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Effects of water retention and nitrogen fertilizer interactions on
physiological characteristics and water and nitrogen use in maize

LI Changliang' , ZHANG Fucang”’, LUO Tianfeng'

(1. Construction Cost and Fee Management Center of Water Conservancy Projects, the Water Resources Department of
Gansu Province, Lanzhou, Gansu 730040, China; 2. The Key Laboratory of Agricultural Soil and Water Engineering
in Arid Areas Subordinated to the Ministry of Education, Yangling, Shaanxi 712100, China; 3. College of Water
Resources and Architectural Engineering, Northwest A&F University, Yangling , Shaanxi 712100, China)

Abstract: A total of nine treatments were established using an incomplete orthogonal experimental design,
with each treatment replicated three times in a pot experiment. The treatments included three water-holding agent
types [ Demi high absorbent resin (PAM, polyacrylamide) ; Walter multifunctional drought tolerant water retainer
(WT, bump (organic)/polyacrylic acid (inorganic) water retainer) ; Haiming high energy drought tolerant water
retainer (HM, sodium polyacrylate type) ], three water-retaining agent application rates (0%o, 2%o, and 4%o of
the dry soil mass, respectively), and three nitrogen fertilizer application rates (0, 0.25, 0.50 g « kg™'). The
effects of water retention agent and N fertilizer on growth physiology, root vigor, nitrogen uptake and water use of
maize seedlings were investigated. The results showed that compared with the treatment without application of water
retainer and nitrogen fertilizer, water retainer with nitrogen fertilizer significantly increased seedling maize plant
height, leaf area, aboveground dry matter mass, leaf chlorophyll content, root vigor, nitrogen uptake and water use
efficiency by 9.30%, 14.88%, 68.85%, 16.26%, 103.86%, 86.35%, and 81.06%, respectively ( P<0.05).

PAM water retainer was more effective in improving maize root vigor and nitrogen uptake, WT water retainer was
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superior in promoting maize growth and improving water use efficiency, and it was the most effective when water re-

tainer and nitrogen fertilizer were applied at 4%o and 0.50 g + kg™", respectively. The results of principal component

analysis revealed that the optimal treatment model for improving maize yield and water and nitrogen use efficiency in

the arid and semi-arid regions of northwest China involved the use of PAM water retainer. The highest scores were

obtained when the water retainer application rate was 4%o and the nitrogen fertilizer application rate was 0.50 g

- kg

Keywords: maize; water retention; nitrogen fertilizer; physiological characteristics; nitrogen uptake; water

use efficiency
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interactions on maize plant height

1200 0 A * B:ns C: ks
AXB:ns AXC:ns BXC:ns
AXBXC:ns

a
b p b
800 2 ?7

[=x

0.0.0.0.0.0.0.9.9
00,0000
o200,
ZRRRRRRKY
RRRILLLLLLLLLLLLLS
254
R

0. 0. 0.0
detodotetote e
SO0 0.0.90.0.9,

35

I [fj £ Leaf area/cm’
)

