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7 OZE: (8] BT EL ER-LDABERE T RIERAS T ARENZEER. [Fi&] # KA P
HEN A Logistic /A kAR, R A _HE R AMAK ALt : 3 TFARZE (G1:2.0m, G2:3.0m, G3:4.0m), 7
A& (NL: AR 20%. N2: FHMAEA), ARTHERRIEREASE (WN), 58T bt K3 TF RIZFE A58 K
FUASHEERER, THRAEREFHERZOY R [BR] A LI 2At@AdsH (LAD ARFMR K,
AR e RRTF, GLA LAl 2% 5T G2, G3 &3; N2 K-FTF, GL AN ERMG A KN AEK G2. G3
KI5 HHE AT 3.99%. 12.91%, 2Rk KIEKE FAAK KT 9.69%. 14.65%; N1 KFTF, Gl At TFHRE
BEST G242 G343, N2 KFTF, G3AEFETFTHREREST GL A= G2 &3E; N2 KFTF, GL RS R
WEILFESTF G2. G3 4, 0~20 cm % A1 &t 75.92%. 90.03%, 20~40 cm # #I& & 30.56%. 130.95%. F—#TF
KIZIRTF, MR LA RN N2 A I EST NLAR; 0~20cm 5 20~40cm £ 2 N2 & TS AEE £ N1 &
34y 1.4~53 4540 2.4~11.2 45; £ GLRFT, N2 32 HE bk £ KA N1 AEIEA T 7.52%, @ N1 Q32 EHAF
BETHREIEST N2 432, it 9.13%; Person AB XM, EW, N2 KFTF, MAEM®TKZEEA, 0~40 cm
TEMAEREELEFERE AMA, RPH 0827~0883. [£it] HALKERATRZEALRET EATRAEK,

FAF ERAAE RFoBH A KRS R T ARRESH AT & W Aol F38 2o
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K, B, PRI 270 kg/hm? AR T Bk
ANFEEE AR A AR SR T 360
kg/hm? i B TG5O 5t % K B & 20%3
HOVRO= 5N, AEAT DA/ B 50 0 A BRI TR s i3
WU 5t 22 0, 250 kg/hm? M & T FoKF= AT
W) 25 T 300 kg/hm? MR R AR b &
DULGIEE T, HEFEHEEUIE (240 kg/hm?) /NET4)
R B T AL S A & (300 kg/hm?) o [t 4k,
GES OB MEIE R P A 80k 2l &
it ik 2R IM4E el IR RS 535 G MR RRER EAR,
RE A B T 5 R A B R

T 7K DB K 728 R kbes HIEK sy, B+
FEoK ) 7K AR SR il 56 B 1) HE ] 338 7K o i 42
ARG, AVEYErrIE R A KRN EZREKEL —, &
ZRMEMIM AR RS TYRER R /KaF A
PrE TR . WM ZES R B T KR 1.0~25m
B B F46 58 TOKAE & SRS - T AR 48 4 Ui
LS TR Hb R /K HETR 2.0 m G E A KIS kT
HIYE 3.0 m Al 4.0 m; Zhang ZEM4VE BT A /N 2210 i



ARIRZE S5 MR KR SRR B OKRAE K A B R

KR 1.8~1.9 mF12.2~2.3 mHh b3 WA &
BB K . 1R KR e R AR 2 R E )
PRE AT, AT S P i AR 2 0 5 B o
TKHER 3.0 m &M R & /NE B, Wang 20
W70 R B R /KR (0~80 cm) 644, 1TEMIA
) P R R o it e D T 2 BRAIG; Shen 250715
FUAS N KRB K = A HbIX, 8 Bt &= T
609% T I AL A LIL B2 A4 7 s MORARI £ 1815 Bk
FH K 59% M H A AR B LIREME ISR
ZAEPIRIX . LUIAN ALY 35 NEF O ER i ARk
it e 45 A AR AR RS ED A KARAE . T YR R4
T REIRNTTC, FREE SR R KR EY A4
HA . ARMR, YR E N R R A Rl
WM TR Z T (AHLE M 7K XN a0 o] I L
R, LRI A RS R R A A e K
T AR RAR 2 A S R B LS R AT SR
o DGR S ) 8 ] AREG AR B K E b 505

