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B E.AHENAR . FRIERAERANINERN EREAEXRFRRAASAARANYH. FREK
BOAPAE L ERGERAELFE(1.49~2.63 vhm®) Tk H F A K %E WUE(41.3% ~72.3%) AR AR £
PUE(45.7% ~80.7%). BA A HL T AL 6t 40 58 = B (5.89 vhm?)#n WUE(13.15 kg/(hm? - mm) ), PUE(14.39 kg/
(hn?omm)) B H. AV EREER KT EEO~40em) L HAE MW TLREARE RETLANEAK
Wy, EEERANY HTHAALALARE BEABALRANEAERSRBAE(O~-O ) L RS
AE60~200cmtETHAAKEECTHE, MALERERENOMAL,0~200cm L EEAERERMK, £ L
FHRET RS AELNE 2R, AN, EEABA4 T FHROLLKEAEREE P ARB TR XHARS

W KA em UTH IS ARRTEAETHER.

X @A ANEARE AT K XS FE AR AAKE

HE 45 ¥S . S147.34; S513 IREAREM: A

20 42 80 FE LUK, KEAI X ERE T
SpMEBMEE, TRARBE T 80%" . WAEY
NFHRTEREAR, P@mA s S fg
79.4% BT RREEZE  ERELB ML R
HRWK, BEE, WAL SHEEIRBEALTHE
$1413.4~20.0 v/hn ,PEKAEFH 1N 6.1~10.8
t/hm? AU BB A W S8 46% ~ 54% , 7" B )R
F2 IR K KR ED . FRERHECST, L
HAHBREADIFI AR ERERBERERTREK
B OMAEER. AEEPHEFRARRERRBE
MANFANTFERRE, LHEETREMR, EX
FROREB EKRB T LAY RFES 0 AEH
Wi, HHAR YA LB AL AR RS , R (LT L
8 R g A IR R T ABCE R Y A,
R SRR S R Ak P . N REE
Brscs 8 M N.P.KfLAE, IR N.P. K LIES5H
VERSHEB. HAMNTREEXTE. R¥EHE
KA FHEHSTEE 30 a WL EEMERERE,
PR ENL  HHEIURREA A F LA
RME, &SR T ERLER BEEMEX>™
B, a0 e R E HaOIEAF R RN E
WAL IR B 2B A PLIB A HEA AU Bl T4 R
#+ WAHBEKER, B8 AT RE L EARK
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GHBRBREE. NEFOTIEREAN, EF
WRIAVE, TRALEEVEME RS ] 8%
B SRR RE R G PR AR B0l RS, K
T R BB e 26 2ef 32 5 2 K 43 PR B R A A
EERFRBRE2 Y BRAXEHRARBES
E— KD TERER b, REERERFTHR
BT RE&N, M TFEFREREIBRT ENNEE
k=i R HKS R AR KR AR E. AR
BT 2010 4E 7E L TG 407 M 1l R sk AT, 7E L BT &
RESBT RETHENALIERES REEERL
7= B Ak 4 FPR L R, 1B 7 O 5 KR X
HEFRHZBWHTR, RS R EKR™BMRHK
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1 HRS5TE
1.1 HBRHBEXFR

REF2010FE4 AZ 10 AELEERMHTHIT
W X 3 B R (db 4 38°42' , K2 112067 ) B3 L3 AT,
R MK 858.3 m, EEXRE/KE 431.7 mm, PR
£ 9.07C, =10CHE 3 522.5C, EHBH 176 d, F
B A BB % 2 590.5 h(1954-—2010 FF Hfl ),

TR HEEL,0~20 cm L EFB VLE S & 8.22
g/kg, B 41 mg/kg, ERH 137.2 mg/ kg, B BE
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30 %

11.4 mg/kg,pH {8 8.14, 3 T /KHHE R 19.2 mo

2010 sE R B ], 4F B BEK & 470.9 mm, HE
ZAEFH KRS 39.2 mm(1954—2010 4F) , F £
k4K (5—9 A )FEKE 407.8 mm, HERKERE
86.6% 3t L@ T 24 B HE(367.5 mm) , B iE
FRBFEKES, BE,6 A7 A RITHEE
73.5 mm, A H BAEFRBIETHEK 46% , WA ®
MekBEEEHEN -0.54, M < -0.50 I XT
a7 HS T MET (<10 mm) H K E 42 d,
wikBETFRER,
1.2 RBFR o o

