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Cropping system and its ecophysiological study for
one ton grain produced per mu in rice field
of Yunnan South Subtropical Region

ZHANG Shi-bac', LI Shu-yun'. L1 Cun-xin'
ZHU Yong’, PU Wen-fa’. YIN Shu-hua®

( 1. Kunming Instituze of Botany,The Chinese Academv af Science Kunming 650204 ,China; 2. ¥Yunnan Agricedtural Meteorology
Center Kunming 650031 ,China; 3. Mengz! County Agricedtural Teckmgue Popularization Center ,Mengzi 561100,China )

Abstract: During 1996~1899, the growth systems of vne ton grain producted per mu(one mu=666. 7 m')} were
studied at Caoba town in Mengzi county of Yunnan province, Spring corn, summer corn, autumn corn. winter
corn, early rice, mid-rice. late rice and winter wheat were studied systematically. Basing on dry matter weight of
above ground part. grain yield, total incident radiation amount., leaf area duration (filling stage , productivity and u-
tilization of ™, water productivity.the following 7 cropping systems of early rice— winter wheat, early rice—au-
tumn corn, early rice—winter wheat. spring corn--late rice, summer corn—winter wheat. mid-rice—winter
wheat and mid-rice—winter corn were compared and the mud-rice—winter corn was selected as the best cropping
system for one ton grain produced per mu of two crops i a year 1n south subtropical region of Yunnan.

Key words: One ton grain produce per mu: cropping system; ceophysiological basis
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FHME AT 23° N BE. K 130m EH.
g FE ALY FHSE18.5C.HMA 41.6d
(5/12~9/1), BB 5.4 d. FHEM 2 234 h. F 1
K& BE 133. 8 keal/ cm®, FE 7K 815. 8 mm(E
1.
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Table 1 Annual distribution pattern of main meteorological factors m Mengzi Plain

b 3= A #3 Month P
Item 1 2 3 4 5 7 8 5 1 11 12 Year
A5 CC) 12.1 14.0 18.0 21.0 22.6 22.8 22.7 22.0 21.0 18.7 15.4 12.& 18. &
Monthly mean temperature
Hﬂﬁ*i(m} 12.7 16.9 25.8 44-4 90.5 126.9 157.0 ]50.7 B6.4 54.7 27.6 15.9 815.8
Monthly mean rainfall amount
A HRERh . 215.1 204.6 235.0 229.2 206.3 140.3 150.3 153.8 160.6 150.3 179.3 209.2  2234.1
Monthly mean sunshine duration

z
A 216 BB ecal fem® 9.5 10.3 131 13.7 140 11.5 1.6 1.2 10.8 9.8 B.9 93 133. &

Monthly solar radiation amaunt

FAMEXKHAAEU—FHELE LEG R
MAEANRI.ZALHE EHBH 12T, PRFE
7 500~5 000 kg- hm*. /s 1 500 kg. hm*EH . B S
DEENE. 2FEFFLH4~5 H FAHRHA
0%, BHE 1%, B BRME 34% . 3~5 B BEHRE
BEAFBEHACEEW . PREAE.

HIFBREROFRAMAETREER BAK
B—EXRE, BREEKEANBREHN —FE,
EREEFMIN . NENRNSHEIT=ER
PENERHPMBER—BBAER —SEXHE ™
REACY, IAHEARETEHETEN K
Ty R TR O A SR A T R A L BB O M A B X 1 A
SERE. AFENR . IFAHEHRESAREET S
FASH 3~5 HR)eE., SR EEAELE.E. &
HABEXR. B PHRBLUELNENEZHE. L
ESERERRHER RHEE TR F~W
RORERERER.

1 MHEFE

HEREFAHEN. LW HHEEL . pH 6.5~
TOENMERE 2% ~3%. BAWNIE & 0.136%,
BB (P,O; 35 10°, R (K.00142. 8 £10%, 3
BNRAMEA . EE 1 334~1 667 m',

ERBEQ2/3~24/7) EHF(30/5~23/9) FIEk
B22/8~24/1DFATR 13 5. £FCL0/12~14/
OFRK e SHEER., EREFT®.20/3~29/7)
AL 647 PRB(CEREFR.10/4~21/0H 1 {63,
MRS K BB, 25/6~18/11) %Al ko =,

EXRFHABAEE 1.4 m)FREE. TE
0.5 m, BB 0. 2m, ERFEEHE N -BEXK 6. 2 8/
m L HEEXK 468/ BRKEX 6 OHR/m, REXKG 2
B/m' KREREER. 2 A/’ , ERMEGER . 48
MBREE K3 . ANENE. S hm® F# 150 kg, &
4 8124,

EFEN LM ARENRE(ERS KK
B AENHKIVEFRBREHTHEN NP,
KER. .G B0 . FRBGELE YR
CID R FAERE R BN GERE CID INCOOME LAIL,
MEPYIALI-188 MR- GE TR 4.

