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FEE A TR T R XGE K ARG T AR FRS R FH XA K 43 3R T R A KRk | St AE & D6 A etk o™
A, IR 3 MEFFE FHE K /NEFEFFE 3000 kg/hm? (L) 6000 kg/hm? (M) . ,9000 kg/hm* ( H) ¥3 i H ; £ K
F&#F4% 4500 kg/hm’ (L) 9000 kg/hm® (M) 13500 kg/hm® (H) ##EE X RO FEFERIE H , AR 3 IREE  FEPLIX 4
HED  FEFFROMM AL TR AL Sem 2247 /B, N TS B %8 25 em AT IREE I 122, ,n%i%% AR FF 34 A (7 )
T, BTN EE 0—200em 12 H 3K E R CKOW IR A B4 &, F5FFE H & i s 24K, 0—200em 12 £ K & Hm
HfE 30. 17—32. 83 mm, A |FIE H i 2 (B 30 322 5, oK PRTET  ZOHUR bk i T AR I 28 30, ROkt R L 5 22 R i I KR
(P<0.05), i H AT K 564 s Z ML S ZAE 12.00—15.00 £Hr2e HIE (8, & o A% 3 MRS AR A ab B -
oA R A B2 s IR 6,52 .3.74 3. 20pumol - m s 7' (P <0.05) , 78 B R 7 9l = T4 IR 2,08 .1, 63.0. 72 pmol +m s~
o BEFSFFA H & R S 2K, & P K3 AR RS FF 4 H A B ) 6 Kb ™ B 0 6t HR Y 48 7 T 58. 3% \36. 7% 15.4% , &
KK F AR (WUE) ;. CK 4334215 38.5% 31% F10.9% . F4AT I AT 5 i85 13 17K 23 F LR AN &K B 7, A2 #EAE IOt
AR BEMEE YIS ™ RIR S K 5N DA R Z8H0R A H AR, 50K 535 i T R XAEHOL &
VB SR A8 2 B R I BRI PR 7
IR FEFFA I EAROR ; TR I HHOK G TR IX

Effects of different straw returning treatments on soil water, maize growth and

photosynthetic characteristics in the semi-arid area of Southern Ningxia
GAO Fei', JIA Zhikuan'* ", LU Wentao, HAN Qingfang, YANG Baoping, HOU Xianqing

1 Research Center of Agriculture in the Arid and Semiarid Areas, Northwest Sci-Tech University of Agriculture and Forestry, Yangling 712100, China
2 The Key Laboratory of Crop Production and Ecology, Minisiry of Agriculture, the People's Republic of China, Yangling 712100, China

Abstract: In order to study the effect of different straw returning treatments on the yield of corn, soil water  the growth
characteristics of spring corn and the photosynthetic characteristics on key growth period, a field experiment was conducted
in the area of southern Ningxia. The experiment of straw returning consists 3 levels which is 3000 kg/hm’ (L), 6000
kg/hm* (M) ,9000 kg/hm’ ( H) for wheat straw and 4500 kg/hm’ (L), 9000 kg/hm*( M), 13500 kg/hm’ (H) for corn
straw. The control treatment has no straw returning. There is three times of every treatment. With the completely randomized
block arrangement, straw is chopped at the length about Se¢m and is uniform buried in the soil about 25¢m layer. The results
show that, the soil water storage of 0 —200c¢m soil layer significantly increased ,which enhanced 30. 17mm, 31.13 mm,
32. 83 mm respectively follow the amount of straw returning from high to low compared to CK. Compared with CK, the
maize height, the stem diameter and leaf area have significantly increased ( P < 0. 05). The photosynthetic rate and
transpiration rate of corn leaf on different straw returning treatments that follow the amount of straw returning from high to

low is in sustainable high level during 12:00—15:00 a day, compared with CK,the photosynthetic rate enhanced 6.52, 3.74,
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3.20pmol -m s ' respectively, the transpiration rate increased 2.08, 1.63, 0.72pmol +m s ™' respectively(P <0.05).
Follow the amount of straw returning from high to low, compared with CK, grain yield of com increased 58.3% , 36.7%
and 5.4% respectively ; WUE of corn increased 38.5% , 31% and 0.9 % respectively. The results of experiment from 2007
—2009 showed that straw returning treatments in the area of southern Ningxia can increase WUE and the ability of soil water
storage, promote the photosynthesis of corn, and then increases the yield of corn. The daily variation regularity of the
photosynthetic rate and the transpiration rate is different on different soil moisture. The main limiting factor is water deficit

of soil for the photosynthesis of crop in the arid area of Ningxia Province.