XA Logistic {EVAKARTY, B FEAN R HL T 7K SR
HiFAKFAET, B KM AR e, b
TR EARE TSR RN ZES, N
] b T 7K R R X it 08, S s iR, 4
FEREEAEY =2, IR A A SR LR A

1 AR Tk

1.1 I XHER

R TF  ELR LR e i 5 3T 2 Rk K 3R 5
S A7 ARk 7 00 0 56 3ty K TRl 8 3B A (35°19"N
1139B3"E, 4 73.2 m) HEAT. MR KIRE 75 5A
2.8. 4.8, 53 m, [HFH 3 mx3 m, WIHT s AN IR
gy I 2 AE PSR 14.1 °C, JefE i 210 d,
H fE S [A] 2 398.8 h, Z4F-1#5[% /K& 588.8 mm, %
FETHZE R E 2 000 mm. R HEmE L,
PR E R 1.

1 R R IR
Table 1 Physical and chemical properties of test soil

LB %

R AP TN/ TP/

AR EC/

SRR em -3 -1 -1 - -1 -1 pH fif
<0.002mm  0.002~0.02mm 0.02~20mm (gem™) (gkg™ (gkg™ (gkg™ (gkg™ (uS €m™

0~20 6.85 52.61 40.54 1.42 17.03 0.44 0.71 0.17 447.33 9.42

20~40 7.49 53.47 39.04 1.47 15.86 0.30 0.55 0.24 520.67 9.31

1.2 W5 HE
1.2.1 KEi%t

PRI IL R 6 AR, 4319 GIN1.G2N1.G3N1,
GIN2. G2N2. G3N2, FIAAEAZEK (WN) X}
AbER, RAEAFENLX Hikit, OB ES 2 R H
TR 3 ANIKF, 4308 2.0 m(G1).3.0 m(G2).
4.0m (G3), FEAMKHE HIEEE /K LA EE L SLPR
Hi T 7K HGER B AR A 5, S E R 2 AR, 4l
SR 20%(240 kg/hm?, N1 5 #ii% (300 kg/hm?,
BRI 1, N2)s Hb R /KALIE S ) EIR .

A2 BRARELELEFTHERE
Table 2 Irrigation amount of each treatment

in each growth period mm
L/ ST PN NS} ] TS LAY SEEM
48.89 44.44 37.78 60.00 191.11

1.2.2 #afiei# B

BRIEYI N E K (Zea mays L), @ifihy “If
1 2087, 2019 £ 6 A 8 H#&HFH, 9 A 24 Hkgk, 4
AFEH108d. WIGHAERHIKE (% N46.3%). it
RIS (5 P,0s 12%). filRE (& KO 50%), &
AEREACFEAE LB A 4 6, JBAE-TAmIw\ 3 it
N T B IEAE R AR — IR PE N , Tl 25 5 N 66 667
FRihm?. B RS-XAJ-100 #83 CLLZRA-RH A
BIRAFE, o EDfELR IS I 35K 43, 45 67K B
PR T SR E AR I B R KA DA T HE K
KEEKH AN 2, BT AbBE AL A TR 2,

it 2 HE Y b SE PR L AT
1.3 MRME R

D FoRAKMR. BANTTIER 2 bk FoKE:RE
Frid, A3l fE KM\ (7 A 30 HD). HhlETF e
(8 H7 H). #EXKI (8 H 27 H). HiH (9 H 24
SRRV E o1 [ el SN = N o R 7 N =7 e
KAahr, HEARTEER TR RS 0750,

2) TYRE. TAEY RO, sz, H
MHTHAERR 2 #%, 105 C25%7 30 min J5, 80 CHtF
ZIEFE, et BT,

