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B E: BRI R XA H AR . RS IE R TT, AR S , BOEEE X &
KA A Z R AR, M4 FHER AR TS YL A bt 0 5 (R, T 2020 1 2021 446 T 2R K IX
BB PSR [ A YRR (S) A m i (P) ] Fl 4 NEEACEFRIXIRE, TRITTHEE S T B
78 5 Wit RN o T i o R A R R R ORI s . S5 SRR . S 5 P AR T ORHIRHE TR A SR e
RN —3, HAFAKMEIRRSCRAY, TREMEES SEE T, MAEMBETEAEM, TR T R
WO REWBCR . BRI, Rk R R R B S NS AR A RS, e R 240 ke - hm BHERAE, HY
P e I 22, 336 I A W e b S o] AR A0 3 b B A B A P e s ST BT T R Kt A e
PR WA . AEFISCRZ IR A8 S B P B 3 T AR R (13338, 13806 kg - hm™) XFRAY
Nt A 240 kg hm ™, PIRRHBBRE 35 AR K P BRI Ui 360 kg - hm™ (N3 ) B 40425 6.8% 1 6.1%, A
AR 38R R RN A 72 143 B3 63.8% . 45.2% F1 58.7% . 59.8%. WEFRESTEAZHEVEY Y . TG . A=
WA 1) P 0 72 b 57 T 5 i B — 3, URE A 240 kg - hm ™ ITEGEFEMEY) T B S8 A ZWISOR] FHAEY)
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1 #RERZE

1.1 e MR

RIS T 2020—2021 AE7E 7 B AR I P 2R A
¥ (106°1'48" E, 38°25'77" N) #ki7, MHREEN
1100 mo 56 HE R IR IKES 1, L4y
R, LR IR PR LR 1.
1.2 5t

3 B b T R RO R A R A R A, R
W MR K (PE), 9880 cm, J& 0.008 mm, Hb
AR A 863.7 J6 « hm™>, [ AREF T MERR MR,
KM T AT AR DS b B, T S IR 8 A ) e i
[ iy ) T oe e A R A BRBHTE A R A=, &=
B MR C W/ MR R T s (PBAT) Al
Al R i EFLER (PLA), %% 80 em, J& 0.012 mm,
Hu B AR S 1342 96 - hm™, 1T R85 A 40 % i o

ALl 5 DAy 3 3 R T 2 BRI A W o A BAATREMRE, TORBORE AT IR R
R EmEAER
- o ﬁm@ éﬁi %ﬁr MW%, ﬁﬂﬁr ﬁﬁﬁ
(g kg") (g-kg) (g-kg") (mg - kg™) (mg - kg™) (mg - kg™)
2020 8.14 14.15 0.80 0.60 37.65 16.31 108.41
2021 7.81 15.06 0.77 0.56 37.24 16.83 99.84

B AP E T 1225, SRAAUN R 2L X5,
F X g i B R, Ry T SR8 A W R A (S)
AL (P); BIX A 4 A, 209K
0. 120, 240 F1360 kg + hm™, &% ic H NO, NI,
N2 FIN3, 8 AbH, 3k ELE, /NX A A
44 m?®, FAEZFRE R 9 JT Bk - hm™, 2020 F12021 4E
R HIW M A4 A19HMS A6 H, Y3k
O H19HMO A23H,

R BN MR AR, AN RFIKRE (N
46% ), WENE RMWEIR — 4 (N+P,05 64% ), FFALH
BRERET (K0 52% ), 4 R/KEEMERERE, FORFIE
T R TEAELTAE, AT 70 em, ZE1T 40 em, fK
H 20 em, XAAIBE 1 mEE, AR ERER
1.5 m, BFWAT EORAIE — MR, R
FEAEATIN ), 45 /N X SR P it A 8 e 7 3 78t A
476 B W E K R R 290 mm,  HE K i AR A B D0

%2
R2 FERAEEEHREKMGERESR

KA W BN AR FLEUE R

FL (v4) (v6) (Vr) (R3) (R6)
K (mm) 20 60 100 90 20
TR 1 3 2 3 1
THEAL R £ 1 3 1 3 0
JAL R (%) 10 45 20 25 0

S

1.3 e H S H vk
1.3.1 IR

F ORI AR A K AR MR e, e+
HERFEEE 5. 100 15, 20 F125 em, JREHET
TRAEFTE], A5HESE8: 00, 10: 00, 12: 00,
14: 00, 16: 00 A1 18: 00 + iR, HUHAFH{E
YERREERIAE
132 S R

