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FERARR ORI E A e ' Y R, XK
PRI A T S A8 A5 A R ) R VBT TSR AT
TE—SEA G, Jitl, AR ISR E 756
1, WRRBKRBRITRAIIT . ABFKIT
K BB 2 LN S gt 31 AR RE AR,
Xob g TRV I/ N A T b MR A R AT R B, 4R
WA PLUCHUIRECRERS /N R4 A AR A RIE
AR , LAY e it & PR AL DA BRI 3 /N 22
PRI GAE R AR, e S B B T b DX A g p
FrEE R PR BERL AR o

| RS TE

11 3R XA R i ae b ket

RGO TE [ 5 - 8 it £ W S vl i AT, 3%
sl v T R 4408 2 1T JRORT X (35° 007 28.43" N,
113° 417 47.66" E), # 4F K & h 645 mm, K
1 W5 03 56 T 1990 4F 1 S HF 4R, - SR S

+, FHL O EPIE, R A BRI s R, WA
LR AN pH A 8.1, 2% 8. &
AT ML 43 1) R 0.64, 0.65, 169 Fi110.6 g + kg,
oL AL A RO A R O ) Dl 76.6. 9.0 AT T1.7
mg -+ kg

ARAFFEREEI A 5 AL EE ., AHEAR (CK) . H
JEAE I (NPK) . HEA P (M) . 556 H A
JitE AL HE (NPK+S ) . A HLIE 5L B EC i ( NPK+M )
5AAbFE, REAALEE 3 RES, MRS mx 8.5
m=42.5m’,

I 7E 2018 4F 10 H 3] 2019 4F 6 H 47, 2018
10 H 13 H#EFT/NERERD, B ERAZ 7698, H&
FlH & 165 kg + hm™, 2019 4E 5 A 30 H U3k, /b
XA NE 73 R ER L S IR A AL, HEA
it A =AU 5 ek A, I AR =i, IR
&R 10 em,  HoAth [H [a] 45 B 4% 4 WA BEAR AT,
FLARHEAE & W3R 1, X0 SLa 38 i L2 2.

®1 KEEMKEEESR

A JR#% (Nkg+hm™)

AHLL

I i

o (Nkg + hm™) A S A (Nkg+hm™) (P,0skg * hm™) (K,Okg * hm™) fit
CK 0 0 0 0 0 0
NPK 165 99 66 82.5 82.5 0
M 165 0 0 165.0 0 0 0
NPK+M 280.5 99 66 115.5 82.5 82.5 0
NPK+S 165 99 66 82.5 82.5 Ak EORFEFT
F2 ERMAEMER (201845 108) alytical AA3, 1B ) MEEASR S &, BB N
P L 25 H L R RAE T 1 3 (0 ~ 20 em 12 ) FES, TI5E
(g-kg')  (grkg') (mg-kg') (mg-ke') AR HAAE SR K pH (E,
CK 13.39 0.59 3.10 44.84 F AU 1 mol - L™ KCLVA 2 42 5 ik
M 15.32 0.89 2583 83.93 (AKEFTRLIES5: 1), WalsrrfinE . +58 pH{E
NPK 16.21 0.85 15.30 70.40 K251 (KEH), BATHENE., YLK
NPK+M 20.60 1.00 49.58 148.57 M. AE ., DA AR AR LR R
NPK+S 18.22 0.89 18.05 109.49 BT EEIAE o

1.2 Wik

R R SR E LI EIE R D, T
Wi AR %5 1. 3. 5. 9. 13, 18, 25, 35, 43, 36,
72, 93 d B9 9: 00 UL, IRk b MR R T
T4, ARG TR 3 ~ 7 d R —IK,
FITSCEE TR 2R ] 1 mol » L7 KCL¥# (50 mL) [
Fie R, B AT FHE 223 8 3 B4 (Seal An—

SRR R RS R4 % (Watch—
Dog2000 H 2 A%, £E) WEN, NEF
WSS B WA 1,

1.3 iS5
TR H R AN
F=C/(SxD) x 107 (1)
X PO HIEEAERHE, Nkg-hm™ - d'; CH
MW S A SR (NHS =N, mg); S Mg S
— 4] —



rhE ISR 2022 (11)