0. 0. 0.0
X XX
2K
0.0.0‘0000000
ot otetotetotetotetotete!
QIORREERIEKEKL

%
&

S
K
%
%
%
%
X
%
%
B
%
%
%
%
%
%
%

CRRRHRRRKRHKHIRRKRK
o
RXIRRRHXIRRRRRRKS

3%
o

2o

%

..u,

2%
28
XK
ot

Z
RS
ot
TS
8
boss,
RS

s

b
(RS

| 2 3 4 5 6 7 8 9
Ak ¥ Treatment
EFABC [JAB.C, [JABC,
EZAABC, ZAABC, ZAABC,
B ABC. BIAB.C, BIABC,

B2 ®RAFSERBEENEXKHERAZNT

Fig.2 Effects of water retention and nitrogen

7
o

fertilizer interactions on maize leaf area



5 2 3

2 5 RO RO LA oK A BURR I R K R P A 52 i) 229

PR 5 AR B A X T oK Ml 3 4 Y
SN 3 BE7R DR AK AR 20T K b b 3814 o
A R (P<0.05) , PR KGRIt FH B % K
ISR A BE T (P<0.01) , B &
Xof Kb o AR A A R R (P<0.001)
&l 3 AT, A, B, C, AR R 6K M b 354 o A
K, H 1143 g+ ¥k A,B,C AR Z, K 11.33 g -
BT A B GO BREAIG, M 6.71 ¢ - 7', {UMA,B,C,
A FEINS8.7% , TEARIE T K B A2 1l b5 4
T, A, BRKFIET A, F A BRIKF BEE K
FRitE FH e N, K -S4 BT o e S
S RaEY, Hodb B, A B, B, SEE M T4 R
WO HERE] TR 2 K- (P<0.01) . Bl AL
FHE BRI, F KT 30 b 1384 o 2t A 34 in
B, LREHIE ARHE FORETIH Y T B
i G2 WT oK AR A 4%, it i
0.50 g - kg™ T+,

2.2 RAFIEEIREEXT T K £ IEHI 2200

MR F SRR HEAT GG VR T 0 W o B i, i
Rz AEYOCAENER LG A B ZE, &
KGNS FNE HAERT ARG & s iy s2 i an &l 4 Bir
78, PRZK R P 0 T oK i i 3R S A
BT WE K (P<0.05) |, FUIE i A K i -
SRR TR IR B TR B 2K (P<0.001) , 7
IKFNZEHINT F AN 43R B B B I AN (3 (P>
0.05), HiE 4 AT A,B,C AL BRAY F K F 4 &
SRR, N 3.86 mg - g7, A, B, C, AL B IRAK, N
3.32 mg - g7t FERI—PROKFIZERI A ZNEAKE T b
BRIt FH B B, ORI sy b e R

- Ak B: ** C:xxx

w

AXB:ns AXC:ns BXC:ns
AXBXC:ns
~— a a
o ab
-y é7 -
L2 10 b R
50 K]
~ KX XX
= KR
iz '0’0’0" o
g DX K ]
XXX X
B d SRR

XK
X
o

oS

XX

Q

KX
30
XX
XX

RS
%
%

2
X
25

R

%
2%

28

R

SRRRKKIRK

R

w

25
X

RXXLIRXR

X

XX
S

RS

3
X

5

3%
a0
RRRX

o E )
X

Aboveground dry matter/(g * plant ')

X
R RRRRRRRA

Pa¥at
XX

LR
QX

X
X

T
R
2

%
2K HHIZRHHILRHXHIIRRHXHES

o e 0o O 9000020202020 %0 2020205050

SRS
SR

Q

e
PoSe%ed%
2

9.8
RRX

(RS
S
QR

X

K
K
KX
K>
K
%S
020!

(=]

1 2 3 4 5 6 7 8 9
i ¥ Treatment

ENABC,  [IJABC, CJABC,
EAABC, A.B.C, ABC,
BEABC, BAABC, B A,B.C,

3 RAFIERBEEX E KM T REN R
Fig.3 Effects of water retention and nitrogen fertilizer

interactions on maize aboveground dry matter

S A G, B, B, ByAL BT i R aR R
94 3.68 3.61 .3.57 mg - g, B, 5 B, Z[H]
P53 i 2% F KT (P<0.05) 5 75 [a]— {5 /K 570 2 75 F
PRt FH 8 KSR Bl I it P = A 3, &
Kt R E S R E R Z N, C, L C, R G Ak
PRy R S R (E S0 3.81 3,63 .3.43 mg
<o C M s R S R B CL R CL ik
PRI B 5.0% M 11.1%(P<0.05) . Zi8%)1E 12
HE ORI I S 3R G 0 Y O 2202 AR KGR
TR 4%, FALHEH 38 0.50 ¢ - kg™,
23 RAFEREEEMEXRRETNREER