BE/NXBEE 3.3 mx 5 m IIEHETEE, LLEKL
Wt 2 em Z247 bR dE, 0T E, JRIFEH
i,

R = R R x 100%. A
HH AR 509% B REL,
1.3.3 fEMRAEY =

W FEORMRRRE LA B BT IF, FH/K ok 135,
FHUEARM T 5, ST BVRRIEE L ; S AR B B T
HEAE, 7E 105°CHRM AT, H30 min, SRJ5 Kk
JERE R 65°C FHLEH
134 fHMREA S

TR B R k224
FLAFREGY 6 AR T, SeEBCEA MY
FERE, XTHEARASS BB 576 105C T AT, T 80C
FHETARE, BT BRI A
THE, A FASH MR, FE 5 CR A HLS0,-
H,0, TH A A LG E AR e iR & A,
PR R
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1.3.5 Fphi=ig
T E KRB, &/NXFEEPLIER 1 mx3 m i
FEJT, FEARSERE, DXt AT NI KR AR
GG i g W a1 VAR DA SEANS SN B T G
ML, K, BhEEmRS R, TSRS KEN
14% WIFFRL ™ 4
1.3.6 HfFsutE
FEFER AR (ke + hm™) = (MRS AR x R
i) /1000
RIERFHCE (kg ke, N) = (AR5 - i
RACFR =i ) /A =
AIRAET T (ke » kg™, N) = P2 d /i =
RUMORIEEL (%) = BRI RL A R R A/ B
WM MR A R B E x 100

1.4 BB T
BRI SR ] SPSS 23.0 #EATAH e 00T, 12
FH Origin 2019 #1748 5% .

2 ERE5SH

2.1 HUfREE 35 5 AR BT K B A

FH 3 AT, 78 R AR i S0 X K HE 1 4
AU R AT %22 55, AWEIF R &L
HAEN, 2020 4 S BEFN P B 55 R B KRB N
8 d; 2021 4F S BEA P BT 55 T REIH 7 d.
AR ] P 2 b IR 56 T B K B 1) — 2, SER
i3S A 5L P RN T 3.75%, PIEZERA
2 LR A AR K B AR IR AR

®3 BESHEERLEBETEXRHEHMHEER

A (A -H) HE (3 -H) R (%)
A4y s
S P S P S P
2020 NO 04-28 04-28 05-06 05-06 86.89%a 87.46a
N1 04-28 04-28 05-06 05-06 86.37a 88.35a
N2 04-28 04-28 05-06 05-06 88.56a 87.05a
N3 04-28 04-28 05-06 05-06 87.24a 88.36a
2021 NO 05-06 05-06 05-13 05-13 88.30a 88.45a
N1 05-06 05-06 05-13 05-13 88.45a 89.36a
N2 05-06 05-06 05-13 05-13 89.23a 89.97a
N3 05-06 05-06 05-13 05-13 88.67a 88.46a
7 255387
BT (M) ns ns
A (N) ns ns
MxN ns ns

Vs AIING ORI E R (P<0.0S), * FLw SPIFR L% (P<00S) AL (PO01); ns FoRERAEHE (P>005), T,

2.2 MR 5 5 U0 B X T oK i I A IR R Y
A
AL T AT, PRAR RS UK T HIERHE N
AR . Bl HHERHZ R, HHER
ZHTREAL, 2020 F1 2021 4EAE B 4350 23.7 ~ 30.2
F120.1 ~ 29.0°C. P AT T A0 P+ EHF 200
W T S BB TR, PHARR] PR EE N AL S A 4R
5 3.5% f23%, HACBRR2Z S AN B2, Ui S iR
5 PR . SRRSO A3
2.3 MR 25 S AU RO HE X K4 5 SRR AR I
A 2 AT, PRARR] R4 A A i 9 i 2

U SR s, H v4 iR, R6 i)
WIAER, 2020 F 2021 4EARIE AT 54 0.31 ~ 34.17
030 ~ 3431t - hm?, [F—AFHIIH, Rt
A, FoR T BRI E W, R
N2>N3>N1>NO, Hi 57 56 n] fie ik kA B+
PIBTAR R  EFOKRREY, WAFE(R] S BRFCHE N2 AT
Yy B2 R 3171 F131.63 t  hm™, P AL
N2 [ R R 435 R 34.17 F134.31 ¢+ hm™, S
5 PR RO o B E 2 . LB Ui, [
fiff B 7 5 AR AR HE oK T4 o RERIAE Kk B TR
5 b i — 2
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+J)Z (em) +)2 (em)
B 1 BESHERAAENEXGEHTEEEZNE
i NG FRERFEZR R 2R B3 (P<0.05), T,
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2.4 HREAE 55 U ICTE X oK R OOR B9
LAl