35 110
30+ — K
2014 g
8 i g
S 15F S THH
1
10t £
r #
5 .
0k s —
2018 2-01 2019-04-012019-06-01
Ml [ T 1| Y
10 | |Il ; 0

M HE B CE-H-H)

B1 ReHESEFEKERTL

BERIEA, m’; D MBEEICEREL, d J#EE R
i (N kg - hm™) HEUCREERIE R H R IR
BRI FFEAS .
RIERWRE (%) = F¥E Kk B /A &
I LEAE x 100 (2)
K H1 Excel 2010 #EATEAEALFE . SPSS 22,0 i#£47 )5
50T . ZEIEFIFIMEAT . Origin 9.0 1745 K]

2 ERESH

2.1 KB RT/INAE 7 R R W s e

KA IR AL J5 206 /NZz = i AR R e
ERM (3 ). CK AR/ AFRL S FEFF 77150 5]
K167, 3.03 t - hm™, 1fif NPK ZbBE, /NE AP S
FEFF =898 970, 9.62 t - hm™, 435Ik CK 4b
IO T 4.81, 2.17 1%, M AL BH/NAZ Fphr = i 25
T NPK Zb3 ( P<0.05 ), NPK+M BN FPRL 5
FERF= 290 11,60, 1338 t » hm™, BEE TH
it A AR B ( P<0.05 ), NPK+S ZbFE, /]N32¥7 k7 Fi
FEFF =55 NPK AL HEAH L JC I 25 5. DU/ b
R R W KA, NPK+M A e, A% N
306.67 kg + hm™, F& NPK ZbBH4ETF T 14.28%. NPK
HINPK+S Zb My A A ol 2%, WiEE
BT M FICK ARF (P<0.05), MKRI A &,
Jit A Ak 3L ) 2 S 5 Ml B R AL AR [R] . 5 NPK 4b
PHAHEE, NPK+M Ab BEATR7 I i 32 TH 9.68%, M.,
NPK+S Ab 353 HIEAIK 53.41% . 20.05%

®3 KEEEXMNEFEBREAZRKHIRM0

e KPR i R =ik i HERLE A RFF O U e o Al Hb L F I
(t-hm™) (t+hm?) (t-hm™) (%) (%) (%) (kg * hm™)
CK 1.67 £ 0.50d 3.03 +£0.68 0.83 £0.17 1.87 +0.09 0.44 + 0.08 0.60 + 0.03 49.19 + 10.89d
M 5.94 + 0.35¢ 8.26 + 1.64 2.01 £0.31 1.56 + 0.06 0.49 +0.17 0.60 +0.17 145.66 + 13.94¢
NPK 9.70 £ 0.34b 9.62+1.29 2.82+0.01 2.05+0.11 0.52 £ 0.15 0.66 + 0.08 268.36 + 22.28ah
NPK+M 11.60 = 1.37a 13.38 £ 1.20 3.34+0.71 1.86 + 0.30 0.46 £ 0.08 0.81 £ 0.04 306.67 + 78.29a
NPK+S 8.72 + 1.24b 9.00 +2.07 2.71 £0.46 1.83 +0.05 0.40 £ 0.08 0.62 +0.27 211.87 +33.06b
e [l F/NE TR RS A E2E 3k 2 KF (P<0.05), R,
22 KIHEAEAT e A S B il vy
KR IRIEHE Iy /N2 A 7 A e S R o N

B B (E2), INERAEW, CKAb
B A MRS A S BRI B AN, 7E 1.00 ~ 5.09
mg - kg Z A, MALHE A+ RS A A BB,
MEREES 1 d S B EHRE, NFE2dERA T
B o B AR FRRA 5E . T NPK A 4 35 6 5 A A
HIEMNEE S 1 d B35 T CK, JF7ES 4 d k3|
o, M2265mg- ke, TEHSdMEEZES3
mg + kg™ IR FEAR E . NPK+M ., NPK+S 4b # + 1
BARS R BREER R, EH2IESAS &
A% 9 k22,04, 2291 mg + kg, FEEE S A4 A K
1578, 32.54 mg - kg™, FHHAMAERALESE 7. 13
d G AR E 3 mg - kg™ 247, FEIBIEHY, AS[E)iGEAE
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SO IR ISR S AR RO, HARME B3
FA—F, CK SRS & T AR
AN, SEEME N 7.55 mg - kg, HAb AL 5 AR
11.24 ~ 13.68 mg * kg'' Z[A], B #ER.