Key Words: straw returning; photosynthetic rate; maize productivity; soil water; dry area of the south Ning Xia province

K B VR e dke 7™ B ) 24 % 0 i SRR O A R R B R 2 TR X 60% AT K 2 4R
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FE KA AL I 5 R A T, AR A g 2 A ) B R (A AR E |, A /N TP M S 5 i ARk
PO UGG it TP R T A R 1 118 AR AR A 2 P 34 2 B0 R A ek SR A AR TN A AR AL B RS F A
BN S PR R B BTN A 5 22 56 T X R A A =X ISHIAD B | R R R A T, B AR L AR A A A
FFIE TR AE A e B 07 T I B 5 M DA %o ol R 48 A T A P, (H S RS FRIA X2 T 5 X T K A AR
RN A B G A A BRI A5 iR A 9 38 2 WL ARG

Pt , AT TR TR X EMBEE T AR B R0, 6 3a J5 25K Bk A K ROE Ak
FISEMRIEAT T 20 AT, ARSI FH B 3E T 1 4R (RS AR
1 Mi5FE
1.1 A5 A

RS T 2007—2009 AFAE T E % AT X 82 PHE R AR50 X7, % XK 1800m, 424F 56% K
L mtE 7—9 H IR MK B8 ST 78 BN, T IEERIR AL 30% |, JE IR T R A%,
SRS 6—8.5°C , TUAR I 147—168d, A [ i 350—450mm,, H3E i 348 + 0 {56 Z A HL
Fif it 10.42g/kg, TIESA &1 0. 86g/kg, T A M 5 i 9Tmg/ kg, W 2. 39mg/ kg, - HEGR fif AL & 1
54.43mg/ kg, 2009 4F T KA F WIRIFE N R0 A, 4 A3 4EFh 3 6 A LR 47. 2mm, 5 T oKk A BB
FEMELIY 18.7% ,7 1 8 HE 9 H 19 H 2R M &t e 4 Ay i, 2L 187, 9mm , 2y (5 A & 1 8] S0 R R 52 1)
74.4% ,9 H 19 H LG ZE FRKBECAFER & 17, Smm, 5 S FERTE1 6.9% .

1.2 it

FEAT IR HHHR 3 ANAb 3 /N R FT4 3000 kg/hm?® (L) .6000 kg/hm” (M) 9000 kg/hm’® ( H) ¥y ik M ; &
KFEFTHE 4500 kg/hm® (L) 9000 kg/hm? (M) (13500 kg/hm? (H) ¥y #ik H , %F B RS FFARGE L, B b B
3 REE LKA HES], /NX AN 18m? , FEFFROR EHLIT K Sem Z247 10/ B, N T35 B3 & AN ) Ak
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FH/NX 25em ZEATREER 2, 2007 45/ N RS AT H &8 TRERT I TR iR L4 H 28 Bl F oK, il
W16, b3 R BEFE BT 375ke/hm® 1 BERRES (P,0,:12% —17% ) , % 5. 25 Jifk/hm*,10 A 11 Hk
M, FEARUWORIG i 15 B R AT KRS FTAE F ;2008 4E 4 F 28 HiRFEY hA T, fdh KA 10 5 %
B 30 Jikk/hm? 10 H 17 HUEK, WkIG 15/ FEFFIE H s db T A HE; 2009 4F- 4 H 22 H AP E K, fhifid
APRE 16,10 H 13 HUH,
1.3 Bk
1.3.1 +HKEENIE

K A3 T E TR EE S 0—200 em +)2  BUREJ7 75 8 0—20 em B 1 > FF I B[] A7 6 K 475 Fil
W A KA BB R e 3 R SR ST I
1.3.2 HIEFOKEMITHE

W=hxaxbx10/100

A, W LIRS (mm) , b 2JZHE (em) o DIERTE (g/em’), b LIRS KE (%) .

