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FE R IX & /NFE - KRG —AEPIRGRI BE , & /N2 15 90 135 180 mm %5 3 R K, &/NE WG, B E KT, &
KIGVEE 30 em SFFTHE 20440 em K/MT,“20+40” em ZE4E 3 FFE =0, BIFGE T ARy =00 B K GO0 & et B ™=
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FIEE FO Fo & OPSTL B/ A0 B3, 180 mm %% 135 mm AL BRI AR .35 | HK A0 F AR B 35 WA, R T Rid
AL AR B R H G A R 2R R AL ANARIRIBR CO, MR M AR A R AL FO  Fin (@PS 1T  Fo/Fm 7= 1 oK 5
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Effects of pre-sowing soil moisture and planting patterns on photosynthetic

characteristics and yield of summer soybean

LIU Yan', ZHOU Xunbo', CHEN Yuhai""*, QI Lin', CUI Zhaoyun’, YANG Rongguang’, XU Deli’
1 College of Agronomy, Shandong Agricultural University/State Key Laboratory of Crop Biology/ Shandong Key Laboratory of Crop Biology, Taian
271018, China

2 Meteorological Experiment Station, Taian 271000, China

Abstract: Wheat-soybean rotation planting pattern is an important farming system in North China Plain. The long-term
average (from 1971 to 2008) annual rainfall was 696.6 mm. In most years, rainfall does not exceeded 200 mm, but water
requirement of winter wheat was about 400 to 500 mm during the winter wheat growing season. As a consequence, winter
wheat yield reflects the amount of stored soil water, rainfall and water applied through irrigation. A great deal of studies
showed that irrigation regime of winter wheat affected on yiled, water use efficiency ( WUE) and pre-sowing soil moisture of
following crop.

The results of the work on photosynthetic characteristics, yield and WUE of summer soybean ( Glycine max cv. Ludou
4) under different pre-sowing soil moistures and planting patterns, as well as possible ways to improve water utilization,
have been reported. The experiment was carried out from June to September in 2009 at Agronomy Experimental Station of
Shandong Agricultural University (36°09'N, 117°09'E). The winter wheat experiment consisted of 3 irrigation schedules,
ie, 90 mm, 135 mm, 180 mm which were used at jointing stages (April 2, 2009) , heading stages ( April 24, 2009) and
filling stages(May 13, 2009 ) respectively; the amount of irrigation was 30 mm, 45 mm and 60 mm every time. The
summer soybean consisted of 3 planting patterns under the same plant population density (3.09x10°plant/hm”). The row

width set at uniform row with 30 cm, narrow-wide row with (20+40) cm( row widths set at a narrow row of 20 cm and a
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wide row of 40 ¢cm) and ridge with (20+40) cm ( double lines in ridge with 20 cm spacing, and 60 ¢cm between ridges) .
The results showed that pre-sowing soil moisture of summer soybean increased with irrigation amount of winter wheat
increasing, and photosynthetic function and yield were also improved. Net photosynthetic rate, transpiration rate, stomatal
conductance, intercellular CO, concentration, chlorophyll content index, FO, Fv, ®PS I, yield and WUE of summer
soybean , for the 180 mm and 135 mm irrigation of winter wheat, were significantly higher than those of the 90 mm, but
WUE of the 180 mm was significantly lower than that of the 135 mm (P < 0.05). Compare with uniform row planting
pattern and narrow-wide row planting pattern, ridge planting pattern obviously increased net photosynthetic rate,
transpiration rate, stomatal conductance, chlorophyll content index and chlorophyll fluorescence parameters, enhanced
yields and WUE.

In all the experiments, under the amount of irrigation 135 mm and 180 mm of winter wheat, yields of the ridge planting
pattern of summer soybean were significantly higher than those of other treatments. Under the ridge planting pattern, The
WUE of summer soybean under the amount of irrigation 180 mm of winter wheat was 6.32 kg-hm ™ mm™ | which lower than
of the amount of irrigation 135 mm of winter wheat. Considering economic and ecological benefits. The ridge planting
pattern of summer soybean was recommended under the amount of irrigation 135 mm of winter wheat, which was the optimal

combination in the experiment.