/NFEFEREI, CK AL HE Y + 358 i 25 AU AR b
fa (K3), 7E1.97 ~ 8.84 mg « kg 2], FHH
47 5.96 mg - kg M ACEEHIERS AR, H
WBEET CK AP, ¥{E~ 15.16 mg - kg NPK,
NPK+M F1 NPK+S X 3 A4~ &b 3 fiff 245 & & it 22 fb 5%
K, EEEHNEEHIMFEZE RN EE, 7
10 HJEE 11 AW HIERS AR B R KE, KRKCh
5271, 55.87. 57.57 mg * kg'v MWEEANILAUHASK T ,
NPK+M 5 NPK+S Ab A S A ST AR, |
#B 5T NPK 4B, i M AL FAK T NPK AL FE, 7E
TBEHA, 2% A A S AU B 2 S I SR8 B AR Y
B, mEm e E B BEEEE 4 ~ 8d, HmERME
K 23.85 (NPK+S) . 21.88 (NPK+M) ., 16.11
(NPK). 13.77 (M), 9.68 (CK) mg - kg, ik F
SIS A A T, HAL B )R /N A S A )
FHIE], AALERS SR S EAE S bR RAB TR
E, HESAK,
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2.3 RKIWIEAE T e a5 K SR A

/N 2 IR RN 4 FR, TSR,
CK AbFREHE & HRAERT 4 d AR, femioh N 0.11
kg« hm™ - d', ZJEZWIFEMKEN 003 kg « hm™” - d”
LA FROEIRA, B SNE &  & HOR T3
N 0.04 kg + hm™ « d' M Ab B AE it AR )5 25 1 d 4%
RHREE, ANO019kg - hm™ - d', ZJFH#ETF

M, 7655 4 dJRFFEEAE T N 0.03 kg hm™ - d7' 247
Ay 7KFo T NPK Ab PR 224 K 1 3R 75 )i AT J ek
i, FEE 2 d ik FEE, ANO019 kg - hm™ - d™,
ZIE AR . NPK+M AbHR S LR IES 1 d
N O.11 kg « hm™ - d™', Fii4 dFFLef&%, 25518
T, BHERER, 7E58 5. 9d Bl 2 MEE, 4
B NO0.18, 027 kg - hm™ -« d™', 7E 11 AJEMEEE
FEIKF o NPK+S 2R & HORTEIE 546 1 d fi
SKFNEAE, M N 040 kg - hm™ - d”', B & T NPK
WhEE, ZJEIRGHERFEAL, (B S d OTiRZEE LTt
HE LAY, mETEHINO0I6kg - hm™ - d™,
TE 11 7 9 HUUR R 2R K.

TEIBNEIN, B Ab BR a5 A s R AR S I e T
G B G TP AR ka3, Jrp CK A #24%
KRR, ANOIL kg hm™ - d”', ¥{HHN N 0.05
kg« hm™ - d'o Jiti I AR AR BR T M A B 7 it A AR
2 d REERVEESS, FAAbIEIAES 4 d BIRIE(E,
M. NPK. NPK+M. NPK+S Ab3 ) 245 A i I (K
W NNO013, 011, 0.15, 039 kg « hm™ - d™', H o,
NPK Ab3LY) CK ToHH i 25 57 . A5 A FR 4% 2 sl Rk 3|
WEH 5 LRI R R, 3978 3 A iPf)fE 2 CK K-

0.5 & CK
--M

~

- -/x~NPK

< 04 </~ NPK+M

o —-NPK+S

E

. 03

on

4

Z

JFE_O.Z

g o

&

0.0

| I P I U I S P S I P PR P N PR I RN R P R PR P P |
VO~ —n\o QAN =A== OOWNO—I>O—
YNNI IO o G SR
cococoo (=} — o — [salisalsalisalsalisalsell-gialal
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ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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2.4 KIAREAEXT 3 & S