3) EFp L= . TR B IR 5 PRIEAT
Bl DASTARITGRE BT, BRI .
1.4 HFETESKIE

FIFH MATLAB 1l & %3, Excel fEE A1 SPSS i
ITEHEALFE (0=0.05),

2 BRSO

2.1 AERIAIETE ERKE KIS L4FIE
211 RRAETEZ ERT@ARIEH

BEE E FOKA B R R, Bk E B EOK LAI
AR (B D). E SR KA H#
T, LAl ZEES 1 ek, WN AR FZE Sl T A6 01 8 K,
FE B R R KA 3 T WIN AR B, B R A
T 16.79%~72.52%2 |H].

BB LA E GL AP R, AR
5 G2, G3 AbFR 27 B2, N2 4T R4 & 7.66%

23



FEWEHEK 23R hitp://www.ggpsxb.com

F116.09%, N1 AFE R 4351 12.98%F1 16.37%, G2
A G3 AbBHE Z AR/, HARAE A LA B T 7K
FEInE 2 “v” K.

RS, S KPR A T N2 A3 LA T
N1 Ab3E, MGIEEE 2.94%~12.91%2 [d] . HAhA &
fE G1. G3 AF4M N, N1 AbFEE T N2 AbBH, 1
METE 1.29%~12.43% 2 [i], T{E G2 IR/ T, N2
AT T N1 ALEE, HEHETE 6.28%~9.56% 2 [F] .
2.1.2 2 A# = Logistic #£A!

FIA Logistic B¥PMI & H TR bRmEK, 4558
W 2, BACHMHE TR N “S” K, R® 1
7£ 0.98 L I, RMSE AT 2.97~8.43 cm 2 [f], 552l
gE AT

2401
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Fig.l Leaf area index of summer maize under different treatments
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Fig.2 Relationship between measured and predicted values of plant height under different treatments

% 3 RRAEE T A% F Logistic 45 4RME
Table 3 Plant height logistic index of summer maize

under different treatments

b3 k a b to/d  t/d t/d Vpedcmd?)
WN 2160 3298 0076 4593 2863 63.24 411
GIN1 2298 6127 0110 37.38 2542 49.34 6.33
G2N1 2217 6008 0109 3751 2545 49.57 6.05
G3N1 2219 86.03 0.122 3663 2580 47.46 6.77
GIN2 2211 30.83 0.100 3425 21.09 47.41 5.53
G2N2 2219 3379 0.104 3382 2116 46.47 5.78
G3N2 2245 4718 0113 3411 2245 4576 6.34
% 3 0L, AHECT WN AbHE, N1 4bFE5 N2

REFSFE 43 B3R 3.07 d A1 7.06 d iR N HGEA K EL,
S84 IR 14.45 d A1 16.69 d 45 T A K B

Tt A it A K A BE 2 6 oK s AR K, H N2 4
HEPHIEL N1 ARER S HIFERT 3.99. 2.24 d HEANFILE R
PUEAKE], PRl AT 7.52%, 10 GL Ab¥E
L G2, G3 AbF4r I FERT 0.05. 0.87 d i3k ARk
AR, PLAHES 0364 1.77 d 450K, JUHE N2 4%
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R, Gl AbFEtkE U A KRB G2, G3 Ab#E Sy
AIHETN 3.99%. 12.91%, UiMHMEREBA, SIEDAE
HIFER R EOR, GL AT G2 f1 G3 Ab# 4
FEK FR PR A KRB, H it B B B FOR A K
S RIS B R K R A 3

BribZ Ah, 15 R AR A IA ) B s 2R B (]
b, N2 AL NL ARFRFR AT 3.1 d, HEARHtigAL
FRAEHT 11.87 do FOHKGEZ T, N1 ALEELL N2 &b
P800 8.50%, LEANHERFH43E N 55.31%; N2 7K
PR, G3 A FELE G2.G1 AR FE 43 JI4 11 9.69% - 14.65%.
2.2 FEIIETE ERTHIRERTILEHE

AN [F] 4T 7K R il K P B K T4 )5 &= 1)
SNG4 FR o &5 A BRI B A, I B i
it 8 A% /K AL B 25 | I RTRRL T4 B T WN Ab
T, HANZRAE 31.84%~256.81%2 ] .