1.3.3 HIEEEKENITTE
ETa =W, -W, +P

A ETa 2 IEFEKE (mm) , W, 5T LK (mm) |, W, SR 5 B K & (mm) |, P A= 5 33 R0 K &
(mm) , 20 K B RFE KRB 2m £ )2 KR,
1.3.4 KRAOFHZE

WUE = Y/ET,

K, WUE 7K 3 FI R (kg-min ~'+hm ) | Y AVEWFERL™ i (kg/hm?) ,

B 7K S R HRCR (WUE,) WUE,( pmol -mmol ') = P./ E

K, PoREYI ROCHR R, E M 7850
1.3.5 kR SRR m A A I g

BRANX L 5 AR ENE K — SRR TR AR I , IR AT I FF IR, 7645 28 5 Ik 3 0 B i vk v 42
FEATE R, e AR E TR SR R B, B i AR = i R KK BE (em) x MR RK SERE (em) x REL
(0.75) , ¥k (em) 2R R 7280 (em) SR AR R RO
1.3.6 F=ERZEMNE

D5 300 AR oK™ SRR bR (b AR B SR ) BRZE SR N 3 IR WP
1.3.7 SLAAEARINE

FHIZEE LI-COR A4 77 LI-6400 A A 1EHNE RGESHATIE . BN 5 #RA AR,
KA —FREIE , I oK 22 8 =t i 5 & HORFIZE S R 10 H AR 4, IR R G 7K R RCE
1.4 Stk

JH DPS6. 55 AbBRERAFHEATAEAS 7 22531 2 Duncan’s i 52 il 2540 5
2 HREHWH
2.1 AFMEFEF FRSAEKR B £ HOK O f ARk

nFE 1 FR  FEAT AL 0—200em )2 H I K G5 CK A rde &, # FFid Ia ly s 20%, 58K
HIEINE R 30. 17—32. 83 mm, AN[AliA HE A Z M)A B EER, NS HAPESXRER B E (P <
0.05) . Bl FORA T IREMHERS , FoRA KAFEKIG N, £ 40 FE + e K A0 B2 BT RS, WA,
T B OKET SRS A6 AR R CK X IR A SR 5 A AN ] A2 B i B w8, ELAR BT i M 22 57
o T A A AL B A G B A SRR i 7 ORI 43036 0 4. 36 1143 (18. 33 mm; AU 4R T
44.37.40.13 28. 11mm, IR EAE FORAAEBRAE B A (B0 3 B k22 30) |l 3k AR P K
A KB K R T DA SRR A /T CK OV R
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R1 ARTHELAENEXESEBFRE 0—200cm T T 1EKHTHBIENE/ mm

Table 1 Effects of the water of 0—200cm soil in the whole growing period of corn under different organic fertilizer treatments/mm

Ab Eg Rl e AT Eitipid i 22 34 A ok
Treatments Before sowing Seeding stage Jointing stage Teaseling Stage Silking stage Maturity stage Harvest period
H 343.5a 354.2a 263. 1a 294.0a 325.5a 423.9a 378.0a
M 344.5a 361.2a 293.8b 291.2a 331.3a 419.7a 367. la
L 346.2a 368. la 279.9a 285. lab 331.4a 407.6a 368.3a
CK 313.4b 349. 8a 325.0c 322.3¢ 341.9a 379.5b 347.4b
49 NN =
FERI it/ 1.5 37.3 8.4 28.4 136 23.5 17.5
Precipitation

RIS KI5 AN [N E S0 0R 2253 5% 3K

2.2 ERICH AR MR M b A Ko R HRCER H A8

L 1.2 AT 78 Kk 22 BAAS A4 AL 33K K ) 0 A SR 78 18 R 12.00—15:00 B [B) Br 442 H 31
FE  E AR S 2R R H AL FAFAEE R R H M L 8 AR BRI 5 A R0 S 0T BEET 6.52
3.74 .3.20pmol +m s~ 22 F R E (P <0.05) , 7 HUR S BB B 2,08 1. 63.0. 72pwmol +m “*s ™', R L
AN HoAtb b PR 5% B 22 R 35 (P <0.05)

