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i E:[B ) AAFRRERKFT LN EZERBR WA AT E]RA KRBT AR LT &, RE
A5 B AR AR K R (K1) A= #7 2L i AR R R (K2) 4 22, AT 56 A AR K FI(CK) A3 B8 A 52 T B R = AR K F(Cl:
30 kg/hm’.C2: 60 kg/hm?.C3:90 kg/hm®) 3 & s E k& vt @ ARG H A F E 9% M2 R)OKKF A 2dkd T
EAFO LR A KRE FRFETLADEGER, HTHKLEEL N LG M AL CKA K1 L F 13.6%
F22.6%0 @& DNELEFEAA 195d,KICI Ao KIC2 &t \ ARAGH B F & T KIC3 432, K2 4 32 o+ @ A 45 K [ 56
A = 8938 o o 38 e 5200 d B ,K2C1 #r K2C2 &b 3 et @ AR5 2 2 & T A 432, QK2 & 32 AL 4 Atk CK A=
K1 432 3 8.7%A= 14.6% , K2 4 32 = & 345 %4 11 973.2 kg/hm?, £ A1 v CK A= K1 4 32 3 22.3%4= 13.6%, 7 L % K2
4k 3236 A & A 60 kg/hm’ B, = ¥ 3% 2] % K14 12 818.2 kg/hm? [ 4281 K2 4 3t & v & 4 K Ao =9 R 8,
H A& A 60 kg/hm® Bt 2 % 7 1%,
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1 MR575E

1.1 R 5E HBE R

TRIG 7E AT b 4 11 /K T 35 3 H 403 (37°36'N, 115°32'E, #E4K 18.84 m) HEAT « i E& A7 T-im] Ak 4 dh 8,
J& R B IELIR - T R AT RSk . PR 12.2 °C, W o R 40.7 °C, Bl B (R AIR-26.7 °C L e A
203 do £E V25 H FRE ] 2 578 h, G A PHEE 5 & 5 358 MI/m?, "I P& /K &8 642 mm. SAERF fE U ZR50 0,
AIRT IR R EBR . B2 KPR = & ) B SO RE IR, W1 fe 2, Bk EE P, & 2= 32 v bR e
AT S, BT RN 2 NIGR R, T2 TIRR A A A R E . 5
ARPEK33 m, AT 16 mo TIRYIBEVE BT E B RFBOGRLEL 208 R4t Ver 7.21 I5E , 14582878 3= BURRD it 158
+, HIEYERRUK IR LR 1.

R 1 KR A K M A

_ . —
\ HRURRY B RA K AR e .
LR B em PR % BB % FRLRE % S e
(g-em™) (ecm’-cm™) (ecm’-ecm™)
(0.05~2.0 mm) (0.002~0.05 mm) (<0.002 mm)

0~20 1.49 0.31 0.44 44.17 53.86 1.97 bR lidriee N
20~40 1.50 0.35 0.48 55.23 44.60 0.17 (s
40~60 1.50 0.35 0.49 64.30 35.60 0.10 WFiEL
60~80 1.46 0.32 0.44 55.73 44.15 0.12 WL

1.2 I

PRI 1 B AR RN S RO FIER/K I A 2 (CO2 MRIR R 2R . Fh 28y KT AR LR KD VK2 G B A £
AKFD 5 it FH 8« IR (C1:30 kg/hm?) 71 (C2:60 kg/hm?®) 5 (C3:90 kg/hm?)3 AN /KT, BLAS i Fi 4 7K 71 6t
JE(CKD . iR 3L 7 ML B, SR MCBE 3 R, B35 21 MR /N X, BN /N X AR 3 mx8 m(24 m?) , 5% Ab 3
76 H 8] R B 52 e BENLIX 4 it o3& R AT 90 keg/hm® =70 5 A E (18-22-5, 0 (N+P,0:+K,0)=45% ) i I JIE
FE/NIX P 3 ST R, AR AR K ) 5 LR A E , TR 55 £, VIR 10~ 15 em s BB R 7K 70 S5 5 K W B S T %
% fs LA S0t TR 3 b &N FET 20165510 H 16 HAIER, KR~ 2017926 H 9 H o 15056 1 8] 3
7K it AR S5 3 R b DR R — 3
1.3 RIENERITE