M 4 T, 7RSI, CK Ab B 4% &
ZRE N 840 kg + hm™, [ M 40 B LAk il HiAl
it A A B4 (B 2 T CK (P<0.05) , &%k BRlE
H v B HES) & NPK+S. NPK+M. NPK. M 4b 3,
WY KN 13.73, 13.03, 11.03. 9.73 kg * hm™, &
Jita A 1) FE R Y K 8.32% . 4.65% . 6.68% . 5.90%.
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A5 At i AT AL 3 3 1) 5 NPK AR FEAH L, M A4
VR BRI T 11.79%, ZSARE, HiA
i LU FIREAIR 0.78 AN E 4348, T NPK+M A B4 &
RREHINT 18.13%, ZHRMAEE, HitAE
LRI T 2.03 4~ F 43 45, NPK+S Ab #2045 &k 2
RN T 24.48%, 25 (P<0.05), fii%A
T HEIEIN T 1.64 NE

WA [) it S B 40 7 9 % SR AR iR AT e T
DL IR, TR — kb 3 ) RE A0 0 4%k B TR
REH, 7EIEACH], NPKALHEE % & ZFLE N N 6.80

kg - hm™, HEIE K BZFERR 6247%, WiHAb 34
Jita A A PHL ) 2204 e SR R 1 v BAIRHES ) NPK+M
NPK+S, M, fR¥ N N 838, 7.71. 566 kg * hm™, 1
ENPK AT % 257, AL ZHAREN
64.31%. 56.15%. 58.17%. TEiBAE], NPK 4bH4%
PR BN N 4.14 kg + hm™,  HoAt 3 /it A 4k 1
124 K SR H = BIMIRHES S NPK+S . NPK+M
M, HKUCH N 6.02, 465, 407 kg - hm™, 1 NPK+S
Ab G 3 T A AL FE (P<0.05), 1 M. NPK+M
AL NPK AbFETC 25 5

F4 TEMPIESELRRENSHERELLH

e BRI Hit

pikis SR B Pt Ui LA IR R Pt Ui L f] SR BB it U LA

(Nkg+hm™) (%) (Nkg+hm™) (%) (Nkg+hm™) (%)
CK 4.42+0.67c — 3.97 £0.34b — 8.40 +0.35d —

M 5.66 +0.01hc 3.43 4.07 +0.71b — 9.73+0.71cd 5.90
NPK 6.89 + 0.92ab 6.96 4.14 +0.18b 6.27 11.03 £ 0.96bc 6.68
NPK+M 8.38 +2.03a 391 4.65 = 0.48h 7.05 13.03 + 2.39ab 4.65
NPK+S 7.71£0.99 7.79 6.02 £ 1.24a 9.12 13.73 £ 0.89% 8.32

2.5 EIFEKHERS PR AR AL SE M

G R HOR ) - S A S A IR A OC
KFR(FS), HXREH0.14 (P<0.01), M5+
BMAR SR, pH RO ER, HERKHE
FRWo DL RUi, S A S R R R I
KHRE) FENE

x5 SERERS5TEBAEREEXSH

~ Ak EAE WHAK
Ei=tan pH
AR G o
R AR 1
BASRG = 0.14” 1
SRS = -0.10 0.19” 1
pH -0.20 038"  -0.66" 1

T o FORMIR R RSB B E K (P<0.01),

3 itig

3.1 AHUIE SFEFTIE X T a5 A i 52

AT i PR B v T R DL A A, i
Jitixh T A A BRI . BFFER, A 14
ARG AT S IR R BN, B AR Tk
BRI R R S R 39% T R T A HLY

Bt A 35 A R TR s 8, ek
ERASE RN, R T B R Bk L AR
AT, FEFFL RO AR Ak B+ M S 14 A SRR
i, R LB BRI TN T 24.48%, FEFFIAH
B fE AL AL BE 3 b e S R S mim, HESE S
i 5 A R EUR B A, RN,
e VE YIRS FTXT 2 0 W W B RE A — s A il
YERT, MNTRRAR T B A R W B, 5554k - 49 i
B E, WS R, SEUnK 4%
SRR O IR BRI, REATIE R A
ALHEXT IR F I A —E AR IEE A, FEFFL AL
JEENRAL B, B S T REEE L, ZMR S AR
HRIRLE R —2 Boh, HIEP R T8 LR
WL REFE, ek T iR

