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BPEREIRES (ALP) . %A (LA (CAT) FWEPEZMMM IR, G5 RBMH . (1) HAo & i AR ERE M2 bl
T EIRBE RN FEAC. (2) KRR AL S vE B A R S N oKk 1 TN NH,-N. NO,-N. MBN & &
URE. PRO. ALP 1 CAT {f¥%; FH&EMER &M, 1 TN, MBN F &0, Fif URE, PRO & MR, i
NH,-N. NO;-N &t L Je ALP, CAT i& Pk 28T E B AR L. (3) W4EN, B W N, 435N, W N, L3R
T E K B (P<0.05) 5T HABAL IR 5.76% ~ 24.78% 5 9.26% ~ 37.35%, 1H W \N, 5 W,N, &b JH &) =4
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Feor & B LGRS YE . HAT, 2T RIE— A RS
FEMEARREITE TR, HEREL I
PTG TR it SRR R i - 7R A A B G A0 D
JLARAE o

AT PYE R A H R B e . KB AR, E N
e T FR A P A I FE Rk
FUA T CUHEAT . TAERE . A ARG o
AR, B TIZHIX OKERE | AR, SEEK
(B SRPEREAR . SRoM R, NIMTE—E R b3
WAl A P AT A L DR, 7R SRR A
ferf, PEAKABCE . 2w ZAEA A0 e H B
ABIFFE AR I oK 1 e U2 o3 1% i B HAR R
BRSPS 98 T, AEA R BK BRI 2T, R
N HESRI A RIATE, B AR R I TR
T T7 . AR DX 7 i 28R 7 T R K AR A B

AR B IRAE
1 #REREE

L1 58 XA

5 F 2022202344 H £9H F A F
HoR & sk W T AR B 403 (37° 567 —38° 487 N,
100° 22" —101° 13’ E) ##47, ZMIX IR 1592.2 m,
J R R Rl PE R R R S, TeRE I 140 d, B
P50 H BRI R, AR 34 H BRI
2794 h, FiRZER, R34 ~ 5.6C, F
B K B 290 mm, HE T I EOK SRR ORI
418 67, 2022 5 2023 4 [ /K & 43 il Sk 181.42,
193.20 mm, %M X 58 AR T b R K ERE, i
THEERE XD £, IREHTFEHL 0 ~ 30 em 1S
RRAE 7 WL 1.

&1 TEERMES

T2 s K AL Eoe e AR AR [DEXI=E

(em) (g/em”) (%) (g/kg) (g/kg) (g/ke) ('mg/kg) ( mg/ke ) ('mg/keg ) pH
0~ 10 0.92 13.80 11.43 0.91 0.65 7.48 3.03 48.07 7.31
10 ~ 20 1.16 14.42 10.00 0.60 0.43 5.10 5.13 28.14 791
20 ~ 30 1.45 15.03 9.40 0.58 0.27 3.46 7.55 16.69 7.42

1.2 HEHbiZE

FEFXF 224 b 7 I R 2T PR A E T
A B AR SE SR AT 0T s ) By
AL G5 HE B (6150 m*/hm®) F1 3156 & & (311
kg/hm® ), SRAIBEALIX G150, 15715 7K Fek 20 M 1A
o HEOKBERERN W, (BAL G HE R TTK 10%,
5535 m’/hm”) , W, ( 1% %0 i #E &, 6150 m'/hm”) ;
it K SF 1B e Ny (8 > 15 il 8L 1 e L 20%,
249 kg/hm® ) | N, (5> &R 10%, 280 kg/
hm’) . Ny ( 218 & &, 311 kg/hm® ) 5 36 44k
M, 3kES, i 184N /IX, XK 25 m, G
1.6 m, TR 40 m*, RBjIk/NX MBI, 4%
/N T m RGBT o T I FOKSR T IEAE R, BR
5 25 em, 470E 50 em,
1.3 JKARAE s