Wi 5 M

VEW A i A8 75 AR R N - 3 T i ik 4
TS AR 2R B A ROIR 0 RIE F 7K S B 32 52 e 304
P A RS FRARBE LA B = 1K, B/ S B T AR
K5 REAE EAEXT EOKAR ZR 0 1 B 520 PR oK 50 A
N FORAR RG4S (P<0.01) , ARAK 5
R FH o 26 R AR 3R 3 J 7 AR A ik 25 5 T
(P<0.001), A,B,C AbFHAY RN RIE K, N
2326 pg-g ' - h7' AB,CAEFRIRZ, N 177.1 pg
cg b A B CAFAE, 1141 png - g -
h™ AN A B,C,HY 64.4% , 75 [l —14 K 35 -2 Fn
RIS A, LA, FIT AL AL H A SE IR R 6 430
J9160.3.136.7 .144.3 pg - ¢ - h™' Y3k H| T B
ZE 5K (P<0.01) AR FOR T AR R 76 1 34m
D, A BRKFV B B AL T AL R AR, AR —
TRAKFIZEAT | FK AR 205 T BE & TR AR 5 A
JIES T FH s g 1 Jonnii 3 fm, Herb BB, T B AR B K
SERIMRZRTE S350 164.9 1427 1336 pg - g™ - h7',

61 Ains B: * C: kxk
AXB:ns AXC:ns BXC:ns
AXBXC:ns

2 p

-
XRRXXY
XXX

KXXRKS

SXI3Y

ro
LRRRRRKS,
(00000097,
RRRRRR

&

Q

5 % 7 g
Chlorophyll content
XL
6900009999

R

XXX HHIIRRRRHXRRAKA]
S

0:00000000000000{

o%%
+%%

5%
SRR

x

2

%

X

XX XXX
s
%

X

X
0.
RS
0%

%
&
B
&
&
B
&
&
B
&
&
B
&
&
&
&
&
&
B
%

3
%

%
0

0
R

XX

2
2
X

R

e

1 2 3 4 5 6
4k ¥ Treatment

ENABC, [IJABC,  [JABC,
B2 AB,C, AB.C, AB.C,
BIABC, BEABC, B3 AB.C,

B4 RAFERBEMENERMHEZESENTM
Fig.4 Effects of water retention and nitrogen fertilizer

interactions on maize chlorophyll content



230 T XA 5T

543 45

C, G, CyAb 3 K P B R T 7 4351 2 188.0,
135.3.118.0 pg « ¢ - h™', ZEGH I8, ek E oK1
IR 2R3 T3S0 0 7 ZE 240 PAM LK 5 SRk
Jit L 4%o, BN #4050 ¢ - kg™,
RANEY AR S B doE R, AR K
Wi SYEMM R G B, i — Pt &
YERI P E 7=, B 6 JBm T Pk S5 ZIE B AR
X ORAE R AR A5 e, 5 AR RS AR ] R
KGR 28 % 3 K AR AR A ™ AR S (P <
0.01) , PRIK AT AL it FH £ 35 0T B K AR AR R0 A ™
W BE L (P<0.001) . AR, A, B, C A3
AR AR AR S Bk, 282.5 mg - #RT'5 A B, C,
IRE R R E WIS Fe /N, o 151.6 mg - #R7', FE A,

300 _A:** B:*** C:***
AXB:ns AXC:ns BXC:ns
AXBXC:ns

a
d C
d
| I%
1 2 3 4 5 6

4b ¥ Treatment
[J1ABC,

[ed
[=3
(=}
XXX
] | o
%

XXX
XK

R

XXX
9.3

RRRK

R

o

o%
X
o
X
o
XS
KX

XS
o
XS

IR

B

.,
00.0000000"
XK

XX
X

5
0% % %%
RXXXX

3>
%
3K
XX

R

M 3% 71 Root vigor/(ngeg ' «h™")
>
(=)