+ 39 Hhits A AL S — MR BB B Ta] i U
VA i, AHVAA AT TR, s 1
g R Y, BT AU I [ B0 4 %
EME R, ZMAEY ERE S ARAVEY IO SE RN R
S, HIREASR EZREE, Kk, HIEEELE
TR . ABFERIA, il HA P AT A 3R R
K, AR 4w A AL AR Ab #5555t AL B AL B LY
] AR S % BRI 11.79%; KRS ) Fil ]
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e e Y AW A W 3 I A B 3 & (T 2 e
K BRUEZ) 60%, it AL PR A 245 &
MR . AVUES LB ECHE AT LR 3
K, MUFRAHUIE A B0, e 560050
PR RE A HILER Y 15 1) JE 4 T R ok 2% PR 28 7K il A K
A AUAE R AL B i Ak B+ IS 5 & AR AU IR AN RS #T
i AL HR, AEA RIS AL AR B4 it 70% 4G HLAE &b 2
W, TR AR, SRR R R BRI
T 18.13%, BAMK TREFFE - AR, SR
Jiti &L FL A 4.65% o
3.2 AU S HE AT TS /N 22 77 AUVE IR A1) T RY
Al

TEPALIE LT 38t AT HLISE P R B e, A2
KR =T 19.60%, Hb 0 RGN 14.28%
K 5T B IESE A HLICH LR Bt HL A B . i 48 r= 4k
Reo BERABL, A HLICHLIEECHE /N 37 17.5%
oA T ok 46.55% Ze A7 YL A HLIEHL
RE e E A PR R R E R S RONRE ), g
R R AL, R RS TN G
HOR, HNDEA T R, R BIE SRR . 4
AR R VE R O TR FRE S B0 &
72 10.10%, XAl ge2h TR SEDSR A, 23
FAEPUR i A G, RS AT M D RS FT
X TH 4 A AT A i e i3k — ) A 20, AR
28 IR, A UIE S BUNE T 11.79%, A
U RERLA S FALAE . A HLAE X AE $ 7™ 5 i 52
X R %, oA HLIRE fb 5 ff 218, fE K E
DB ) = A, (A i K - e AR AR
ZJa, AV o AR AL B, A S
B 225 20 4R A2 AT A HUAE B IR 8, VR = &)
TR, (BRI 2T 70 24 IR RIX —RL
R, ATRE SR . HEIAVRRE R E R R
ﬁﬁé [33-35 ]O

4 &g

BOEEF /N AE EOKRFEAEIR RS, NPK b3
INFERFRI PR 9.70 t - hm™, M F AR A RN N
249.62 kg + hm™, 5 NPK &b B AH L, NPK+M 4b 3§
FER= BRI 19.59%, KB E 225, M 1
W S P HE TN 12.13% . {H M, NPK+S 4b HUf 7 =
T A R R AR, M, NPK+S ZbEEAFRL =i
kb NPK &b B3 51006 77 38.76% . 10.10%, Hb I 30%
RIS BRI 46.59% . 22.10%.

NPK 4k 3 1 58 2 % & £ B & NN 11.03
kg - hm™, 5 i 0 i L) A 6.68%. 1 M Ak B 21
¥k BFUE NN 9.73 kg - hm™, [ NPK 4k B [
iK% 11.79%, /5 it % &= b 5] B AIC 0.78 A~ H 43 a5,
NPK+M 23 (N 280.5 kg + hm ™ i & & ) &L 2
FUEA N 13.03 kg« hm™, (it &0 HU 9] L NPK 4b
FRFAA 2.03 N 43 5. NPK+S Ab B & 5 & B
N 13.73 kg « hm™, [t NPK AbHIE N 24.48%, 22
SR, AR LB 164 N E S s &
ER MR F 27 PSR ST Rm. &5, A
HLICHLAE Bt b o fte AL A BE 5 2 /N = i AR
NEWW, ARSI AR, AR TLIEY &5
NERME ORI, AT BT e/ N 22 A 7 AL
JiERE =