I SR S R 8 958, IR I R B HLIX 41 it
TS A oA, BABIKEL, S/NXKEHR 0 0
(6 m, 5 5 m), FRIBEHEH 60 000 Bk /hm®, BT
EFTRRHE (T 4T 80 cm,?lé'ﬁ 40 cm) ,AIERF E XK,
FRRE NSEY 46% )5 3 THBTARH IO
BRI 102 B LBIRE A , 38R — IR PE e A BEAE (G 9%

0 o By

Mean daily temperature
m K&
20 Daily precipitation

fOF38 i e
Mean daily temperature

N l.l 1 ||ll I

B4E,P,0s S BAN 13%) AL (B, K0 78/
S0%)FAPE(BEBSEMERRE AILETE
97.2 g/kg 2B 4.01 g/kg 2B 1.38 g/kg 28 22.6
g/ kg BB, 24 THMALER,S A 1 HiEM, 10
A6 AR, £4FM 157 do
1.3 MERESHE

+ 338 5K B R B AR B T B 0 , R AT
W JE 10 d KB W DT H8 22 (it 225 25 d iR
B 6 RENKHR L, REEETHBE#ET, &
BEAAWHERBOM 4BREXR, FRHLESETHO
Bt , §/NKBHEA, BMEEEN 2 m, % 20 cm
—B, B8R+ AEREHY BMARET EFES,
wHLREHBEGELRKRE RRBRASMN,
FE 1I0SCHAMTFTHEEE, FRIFEHRE, ATl
KIS A TI 0 E 132 0~ 20 cm, 20 ~ 40 cm T 3EE
&, EEH 2.65 g/em’,
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Fig.1 The daily precipitation and mean daily temperature in 2010
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Table 1 Treatments and their codes

1. g N P K Manure
Treatment Code /(kg-hm™2) /(kghm™2) /(kg-hm~?) /(t*hm~?)
CK CK 0 0 0 0
N Al 240 0 0 0
N+ PK A2 240 150 150 0
2: fﬂﬁi& A3 240 0 0 45
N+ PK + A HLIE

A 2
N % PK + Manure 4 40 150 120 45

Wegket , B/ X £ BRBAT,BUPE 4 17, BT
S5 m K RT 2R EIFHRE, R RERER
MEHE HEER LAREVLEHR 20 BETENS
FOMEEK RRK TR ATHR CTAE(4%
SKE), RSB R TREITR &,

1.4 HHFE
H+EPKEMIHTE:

10
W = >,W:x D; x H; x10/100

X, WHEEEKE(mn); W, hE i ZLEER
GIKE(%);D, HEIBRTIEAE (g/en’); H, BEQ
EXEEBE(cm),

7k 43 ) H 3% % (WUE) #0 F% 70 F F 8% (PUE)
R

WUE = Y/E; PUE = Y/P

Ko, WUE K5 Fl A3 (kg/ (ho? - mm)}; PUE K
F%Tﬁ*“;ﬁ%l$[kg/(hm2 -mm)); Y MEMIZT R
(kg/hm?); P AT HHERNE(mm),

+HESTLBHE (%) = 100 x (1 - HHAE / -5
bhEE), F L ED — IR H{EN 2.65 g/em’s
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1.5 &itA&E
F3 DPS3.1 AbBEK 4 34T 8 A J7 2 53 7 X Dun-
can’s FIERERE,

2 HBRE5aW

2.1 TWMAKHSEK

21.1 RAXLFEAE(0~40cm)LEEZELIL
MEHEN REETEMNTEYHEMEE, EXM
B EHIALRE SR AN AU R TR FER
J1, #Wx K SIABEEEW, Kg2 T
AUESH WA EVELEKNERZ(0~40 cm) -
EAEHHEAEK B+ BESAKRES THEL
HERYABHREEKTE. BALELETHL
JEALBMEZ(0~40 cn) L EREM  EILEES,
BEYRXBEEKE. AR, ERAAVIEESE
ERMRTEAE EE L ENOLAARE R EY
WA, — S E P, BB B
AR FER, B L AR A A TEDR
FEBHTERRERN TEK, REEYHTLRE

£2 AEBRELERKY(0~40 cm)THEE
HEAREEN
Table 2 The soil bulk density and soil total porosity
at 0 ~ 40 cm soil depth after harvest

BABRE/ %
Soil total porosity

gi/(g'cm")
pOE: Soil bulk

Treatment

0~20cm 20~40cm 0~20 cm 20~40 cm

b

. 1.30a 1.35a 50.8b 48.9b
No fertilizer
LERES
Chemical fertilizer 1.29a 1.34a 51.1b 49.3b
HHLIE 1.26b 1.29b 52.4a 51.4a

Organic fertilizer

W ANEF AR E—SIBERREREE P <0.05 KF
tHEREEH,

Note: Values followed by small letters within a column mean significant
difference at 0.05 level.