I 4 AL, BNt 2B Al 2 R i) T oK I o
MAFZFNHCR, BoF N RELER . [F—5
T, PR SEA 2 R A GRNE 2B 7 1 IR
FEKP- B i T, 1 A it 2 2 A T I =
BORMENCRA ™15 26 N ZKF T, SEETHSA
MEAC ARG RAE L= T PR, —3%
ZEFARE . BEFHERNKMT, P4 FOKM

R MRS S R R s, H N2 4b3g
ek, A (N3) IR & Z R 8. W
IS Hb BT KRR A S T, X IR
FEBON TC R, 2020 AR5 A AL BT S B
R RN R MOIR T8 B P 43 I BEAIK 7.41% . 4.81% .
3.20% . 3.20% F10.75% . 1.33% . 2.25%. 2.43%;
2021 4 S JEE 14) G 2R W 2R A RUBCER A8 B P43 531)
FAG 3.04% . 3.45%., 3.83%. 3.50% 1 0.04%. 1.06% .
1.07%. 159%, H &R EZES

x4 BERSHERLEIEREZF AR

WA (kg » hm™)

FNEACHAE (kg - kg')

FULHAETT (kg - kg') AU (%)

Ay sl
S P S P S p S p

2020 NO 91.09¢ 97.84¢ — — — — 73.47¢ 74.02b
N1 111.38b 116.74h 18.20a 21.18a 88.73a 92.98a 77.65bc 78.68b
N2 127.97a 132.06a 15.83b 17.29b 52.43b 55.52b 83.88a 85.83a
N3 122.11ab 126.02a 8.87¢ 11.04¢ 33.6lc 34.97c 78.85b 80.77b

2021 NO 106.86d 110.11d — — — — 74.04¢ 74.43¢
N1 118.59¢ 122.68¢c 20.74a 22.89a 88.32a 91.56a 78.89¢ 79.73b
N2 131.98a 137.04a 16.97b 19.02b 55.58b 57.53b 83.82a 84.72a
N3 125.59b 129.98b 11.15¢ 13.98c 34.45¢ 35.76¢ 80.56bc 81.84bc

WE=Zix i

i (N) ok o 3 ns

AT (M) * . ok ns

NxM ns ns ns ns

2.5 M 5 A U6 R K P R A S
2.5.1 MR 55 5 AR FoiE X R K 7 i B HAR i A
ESEAT]

FHER 5 AT, AT () 3 RS At A — PR L
o TR . RS, REML. SRR LI K E o E
MR, MRS F oK 5, W —EE T, 2020—
2021 AF[i] K 7™ 1 35 il 25 R0 7K P w5 1 22 i 1
hn, Bl N2>N3SNISNO, 4% it 20 Ak 23 ] 22 55 i
¥, Hodi & 240 kg + hm™ B B9 oK 7 A
o, LA IE F AU AR ORGSR it
FIFARIB B =0, PIAR T 55 S IS P XS
PEE IR R B3, 45 N ZALBH 2020 4EE T S K
P Ay ) B K 3.66% . 4.79% . 5.91%. 7.81%:;
2021 4F 74 55 S W PR 43 5| B AIK 0.67% . 3.23%
351%. 3.01%, H_H R E2E, UiHEE S B
1P R PR — 2, YT DU FORBER A K

fikPhrE RS, B T EOK R
KAV FE AT X e s 25 5 B, H &
B E A H AR
252 BEEERGHE T A7 E, WAE.
R Z A 5T

R 19 b 7 S TR S [ it A B S 7 L
A MARFIHBREN KRR, #72ThIAEE,
R IR AT A, FOK . AR AR AR AL
Ayt 5 e L ) 3 = B SRS R BRI g, 1
TE N2 K FisBEKRM (K 3), UL RS Aot
3 F A U FH S RT L BH SA E OK 7 TR ORI
AEWMAIH . & 30T, S PR P REE S T
TE it & BN 240 kg + hm™ BFRE) P i (13338,
13806 kg * hm™), %% N3 &b H 43 5] $2 & 6.8% A
6.1%. I =iy, SRR PR 55 T A
B2 N3 AL B B T 4.9% F15.2%, RIEREHCR