Key Words: pre-sowing soil moisture; planting patterns; summer soybean; photosynthetic characteristics; yield

AP IR E KRG — R A /N - R G — PG, & /N A BRIk R FE K 2 2h
400—500mm , ki Hi X [R] A RS RS & 119 2—3 %, — M A . B R B A K IR W 2, 1IE 5 F A BTN
R AR K AT K, — AR R R, T AR I Z A T e — AR I, T L AEYNE
WE T BE X T ZEA K o3 R HRCR Ko i g s 50 . A IFSRIESE i IX A/ N A2 HEEAN R e ) B 1 7
SRR R ECE 2 N HEAE YR Fh S ) £ HEEOK & () | dbmsgm P EEY AR RS kg, &
SRR ST R I BN AC N HE A VR TE A i DA B K B R RS 34 ) TR R TR BRI, IR e
P AR R 2R R SO R AR FIRE S e R, N EWEK i 54N E - %
KAFIR PR Z ARG,

R AR SRS R A R R B Y M ST T 110 em 22 E 4 47,70 em
28 - 34770 em 2B 1 WAT 45 em 2 EXUT 30 em 28 1 94T S Rl X T KRG ADEA A B4RE 75 110
em 28 b 4 AR AT HR i Aot AR 2RI ER M) CO MR EE (RALFIE 45 em 28 1 WUET R AT 42 i B
WA BE 1 B E P B IE T SRR B AR K G AR KB R | 5 28 b 3 A7 78 Y s A vl 1 i i i
FLREDLAH IR B R |, KT 440—20" em FEAE1T 5 14. 8 om FRIFZL & M fedd: H I bkl LA
X BERFIT K 22 i Rl 7 208 — D 6 T ARl 7 U IR 25 A S E YD e AR i i i B = &R
GREIE . ARIGAIE T RTHEA/ N R RIVE K 2 s iU i 22 5 5 )5 EE E R SR XM &5 S X B KE
AR LB TR DA R A /N - K G — AR A AR i, IS K T A5
1 #MR5H®
1.1 MeESET

IR T 2009 4 6—9 HTE LR K AFma M XA 7 S5 3l (36°107 N, 117°09"E) 7K 43 N 47, 7K 43
AN 3 mx3 m, K 1.5 m, PR HKIedRE, FAEIK, HHERIEL HHZ (0—20em) FAPLE 16. 3g/kg i
fi#%.92. 0 mg/kg FHRLHE 34. 8 mg/kg JERLEN 95. 5 mg/kg,

Z/NAZ VL 90 135 180mm 55 3 MK EALI, T4 A2 H) HhiEWI(4 H 24 H) #EXRBIGH
13 H )43 3 YL, Bk /K & b7 BRI 173, FK R A4, 44/ 6 A 10 HIlk , 2 kE 6 A 11 H
2 3.09x 10 #k/hm® ST N THEFD A& 5 4 5 A BRZEERY A F 1 90d, ' 3 FifiAE 77530 em %%
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ATHE “204407 em K/MT 204407 em ZB1E (ZEHE 60 cm, ZZTR %8 20 cm, ZBJE % 40 cm, 28 FXUTRIAE , F70E
20 cm) 4 WEE  FEILX HHES, B ARG AR 6—9 06 M I AR A BT 2, KR 8 420—490 mm, BEE
s 2 KT K AN FHEE . 2008—2009 4F-44/INA7 A= B W A1 B T 155 140 mm , B K o7 A2 10 (1) ¢ T
N 476 mm & IEHTEM
1.2 e H A5k
1.2.1 JEH

FH CNC503DR BV 8 T F E K GBS T , B 10 em —AN 20K ME R R 120 em,
1.2.2 HOLEHR B ST IR CO, W E

FHZEEA 1 LI-6400 YU A RSN E, TRERKEAEWI(7 A 12 H) JHEWI(7 H 27 H) 455518 H
12 H) kil (8 A 27 H) MBEMWI(9 H 12 H) , BB mE I KEE AR 1 9:30—11.30, H ARG T I
ER KRG T G BA/NXE 3 F,
1.2.3 MR