35 ] —

30| r
o251 o
§ 20 - £l
= 5
% 5[ —=— mmmam Eor —n— B
= —o— iR AL & —o— R EAHE
@ 10 —a— R w ol —a— KA
R —o— xtfii4ba L —o— Xif4ba

5 (—
1 1 1 1 1 1
| | 1 | 08:00 10:00 12:00 14:00 16:00 18:00

| |
08:00 10:00 12:00 14:00 16:00 18:00
W % B 18] Time
E1 AELEBETEXEMGER(P,) BELER

Fig. 1 The changing trend of Pn rate of the flag leaf in corn

under the different treatments

FOK EZEN 5 B I 7K 43 ) AR T DG A R
(P,) SZ&BHR(E)ZHWKRFR, HE 3 ITUEH,
AL I R R K 23 R BCRAE 8:00—12.00
7K, HOM L AR5 FE X RE 7 11, 07% (2. 90% Al
11.98% , 25 5 3 (P <0. 05) ,

2.3 ERAFRR SR AR
2.3.1 EAbke

F I 4 W] L S RS P A B 6 Kbk 5 sh S A8 1k 34
USRI AR AL AR, FE AT F AL A F KPR TR
it 22 391 AU B = TR (P < 0. 05) 5 B KK AP
JE, 2L BEM H M AL # T FEkEE CK &
24.39% 15.91% H111.25% .,

W % B 1] Time

B2 FERLAETEREMZBEZE(E) BEALER
Fig. 2 The changing trend of E rate of the flag leaf in corn

under the different treatments

—— W HAE = iR EALE

8 —

EQ 7L —— (EEHE  —— XA
m e

g 6
22l =
E g 4+
%32
22 1
'ﬁ 0 L L I

1 1 1
08:00  10:00  12:00  14:00  16:00  18:00
& i 1] Time

E3 ARLETEXRBRMNKSFAREHEEN
Fig. 3 The changing trend of WUE,rate of the flag leaf in corn

under the different treatments

http ://www. ecologica. cn



3

K AR RS AT AN FIAE FH e 7 R A X K O ORI RO AR S R

781

2.3.2 EKRMEMA

H & 5 o] L, R [ RS AR A AL PR A 3T 0D
WK, oK Bk T AU B K TR (P <0.05) , 4
AB I H M L & A3 Bk i i BUOF 3 Eo iR K
30.67% 22.22% F115.72% .,
2.3.3 FoK=EM

HE 6 i W AFESHAPET , 24T H A
FRZEH A R T X IR (P <0.05) . Horb E KK
FIZERAR (e dse ok i 3 bR L AR BEAN  H M AL A 25 R4
T RT X 43 X R 51,76 % .30.79%
2.4 FRFERAUK SRR

200

180: IE
5160_ —— &
50 K
= 100 F
§ 80|
60 |-
20
0 | | | | |
T W wilOH] HEenka B

B4 ERH®EIHE
Fig.4 Corn plant height dynamics

XF 3 FAS Rk H i AR PR (Y oK™ B FEK SERUK 3R TR I 7 T 25 S 3R W1 (3% 2) , H AL ™ et de iy,
ik 5395.38kg/hm” , HCh M ARERAN L ALBE, 435 555 BEHE 5 58. 3% .36.7% F15.4% (P <0. 05) , FfifsFFi8
FH 2t 7K P F e BIIAS RIS FF3A FH AL B KK 43 FHRICR B CK 4348 5 38. 5% 31% F10. 9% ,H M Ab 3 i