RKBEIWATH, 2547 o B B T 7R SHLR 3 o v 38
hn, Hrh G3 b EE ST GL B, N2 4b¥E5 N1
AL FE Sl Y 33.76%. 15.98%, 1M [F]— i BUKF T
MR KRR AL FE (] A o G R 2 e, A
. MR E R TR OK R E YV E. N2



ARIRZE S5 MR KR SRR B OKRAE K A B R

WFETR,  BGASAFRLY)R EAE G3 AL B E T
G1 1 G2 4b¥E, 43l 15.48%71 10.90%, 1fi N1
AR, GLAFRE ST G2 AbFEFI G3 AbEE, 437
f H 6.54%7#1 5.55%.

%4 FRAAEE 2R KHADH, RAMEET THARES
Table 4 Summer maize organ dry matter accumulation at the

G1 %M, A N2 A FEZE . T4 R B 3%
F T NLAREE, 25 35.44%. 33.32%, KWW\
MHZE AR, T N1 ARBFFR T4 5 2 52 = T N2
LhEE, i 9.13%, ML FUKHEVE 2.00 m &4 F,
it 2 PT i 25 B S VR IR e 18 SR i s G3
FAET, N2 AbBFFRL T 0 B = T NL b2, &

mature stage and flare opening under different treatments otk H 11.69%, MW\ DR, REHZE, LR E
“ "t Frp S, ULEHHE R KIEVR 4.00 m &R, g AT RE
e j(jgg\ R j(ji)?\ A R SEYIP R e 5TV AR B = &
WN 16.;38" 54.76° 17.;1.‘0b 29.03° 93.87° 2.3 ARISLHET 0-40 om L RS TS
FHE% 5 0] UL, Bt i WN b B AL, 240 2E 0~20 cm
GIN1 44.46°  89.28° 35.80° 4292 135.06 R A UM BT 20~40 cm: NL AREEF, 0~20.
G2N1 4717 79.04° 33.63*  41.43° 126.77° 20~40 cm + ERAFIE LR EE B, N2 44T,
G3N1 59.47°  91.94° 39.32*  52.60° 127.96 RS AU B 2 Hh T /K E RS B Wi, 25 5
GIN2 5193  120.92° 36.87°  57.22° 123.76° Hrh G AN MASMERS, 25T G2, G3 A4
G2N2 54.41° 97557 33.87" 4584 128.87° FH,0~20 cm 12435 E H 75.92%.90.03%, 20~40 cm
G3N2 60.23"  106.12% 38.16°  50.18% 142.92° S5EH 30.56%. 130.95%., i [E—# F/KHEE R,
G 11645**  2.060 2696  5.292* 1.778 N2 4B 0~20 cm HEESZEINEZ N1 A
F N 6106 9808 0000  6.812* 0.303 1.4~5.3 f%, 20~40 cm MM 2.4~11.2 fi5, ZERFEE,
G*N 1128 0.588 0127  5.431* 4.742% JEHIE GL /KPR, N2 b BRAH A U B bl ol 2 ey T

AN, RN R ZE R RE (P<0.05) , **FRIRAbFLE
ZRHEE (P<0.01) , FRH.