2.1.2 EFAAFAABESLELARELTH B
WHHEAETHERMNFSA MER —-FWHE
K EAMEME, Hms &K T 2 E R —fEi
TRy, kSRR AN Ba D, NEMBIEEE
10d, i REX Bt 32.3 mm, FHEE 17.7C.
MTHMERAKEERE BRABERENEA
1.47 mm, BEWAEKKRZH W, AE 2 palLLE
H,EZE(0~60 cm) LIEEKELIA VLKL
(A4 A3 CAR AL B 1.2% F1 1.1% ; K2
fLREAEFE (A2 (A1), BS & T A4 ZE ., 140 em LIF
TESKESLABZEZRALR, RBELHKS

AR AR E RO T , A YLE HLAE B i b 2 4l i
RMEIEA BaF B K RIBIEM . i THEEREK
RIFE KRR, W EEEGR, EYWAE K 60 cm LA
TH+ESKEZmRED, LRRRKEERRBE

TIEEKE% TEEKE
Siol moisture Siol moisture
010 12 14 16 18 04 6 8 10 12 14 16 18
20 .\ N 20
()i HifE10d (b) RO\ 113
40 ) 10days after 40t Wy, 12-leaf age
g emergency g
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S 80t > 80}
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2 WEREWMELE0~200 cm TREKE

Fig.2 The soil moisture in 0 ~ 200 cm soil layer
during the early period of summer drought

WG 10 d Bl KW ol 081 BB 31.4
mm, A6 9 6 IKEEK LA 1 KFEK&EE 10 mm,
HEEMBEK (<10 mm)BxE 20 d, BFHET
gl HE3HADEL, S4B HERE(0~60
em) &K B ¥ FE K, B AR B LR b B (CK) LA
6.2 % , % & i BB B9 IR AN VLA LA e A A 3 R
%52 6.8%,ER1B/, B FEEREEEE,H
Bl A A — KPR (15.4 mm) %A, BT LA 60 cm LA R
BEXBZEHEEME/N, BIBERK, XHH
AR R BB G E T RERKERAAHE
B FAIUBUE TR, £ T 2R KN R FL
T RERFAETE, EKRBERZIIRN.

MK W\ OB B ok 22 B R RET 61.7
mm, B B L RERT REGED] 19 d, 5 LB BER M,
EEERMHRBEZEH 24, BTETES
K EMEKZITEYH, LIRS KEEARE
HFERAE—RA47.4 mm W%, ZE(0~40 cm)
T A KB KRt AT, B AT — B By L4 (0 ~ 40
em)EKER, HPEYAEALTE(A4.A3) K (0~ 40
em) TEHEKEBES. AR 7.3% , AREHELHE
(7.1%) , TIEAHBMK(6.8%) ., 8, HILEE™
BRI A, BIIMEN,KZ(0~40 cm) LHEAT
THAERMK, SILBERKR, EKENER, LS
KE MR, 40 cm PLF £ 888 K B BRT — B HI#8
B TR EPBESLGBRNEEZELREKETR
WA EEE, AR THEYRANEK,
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R R DR BB A LR, AT A B Rk
TRRBCHFERE LR KD, HE T EYXR
BRKEA AR

TREKE%
Siol moisture
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TEEIKES%
Siol moisture
4 6 8 1012 14 16 18

0 0
20 (@)t £ 20f (b 4} 25 d
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Fig.3 The soil moisture in 0 ~ 200 cm soil layer
during the spring drought

Mt 22 BRI 22 )5 25 d, BiTFEF 27.5 mm, Hi
PES TR REORE 21 4, RIEMEMR . EH
BREYEKLENY, E2N TREAEEY mAE
VBN R. AE3PAUES, m#2/525d0
~200 cm S K BRI — IR TH,0~20
em 1S KE <5%,0~120 cm HIEEFKEH/PHTF
10%,FABZEERBR b, XRAETET RS
SRR ENBR T, AVELEE FREZE(0~40