K>
S
RS

KX

S

E=ABC, JABC,

B4 AB,C, A.B.C, AB.C,
B A.B,C, B3 A.B,C, B3 A.B.C,

B 5 RAFEREELENERRREE DM
Fig.5 Effects of water retention and nitrogen

fertilizer interactions on maize root vigor

24 RAFEREEMEFEXRKSFIAREN

A

P K 5 RRE B R ST oK K 4x A 8%
(WUE) W52 an (&l 7 iz, ARk FIAh S0t £ KoK 53
FIFHRCR A 3500 (P<0.05 ), A7k 5 i FH - %o
T KA % 7 A e (8 35 5 R ( P<0.001 ), T
RNE i H 8 % K 7K 3 1) I B3 TG 8 355 il (P>
0.05), BAKIT S, A, B, C, Ab B £ K 1 1 7K 43 )
R FE, }92.92 g+ kg',AB, C AR Z, N
2.62 g+ kg A BC A FRAR, M 1.32 ¢ - kg, 1N
H A,B C, 1Y 45.2% ., TE [l — P 7K 5 it F & Fn AU
TR AL VAR AL AL B ) SF- 35 7K 43 1 8503 4 51
9 1.88.2.17.2.06 g - kg™, A, Al A fR/KFIAEAEIE T
KA RIBCRIE I AT A, R — PR
FEAUFRNE KSR, Bl A 7K 50 i FH 22 386 i, 6 oK
WK o R CR WA, B, B, Al B, A (1) 5 14 7K

A A AL B it i 4% 1R K ) 2 4R R T BRI A
Rt (P<0.05)  HAE A Lb B it i 4% f2 7K
FIIFBA 2 P MR A R Wl (P>0.05) , TEAE
R R R A R W B N T, AL AL PRIK
R T A BROKR, FEF—PRAGRIZERS | Bl oK
FRRT SRR FH 1 ) 388 00, 5 AT AR R R A
B B, (B, Al B, AL BE T K B S 28 &
RS> 58 261.0,192.2 163.2 mg - ¥, C, .
C, 1 C A 3 K B 3011 1 RUR W SC i 43 1) 22181
210.6.187.7 mg - #7' . LA IR, fEHE FOK M WA
PRAZE W3 N i 7 22 fdH PAM 50 WT £R7K
F A5 7K 0 e R 4%0, BIEE FH & 0.50 g
kg,
00 F APt Biewr  Civer

AXB:ns AXC:ns BXC:ns
AXBXC:ns

L@ a
Iﬂ I%d
d
1 2 3 4 5 6

(%)
[=4
[=}

0.0 00000

o
KL

XX

K

>
X

NI i/ (mg » Bk )

Nitrogen uptake/(mg * plant ')
0o
(=]
(=]

QIR

RS

[=4
f=}

X
XXX

‘v
X
o0

“ 0%
. B
7 8 9
4b ¥ Treatment
EEABC, [IABC, CJABC,
B2 AB,C, AB.C. AB.C,
BREABC, EBABLC, B AB.C,

Bo ®RAFERELENERRBKEH M
Fig.6  Effects of water retention and nitrogen fertilizer

interactions on maize nitrogen uptake

dr A B: *** C:ns
AXB:ns AXC:ns BXC:ns
AXBXC:ns
~— a
w3
0
=2
* 3 b
o
=2 b b
ME b 5525
o oo L K&K
B S
s B
m = c RXX
= 5 ¢ X e
72 R
AR IR R3]
> K555 XXX
Iz 1} RRRK] K]
Y 1999, | 9 0.0
B BRI K]
BRI RG]
R
PR KKK
IR R3]
BRI RN
IRRRH RRRK]
0 (9a%a%a1e%%%
1 2 3 4 5 6 7 8 9
4k ¥ Treatment
E=ABC, CAB.C, CJABC,
B4 A B C, AB.C, A,B.C,
B AB,C, B A.B,C, B AB.C,