N1 4b3,

%5 TR 0~40cm L ZH A RIEE

Table 5 0~40 cm soil layer nitrate increment under different treatments mg/kg
+Z/em WN GIN1 G2N1 G3N1 G1N2 G2N2 G3N2
0~20 3.77¢ 5.17¢ 10.73bc 7.29¢ 27.25a 15.49b 14.34bc
20~40 1.13d 5.57d 19.70cd 9.10d 62.38a 47.78b 27.01c

%6 N2AHETO0~40cmEMEREE. F2 A EMAREE Person 8 XN E

Table 6 Person correlation analysis of incremental of nitrate, yield and its component in 0~40 cm soil layer under N2 treatment

iz MK B Rk ERRE O BREE BN FehE 0~20 cm NO3z-N 20~40 cm NO3-N
8IS 1 0.841° -0.817 0.776 0.874 .900" 0.773 -0.564 -0.890
ik 1 -0.815" 0.831" 0.872" 943" 0.705 -0.270 -0.795
FHRK 1 -0.873" 0.899°  -924"  -0.883" 0.681 0.828"
T L 1 0.904" 950" 0.919™ -0.566 -0.762
ol 1 940" 0.947™ -0.686 -0.962"
TR 3 1 0.870 -0.514 -0.847
P 1 -0.827" -0.883"
0~~20 cm NO;-N 1 0.729
20~~40 cm NO;-N 1

24 BENRALEFHTRIEESR, FEREME  BFE 0K, WINEMEEFT T, N KRR

E 2 Person XS

WA REKR, 551K R EH R,
A N2 AFESAE R, 0~40 cm 2SR,
PR N FLM R 2 fi Person AH RSN HT, 45 5 L3 6.
7 6 AT40, N2 43R, 0~20 cm AR E 5™~
R RMEA LS, 1 20~40 cm AR &
SR, R AR S A, 5RARKEE
EARDE; PeE s EoRL R . R AR B R 2 IR A
¥, 55K 0~20 cm F120~40 cm + 2SR

X, Bl e EM 7R 1 Rk L2k e A _Bis
%, SEIMEYEER AR HARE, sz
W, BEmAE AR, H R KSR AR 08
A, (HIXAR T = .

3%t i
FEMS N ZRRHRX, R 7K 32 2 LR

T AR ER RS P T A LK, LK
SRS E A RARBUAR EL 2, REVE R AFI MRS

25
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B TR SR, S E R K R B AR R,
MR KRR LAL fomi i 5 2124 | AL Bl R K
VR I I BRARS, WE SR S B, TR ok v S o A St 3 29
EARIE T, LAL F R /K BRI hn g aes)s , 337 3.0
40 m ZE5/N, FRHLYH T KEE=3.0 m &, HiTFK
SHEMA: KR TTER N2, SR AT gh AR,

Logistic W& 2R, TESH a. b FEEEE
BTN, MR E KR KR PO AR K, XY
T NAIF T AR 20T, 77 A e AN 428 7K Ak B it A K 3
B, EERRFAEDAEK D KE, BREK
715597, BB A kR, WAEKE TR, B
W R L, BRI £ (KM FI TR, IEK T R
AR, MR KHER 2.0 m B HA R AL PR AE K T
AR, FEZROVMIR 2.0 m Bk, R /KAER
A, FARTERKEK, SiABRARM, [
AE 2 ASHIE 7R I AW AR 2.0 m i B AR, H
ZHEEGC; IR T, MR 2.0 m BoKAEK
R AAEAC TR 3.0 m F1 4.0 m, AR i T3
TR 2.0 m Bk, EEBAKS R ik, e
AR E K, ERERAERRERHES (K 5),
MHEm ALK,

AT AR, TY s /KRR, kK
VRGNS RN B Y, ARue g B 5 — 3, 2.
Il K RIS 0 S e/ S 38, 32 EE R A R K
HRPRE IR 7] AN K B AR IS, 3890 7 HEWE R O 7E 133
B, (R T R REK K E L TRa it
SULE: N LN