VR R P SIS R R, U R Y 0 FH Y ROV R
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AT, [AIEE R 60 emo X4 HHES KR T4 40 B
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44.06% ) FIEALAR (K ,0 57% ), JiE A &5 5
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E1 KXEHESUEXREEHHEMNERE
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THIE KM (9 A 25 H ) &4 B4 5
BLO ~ 10, 10 ~ 20, 20 ~ 30 em + 2 + £, %
L “S” B HAEIRE, B EL R 3 AN/ NX £
FEIRS), RBRIEA . 4B, FABELEN,
B H b — BB 7 25 2 mm O R HEAT 0 uE, DA
W 5E NO-N, NH,-N Fl i & 9 & % (MBN ), %5
Hh—F o FENPE T A A L, TEE N
T KRBT T HAR KT, RS, 7Rt
Firp, WEEMBSN LA, RHEEXNTE, &
0.25 mm G M JE A5 0 €, DA E 24 (TN) i
Tk
1.5 F5brE

KA T2 + % E(BD), H
TRIME-T; 45 2K 0 %E +HE &K (WC) 5 R
FHAE R UG E 1 TN & &5+ NH =N
NO; =N FH MgO- 1% [% A 4 26 1% 35 I %2 ; MBN 2K
A7 T ZE K80, B H I E Y 5 URE 3% 7 5%
BE W A HE 0058 5 ALP 15 SR FH B R A — ik
FE; AR (PRO) 6 MR T % 2 b E@yk i ;
it A A S IE M (CAT) SR 1 R B 37 o 12 )

~2 [19]

e o

T F K A AN X BEALEE R (1.6 m x
1m) B3 FEHL, (430F 4R #b A A R B R bk
(12 8k ), FRICHD 13850 B, 960080 b 2 Lol fif i A
R KA 0
1.6 BdEabFE 5 5 Hr

K Origin 2022 2 &, SPSS 27.0 #1754 5t
T EEXTAS R A H R S50 T 4% A8 f 22 [l Y 25
S EE («=0.05) #1477 ZHE I ESHME
s (LSD) 4347, [FRS, FH Pearson #H 2% 43
MR 4 B Z A SE R R

2 HBRESH

2.1 KA TR E K R o i B REE

TR R R XT840 43 B 1 5 e Gn 1] 2 B
o 2022 52023 4, AN[FAEE T H I EOK £ 1
TN. NH,'-N. NO,-N I MBN & & ¥ Bt 1+ 2 % )&
BT B, AEAR RN RE AR T, Bl % e R
BRI, 0 ~ 30 em )2+ HE TN, MBN 7% i th bl
ZHEAn, W NH, =N, NOy =N & i 5 e 8 5 1%
Rk fashe, 2022 5 2023 4F, B it & 2 1
i, W AR W, 3TN E RSN T 13.79%
19.73% ., 23.27% 5 7.33%. 21.43%. 20.86%, -+ 3
NH,'=N F1 NO; =N & & 43 i T 14.46% . 29.01% .
15.79% #120.47% . 25.79% . 20.30% 5 24.60% .
2430% . 24.63% F120.32% . 32.97%. 22.57%, MBN
SEAIIEINT 59.13% . 43.51% . 43.44% 5 39.20%.
44.19%. 28.25%. WL, 7£0 ~ 30 em £ )2 3,
W,N, 2 A 3 3 TN, MBN & &, W,N, 2304 %4
PE NH, =N, NOy =N &,

“HEFTZESNRY (FR2), HEEXEA
IIAFAEN B E 520 (P < 0.01 ) 5 7+ it 2 i
SEHAF TN, NH,'-N, NOy-N Fl MBN £ 75 % . 2%
(P <001) 8{5E (P < 0.05) #0, +ZHHH
122 HAE X MBN A B 5 52 m ;)2 Finit 2
1932 B AE F X NH,'-N. MBN 1 NO, -N A #% i
H (P <001) HEE (P <0.05) figm,; 2,
T T T I R A 28 A S 2 R A Y 5 B
ER—3
2.2 KEPME R HI K R AR LR