7 RAFIERBEIEX EHKK S F ARZER 0
Fig.7 Effects of water retention and nitrogen fertilizer

interactions on maize water use efficiency



552 3

2 5 RO RO LA oK A BURR I R K R P A 52 i) 231

I FUHBCRSY M 2.64 .2.05.1.42 g - kg™, B, 3
BT B, BLARFE 28.7% il 86.6% ( P<0.05) , 44
A ORI K 3 ) TR 3G 0 7 2 R Al
I WT 5 HM £R7KF], SRk R 4%,
2.5 EWMHH

Sh ik BB v K 7 AN B TR A ACR, LU
TR 5 b PR K At 2% 14 T AU G BB it
PEALILOARIE X T K IR & R e T
Yo AR E i AR R ) AR A R R L R
KA FIFHELEE 7 Wid8 bR iE 4T 3 53 3 A, 48 3 an 1#
8 M 2 iR, FrA 84534%F PC1 ¥ H AT IEAH K
PE 7K SRR AR AR R AR 2R3 ) Fiil |
T BT PC2 HA I AH G, Ak = | i i AR
Fita 2 Fr i PC2 P2 AR ARG, thk 2 WA,
A\ B, C 135t I PAM SRK 5 ARk 50 it
PR 4%0 FAENE N 0.50 g - kg™ H B T2 7F
R TR IR FH AR

9

7K 53 P %%
WUE LTS

6 ‘ Nitrogen uptake
3k
N i
N Y N——
k S:

| *AB,C, *AB.C, - AB.C.
+AB.C, AB.C, «A,B.C,
AB.C, + AB.C, «AB.C,

WA W -
Root vigor -4 Jiii

¥k il Height
T T A5
Leaf area
W A
Chlorophyll
content

PC2(25.9%)
[}

1 1 1
—12 —8 —4 0 4 8 12
PC1(60.9%)

B8 EMITH
Fig.8 Principal component analysis (PCA) plot

x2 BREIHHES

Table 2 Principal component scores of each treatment

b B (G HEF
Treatment Score Rank
AB,C, 2.46 1
A,B,C, -0.11 5
A,B;C4 -2.57 9
A,B,C, 1.13 2
A,B,C;4 -1.39 8
A,B5C, 0.85 4
A3B,Cy -0.46 6
A;B,C, 0.9 3
A;B;C, -0.81 7

3 W ®

PR TR T 308 o PR W K T S 2% 12 R K R T 3R
S E KRB, LAARIE R VE 44 st ] 43k iz 7K
I BAEEY A K R R B B AR,
T KEITCR Z — , [ W 55 2 B AR K ) ]
W R - 4 e B 5% 0, DD R E BTSRRI
SR EAEON A R TR SEVE P 3 7 I 52 5 K
RAHRCR, d5G 0 AW 5, AR SCE A T 3 Fl
FAI LR B FEAS TR PR AR R it FH o T 200 B it
XFEKRAER A H AR R T/ R WSO K 43 AL
BRI

Jits FHPR K 35 Je A 40 K 8 AN e R Rk 2 B
e T BB, I L 5 it P 5 A 388 i g
AR I R AN AR K A B T T RR T
MR NI R A, FRE RN AT E
TRt KA RE T B AR, B4R T
T KA AL B R K 4 R R0 (P<0.05) . HI 6
VBT A il AR K R AR R e AR AR RIS
5.56% ~15.27% (P<0.05) , ARSCHFFELE R 5HTA—
5,70 A 5t A DR KR I AR TR K AR
K T ERM Bt R o ARRE A
R ICRK 3 R FHRCE, IF HAE I 4%0 b 85 R A
FHEIN 2%ARIKFA o X2 TR AR AL BEA &R
A EYIAR X 80K 43, 35 O K 5 38 0] DA el s £
SRR et ¥, 800 A 0 3B S, M E A KR
P R AP 3K 4 PR, I A2 AR R AR, 2
- 2t 2 AR A R R