em) T BILBRE K, K ER  RKERABE,
ERHA&HT & ik A YLUIE A THLAE AT B
AR IR R AR IR E S BE
EMEE RS, R T Y RE LK e H
B, R 2 AR B, CBRREEE
BHEKAER T, WL R B MUE R EE LR 4+ H
HAVLUEE KRB REE S
2.2 FREKSFARE
2.2.1 HHANEERESZERALMABENY
w REGREW EFEERREFEN, FHEE
X B A ERK, BB EMNAT 5.89 vinds M
E3PAUEFEL, EEMEHEEKEAREER
WEHR, RS AL, =RMEE 1.4 ~
2.63 t/hm®, B jt AR 34 7= 8K, S 9% 40 AL A HLAE
MaMAEERE., ERBEMHIEKER FIMEA L
JIE( A4) B B4 i SR B 4 A (A2) 387 0.25 vhm, TE
P<0.05 K ¥ELEERBE BREIBRBEKY;
HREAREADSRIES A VLR S EM (A3 AL
FrEEK 0.34 vhn? , KB BE KT, HHER
HRERETE MEANEAREEERSEY
e, BBEEIE AL (A2) L R E F A VLR IR K b
(A1) 0.89 t/hm?, HiX B B & KF, M HE
BEER AR (A2) L RE (A1) 18.7% , (L RAE A PLAE
REHAMEEIEE(7.1%) B8, RBHEERFE
WHEET . EEEW T AVIERERBEERY
T KE, FE B EREK,

£3 TRAEMLBNREEBSER

Table 3 The yield and it"s components in different fertilizer treatments

o re o i< RRE BATH (3R %18 FhE
Treatment Yield E Ear length Barren length Ear row Kermnels 1000-grain
reatmen /(t*hm=%) | o /cem /em number per row weight/g
Al 4.75d 46139b 17.1ab 2.3b 14.7a 22.1b 318.0a
A2 5.64b 49278a 15.9b 2.3b 15.1a 23.6a 319.8a
A3 5.09¢ 49317a 19.8ab 2.6ab 14.7a 22.1b 318.8a
A4 5.8% 51417a 21.8a 1.9b 15.3a 23.2ab 322.3a
CK 3.26e 40722¢ 15.4b 3.1a 13.5b 20.4c 201.2b

FNEFEBANERE—FIBEE P<0.0S K P ENERBEH., TREMBIKEHNN 4%, TH.
Note: Values followed by small letters within a column mean significant difference at 0.05 level. The water contents of yield and 1000-grain weight are both

14% . They are the same as below.

SreBEHREEN TR, EIELBEN &
HEREESARIELEYFAREEER, SHE
mEzEFENEREERABE. Hi, EHAL
B4 EES, A4 A3 A BRBEREEST AL
AhFE L A2 MEMITRBEEET A3.AL TS A4 E
RABE FLBZABEITEMTHREEZRARE,
VAR &M T , RS BEKA=REH

FEEABE ERENBERET, B HREES
BERTEEKOFE BT AL, X 84T 8O T R

TwE/N, SHEEHRER S RHTEIES
ERRH, BB (r=0.979"") BT (r =
0.993" ") FF R B (r=0.959"" ). FRE(r =
0.983" ARG REABIM B FEMHR, RRK(r =
093" ) 5B RARBENAMEX, BR(r=
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W< A HLTE AL HE %o 523 7 K 7 I J 3K 40 1) P 2 143

0.759) 5= BZRIKZBEEZEKFE, UEHEEE
HEEKFEZITENEEEWN, E-EWRNA
EHN-RESEIREENER, B4 HARE
EHEAERENREAEN,

2.2.2 AMAMAEEN K WUE # PUE 9% 4
B KF EX WUE B0 Hr R RS KR —
Ui Z48%5, T PUE Wi BB T 5 8 b 0 B FR A9 42
AN, KB4 TUES, MAELE WUE f
PUE 53 3 A AR AL 2R 38 41.3% ~ 72.3% I
45.7% ~80.7% , ¥ A Btk B F K F. WA VAL
b3 (A4, A3) B WUE 43 5 5 48 j FH AL e Ab 3
(A2, A1) % 0.33 kg/(hm® - mm) 1 0. 68 kg/( hm?®
mm) ; ZE X PUE @4 0740, S A0 B AT RBLA M 240
A, BRABFHIE S A VLIEAL A i AL H (A4) R BB
FACALZE (A2)M) WUE 2R AEEH, HE AL
BEKY, RBBENEN FTREREHEE XK
WUE M PUE fERIHHE ., 5B WMERMER, R
BEBAE b F (A2) M X F i FUAE (A1) 82 5 WUE
MPUE THZELAEMAEVALERS LM (A3)FH
X FRIEAH (AD SRR, BULa LIHEN, &
FEMEREWT , AVENERBERZ S T,
TE8S WUE # PUE 77 T B 1E FIK T sBs  E

16 r C—ICK
A Al

a
ZmZma

Use efficiency

FIH %% #£/(kg » hm™ » mm™)