HT SRR =8 A H M EEER Person A58
PE TR, WA T, Hh KRB
BRI E. B, BRI RK L 0~40 cm
+EAREEER R, SR AP AR, H
, IAZEME SRR REIMHKER, B2
VEL K S AE AL TR AE A M A0, 3 B B g e
FACFRIEE T LIRS ERY, PR A I AR
k7 BB, HARIG VB M R KR AL B, KA AE
20 LIS RER EHEK T N E 4, B I HE K AL
B, KA R IERERE AT S . MR KRRV, TR
TIREEW I REM AR IEH T, LK ER
TR, SR AR X 350 TR TR RO, A BRI
T EEKSMEE R F iz, FnH Rk AR
W ArRE ) T, EREM ER X BB A
K. BREAAL, HRFESWUTIREREACE, woiE
YIE K, ERAEYIRSE . LA, ZRETEE. e R
FREEH N K R ARAGAE, R /KBRS it K2
B XHEY = 5 TR K B B R, B TRt —
BT .

4 45
1) R ZKHER 2.0 m 4615, 300 kg/hm? it (&
26

Rt T H BREFREKA 0~40 cm LERRKE, A
FTF F KT K= R .

2) HiF/KHEE 2.0 m F 240 kg/hm? & 204 &
MR 4.0 m. 300 kg/hm? &L & T 5 Tk
. RS A KRN DT R RE R HARH S

B ] 3
SE
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The Combined Effects of Groundwater Depth and Nitrogen Fertilization on
Yield of Summer Maize and Nitrate Distribution in Soil
SHE Yingjun®?, LI Ping®, BAI Fangfang"%*, DU Zhenjie', LIANG Zhijie', QI Xuebin®*"

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, Ching;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. Water Environment Factor Risk Assessment Laboratory of Agricultural Products Quality and Safety,
Ministry of Agriculture and Rural Affairs, Xinxiang 453002, China; 4. Agricultural Water Soil Environmental Field

Research Station of Xinxiang, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: [ Objective] Soil water and nutrients combine to impact crop growth and nitrogen cycling. The objective
of this paper is to study how groundwater depth and nitrogen fertilization modulate yield and nitrogen use efficiency
of summer maize, as well as its consequent impact on nitrate dynamics. [ Method] The experiments were conducted
in lysimeters under different combinations of groundwater depth and nitrogen application. We compared three
groundwater depths: 2.0 m (G1), 3.0 m (G2) and 4.0 m (G3); on top of these were two nitrogen treatments:
conventional nitrogen fertilization used by local farmers (N2), and reducing it by 20% (N1), with no nitrogen
fertilization and water control as control (WN). During the experiment, we measured the growth traits of the summer
maize and nitrate dynamics in soil in each treatment. [Result] The leaf area index (LAI) was affected by
groundwater depth but peaked at the grouting stage in all treatments. When nitrogen application was the same, LAI
in G1 at mature stage was higher than that in G2 and G3 at a significant level. When groundwater depth was the
same, increasing nitrogen application boosted LAI at mature stage. When nitrogen was applied at conventional level,
the number of days that maize saw a rapid growth in G1 was 3.99% and 12.91% longer than that in G2 and G3,
while its associated growth rate reduced by 9.69% and 14.65% respectively; G3 gave the highest yield. Reducing
nitrogen application reduced the yield in G2 and G3 more significantly than in G1 due to the reduction in
rapid-growth duration. Keeping nitrogen application at conventional level in G1 increased soil NO;s™ in top 20 cm of
soil by 75.92% and 90.03%, and in 20~40 cm of soil by 30.56% and 130.95%, respectively, compared with that in
G2 and G3. Reducing nitrogen application by 20% increased the grain yield per plant by 9.13% at significant level.
Pearson correlation analysis showed that when nitrogen was applied at the conventional level, nitrate in 0~40 cm of
soil varied with groundwater depth and was negatively correlated with the yield with R? varying from 0.827 to 0.883.
[ Conclusion ] High nitrogen fertilization and shallow groundwater facilitated vegetative growth, but was
unfavorable for reproductive growth thereby reducing the yield of the summer maize. Reducing nitrogen application
coupled with shallowing the groundwater will benefit both yield and nitrogen use efficiency.
Key words: groundwater table depth; nitrogen application reduction; dry biomass matter; nitrate; Logistic; yield

TG HK

28