FHI 220 5 { CCM-200 P 7E .
1.2.4 WHEINSH

FHYEE Hansatech 23 742 77 59 FMS-2 ik i il =X 0 48 226 A0 5
1.2.5  JU=F2% Ff

2009 49 H 21 HWER, KBR/INX 14T B w s AR AR , SSUSCil ™=, U RCA 2.4 m? s BN/ IXHL 10 #R%
U By el 7 RT=ES i i 5% QN =Y & s E Y €y G S 3 & a5 % T 5 QNS AL R
1.2.6 KRR

KRR WUE =Y/ Eta , 309, Y 45 77 (ke/km’ ) | Eta HAVEPIFE/K B (mm)
1.3 SZ5R 5550

RN L2 AR AR AR R Z i A RS o (BESE B0 3 500 m) B9 ET106 F 3l 52 3l Wil ; R A Microsoft
Excel fERE, DPS #AEGe T Mt g 8dh (1SD %) 1,
2 ZER551
2.1 A/NZZREAK SN E KGR ) 5

2 /NAZREFK T S 25 5 ) SR LA AN 114 R K B (JIRSR) o 90,135,180 mm 45 3 R /K 55 F T ,0—120
em + 2 JERBKAE 390 256.4 297.9 322.4,180 mm AEFELYL 135 mm AbPRAR T 8.22% , %A BE,
90 mm ZLFRHE R T 25.74% , 225 B3 (P < 5% ) , VR K ARSI Rl AC /N2 K BRI K (% 1)

F1 BAEHHE 0—120 cm AEEXE/KE/mm

Table 1 Soil water storage (0—120 ¢cm) at summer soybean-sown

&N RE K/ mm JIEI Pre-sowing soil moisture
Trrigation of winter wheat 0—40 cm 40—80 cm 80—120 cm 0—120 ¢m
90 72.4¢ 77.3b 106. 7a 256.4b
135 87.7b 91.5a 118.7a 297.9a
180 100. 4a 102.7a 119.3a 322.4a

0—40 cm,40—80 cm F1 80—120 em 4 J2VREE ; FFIAR/ING FA F R A ) 2 57 52 (P < 0.05)

2.2 JEMEAFME T AR K GO A HR 28 R AR

JESR AR AR D7 =R B S R o G AR (181 1), I ABI19,90 (135 180 mm 4% 3 FAL B E KT
HOLE R EESY M 15.96 17.53 18.54 wmol -m s~ BV K 0 It 0 34 it T 90 100 185 o0 17 308 W 448 K
135 mm F1 180 mm ZbFH [ 90 mm ALBEAF 4R E T 9.84% F1 16.17% , 227 B E (P < 5% ) ,135 mm F1 180
mm RbPEE] 25 RN (P < 5% ), BRGETIE  R/MT | ZBAE 3 FhFp s Jr 2ot 6 3 3 408 53 51
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16.94 16.84 18.25 wmol-m>s™" i ZBVE L SATHE  K/IMT 209155 7. 73% 1 8.37% , v] W, ZEAEfE W i 412
EEOL AR, AR E K G A MR R K2 H N 2. 58 Mmol-m-z-s-‘,Klﬁlﬁ#ﬁﬁﬁlﬂmkﬁ{aﬁ
1.41 wmol-m™s™" | M I B K G50 A R 1 52 LRt U [T, PR R 5 22 40T 2R B JIC o
S 7 2O B R S EOG G BRI W 0 HAERUN (F=8.78") .