FHSCHF TR, 35 2 i Rt A B T4 1
Yyt SR R i B RO AR DU #E R SO0
EPEPRLE R TR R 3 A At
b T R e B 4z A e o I (N S
PEAT, PR AR 7K A £ 398 v 38 v DL 38 AR 28 % 5% 43
PR, D /0 R bk 2, B R A 1) R K DR I A%
R e e PRI R A PR KRt 4R =
T H R AR R SR SE AR G B
USRI I, 5 ANt I K ) B PR 2R Ak B
Eb, PRZK RS L R R 2 it 43 50l $2 8 T A& /N2 1 7=
TR ZE H SR 4.9% ~53.3% 1 8.6% ~35.6%
A SCE ARG R — 35, PR 5 AUIE R i & 2%
PEFET TR B IR R 5 2 & i (P<0.05) , 39
TR, e TR RS S AR WO K
SAFIARCR,, X —45 P AL 22 T R X
PR it 2% 4 T I8 A B G it ok 422 =i VR 4 7 i
FEOLERIS AR



232 T XA 5T

543 45

IR HIE T 0%0 . 2%0 A% A 7K 5] i FH B
F10.0.25.0.50 g - kg™ B &UIE G & , 45 K R L
K5 RO i FH 40 01 R 4%0 1 0.50 g - kg™ R
B AR T AN — o 2 de ARt o, S5 2] DA i
o B R 30— 2 45 5T R K ¥ 5 R0 T it %) A A it
Fat,

4zt B

1) PR 500 5 000 B it 8 2 0 T 3 oK Y
A5 A B, C AN BRA LG, T E ORI B b e R
MR 1 R E WO K 2 B SR 4 ) 2
T 16.26% .103.86% .86.35% F1 81.06% ( P<0.05) .
17K 045 UG FH k23 304 4%0 1 0.50 g - kg™ B
RO g, 1HAS TR) 2 A0 K 50 00 4 R S T
PAM £ 7K 30 7E 38 0 5 K AR 28 3% 1 AV R Wy T
RORTAE , WT SOKFIFEAE 2 F KA K oK 4
FARCR Iy A

2) FRAF TR, PAM LROK ], £ROK
SRUIE it 53 51K 4%0 0.50 g - kg 1S4 B
8, FLYUOR A WT SRR, AR5 5 AU 53
B 4%0F1 0.50 g - kg™, WU FEPEIL T R TR
HuIX HEFAEH PAM SRR, PR 7K 5705 RO it FH =
39K 4%0F1 0.50 g - kg™,

S % X k.

[1] T3, gt FORFRBLIR SHTEOR I ReR[ 1], Hpkk
Ak, 2016, (5): 64.
DING S Y, WANG J Z. Current situation of maize cultivation and effi-
ciency of new technology application [ J]. Jilin Agriculture, 2016,
(5): 64

(2] ERE KA PR LIRS S H =t 5 e i £ 1 43
Hrld]. AAMIF R 5%, 2023, (7): 152-154.
WANG J X.Analysis of the role of using soil water retention agents in
maize cultivation in promoting its yield improvement [ J]. Agricultural
Development and Equipments, 2023, (7). 152-154.

(3] Z=WIRs, #RIE, HIE, S5 BiRAUKA SEICEAEN FoRERE
FEERIRENAL) ] IIARFRIERLE , 2020, 52(9) : 66-72.
LI MW, CUI C H, XIA Z Q, et al. Effects of a new type of water-re-
taining agent interacted with nitrogen fertilizer on physiological charac-
teristics of maize[ J]. Shandong Agricultural Sciences, 2020, 52(9) .
66-72.

[4] ZEHsz, skEa. Bk S BUIETRMEX LK R s [T ].
FEHIX A0S, 2010, 28(2) : 172-176.
LI C L, ZHANG F C. Effects of super absorbent polymer application to
soil mixed with nitrogenous fertilizer on soil water retention properties
[J]. Agricultural Research in the Arid Areas, 2010, 28(2) : 172-176.