IR DRI - S P B R A0 3 TR, 2022
52023 4%, RELEEE IR 3 URE. PRO. ALP
F1CAT TR X B 4 2 R B 3G hnmi B, 6 AH R
RS, AR, 0 ~ 30em )2 145
URE. PRO {&PEBEZIGN, 17 ALP, CAT {HH5ETt
R, 2002 5 2003 4, Bl Y
BN, W, HAE W, 3 URE 3520 5150 T 18.60%
15.56% . 12.00% 5§ 19.57%. 1633%. 18.00%, PRO i
PE 4 5 B8 T 2235%. 20.10%. 21.71% 5 21.67%,
19.14%., 21.72%, ALP F1 CAT i M43 BI3E fin 1 25.00% .
37.73%. 37.50% 1 6.38% . 7.68% . 5.16% 5 9.20% .
3404% . 25.84% F1940%. 930%. 845%., W] WL, 7E
0 ~ 30em 2 e, WN, &b B A5 % 32 7= URE,
PRO i 1, W\N, &b B A &% 45 &5 ALP. CAT i 4.
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%ot g 3r1
& ®
0 . . . 0 \ \ .
S151 20004 2151 20034
W12F a w12t
£ g a
= b 1L b = brab
9 bR e e a 9}
I# S b i) %dcdd aab a
&1 6} 3] b?tdbcd a P c g &1 6 = b7§§°° a b bcce
& B b[1b.b b & brbp by
¥ 3r % 3t
Foungd _% ><
= 0 1 L 1 0 1 1 1
080 20224 w80 20234
%0 ab a S aa
EGO-_Ib_;T; a . 260 F P b
~ - c
1% 40 | od® bb b bed ¢ o} 5
X aa @ a d <1 ]
® 20 F § cs bb < =® 20 k
bz ] ug
ﬁ 0 1 1 1 H 0 L
= 0~10 10~20 20~30 0~30 = 0~10 10~20 20~30 0~30
F2HE (em) F+ZHE (em)
B2 KEHEEFETLIERENSE
TE: ARRVNG FREFR AR KA RG22 R B2 (P<0.05), TR,
F2 K BHIEXZEERATLIEO ~ 30cm REEHFESN
3% TiH B AR AR [CER7ied
T df 1 1 1 1
F 46.305 91.310 195.191 148.540
P < 0.01 < 0.01 < 001 < 0.01
Jil A df 2 2 2 2
F 6.046 26.324 37.048 17.033
P 0.015 < 0.01 < 001 < 0.01
T x iR df 2 2 2 2
F 5.850 12.795 37.594 19.009
P < 0.01 0.03 0.04 < 0.01
T2 x R df 2 2 2 2
F 1.381 0.787 2.654 6.117
P 0.261 0.461 0.081 < 0.01
+JE x AR df 10 10 10 10
F 0.917 5.351 2.554 7.765
P 0.528 < 0.01 0.019 < 0.01
HJ2 xR x A df 10 10 10 10
F 0.674 5.113 2.207 6.897
P 0.740 < 0.01 0.041 < 0.01
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< MOr 20024 < 10T 2003
08} % 08fFaadd
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Rz {2
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o O 20224 o ST 20234
2 4l En !
g a b a E al aa
— [ by o | b bb
# 3 '%c ol 2B cqbe babye - 3F e b beb b3S beb
ot N a c hacts | a b c
2 2 ] H i3.b b 2 2 % bbobb
IO 1F GO 1F %
1 B
= 0 L L 1 . 0 L 'l 1
2020 Hp0 4 2020
E 016 Fab g g E 016
) | by 4. aab H a Sab
o012 B X b ol bepilh g = 02 oD g d g
2 0.08 | B dr=jcd ded ¢ ¢ 2 0.08 dedg
< < &
£ 0.04 | #£0.04
# |
& 0.00 2 . 1 & 0.00 L L
o B o2024 2 ¥
—_ —
E 36 ay 2 36 a,
N> 12 . beeq a a EZ c bec a ap
o 27| géc bdb bb pia oy efabe o7t 7<§ bbb bb aa g efh e
£ ogh - 2o N -
2 [} 2
® 9} ® o9t K
RS =
® o L L 1 ® 0 1 . N
o} 0~10 10~20 20~30 0~30 o} 0~10 10~20 20~30 0~30
+J2RE (ecm) H2HE (em)