‘f_\ 35 r N gomm 35 [ 35 [
2 —0o— 135mm
= 30+ —a—180mm 30t 30+
3
g 25 251 251
3
M
,4455) g 20 + 20+ 20+
I,
R E 15 15t 15t
%2
? 10 + 10+ 10+
5]
g 5%t 5 5
2
0 . . L L 0 L L . . ) 0 . . . . )
BS FS PS GS MS BS FS PS GS MS BS FS PS GS MS
Growth stage

B1 EHAHETFANEAESFESERNIE

Fig. 1 Effects of pre-sowing soil moisture and planting patterns on net photosynthesis rate of summer soybean
BS: 43 Branching stage; FS: FAEHH Flowering stage; PS:Z5JEHA Podding stage; GS:E¢AiHH Graining stage; MS: 2 Maturing stage; 90
mm, 135 mm F1 180 mm &4 /NA7 HE Il

BLR G 75 I AT I AE I3 3 fie e e S5 R 12 BRI, SR 1 Je B IR (8T 2) o T B P9, 90 1135
180 mm % 3 ﬁYémLﬁEﬁE?ﬁﬂﬁﬁ%qzi’%{ﬁé}jﬂ]j\j 8.21.8.76.9.57 mmol -m™-s™ | R R E (P <
5% ), ZRBIRF G I n] P e R LR AR R SRATHE ORI ZEAE 3 R R T ST R LR
B H 8. 83 .8.66.9. 04 mmol -m s~ Jerp JBARWAEATRE O/ MT 4R i 2. 38% 1 4.39% , 2 5+
BE(P < 5%) , RYI BT 3552 5 B R G 2RI B, S [R]JRCH 8] 2K B Z8 1 R e KA 1H 2 1. 36

mmol - m s~ AN [ FAE 7 A B R 22BN 0. 38 mmol - m ™ s™" | B BH IR 0] 5 K278 19 4 1) 52 W AL LU R A¥ D7
KXW, AN, 5 2250 B W ISR 5 Ay 200k R 7 2 i iR A R W BRSO (F=9.29 ™),
14 - 14 - 14 -
:;{)\ 12 + 12 + 12
% 10 + 10 + 10 +
£
£ 8} 8t 8l
E
é 6r 6 6 I
E 4+ 4 4
&
§ 2+ 2 2
0 - - - - 0 - - - - 0 - - - - )
BS FS PS GS MS BS FS PS GS MS BS FS PS GS MS
Growth stage

E2 ERMAEARXNERTEBERNE

Fig. 2 Effects of pre—sowing soil moisture and planting patterns on transpiration rate of summer soybean

2.3 JERHGFIRRE 7 2O BRI R SR AL B AR B CO, MR 4 5

SALRE CO, KA 5SH (3E 38 , HAT A IRl A e S VE T S 28 B AR . &l 3 7] u%th bl
FEMTHAN 90 135 180 mm 45 3 FhE/K LB AR G B AL S IME 53510 0. 708 0. 807 0. 840 mol +m s~
B LS 8 I JEE 39 A 484 00 1777 328 #7489 K, 135 mm A1 180 mm AbBE L 90 mm AbFR > B4R B T 13. 98% Fi
18. 64% , ik E 25 {H 135 mm F1 180 mm AbFRH] 2 AR (P < 5% ) . HRKGHFATHE K/IMT ZB1E 3 Fil
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ity =St AL B 43591 0. 703 0. 700 ,0. 921 mol - m ™™ JLHf 28R LS54T HE L R/MT 43 5l
31.01% F131.57% , R W EE (P < 1% ) , BZBIEREW B 51 mrt F SILS I, AR E RS A
LR AR ZE N 0. 132 mol-m™s™" R [AIFIAE J7 2L HIH K 2ZE(E R 0. 221 mol-m™s™" BRI X K G /<,
FLT B2 A5 A an Ao X

18 18- 18
——90mm

16} Tenm 16| 16}

14} —&—180mm g 4| 14}

12+
10+
08
0.6
04 +
02+

0

Stomatal conductance/(mol-m2-s %)

BS FS PS GS MS BS FS PS GS MS
Growth stage

3 REMMEAXMERENFSALSENZRE

Fig. 3 Effects of pre-sowing soil moisture and planting patterns on stomatal conductance of summer soybean