HEA

S

(T
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RS ERFEREMMEZR

FETE (g) K (em) HEH (em)
G20 AbF
S P S P S P
2020 NO 159.05¢ 162.84¢ 15.20b 15.93b 45.73bc 46.54bc
N1 190.87h 194.29b 16.57ab 16.47ab 46.30bc 48.20b
N2 212.31a 220.58a 17.33a 17.77a 50.51a 51.85a
N3 204.66ab 209.67a 16.80ab 17.83ab 47.17b 48.79h
2021 NO 162.86d 168.84c¢ 13.97b 14.82b 45.19¢ 45.83¢
N1 198.13¢ 209.64b 14.85ab 15.18b 46.30b 47.03b
N2 216.31a 224.32a 15.99a 16.76a 48.16a 50.07a
N3 208.23b 210.27b 14.66ab 15.79ab 46.15b 46.91b
VE-Zii
iz (N) o ok ok
WAL (M) ns ns *
NxM ns ns ns
4 (em) HRE (g) 74 (kg + hm™)
Ay AbFE
S P S P S P
2020 NO 1.67ab 1.63ab 33.49a 33.65a 8543.59¢ 8856.24¢
N1 1.62ab 1.62ab 32.58a 33.76a 10647.78b 11157.62b
N2 1.35¢ 1.27¢ 33.51a 33.77a 12582.25a 13325.41a
N3 1.53be 1.52b 33.12a 33.45ab 11678.38ab 12590.35a
2021 NO 1.77ab 1.74ab 33.63a 33.85a 8860.75d 8920.43d
N1 1.34b 1.23b 33.27a 33.02a 11438.31¢ 11807.49¢
N2 1.64ab 1.22b 33.68a 33.64a 13337.99a 13806.48a
N3 1.43b 1.52ab 33.62a 33.96a 12601.45b 12981.08b
i 25500
i (N) * ns ok
A (M) ns ns *
NxM ns ns ns
14000 — B 90 ~ 100 o
P 140 S 1
O =i K
INVTE Y A 1130 _ _
_ O R -~ - s o
12000 |3 RS g = = &
E O &l zww/, 4120 = N & &
. , b B S ool =
2 z £ B R
~ 10 g R = H
18 10000 - = = Bl H
i AV & 75 ¥ 404 =
100 = 2
4 =
8000 — ‘ ‘ ‘ 90 20 4
0 100 200 300 400 0 100 200 300 400

AR (kg - hm?) M (kg - hm?)

B3 BEEERETERTE. REENERFALENIHTENL
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O3 AR 5 63.8% 1 452%, FIEAR A= 7= 153 B4R
58.7% 1 59.8%, FMIRFEE S HI$E R 5.2% F1 4.9%,
P IE TG 35 25 5, IR L S T A S0d /R 5
e, MWIBEMEEHSIE, S BT AR Q- SR

3 it
3.1 MR 55 5 A IR T it % T oK P A 4
TR RS )

FORBIMANG ERAEY, EHER IR R
KPR ZFRA AR KRR R, W ERAERE
FHPRIERE TS AR, YRR
JRZE T T ORI IR AR S P RA—3 (B 1),
H S AN P ST 35 Xk T A 0 B T R H R
TREHW (F3), “HMEBIRERAN R,
XATRESEH T S BRAE FORA B AT HA RAFH5E
Pk, DRI B T RN 3 b B A [ () PRTRRCR ot
TR B AR IR — B, X R I A
ERHRAERACR T AT E R Y, Xt
FRAERKEER T EERM,

3.2 MR 355 AR B X oK T i SRR
E &AL

RNE AT LU 3 5K T4 T ) SR AR 2R
e, FUHRZYES Y T T EMRE. TRESA
SRAAFRRE, K E 75 A4 K0 e )2 A ok
Fegte, MR 3 Tk B B T AR A A REOR L R 4R
T AT R A M AR 12, RIS R L, S
FRE A AR E £ oK T4 i SRR R R 7 T R
HPBEMEA - (K2MEs), SEHEBT
Pt 20N P DA E FOR I B SR A K, T4 5 82
USRS, HEMHE &R E B R, #inT
Yot R, (AR AT R R v R ORI A AU
FIARCR, SRS (£4), X5FE
g R R, HURN AT RE R T S IEAEE
KA B AT 568, ALY L HEPREE (0 oK
(1 o SRR 6 2 WSRO0 AR X — 3 2
WiME SRS PIEMHEAR, HSKA S HA
WA e 77, 2B 7 v (o X 4 B 45 A A s A T
BB RIS AR R 19 AR KRB, PRIE B ORAB MR 19 4 K
Eﬁ: [25—26]O
3.3 MR 555 U At X T oK 7 B I ) R

