PAM (51X)

IR B I A, LR 7K R ) 9 ik 4 B 1k 31 °F- 7, BC
@ PAM PRIK AW 7K SR IR B 414.3% , PAM )1 7K
RIKF] 344.0% , UL A A B A AT LA 8 3 K AR K
FUI K R 30 T 8 4 1) Z L A5 mT DL KAk
FEURI L F A SR MK M RE

WK 1 il R A A FH AR 7K R ) 3k i i 2
18¥5 K BC@ PAM Il PAM & & W14 4T 6 W%
AR, NE 4 fiR , BC@ PAM 721t 6 R
K 2 5 WK R M 425.6% F [&5 338.5% , 155

00
— EHT= 500KV WD=143mm Mag= 300X

(B)BC (300X)

Signal A = SE2

Signal A = SE2 )
(D) BC@PAM (300X)

00
— EWT= 500kV WD=142mm Mag= 300X

2 BC 1 BC@ PAM HJ SEM 5347
Fig.2 SEM analysis of BC and BC@ PAM
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Fig.3 Water absorption capability of BC@ PAM and PAM

WG IKF 1Y) 79.5% , 45 G NY886-2022 #5 i Bk
(=70%) ", HA KW K KT 300% ; PAM 7
23 6 W E WK Z I Wk R4 F %, M 354.1%
TRER] 175.0% , K gk BRI 1R K 1 49.4% , Ui
B BC@ PAM HAT 47 1 [ 2 WK M dg, 28 Em A
AN PAM B8 i, I BEIA 2 NY/T 886-2022
P Bk

232 Z1@PAM 4RKA G4 AR K, FESS
B A R v, A 38 v BT 5k 28 Jo o6 A FH AR 7K 5
P 7K A 35 R ), K A [ 5T 2 1) BC@ PAM i
JKFIFN PAM 43 BB AE 0.9% NaCl IS BIAR 45
RN 5 Bros . BEE B R 3G P AR LR K R 7R
0.9% NaCl ¥ H 1 W 7K 3238 7 7+ 57, 40 min J5 %
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KR F 5 , BC@ PAM LKA F] 352.3% , PAM
PRAKFRIIRE] 298.7% , FHEL KBS T K T i K 354
JIT T B 3K 2 R TR VA VR BH S T E e AR 2 T 5 |
A, 5 Donnan “FAf 15 —E, BC@ PAM 7K
T 0.9% NaCl B H AR SR L 300% , 756
NY/T 886-2022 i > Hisk | {5 BC@ PAM f#/K
FIEA B PR

2.3.3 pH 1A sF Z £ @ PAM 4% /K 7 R K & 84 %
) pHAEX} BC@ PAM {4 /K 5|l PAM 8 & ¥ /K
R ZERAE 6 Uros , FEAF pH BT, 340
FIRE T HERHR - (R, K e 3 8 3
Hhn, >4 pH<6.0 IR K REAL, pH N 6.0~9.0
I K R a5 T pH>9.0 B I K A1 Y pH
BN H M BE AR, —COOH. () HE 5 A2 B ], BF
Z-C00™ LI-COOH I AE e, (5 4 75
fap 3 A R AR AR HER 1R /N ROK I 245 2540 12
2 AR /N AROK BRI Y pH (BRI, H R 2 Dk
JIN SR B 2 S B A3 R O B K R AR
TGN P28 2548, oK 2 e, HIt, BC@ PAM
PEAGRE T pH fH0 6.0~9.0 BYPREE 1R 56 3L
T30 pH (E2H 6.28 i PR/K FiE A 7E % M XA H

400
X"‘-~

w
=1
f=1

w

S

S
T
#

200
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L —-sk=-- PAM

—
(=4
[=1

% 7K # Water absorption rate/%

(=1
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Mg 7K IR # Swelling times
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Fig.4 Repeated water absorption capability
of BC@ PAM and PAM

WL

=T S = S

o o o o <
T T T T

0
(=
T T

~
<
T

PR N RN W W W
[3od =)
(= =
T

ool / —e— BC@PAM

% 7K 2 Water absorption rate/%

0 10 20 30 40 50 60 70 &0 90 100
B 18] Time/min
B 5 BC@PAM 1 PAM HuBih i 4k
Fig.5 Salt resistance of BC@ PAM and PAM

234 FTEFia T ZL@PAM FAKF S FRAEK
g Fea RERRGIE T R a e A R Ak 4
TN o ARG AR & 1 R AR, 35 d Je
M 40.5% %% 8.6% ; PPO 7 P Tt , I BRAG IF T
SIBWTARE R AR HE T A, I OR KT Y
FEin TR 35 d J5 M 40.3% [%5) 34.1% , [R5
/N, PPO 1EPEHR TS 0.08 mg - g7, WA AN A% AR I
T IRAEACR S PPO IETER A E

2.3.5 ZE@PAM #RAF 6 B ek HAFS BC
@ PAM {R7K 0 B8 A e B2t - e R BV PR,
3.0 ¢ TR BC@ PAM /K FIR LA 5 1.0 kg
AN RFE ARG IRA SR LS P —
FE AR A& AR ROR O R AP R P B A
BE P RS & ST AU B XE 2~ 8

I~
w
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OrPAM
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B 6 pH{EXt BC@ PAM 1 PAM IR 7k 2= i 8211
Fig.6  Effects of pH value on water absorption
rate of BC@ PAM and PAM

&4 BC@PAM MEREK TR PRk ERERI R
Table 4 Effects of BC@ PAM on the water-holding properties
of highland barley during the growth process

A Ak A AR A
TR Without water-retaining agent ~ Add water-retaining agent
Days after 4. yeye e/ AR /%
treatment . . PPO . o PPO
J Soil moisture /( 0 Soil moisture y "
/ content me "8 ) content (mg - g™)
1 40.5 2.37 40.3 2.23
5 30.8 2.18 43.5 2.10
10 18.2 3.84 42.8 2.49
15 15.0 4.02 40.6 2.33
20 12.5 4.89 35.5 2.15
25 14.1 4.86 38.4 2.11
30 12.8 - 35.0 2.24
35 8.6 - 34.1 2.31

[ R vt A

Note: “—=" indicates unable to detect.
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