A 4 T LUE H DU E R 4,90 (135 180 mm 45 3 Ff Ak #L 5T K G0 A 20 L[] B CO, ¥k B~ 3548 70 391
264 274 282 pumol/mol , BV 5K &2 it F- 21 i[RI B2 CO, R B2 Fif I 8 38 i3 K, ARATHE  KV/IMT L ZB4E 3 Al
Fi 7 AR PR CO, e A4 (E 7351 K 274 269 277 pumol/mol , W ZEVEA B T 5 K &k Fr 40 i [l it CO, ¥k
FERHR T . AN IR (B B K S 5 ] B CO, W B e K22 (E R 18 pumol/mol , AN [l i 75 2 1] e K 25 (E K 8
pmol/mol , AT WL , I X B K T R 2R BRI B CO, v B 1) 52 e LA Jy =X i

g 375¢ 3757 3757
g 350} 350+ 350}
g £ 325¢ 325} 325}
S £ 300} 300} 300}
23
S 5 orst 275} 275t
2¢
=0 20¢ 250+ 250t
£ 225} 2251 2251
£ 200 200 .. 20 .
£ BS FS PS GS MS BS FS PS GS MS BS FS PS GS MS
Growth stage

4 RFMMEFTANEXRZHMBER CO,RERH

Fig. 4 Effects of pre-sowing soil moisture and planting patterns on intercellular CO, concentration of summer soybean

2.4 JEREFRAE AL A0 B R S 2 A AR R

HRGAS AR S R 5 BE AR B AR B I R 2 g i 2 A8k (181 5) S5 3E Mk Bl i R (H , 5o &
KA AR A —F, YN ,90 135 180 mm 45 3 FhALEE {4 T, E K G4 R & 38 BOF 5 (8 4
S 21.02 23,13 .23. 94, BU K 4 38 & i dR BBl A< /N A2 JE K B3GR, 84T HE  R/M T (B 1E 3 #h
AT, B R E MG Z S RO 50 21,71 .19, 69 26. 69, Z&4E H S5 47 MK /M T/ 4R & T
22.94% F135.55% , 225+ B (P < 5% ) , £ ZBAE ] Qe R4 m e 2 S A8 80, B A TR A E L& .
AN JE i ) K M AR R S AR B K A1 0 2. 92, IRl FhiE 7 2 a1 e K228 R 7. 00 , & B X B A o
SR REIFEB A AME TR
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Fig. 5 Effects of pre-sowing soil moisture and planting patterns on chlorophyll content index of summer soybean

2.5 AR AL A0 B R TSR SO SR

DS 3l 122 0 E v [ 56 (FO ) [ WU FL T 32 AR A S AR B (R 567K s AT AR 585 (o) )
e PS 1155 —F e fl 32 (I8 JFAG I s e K6 (Fm) S PS T AL AR5 . th 3% 2 WS R G AE 45
& Bk 3 AP 90 135 180 mm 25 3 ML B Fo SE-X{E 451K 78 86 91, Fv 43512 406 439 455 BN E K
AR P B RS A 3 I T H2 7, 135 mm AT 180 mm AbFE L 90 mm AbFE FO 439 B AR E 10, 26% F
16.67% ,Fv 70 9 i & 4215 8. 13% M1 12.07% (P < 5% ), 3 MRl 7R, ZBEALFE Fo XM L& 4THE K
INTALIE ST BB T 7. 11% F1 12.92% |, BIZEVEA I T H R GAEC ROV IR R S Ak 2a i Pk . SRATHE A
IENERL PR Fo S48 /T AL A3 5155 8. 39% F19. 37 % , 3 W 28/ R4 AT FE Fbkt 1 vl ffi B8R SO0 k2% e v
B B 1 FE - SZAR DR BT R R P R TR n Ak e i fb . SEATRE AN ZBVEALBEH] Fm P IEAHZEA R, 2
W B PS T s Ry s B FAL s 1 L AR A ]

Fx2 KBMFHEAXWNEKXRE FOFv & Fm B30

Table 2 Effects of pre-sowing soil moisture and planting patterns on F0, Fv and Fm in summer soybean