D& /NE BRI £ /NE 2R, BRI EK G, &0 AR AE K5 —
B2 G 2 Ak, BRI 30 MRIEAT I 5 5 45 A0 B 43 ) T 4T B 2R L RN R A /N R T A
BYR AN A, DS A SR VE TR, PR B SR TS , LAT= A A AR S TR B
oA A

D KINFEFERGT AR/ WOGRIA, AN A F I 2 30%80 em [ BEEL, 37 5 SRR A RS iR B SR
ATAN R WL 30 AN 25 T A A AR 2, B TR i & . B E AR

Y = IR < FHDREER < TR A x U R AL (D

o YRR AN = 5 /NI = R 40 0.85 QA MRS 2 b A4 /N SR 506 7= B 5 CKCERA 7= S A LU BT
15 FFARAE LRI AT R AT A ERR A & = G U = 3 R IME D AT HUEAR 2D .
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2.1 ARIKFIXFZ N EE SRR

F2HH T RANENEALE TN BB R AR T E g B, R 2 a A, ML B LR S
HFNGR 1], K1 A B AR Ry 3B 2 01 R 13.4.18.9.25.1 F1142.3 em, 73 51l Ll CK 151 7.2%+8.6%6.4%F1 10.7% ; K2
AbFERR S EIAE 2 )N 13.7.18.9.25.0 F1143.4 cm, 43 73l E CK 51 9.6%+8.6%6.0%F1 13.6%. %&/NEEFRAEK
BB, 5 CK AR, Jit F ORK TR 2N e bk AR KA BB R R 3801, PR s 3 2O, R 1T K
ATK2 A EE v PIE 3 591 B CK R 10.7% A1 13.6% , K2 A0 EE LE K1 AR B 757 2.6% ; ZA R K1 AT K2 Ab 2 3445 5 5]
bt CK 151 0.25%F1 2.5% o PR 7K 55 % Ji FH 22 Ab BEAK =y R I A « ZE4KCTT 0, C3 AL FE>C1 AL FE>C2 Ab BE>CK s 7E 42
HEH, C1 AL BE>C2 AL FE>C3 AL FE>CK, Ui B AN [F] A2 & B B DR 7K G725 T FH B2 o060 PR s s i 22 e K AEAR T AR
K B, DR AR AN i 3, 3 A2 I T e ok v 3 K 2 S Rl R %, Z E S I A B, P ik
IO A3 AN R R AR AR — 8, AP R TR E R
2



&2 BAEMREHHEA T E L

TiEIHT(PED

osiil KiCl1 K1C2 K1C3 K2Cl1 K2C2 K2C3 CK

K C KxC
H P 13.60 13.40 13.20 13.60 13.80 13.70 12.50 0.001* 0.011%* 0.003*
I BE 18.80 19.10 18.70 19.00 18.80 18.80 17.40 0* 0.001% 0%
5 25.40 25.00 24.90 25.00 24.90 25.10 23.60 0.002% 0.009%* 0*
BT 42.20 42.50 42.20 43.50 4330 43.50 38.20 0* 0.001%* 0.013*
Zu il 84.30 81.70 79.50 82.60 84.70 83.60 81.60 0.028* 0.556 0.068
HEF 92.90 94.20 93.80 90.30 91.80 92.60 92.50 0.057 0.594 0.373
A 91.60 91.00 91.80 92.00 91.20 91.40 90.90 0.172 0.046* 0.234

VB *RIRNEMHAE 0=0.05 K P N ER R .