Sk
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Effects of long-term fertilization on the nitrogen absorption and ammonia volatilization of wheat in the Huang-
Huai-Hai plain of China

ZHANG Shui-qing', ZHANG Bo'" *, YUE Ke', LIN Shan’, GUO Dou-dou', GUO Teng-fei', HUANG Shao-min'’
(1. Institute of Plant Nutrition and Environmental Resources Science, Henan Academy of Agricultural Sciences,
Zhengzhou Henan 450002; 2. College of Resources and Environment, Huazhong Agricultural University, Wuhan Hubei
430070 )

Abstract: The Huang-Huai-Hai plain is an important major grain producing area in China. In this area, the utilization
efficiency of nitrogen fertilizer is low and therefore a large amount of fertilizer is lost. To provide useful information for
overcoming this problem, in this study, the National Soil Quality Observation and Experimental Station in Xinxiang
was employed as our research platform to monitor the soil of a wheat-corn rotation system under long-term fertilization in
different modes. Specifically, the nitrogen loss due to volatilization was monitored, with the purpose of exploring scientific
fertilization strategies to reduce the soil ammonia volatilization in the Huang-Huai-Hai plain, and to provide knowledge
for improving the utilization efficiency of nitrogen fertilizer. This study contained five treatments: control (CK ), single

application of chemical fertilizer (NPK ) , single application of organic fertilizer (M ) , straw materials that were returned to
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field combined with chemical fertilizer ( NPK+S ), and chemical fertilizer plus organic fertilizer (NPK+M ). The loss of soil
ammonia due to volatilization was observed in the wheat growing season, and the effects of soil mineral nitrogen content and
soil pH on soil ammonia volatilization were analysed. The results showed that long-term fertilization had a significant effect
on wheat yield and nitrogen absorption. The yield of wheat in each fertilization treatment was significantly higher than that
of CK treatment, and the yields of grain, straw and glume were the highest in NPK+M treatment, reaching 11.6 t * hm™
(‘a 15.6% increase compared to the value of the NPK treatment ), 1338t - hm?>(39.1% ) and 3.34 t - hm™>( 18.4% ) ,
respectively. The NPK+M treatment resulted in the largest nitrogen uptake by wheat shoots in all treatments, reaching
306.67 kg * hm™, which was 14.3% and 44.7% higher than that of NPK and NPK+S treatments, respectively. Different
fertilization treatments had a significant impact on soil ammonia volatilization. The peak of soil ammonia volatilization rate in
the wheat growing season occurred mainly within 1 ~ 4 d after fertilization, and NPK+S treatment induced the highest peak
value, reaching N 0.40 kg * hm™ + d™', followed by NPK+M treatment. In the wheat growing season, the total amount
of soil ammonia loss due to volatilization under different long-term fertilization treatments reached 9.73 ~ 13.73 kg * hm ™,
and the total amount of ammonia volatilization in the basal fertilizer period ( 52.7% ~ 64.3% of the fertilization amount ) was
higher than that in the top-dressing period. The NPK+S treatment resulted in the highest level of soil ammonia volatilization
in the wheat growing season ( 13.73 kg * hm™ ), which was significantly increased by 24.5% compared with that of the NPK
treatment. However, the total amount of ammonia volatilization from the soil in the wheat growing season under the NPK+M
treatment only accounted for 4.65% of nitrogen application, which was significantly lower than other fertilization treatments.
In summary, the combined application of organic and inorganic fertilizers can significantly increase wheat yield and nitrogen
fertilizer absorption, and reduce soil ammonia volatilization; thus, this strategy might be able to promote crop yields and
improve the efficiency of fertilizer utilization. Based on our results, we propose this combination as a potentially optimal
fertilization strategy for wheat production in the Huang-Huai-Hai plain.

Key words: ammonia volatilization ; long-term fertilization; fluvo-aquic soil; nitrogen absorption; Huang-Huai-Hai plain