AL Treatment FFAEH Flowering stage S5 Podding stage Sk A Graining stage
. ZUNZEK R/ mm
Pk 77 =X o
Irrigation of FO Fv Fm FO Fv Fm FO Fv Fm

Planting patterns .
winter wheat

EATHE 90 83¢ 443¢ 557b 87c 506b 580b 56¢ 294b 356b
Uniform row 135 87b 473b 564ab 92 542a 602b 78b 359a 428a
180 94a 499a 590a 97a 547a 653a 84a 366a 439a
KT 90 74b 392a 444p 85h 412b 484¢ 63c 364b 394b
Wide-narrow 135 85a 369a 459h 88ab 466a 519b 68b 400a 464a
row 180 88a 383a 559a 9la 495a 574a 79a 402a 470a
Z51F Ridge 90 92b 427¢ 522¢ 92h 477b 565¢ 68c 340a 382b
135 96a 462h 555h 101a 536a 608h 75b 347a 423ab
180 97a 497a 597a 101a 539a 637a 89a 365a 444a

@PS [ S WOCIREAE TR S RN G &R 43 G L T B SEBRGALF R T Fo/Fm R 38 T

HR G N IO FRCR SRRV CRER LR IR E KRG OPS T Fo/Fm Al = B2 (£ 3), B KE
TRAE 2532 Bk 3 NIFI N ,90 135 180 mm %5 3 A b B @PS 11 SFH{E 43514 0. 510 .0. 626 .0. 655, Bl & K &
B S2 B Y A 2 S50 3R B T 395 B 184 7 48 K, 135 mm AT 180 mm AR PS35I 1 90 mm AL FE IR & T 22.75% Al
28.43% ,H 135 mm 1 180 mm ZbHERZF AR ZE (P < 5% ) , 20 180 mm ALFEAE 135 mm AbFEXT OPS 1T %2
M8 AR . 90 135 180 mm AbFEE KT Fo/Fm SEXEAST 54 0. 820 .0. 835 0. 840, H:rf1 180 mm Ab
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FHEE 90 mm Al 135 mm AbFRAMFIH 1R 2. 44% F10. 60% , ¢ W RTI4TN T #2125 =R SR WL RERE L%, 3 Fhfp
73 PPS I Fo/ Fm FHEFRI R ZBVESFATRES R/IMT , SFATEE R ZBE B3 & T R/MT(P < 5% ) BN 5K
INTAH L, ZBVE AR T IR T 2w G Re AL Ak A k2= BRI BE ) . ARERRIE KT dPS T Fo/Fm e K2E(EH Y
4 0. 145 0. 020 , A R R 5 2] f K 2ZE(E 435910 0. 140 0. 040, K1 g %t K & &PS T A 520 L Rh A
77 A 5% Fo/ Fm 9520 W 5 A &2,

#*3 ERNHEFTRXTEKRE oPSI A Fv/Fm B850

Table 3 Effects of pre-sowing soil moisture and planting patterns on ®PS Il and Fv/Fm of summer soybean

AL B Treatment FFAEW] Flowering stage 45363 Podding stage BRI Graining stage
Fikt %/J\@%k%/m
Planing patterns II.TIgallon of oPS Il Fuo/Fm opS I Fuo/Fm oPS Il Fuo/Fm
winter wheat

SEATHE 90 0.534b 0.802¢ 0.547b 0.834b 0.476¢ 0.827b
Uniform row 135 0.567b 0.820b 0.660a 0.847ab 0.542b 0.836ab