B3 kEMERMGT LIREEEENE

=WRIT RN (F3), WMEENE  F (P<0.05) W, o FERH, #HiEEY URE,
R R E M AR B (P<0.01) B0k PRO I CAT i MEM52 R B K Tl A i . /K ASC

K3 K, EMETEXEMEATEEO ~ 30cm BEEFTESHT

RS sl Jhg it el T L il AR A
THE df 1 1 1 1
F 814.478 18.881 44.973 150.232
P < 0.01 < 0.01 < 0.01 < 0.01
Jit A df 2 2 2 2
F 110.866 4514 60.524 122.969
P < 0.01 0.035 0.042 < 0.01
TR > MR df 2 2 2 2
F 130.407 12.620 8.939 7.482
P < 0.01 < 0.01 0.013 0.044
+2 x R df 2 2 2 2
F 8.503 0.631 0.317 0.472
P < 0.01 0.536 0.730 0.627
+JE x AR df 10 10 10 10
F 11.816 0.285 0.737 1.565
P < 0.01 0.981 0.685 0.157
T2 x R x A df 10 10 10 10
F 10.857 0.280 0.513 1.509
P < 0.01 0.982 0.870 0.178
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HXTEHE PEAEAE N 3 (P<0.01) 55 (P<0.05)
A HAEH . L250ER. L25AE. £2
I VEE 2t R it S Sk 8] 19 58 EAE RO URE 7 AE AR
WEZTAEN (P<0.01),
2.3 JKAVHE T HEEE K- RAL

i & 4 FT40, 2022 5 2023 4F, AN[EIAEEE R

140

20224
120 a a
b o
100k ] _f_ od
- d
R 4 T
£ 80
=
= 60F
H
e
20}
0
WlNl WINZ W1N3 WZNI W2N2 W2N3
Qb

P K P2 TR 90.13 ~ 112.46 t/hm® Z[A] 5 85.16 ~
117.14 t/hm® Z [i]; W N, &b BEF 35 V7 F K 7~ & &
. T WON, Ab B AR BR WON; AR BEAN, WN, 4b
MR HE A& EE (P<0.05) & T H A 2

5.76% ~ 24.78% 5 9.26% ~ 37.35%, i W,N, 5
W N, AbBf ] = o i 35 25 5%

140+ 50034

a

op @

100 F ] < _%_
_ d
t 0} ]
=
= oot

e

20}

0
WlNl W1N2 w1N3 WZNI WZNZ w2N3
st

B4 KEMEATELEKRTE
TE: ARVNG FREFIRAE B 2252 B3 (P<0.05),

24 HHERA R TR SR A ST

Ml 5 P, AL a] R e ) 25 S A
(P<0.01) BB (P<0.05) IEAHFERLR; B TN Al
MBN #k, NH,-N H1 NOy =N 5 4 Fli fif§ 22 [i] 45 52 #
& (P<0.01) B BE (P<0.05) IEAMEXER; &
Ay BTSSP 22 B AR B E (P<0.01)
HE (P<0.05) IEMHERA,

TN 080 055 055 077 080 052 073 038
NH,'-N .
NO, N .
MBN .
URE ‘ 080 069 068 091 -l
PRO ‘
ALP
[

ALP 0.69 0.67

CAT

. CAT 0.69

o 3
& o

E5 TERESE. BEERFEENEXES T
T TN: 2% NHS-N: 8% NOy-N: FHZSA; MBN: BUEMR %
URE: fIfiff; PRO: FE[1Mf; ALP: BRMERERNG; CAT: RILEM; Y: ¥
TR, o R B EAHE (P<00L), * FORBFAR (P<005),