[5] 3KkFE3C ARAKFIX EARAERK KT K= m i Em[J]. BergkF,
2020, (10): 187-188, 191.
ZHANG J W. Effect of water retaining agents on growth and develop-
ment and yield of maize[ J ]. Shaanxi Water Conservancy, 2020, (10) :

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

187-188, 191.
K, WA, B, A5 OGN TR LU X A i K 3
IKAFIFAIENALL]. TR, 2009, 27(3) : 27-32.
ZHANG Y, ZHAO S W, LIANG X F, et al. Effects of super absorbent
on growth of potato and soil water utilization in the mountain area of
Southern Ningxia[ J]. Agricultural Research in the Arid Areas, 2009,
27(3) : 27-32.
W, W, 20, AE ORRROKGRIN BRI R G
HERTFEL )], HEAESRER, 2010, 18(2) : 245-249.
HUANG Z, HUANG Z B, LI W Y, et al. Effect of different super ab-
sorbent polymers on soil moisture and soil nitrogen holding capacity
[J]. Chinese Journal of Eco-Agriculture, 2010, 18(2) ; 245-249.
KL, #IW, ORI, &5 MGG T R X TR R
BB )], TR ARABIE, 2011, 29(6) : 152-156.
ZHANG C W, DONG B, GUO T W, et al. Effects of fertilization and
water retaining agent on yield of potato[ J]. Agricultural Research in
the Arid Areas, 2011, 29(6) : 152-136.
R, 4, XHR. PR RIRERCHEN S A R AR
FHREZmLT]. TR RE, 2016, 45(9) : 35-40.
MU J X, CAO X M, LIU S C. Effects of combined application of wa-
ter-retaining agent and nitrogen fertilizer on growth and water and fer-
tilizer utilization of potato[ J]. Journal of Henan Agricultural Sciences,
2016, 45(9) : 35-40.
XS, FEARAR, B, AR A S AR I RO AR
YRR ALY ], TOKHERE, 2023, (5) : 96-102, 108.
DENG C C, SU C C, ZHOU Q, et al. Effects of new ecological water
retention agents on photosynthetic characteristics and yield of silage
maize[ J |. Water Saving Irrigation, 2023, (5): 96-102, 108.
XURK, WREH, Phakie, A BUILTRERT /N B B R R A
FH KA R A 5w [ J]. Aedeq 2= 4, 2016, 31(1):
232-238.
LIU H, CHEN M M, SUN Z M, et al.Effects of different nitrogen
management practice on crop yield, N utilization and N apparent bal-
ance in wheat/maize rotation system[J]. Acta Agriculturae Boreali-
Sinica, 2016, 31(1) . 232-238.
FWEE, 2y, O, & AREBEE F KA
AEFEAARCRAEIALL]. IFEALRIE, 2015, 44(10) ; 68-72.
WANG X J, LI Z F, ZANG H C, et al. Effects of different nitrogen
apllication modes on growth, yield and nitrogen utilization efficiency
of summer maize[ J ]. Journal of Henan Agricultural Sciences, 2015,
44(10) ; 68-72.
5. oK RACX R e S A A R ) ] i
By, 2018, 27(3) ; 7-11.
MA L.Effect of applying nitrogen and super absorbent polymers on
yield of oats[J]. Qinghai Prataculture, 2018, 27(3); 7-11.
ko, AR, R, 5. Z/NEAF AT BrBoK 43R A
PRoKF 5 AL R L [) ], o [ A A Aeolk 4, 2012, 20(7)
888-894.
YANG Y H, WU J C, WU P T, et al. Response of water use of win-
ter wheat at different growth stages to nitrogen fertilizer and water-re-
taining agent[ J |. Chinese Journal of Eco-Agriculture, 2012, 20(7) :
888-894.
(T#% 271 W)