2.2 R &N EHEFRIEH AR

R R AE AT Y S VB S ZE B AT ML & ) EE 88 5, M AR TR 2 (LAD /2 [ AR M) AR A=
KRB — A E B R br, KN EB S A B UMY, HR 3 AT, Z 0B LA E s — 3, ¥ %
1 FE IR e FH PR 7K 7 24 A R T AR FR 2 T CK BEIH i ARAK R 4N 38 AR KA (R EE T . it
B AP TR ARFE B AR B 160 d T2 AN B3 (P<0.05) , Tt B I ISE 28 /822 - TR AR 46 3052 AR K 70 52 i 858 /) 5
160~190 d, I [ AR BOR HE K, K1 A EEAS [A] s H R B : C2 A BE>C 1 Ab #E>C3 Ab B 5 K2 Ab 2 A [7] it
ERIA: C2 A FE>C3 A BE>C1 AL FH ;195 d I IA 2 e RE, H K2 A FE>K 1 ARF>CK, IR B T AR 48 55 R O
IKFFIAL BRA ] T 22 S . 3 (P<0.05) , o, i [ A HE B0l KoM 8.48, B /NN 7.34, ZEMRIA £ 15.5% 5195 A Hl
K1C1 A1 K1C2 &b B AR TR AT i 2 (P<0.05) BT K1C3 AT, 11 K2 Ab P - T AR 44 5 5 i FH 2 Py 186 o v 488
200 dJ& , TR R 3 38 08, & ORKGRI AR BRI T AR AR EZ T/ , K2C 1 FTK2C2 Ab R - H AR 4544 5
#(P<0.05) 1R T A AL . BB LRI A/ N2t AR KA (R VR, FLF 2 60 kg/hm? I 80U R 5 4

k3 B A et mARAG S

GOSE 140 d 151d 164d 180d 194d 209d 221d 237d
KIC1 2.01ab 2.94ab 4.78a 7.45ab 8.43a 6.21a 4.77ab 2.62ab
Kic2 2.75a 3.6la 4.51ab 7.36ab 8.40a 5.97a 3.39ab 2.63ab
K1C3 2.08ab 2.71b 3.74bc 7.04abc 8.03a 5.06ab 3.97ab 3.09ab
K2C1 1.53b 2.64b 3.74bc 6.55bc 7.34a 5.22ab 4.95ab 3.88a
K2C2 1.93b 2.90ab 4.81a 7.72a 8.46a 5.47ab 5.16a 3.53ab
K2C3 1.33b 2.73b 4.40ab 7.52ab 8.48a 5.86a 4.32ab 2.95ab

CK 1.71b 3.09ab 3.33¢c 5.92¢ 7.89a 3.64b 2.73b 2.18b

2.3 RIKFIXFZNEFERF

FH 26 4 AT 50, A5 7K 55 5% Ak 3 R K AN ARORE 518 8.4 em F132.9 >, 43 il B CK 757 9.1% 411 8.2% . K1C2 Ab
PR 5 & 43 791 bE K1C1 AT K1C3 AL FE 5 2% A1 4.2% , K2C3 4L FE 43 1] Bk K2C1 A1 K2C2 A 5 1%F1 3.9% .
K1 A HFEA AR , b CKAK 5.4% ; K2 4b BEAR AL BH 12 5 T CK b CK 1 8.7% , L KT AR B 57 14.6% , Ho i, K2C2
AL R R I B 4 b CK 55 20.8% . K H it FH AR KR T A 3B T+ & /N2 i i, Forp K2 A BRI R
K2 Ab 3= 35 H N 11 973.2 kg/hm?, b CKORI K1 AbEE 53 531l 155 22.3% 1 13.6% 5 77 72 43 W1 W, it FH R /K 71 2%
AE PR 2 RN B e A W 2 25 5 o (E it AR KGR % Ab B AR 5 CKOAH bE 28 57 535 5 DRZKGI #5 Ak 3 2 [R] T
o7 72 S S0 5 AN R R KR A 3 A /N 22 BREUR = 24 FH 22 S/ AR, K2C2 A B ] I 25 4 v A /N 22 AR
FeiE, HA SRR A 5 CK R EE R

R4 SR EF R AT ENATER

Ak FfiK/em FE%U/(10°-hm™) Tk %A~ TR /g 7= 5/ (kg-hm™)
KICI 8.5a 97.8bc 32.5a 39.3a 10 591.6bc
K1C2 8.5a 96.5bc 32.6a 40.1a 10 721.2abe
K1C3 8.4a 93.9¢ 33.52 38.52 10 306.0bc
K2C1 8.3a 111.6b 32.6a 39.3a 12 178.8ab
K2C2 8.3a 122.4a 32.4a 38.2a 12 818.2a
K2C3 8.3a 96.4bc 33.7a 39.7a 10 922.6abe
CK 7.7b 101.3bc 30.4a 37.5a 9 787.4¢