2.5 R HERE AR TG U o B I T R G
PESHT

#4750, +3EBD 5 TN, MBN 24 i %
M K& R (P<0.01), 5 URE, PRO & I 3 I
MHRKFR (P<0.05); HHEWCEH RS EW
BEAMIELER (P<0.01), SHEFE LA KT
iy 5 2 1IE A ¢ (P<0.05) 5 pH 5 NH,'-N. NO, -N
B EMAMEER (P<0.01), 5 URE, PRO,
CAT 2 B FIEMAHX KR (P<0.01 ),

x4 TEBAMRNTERAS REEENEXES T

Ei=t BD wC pH
N -0.775" -0.903" -0.433
NH,-N -0.371 -0.762" -0.815"
NO, =N -0.293 -0.734" -0.861"
MBN -0.725" -0.847" -0.321
URE 0.525° 0.837" 0.817"
PRO 0.507" 0.922" 0.782"
ALP 0.414 0.612" 0.207
CAT 0.347 0.659° 0.802"

W BD: 25H; WC: Skt = FoRM R EHIE (P<0.01), * RN
BRI (P<0.05),

S
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3.1 KA PHERT R AL A

ORI PR B e KB R ITTR Z
—, TEREBAO T, KL IR R VRN T
EmTIEAZ S, MBN & HEA R ki
(%) FE LA R A3, 3 R I T Rt IS 2% T A s
I DRSS, AR T IR A P R
g, JAE T AT LI, WON, bR R
0 ~30cem HJZ2 TN, MBN &8, XEHT
WK RE P =K oy LR . BEAK -4 BD ., /b
HEBL, MR A EREA S [k
FEWEGE T K IR R SRS, A T
AR EAE, REIEE PR o i, g
T AHE TN, MBN fdt 0 MR, i
R, BRI Y is sh R s oy i, &
FAE D | IR RIEIR, IR 14
TN. MBN & 2 EEGIGRSIET, By
WG A8, SRR R BB A, X
A TIRANE R THFE, R T R E YRR,
T4 o A s e, R i 3 TN MBN 7%
0

438 NH, =N F1 NO, =N B R K LS A
A AR ORI, o 2 A A LA TRk,
ZRPKAE MBS R MUEYSEZ TN
ZILFEEN T AP LB, WN, A E AR
F+0 ~ 30 em 1 )2+ 3 NH,'-N, NO, -N & &, X
SRS A Y BTSSR, X AT RER R iE
BT HE A AU B TR A, P TR
R, T ATy RIS - A A P T
S, A ALY S T B A o e, DT RE
B2 NH, =N Fl NOy =N T 3 37 98 A it &0
Sl LB N, AR 2E, ML, b
T SZ FFRE U5, B0 A S A AN A T
PE, IMIRZE T A VLERE LR, S8 NH,-N,
NOy =N SR 0

AWFFEF, +3E TN, NH,'-N. NO, =N, MBN
bt R U BE I FAIG, X Rl RE S 1 FAME A
MRZMASFEFEMELERZEE, W TH
BAFEBRIE L A, AR I A
(P<0.01) %% (P<0.05) IEAEXER (FS5),
X R FR)Z A & 0P S AR U T U i 3
5, dE— R E A ) B

3.2 KA PHEIRT IR M 5

URE 76 R 38l 81 750 ff R 2. LR A 9 vl
IR L B+ e BB R R A
URE % 3K 5y, 3253 R K2 EmEm
PRO J& + 58 v 43 it A3 AL AL G 0 00 O S K it ity
X T A R AR b AR S e 4 g B BRI
BUESCEE Y, RO R, WN, kB 4R
J+0 ~ 30 em + )2 + 3 URE. PRO 3% PE, X Al fig
S A U BE %+ URE. PRO A A ) B & 5%
M (P<0.01) ( F&3), FWIIE B0 E S A M T
Pt T R A, BMBUE B, T
B URE, PRO V&M MR, i B S a1
iR, B ERE A, BREIASAEN, it
Wy ACI G 3, MM URE. PRO & #E 5 [
i b i T A 2 RO 08 pH, g ) R
P, 1 F URE 1 PRO XF F pH SO, 24 34 5% pH
i 85 foe i YL RIS, EATROTE PR B T M
PR 223, URE. PRO 5 pH 4k W 2 FAHE
KFR (P<0.01) (F4) WIESL TX—451E, EfE
Gt R AR, AR 13 URE, PRO #243t
KB EER, Hl T URE. PRO TG, [8
+ 3 URE. PRO 5 TN Z [H] 2 B I 35 1F AH OC C R
(P<0.01), X %8 34t 2018 10 RE A2 HEAE MR &R 2R
K, Somtgh s Y, JENiET URE. PRO
T