PUE
H4 BEERKSGARYLEMESHARE
Fig.4 WUE and PUE of spring maize
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RSN B+ S R AT B RS 45 1,
YR RS S B, B RS T AR ST &,
R L EENENESBEANER, FHTFHRL
WESH R T RAFKEE S, S0+ 5w o0, e EAE
YrEFRROL, S BREM A AR E SRR HRE S, R
REMHKRIEBE, FABERKRA,EXL
FENEMTREUKTE2MEOL T ,E A UL E
ML RAEMNES LR SRR, ATk #E +
I, AT AR L LR (0~ 60 cm) HIEEFKE

e FE K FER BREK, B2 (60 ~200 cm) LS
KETBHENTEE, BHERERE, AILELHEH T
TS ® WEREFANTE, RELHSKELL
HZEERABE, ETREREELEPE, H5%%
KEEE Rt ARZE LK, A HUE 8 E KR
ERAR. HTHERESFREALZT, HBRRE
AT S TEYXTRE LKA, &R
BAGT . REMTEENT EXRMER L EEK
MA A, AVEARES TEDRANER HNT
MEZHTKHBRKE, AAREH, BEE
w102 -BIET Y B ERKRERE MKk, W
M EREXHBEA VB ER FRBGESHNE S
7 A TR X — &,

GHBEE HEEDHEFRREERST B HE
YKAFAKXE., CEHBTETRNELT, ™
BARFERKAY. BE, EEPMRTUE -2
ErLrBERGPBERATR B REE™&
WiN1.49~2.63 vhm', HEBARG T, MES
PLEX BT REREE. B TEHE.BW
THVLBRSH S BB, E R MR ER R NF
HF AR EREERTHREE, b T
BALRE FEARERYM-RES LIRS
ERER,EERZBERA BENAHREE, ™
BEHBREREARSNERE . FTENERER
W T ERMAER, B R ERE FFEERAKKE, HF
BEEEFE, B, 2HFEEREET 5 RMB
K. MZFEEAHENSHEBE.

WUE Hl PUE R & B e Y 4 7™ b K % I A
M ENEERF, P B ERE MRS .
RS AEEREFEOTRL P HEH
HEUTIR S WUE M1 PUE, ATTREREW, BE
AR ERE WUE FI PUE, IR RELHT,
WIEAVIETUEERS WUE. BB E®RE PUE,
BRd, EHAMNEREAZGFT #EFEXTERES
WUE i PUE WIfERI B & & TAVIE, MZEA K
WH G,

HTFEFTEAGTERNEN AR RN, S
THTFREFENEKENAHEE B2 T R
R K5 FFR o A v, A HLUIEZE 3R B
TEREFEER, EERBETE - MRS
B FRHRERE —HK. XKEHRE
IR R Z AT K B E AL A fE 15 A
¥ NS, AR REMRI AP HE SN
MEREHE IR L R B2 8 S,
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Effects of combined application of organic and chemical fertilizers
on the yield and water utilization of spring maize in dryland

CHEN Gang', WANG Pu'”, TAO Hong-bin', ZHANG Zhong-dong?
(1. College of Agronomy and Biotechnology , China Agricultural University , Beijing 100193, China ;
2. Maize Research Institute, Shanxi Academy of Agriculture Sciences, Xinzhou 034000, China)

Abstract: Field experiment was settled to study effects of combined application of organic and chemical fertilizers on
the yield and water utilization of spring maize during summer drought in dryland. The results showed that the yields were
more significantly increased from 1.49 t/hm’ to 2.63 t/hn’ with the fertilizers application than the treatment without ap-
plying any fertilizer (CK), the WUE (water use efficiency) were from 41.3% 10 72.3% and the PUE (precipitation use
efficiency) were from 45.7% to 80.7% . Furthermore, the yield (5.89 t/hm®), WUE (13.15 kg/(hm’- mm)] and
PUE (14.39 kg/(hm’-mm) ) were the highest with the combined application of organic and chemical fertilizers. The
soil bulk density in O ~ 40 cm soil depth decreased significantly with the organic fertilization while the soil total porosity
increased. Hence, organic fertilizer effectively enhanced the capacity of water retention in the depth of 0 ~ 40 cm soil
layer. In the early period of summer drought, the soil moisture in the depth of 0 ~ 60 cm was improved with the fertilizer
application, especially the combined application of organic and chemical fertilizers because the normal precipitation and
soil storage . Meanwhile, the soil moisture in the depth of 60 ~ 200 cm soil layer did not change obviously . The soil mois-
ture of 0 ~ 200 cm soil layer decreased constantly with the summer drought intensifying and the surface soil moisture were
similar among treatments. While the soil moisture in deep soil depth (40 ~ 200 cm) of the fertilizer treatments decreased
much more than CK because of faster growing and more water consumption .
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