v FUBVECR B A AR5 6, B e P<0.0S KT 2R R B %
2.4 RIKFIXT IR E S K RIFM
AN I AL B K AR DL 1. B LRI R OKGR BEAT AR e 3K G e DR K R 4% Ak
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I T CKL K1C3 A 438 i B 5 /K R i KL, KIC2 M KICT AR FE T i 2% 2 57, K2C3 Al K2C2 AbF Y 3 2%
(P<0.05) 1 T K2C1 b B, ZAfHi, & /N2 35 L2 3K A BT N, Fodp KICL AT K2C3 b2 458 57 & 75 K
R e HoAth it IR S KR E RAK, CK k. EIRH, % 40 B 438 /K 73 0 2 A 4k 2 BRI, B
K1C2 b # 4k, HoAth b FE 151 /N T 15% , K1C3 AbHE 55 CK =358 i 525 7K R A0 24, 10 BH ARk 57 23 A ek 4 e
B A KR EAR . BEIRK—BEAIAEYIXS K o 75 SRR, & A3 5 5 B /K 3R 4k 2k /N , PR K ) &4 225
BEKRIE WL A BE T CK. RMALIT IANEE WG FKFIE — & K IER

25 A mK1Cl ®mKIC2 =KIC3 m=mCK > aﬁi‘ﬂ: mK2C1 mK2C2 mK2C3 mCK
a

bR K%

AT Za RER R I ZREH eI B
LHY LHY
(K1 ALH TR K (bIK2 AbH 5 & 5 7K 3

A1 SRR AT NS T
331 i

FEM A R34 R, e FH 3 & AR KR A BEE AR K, 3 B E YA 3 3 7= 2 e, iE R0, 7
AR TRIE /K B AE T, it FH AR 7K b B A& /N F2 7 B 3 v 1 CKe it FH AR 7K R AT DA i 4% /I 22 Bl K RTAOR 4, 2
TR B, T2 78 & /N2 P 8, ELTE A R K 25 At T 6 AR /K 77 T 348 7 8.42%~19.86%!™, BT 4t 1,
ARV F BA, PR7K TR B3 B 56 4 /N 22 Pk s 389 I e A R s e DR ZKGRIDGT 4 /N 22 T AR 8 B i 4 ey B
AR E RS, JCIL R T AR R A, (B 2 AR, LR /KGR A sk &, e T AR e O e A B B
R X S AHT TS5 A — 3, CE AR, T AR e RO MR R AR — B FERE SR, DR OR KR =i oK 3 B
T AR i 0 P A i B 18 K, ] B2 E T iR 3 Sk L A& /IN 22 i B 338 DL R AR KGR e FE O vk AN [R]85 22
FERTIE R ARAKGR R IER, SRR R A, BRARAR R I AR ERHLAE , AT S0t b 35 5% 20 R AR 7 5 A
K, AR TR R A /N AR B IR HERE , CRAKGR B AL B AR R 3 R T CKG 7 2R B T A 1036 Ab BE 44/
F R K AT AR — B R AKFIVE FH ROR AN 5038 s A/ NZ2 BN AR WTH, 60 kg/hm? b 38 - TR i 2038 K T 3L
fily s B 17 PRAK TR B R (90 kg/hm?) B, 4 /IN22 i T AR e BB AR - U6 BH ORZK R )it FH o6 1 VRt b 356
AR R T NEAEAK.

KRB 5 32 LA A T AR AR KR, 10 S VAR CR K TR T A Ao I /b o AR IR B AITF 72 AT
IR AARAR A IR 2 /N2 ok A TR AR FE H ) 38 KA (R B R A, i XS & /N 22 = Stk 21 1 8 3 3 7= 7K
L5 44 ORARGRIAR EE , YRR PR 7K TR PR e P A 77 58 KRS ASE A, T DA 7K — S W8 e, X B 5 T LK
T 7 (8 B B 77, [N IR AT 5 W S S KBRS S A B AP 1 KRR . BE & AR TR K
LA R — 20 R, HARAK AR ML 75 i — D R &R R PR K FEAS IR 73 264 5 IR & H XS
A /NFZE PR AN 3 8 AN [F]) 358 00 T YA R K 6 = 3 B R 1 I 24 /N2 72 B s ) DA R TR AR 7K 57 1)
AR FH 200 SR I T) PR 38 AR, G ey 3 i HE AR oe M, ZE K HAR I )02 R — 2B R A N 25 o