180 0.663a 0.838a 0.692a 0.858a 0.555a 0.842a

KT 90 0.384b 0.795b 0.435¢ 0.768¢ 0.378b 0.815h

Wide-narrow row 135 0.560a 0.810ab 0.609b 0.822b 0.587a 0.803¢

180 0.568a 0.818a 0.687a 0.836a 0.590a 0.826a

254 Ridge 90 0.627h 0.826b 0.667h 0.862b 0.543b 0.846a

135 0.690a 0.839a 0.727a 0.871a 0.684b 0.850a

180 0.701a 0.840a 0.732a 0.873a 0.695a 0.854a

2.6 JECIRANRRRE Jy 2O B R T S A R R 5 )

PRI T 2200 I 45 A 3R W, SR G i A i R =X S 9 3 A ) 25 S 4 b 2 (F=83.00™ , F =
119.34™ [ F=14.62" ) , i UL B RCH Pl =CH4 R BH s mi B K = i, LG AR A Jy =2 R) A7 7 B S i B
YRRV, H12% 4 W13 ,90 mm 135 mm 180 mm Ab3HE K G 7755308 1486 kg/hm® 2097 kg/hm® 2128 kg/hm®,
BB RS 1 0 R G i 4 5, 135 mm AT 180 mm ARFEAT51 L 90 mm A0 545 57 41. 129% 1 43.20% , 2
135 mm A1 180 mm AbFHH]2EF A E (P <5% ) , 79 135 mm A1 180 mm ZbFRYREME E KGR =&, %5
FTHE R/MT ZBAE 3 FFIE 72U F R 5P I(E S5 1895 1606 2210 ke/hm? | ZEAE LV AEA THE AR /M T

x4 RENHEAANEXREFERFEMRE RN

Table 4 Effects of pre-sowing soil moisture and planting patterns onyield and yield components of summer soybean

FEh
. .. N ; IR KA FIH
A ZUN F/em ZEMe " MR BRI R/ o
Rt oA R em B em g, OO BRI g g TR g gk
. HE/K B/ mm Plant Stem ~ Productive Seed . 100-seed ) o
Planting o . . Number of Productive Seednumber . /(kg/hm*)  / (kg mm
Irrigation of  height thickness pod number number of X weight .
patterns . branch . . pod number of branch Yield ~hm™?)
winter wheat of main main stem X
of branch WUE
stem

GATiE 90 61.6b 0.56b 2.7b 20.7b 38.1c 6.2b 16.3b 16.0b 1518b 4.52¢
Uniform 135 65. 6ab 0.57ab 3.1a 21.9a 39.7b 11.6a 22.1a 16.3a 2023a 5.48a
row 180 66.9a 0.58a 3.2a 22.5a 42.9a 11.9a 24.3a 16.4a 2111a 5.12b
KT 90 61.2b 0.55b 2.7¢ 18. lc 33.8b 5.1c 14.3¢ 16.0b 1222h 3.67¢
Wide-narrow 135 65.0ab 0.57a 3.5b 18.8b 37.5a 7.8a 20.5b 16. 1ab 1784a 4.70a
row 180 66.8a 0.57a 3.7a 19.0a 38.4a 7.4b 22.5a 16.3a 1812a 4.58b
21k 90 60. 1b 0.67b 3.9b 20.6b 42.7¢ 11.7b 24.3b 16.3a 1717h 5.53¢
Ridge 135 66. 6a 0.69a 4.5a 23.4a 43.7b 13.2a 27.3a 16.4a 2453a 6.79a
180 67.5a 0.69a 4.5a 23.5a 44.7a 13.4a 27.6a 16.5a 2459a 6.32b
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SRR 16.62% F137.61% , 257 3 (P <5% ) ,RUIBAEA R THm B R G5, AR ) 2 oK 5™ i fx
KRIFE(H N 642 kg/hm® | A [FIFHE 7 2 R ZE(E N 604 kg/hm? | I A& /N 22 E /K Xk R 577 H 5wl L R 7 =X
iETN

NG S s - DNTE &y @ ks € ISR A e SN s by I TTh iy N X (B Tk 4 & NS A SN =T R
P R/IMT R R SR 2B VR B3 R B R 2 B RO AR e, 7 R PR 2R 5 7 a2 [ T 5 A
T, BT FEPR SR IEAR S (r=0. 8717 ), F2RRB S P i A B IE A G (r=0.8617) 4y
IR 7 i R IEAR DG (r=0.890 ™ ) M RCKEAC 5 7 B SE A 3 TE A G (720,919 ), EORLH 5 77 5 SR
WEIEAA(r=0.893"" ), EHULAE Hh, FivE 7 ORI Sl Ao 442 i 7 da b B PR B 77 i, 2283840 250k
AN T B 58 Tk GUER YA W < A ¥ 5% VK5 0.0 a0} A SN
2.7 IR 2O R GRS R FHACR 1 5