TR B 530 Bt U A S S mT DA S
TR AT, AT ERNEREE N R2E
Jfo 7 HE % T Tan 2 Y BETSIA R, AR

st M A B T K L R A SR AR ™ e 1
Tho % E4u%E 20 Shen 45 10 BESE R, BB
PF Rt FHRE v] DU AR P66 7= ) R AL T
IR K BRESGE R, TG IFFRLEE, XS5 ACAIT
FEER B AWITTEREN], B A T
P it SUEL P L ] R 7 e M PR 3R 2 1]
KER, ek LM (£5). SIS PRTE#E 5
FARRTT HEA RAFRIBOR, & B ROR
4, JPICRFEMZESE, JOFH P IR EAE, K0
SR8 T A B AR K T, BELAR Rk
AR, ity 2, 1S BT E R A
HERRAOHESET F ORISR, ARRFRIE L MR T 3RS
Yo B R T ARSI Y RS R K
i A, AT LA AR AR O i RS T oK A
Mo HIZICEIHIHTATAL, S AL T AT LK,
JE Uy 240 kg + hm™ B, A DA FORAE R AT
FIA BRI oW, FEMTARFFE o B kAL
e

4 L5t

S MBS P A T X FORAY IR ORI Ak
AR RO AN Y, H S IR R, b
O 240 kg - hm™ IO ZRUIE B AP R R i I
s I Z IS S BB R AU 240
kg« hm™ AT DUJE 3E FORAAMROE S, B %
KARINEE, o5 ERAKXFECR, AT
WP, Ho S BT A SRS, ok 1 3B SO Ss
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Effects of plastic film mulching combined with different nitrogen fertilizer levels on maize growth and nitrogen
utilization

JILi', MA Kun’, LI Hong’, YUE Xiang’, ZHAI Yong-quan', YUN Bin-yuan', MA Jian-zhen', ZHANG Hao', LI
Jia-run', JIA Biao'" (1. College of Agriculture, Ningxia University, Yinchuan Ningxia 750021; 2. College of Eco-
Environment, Ningxia University, Yinchuan Ningxia 750021; 3. Ningxia Agricultural Environmental Protection Monitoring
Station, Yinchuan Ningxia 750002 )

Abstract: Mulching is a common planting technique in dryland agriculture. Under the condition of drip irrigation with the
integration of water and fertilizer, the effects of mulching of biodegradable film with different levels of nitrogen (N ) fertilizer
on maize growth and nitrogen utilization were investigated, thus reducing the problems of residual film pollution and excessive
nitrogen application in farmland. Two types of mulch [ Class II environmental biodegradable film (S) and common film
(P)] and four nitrogen levels split plot experiments were set up in 2020 and 2021 in dry farming water-saving irrigation area
of Ningxia. The results showed that the effects on seedling rate and emergence stage of drip-irrigated maize under S and P
cover were the same, and the insulation effects were comparable at the maize seedling stage without significant differences.
Under S cover, with the increase of N application, the accumulation of dry matter, N uptake and utilization, number of
ears, seed weight and yield of drip irrigated maize showed a trend of increasing first and then decreasing, and was best at
240 kg * hm™ N application, and it was not significantly different from P cover, which indicated that biodegradable mulch
could be put into agricultural production instead of common mulch. Multiple regression curves were established between N
application and yield, N uptake and N use efficiency of maize under drip irrigation, and the maximum yield ( 13338 and
13806 kg * hm™) was obtained under S and P cover, and the both corresponding N application was 240 kg * hm™. The
maximum yields under both mulches were 6.8% and 6.1% higher than those at 360 kg * hm™ N ( N3 ) application, and the
nitrogen fertilizer agronomic efficiency and nitrogen fertilizer bias productivity were 63.8%, 45.2% and 58.7%, 59.8%
higher, respectively. The degradation film was consistent with common mulch in promoting crop emergence, preliminary
warming, nitrogen uptake and utilization, and yield, etc. The best application of N at 240 kg * hm™ was achieved in
promoting crop dry matter accumulation, nitrogen uptake and utilization, and crop yield and efficiency. Therefore, the
application of 240 kg + hm™ of N fertilizer under S cover can be a suitable planting practice for drip-irrigated maize in the
northwest irrigation area.

Key words: maize; biodegradable film; nitrogen application; nitrogen uptake and utilization; yield
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