13 ALP & —Fh BA AR IR K i i, 3L
VB B3 P A LR R A Fn Ak, IEXT
A RO A B Y A e R A A
BLA ) A= P A S A SO ™ A 3 S A 06 A= 1
TR — e R, R R CAT W RE A2
i A S KRS, DT D S A B ot 28Uk
SUNTEEME L AR, WN, AR R
0 ~ 30 em +)2 HIE ALP. CAT il X514 5
i UV RO RIF SR 2 MR, R T T R A T
Retem PP AV s, 2 Bk
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Effects of water and nitrogen synergies on soil nitrogen content and enzyme activity of maize silage in Hexi Corridor
ZHANG Jian-xi', LI Guang'', WANG Yu-ying', YUAN Jian-yu', XU Guo-rong', ZHANG Wu-qing’ (1. College of
Forestry, Gansu Agricultural University, Lanzhou Gansu 730070; 2. School of Architecture and Engineering, Gansu

Forestry Vocational and Technical College, Tianshui Gansu 741020 )

Abstract: The effects of water and nitrogen synergy on soil nitrogen component content and related enzyme activities of silage

maize in Hexi Corridor were investigated, and the relationship between soil nitrogen component content and related enzyme
activities was studied. In 2022 and 2023, two kinds of drip irrigation (5535, 6150 m’/hm*) , recording as W, and W,,
and three nitrogen application levels (249, 280, 311 kg/hm®), recordingas N;, N, and N;, were conducted, with silage

maize as the research object. The variation characteristics of total nitrogen ( TN ), ammonium nitrogen ( NH,'~N ), nitrate

nitrogen ( NO;=N ) and microbial biomass nitrogen ( MBN ) under different water and nitrogen synergistic treatments were
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analyzed, as well as the correlation with urease( URE ) , protease( PRO ), alkaline phosphatase( ALP )and catalase( CAT )
activities. The results showed that: (1) The content of nitrogen components and related enzyme activities decreased with
the increase of soil depth. (2) Compared with traditional drip irrigation, water-saving drip irrigation significantly increased
the contents of TN, NH,'=N, NO, =N, MBN and the activities of URE, PRO, ALP and CAT in silage maize soil. With
the increase of nitrogen application rate, the contents of TN and MBN in soil increased, the activities of URE and PRO also
increased, while the contents of NH,"~N, NO; =N and the activities of ALP and CAT increased first and then decreased.
(3) In 2022 and 2023, except for W,N; treatment, the yield of silage maize under W N, treatment was significantly ( P <
0.05) higher than that of other treatments by 5.76%-24.78% and 9.26%-37.35%, respectively, but the yield difference
between W N, and W N, treatments was not significant. (4) TN was extremely significantly ( P < 0.01 ) or significantly
(P < 0.05) positively correlated with URE, PRO and CAT. NH,"~N and NO; =N were extremely significantly positively
correlated with URE, PRO and CAT (P < 0.01 ), and significantly positively correlated with ALP (P < 0.05) . MBN
was significantly positively correlated with URE ( P < 0.05) . There were extremely significent ( P < 0.01 ) or significant
(P <0.05) positive correlations between soil nitrogen fractions, enzyme activities and yield. In summary, the drip irrigation
and nitrogen application rates of 5535 m’/hm’ and 280 kg/hm’ were the ideal water and nitrogen synergistic mode, which
could significantly improve the soil nitrogen content and related enzyme activities of silage maize in Hexi Corridor.

Key words: drip irrigation amount; nitrogen application rate ; nitrogen component; enzyme activity ; silage maize