4 25 i

DA /NFEFEERK B, TR /KN 4 /N2 bk i AR A (AR A, 35019 3 K2 A 3R = 394 49 il B CKORA
K1 AbEE 5 13.6% 81 2.6% s AEFH A KB B, IR /KFI R A B35 . 75195 d AT, K1C1 K 1C2 A3 i [ A 5 4 %
T KIC3 Ab B, K2 Ab Bt i R4 A5 it FH 2 14 385 077 384 015 200 d 5, K2C 1 A1 K2C2 4b B i 1 AR $8 2.
F i T HARAREE , BB ORAK IR A& /N2 AR (R RV A it A 08 60 kg/hm” B R ELLT

257K F1) 84 A T R AR K 24018 20 591 b CK 7 9.1% 1 8.2% , A5 7K 71) 4% A T 22 i) K AN R b B0 0% 6 1
EZS . KI1C2 AbEET-H )i £ 439l B K1 C1 ATK1C3 A FE 155 2% 1 4.2% , K2C3 4b 3 73731l B K2C 1 A1 K2C2 b 3
= 1% 3.9% . K2 Ab B A FE A7) 73] b CKOFI KT AR BE 57 8.7%FH 14.6% 0 PR /K T & Ab 3 AT A7 R4t i 4 /N2 7™
4



&, Hor K2 b PR IR 9 S, K2 Ab B 5 A E 9 11 973.2 kg/hm’, 73 ) B CKORI KD Ab 3457 22.3% F11
13.6%.  MFE 5 BURREORI I 7= 73 W7, WA R /K TSR B B IR, B4 60 kg/hm’ B 38 B

RGBT IR R S KA FEARAR A — i o R 4y 5 AT ORI v I 3 A K R DA
TN EEHEMEH, AR TN E TN AERKMK S , e EY A KR 24 & .
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Efficacy of a Liquid Water-retaining Enhancer in Improving
Growth and Yield of Winter Wheat

YU Le', QIE Zhihong", WU Xinmiao', RAN Yanli', CUI Xidong’
(1. Institute of Urban and Rural Construction, Agricultural University of Hebei, Baoding 071001, China;
2. Hengshui Bureau for Hydrology and Water Resources Survey of Hebei Province, Hengshui 053000, China)

Abstract: [Objective] Drought is a common abiotic stress impacting agricultural production. Amending soil
with water-retaining enhancers is a way to improve soil moisture and ameliorate water stress. [Method] A ran-
domized experiment was conducted aiming to investigated the efficacy of amending soil with a liquid water-re-
taining enhancer (K2) to improve growth and yield of winter wheat in comparison with amendment with a solid
water-retaining enhancer (K1) and no amendment (CK). The enhances were applied at 30 kg/km® (C1), 60 kg/km’
(C2) and 90 kg/km® (C3) respectively. During the experiment, we measured the plant height, leaf-area index and
yield of the winter wheat. [Result]1() Amending the soil with the liquid water-retaining enhancer increased soil
moisture, and thus the plant growth, by 13.6% and 2.6% respectively compared to CK and K1. @ After195 days,
the leaf area index under K2+C1 and K2+C2 was significantly higher than those under K1+C3. In the two K2
treatments, the leaf area index increased with the chemical application and after 200 days, it was significantly
higher than those under other treatments. (3) Compared with CK and K1, K2 increased the plant panicles by 8.7%
and 14.6% respectively, and had an average yield of 11 973.2 kg/hm’, increasing by 22.3% and 13.6% respective-
ly. The highest yield was 12 818.2 kg/hm’, achieved in K2+C3. [Conclusion] Amending soil with the liquid wa-
ter-retaining enhancer noticeably improved the growth and yield of the winter wheat, and the optimal application
rate in our experiments was 60 kg/hm’,

Key words: water-retaining enhancer; winter wheat; plant height; leaf area index; yield
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