F#¢ 4 FTLIE 90,135 180 mm 3 FRALFEAE T, K G WUE SEX(E S 4.57 5.66.5. 34 kg+hm ™ mm™ , Bl 135
mm FEKALFEEE 90 mm A1 180 mm /K AL B/ 52 5 23.85% F15.99% , 2 F W E (P < 5% ) , W iE SR
L RCH 7K B i A AR S R GK A R ROR . 3 FhlaE 77 =N B K & WUE R AR>S 581700 > R/
17, 2808 WUE 390850 B L SAT I A R/ IM TR 23.31% M43, 84% , R W ZBAERENS B H IR E KRG WUE, N
[ B K WUE Fe K2ZE(E R 1.08 kg-hm > mm™ R FAE 7 20 al e K22 E R 1. 89 kg-hm ™ mm ™, K
JEHIXT R WUE S0 AN AR 7 =S 8, ARG 5 oA o s2XOxt B R 7K 43 1) FH 288036 145 Wil 7 ) ik
) EAER
3 itig

HEABFSE R, 3 nT R A E A K WG s K, SPEYOGA FRPE = 5 ROk o R IRCRE A % DI ¢
FI R & /NFE 135 mm AT 180 mm ARFRE K GO AR SIS O SR R A AR BN
F90 mm 40P {H 135 mm 5 180 mm ZEFRZMIAHZE AN K, ARG SLEAL T HIE , Bt 6 R R, <AL
SR AR/ 135 mm #2180 mm AbHE LSO HURAT FTRRAIL, (H 218 HORATE F R, I, 135 mm Ab3H
IO R IE B B, ARBIFIE IR & B, B (K ARk, R SO A4 F 45 30 A RS A A B 5% ) ELAH
ORHERS AR HE] R GO A R S ZE M R SAL S AL RIBR CO, vk BE 34 S0 b 3 TE AR DG, AL,
A0 3 R SR I ol 2 S R AL R A IRT R CO, vk B i) A ) 4R i e AR O i ARk, R R E K
LA R RIK o RS 0 A 358 it . ZBVERRRRBCEE IR SZOIR 32 = 6 G PERE , ]RB IR AR R F L,
AR T 200 . U, R FHZEVEF R AR 2EAE ™ FRATATHY

M43 A B S EYIMT A RE R R BB AR ARG, R E MR S ERRE
Jet R ST AR A R 2 R R AL E A R S AR RS oL A R B E G,

Maxwell ffF 5248 Hi SR Z DOEREA SABMEY A K &K B 58 IR RO B 5 BN A R 5 1 ARk
AR g A R T RE R OGS VR BT R, ARBFIE B m I R FH 2B VR TR R FO  Fm
@PS I K Fo/Fm, AR FICRE M2 RERE AL, i it R AL 3R AL T 2 gt (HAE 135 mm Kb3EBLRN [ P-4 g K
HOIFAREREREE K FO Fo Fm @PSTT K Fuo/Fm 55 R T BERAIKI A T 135 mm AL B 435
FIAE B IR R O B A R % 16 2 R S %3 DGREHAL A0 A AR B R /K 43 225K, 180 mm Ab 35 /Y JiC 3
IKAT RIS T R

R INZE RN /INE A B B 7=, 1 L 35 m F #E E ORBDG A Bo= = AR 98 &
B, 46/ INZE B I /K R R R P ZBVE R T 4 K it (H 180 mm AbFEK 135 mm AbHEIE =R AR
i, &I/NA 180 mm HEKE+EH K G BME &/ E 135 mm FEKE+H KRG BIE B8, Ao HEEF AR FH
(P <5%), i FRIEKDFHRN6.32 kg-hm > mm™ | G EAK 7. 44% L5575 18 L U835 AR 8035, 1E
FEA/ N B IIE 135 mm , B R F 22BN AR,
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