FE TR (P <0. 05),

450 - — 5 2.5
——
400 & 20
350 —o— CK '
o B g
5 300 T L5
g 2 —— 7
5 250 - ] =
3 = i,
9 - 8 10 —— &
% 200 = —o— CK
}E 150 «
0.5 -
100 |-
50 - 0 ! I ! ! I
0 ! ! ! \ ! W W w8 s Kok
W BN WD k2 R
E6 EREFHEzME
Bs EARMERHDS Fig.6 corn diameter dynamics
Fig.5 Corn leaf area dynamics
R2 EXFERFEMHREZE
Table 2 Corn yields and yield components
= e i o K i < g 23 F 2R
e }tgg . TRLE BRI . 53N hj*ﬂ ZEHTH/ % ETa WUE
Yields Weight per 1000 Number of grains  Ear length Ear diameter Blank o o
Treatments ) . /mm /(kg'mm ™ "+hm~")
/ (kg/hm~) grains/g per ear /cm /cm stem rate
H 5395.4a 337.5a 528.6a 22.8a 5.02a 9.5 248.7 21.7a
4658.5b 308.2b 499.8ab 23.1a 4.58h 10.1 227.1 20. 5a
L 3591.5¢ 283.5¢ 418.8hbc 21.9a 4.62b 12.4 231.7 15.8b
CK 3408. 1c 278.5¢ 404 . 6¢ 21.4a 4.52h 16.4 217.7 15.7b

[RIFE 5 AN [/ NE SR 30R 225355 5% W KF-

3 Wiessn

FIOCHFFER 7200 REFEAAR I AT LU WA R A A RS540 1) 398, B o 2 A FL RS Rk P A i s
AT AR R A LS A R O Al e BRI AR A S ] REAR A R AR K S R RIE R Y
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T B VR PR TR, ARSI T 0, R AR AL B T D 2 R R R 0—200em 4 2 HHEI K
T BEIE MY 22 /0T 53 5 76 36 K 0 B0 BR300 0 T b 3R 650 0 R - S /K A R R R B RO R v, B ML Ab B AR
HAE DAL EY 500 BEOC B 3 P22 5 X T BE SRR A AT HHOK MR & A 56, FER T BIHER th il 4 4b
PR A 3K R X BEAG T B, 12 s BG40 FE AL B %) 5 DK v SRR P e LR T DK S %) HE K i
3 H A K BT X AT RE S FOKIE B AR R IHAE R 2 KA O TE B RAE KR BRI 2, FoRAEK
FEAARNT B/ 0  FEFFAA F AR P AG LK i A5 DARER, DR it 28 PR H s o) B - 39K i dl 25 188

WA TS F TR AT FH ST - K A DR 5w ELAT U ) Ay OIS A IS g i R T AR R Bk 4, 7
H: S A 2E KA LG S8 it FRES S, R TAS AR A U N T 3 A PRk M, DR A T - K 2R Y
R IR E KGN, AR AR IEIL S AFAE — BUE Y FEAN ) 3 S O RSB SR A T i)
WL IR, TEARBEE b, 45 3a (38 RS, KER /A5 FF © 2645 258 2 i, PO it 17 R4k
IR, AEJEM L LA HT 4R RRORE , i R i 20 5 2 18— A G

I U], H AN TR =, FLuOh MR BT L AR At B 7 R, 4 R 58. 3% \36. 7%
5. 4% ; E KK FIFARCERE: CK 43513255 38.5% 31%M10.9% ,H M LB B & TXHR . Xl fe 2 T
Tt PP FE 5t 2 B 1 1 S0 1 [ g3 MRS AN 1 398 P i A W, AT {687 4 9 il 1 3% 78 S 8 4 v
T S TR 0 o R R AN A AUS IR A0 1 o0, R BORAE R R R AL T TR R B SRR, Fe Al R
KA P i 4 =, K SR SR B I, 6 e i — 2B BT TS

A BE T BB 557 A YRR L ER T Rl (38 A5 AR | (R0 B A0 AN A 2 A - 2 AR ol L [ A e
RERIRAE ) AR, FRAEE R 520 iR AE H AL EAFAEE AR  H M 5 LA Aot d
A 58 25 5 TR IR 2R B R I TR IR 2,08 1. 63,0, 72umol -m s 7' H M Kb B X R 25 R g 2
CA IFoE 2B, 40K I 2 BV (1) 28 G R DG A R 52 BFE N |, B 38 5K B i TR, I i 2%
i SR A ORI B N R RF IS KRS A HOR R HOR N H AL —FF &K S
I “E o 3 AR — B, T 557K 435 et S SRR AR A SRR W Ol B R S 2 I i R Ak R
A —E R AHE X N S TR AT R iR = 1 R Sk ek T AR SRR
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