R EXE N 180 kg- hm?, A1 : 2: 1 B4E
FEE AR 5 B B w0 B8 /Y 8 BE; P.O; 114
kg hm* & EEIE., ABIEE N 102 kg. hm*+ PO,
114 kg. hm?), B HE N 138. 0'kg. hm®, ZAE (N
138 kg.hm*® 4+ PO, 112 kg.hm®). & BB N 138
kg. hm?*, -

R A2 BERE AR EBEAFE ETE
ZHIMAK 2~3 9, P B M KR E A, K a3
TI~2K, BAOERIKHAI . FHEX 4K,
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ok B AR E T oF B e B E i R AT o
AERSFZRXTHME D . IKBAIEEXPER
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Table 2 Leaf area duration(I.AT))at grain hilling period
gy FEX BEX BEX Lxk 8@ KR FAFE

Spring Summer Autumn Winter Early Mid-  Late Winter
maize Taize maize mamze  rice  rice e wheat

Crop

2.2 FTHERNEFSSE
EI3IGTTELR.EF B R LEXZE.H/7E
HETHENMFIXESEE>EH>8E XXX
FHABZANTERA AR AGNER.EX
* 3 A Ee.c A THHAREKE, et W
EHEFGH EEEARXS HEANREZBMT
BFEEFEAEREW. AETHES LE2ENEE
(P ETHELGHAR, MR - KHLEEXRUE
FEHTHREFBATHE.EEX—ETLTHER
BEAES, HAERAER . BER LAIZBER_E=
FEAMEXE D .BAEREEHE. HGEHEL
FHEUEHEE . EEXELE N L6 B/ m', F,
BAAENK DR 6. 2 BR/ m’. 6.0 ¥/ m*F 6. 2 B/
m®), LA + M AR BT U B R P B e K B R oK

ot & - - % . :
FREENT 112.4 146.6  89.0 135.5 140.7 138.2 1351 42.0 . ﬁ(fﬁkﬁ%.é,?%!%i?“ﬁ#]ﬂﬂﬁ B3
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Fig. 1 The variation of crop LAT in different growth and development period
—/— #E ¥ Spring corn;— « — E &% Summer corn: —@— & EX¥ Autumn com;—(_)— E E X Winer comny——-@——— R
B Early ricey— ——'— — — & f§ Mid-rice;: —— — « — — — BES Late rice; - = —@®— - — &/ F Wincer wheart.

(BRI 29.450), A EKRERKWBRHREE
B LAIGG. 06~2. 71, XMt FEF R EM K RER
T.HEBREHNFENTHELSHEY.

ER .G RRZE, PEMEBR R B
PrEREE-R.AEERPHLETERARET S
H.EREENEE . GHNAEENTR EED
A TEN 150.0g/ m', LATN 1. 35 R /45
#186.0 g/ m*H 1. 58, PRERIIEH A 10.7%,
BRM52.1%. W7 ATHBR. EXEKLTE
WHBERRS ERELEG EXPHTHESL

SBFHERE SN WRERR 23. 4%, X EREE
¥ (11710~ 28/ 11 ERA .
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B X DEEREFR, 2EFH 0dEH KB
Be2ATH~4ATEERTHRABRTHEY. I
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FHAEH KBEEKENAEANRBELI R
By X HAR LAIERE 3N (B D . 5XKBERE
FHABAHENEERAXROKBARMNE 2
FBE 0UAR . EX—BEFEERN. Bl
ABEFNELER  ANERRERZFD. M TYHE
AEFZEHE . FREFACEH AR X d oy Lk

BRI ARREETHEEN.63%) HIB2. 48%) .8
B EHRQR 519, BB R 5700 H (2. 52%)
B. BEESEHNEBHARN. 3% MEERLR
HTER, EAERAE— SR L#EWH, X0l H
BB ARE TEPNE LA BIEN . &/
EREN LAIGBREN 2.0 . S BRELRL.
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Table 3 Dry matter weight of each organ and tts distribution among organs of above

ground parts of different kind crup at silking and harverst

ety e BT gw o # & #% A e
Crop Period" weight Grain Leaf Sheath Srem Male spike Hulk Cob Ihed part
BEKk 3 BBZ.53  — 270.0 183 % 267.5 547 67. 6 39.9 —
Spring corn H 1699.1 769. 4 166. v 101, 3 296. 7 26-4 101. 5 178-3 52-3
EE¥ s 576.9  — 2015 Ay 2152 320 45.8 32.0 —
Summer eorn H 13321 718.9 137- 4 57 7 238. 1 13.7 100. 7 192.3 73.3
HEx 5 418.2 - 114. v 7.0 144.0 36.0 14.4 0.0 7.8
Autumn corn H 1 507.7 443.9 174- 0 144. 0 267.0 z8. B 198. 0 204. G 48. 0
LY s 574.7 — 174- 6 94. 4 170, 8 40. F S8 2 30.8 5.2
Winter corn H 2 054-3 B71-6 198. 0 121. 4 272.8 29.5 269. 5 249.9 12. 0
BB S 1584.3 — 363.90 404.9 363.0 — — 198. 0 165-4
Early rice H L 408. 8 989. 9 155.0 264. 0 264.0 — — 99. ¢ 626.9
L oF 1 1) 1498. 8 — 285. 0 363.0 370.8 — — 300.0 180-0
Mid-rice H 2 430. 0 1 ngg.a 13C. 40 270.0 3an. — — 150.0 540.0
X 5 1102.2 — 211.2 3860 264.0 — — 132.0 99.0
Late rice H 1379.0 337.5 66. 0 363.0 264.0 — — 66.Q 3z3. o0
g 5 396. 5 — 84. 5 146 2 65.1 — — 52.Q 18- 7
Winter wheat H 540, 7 6. 0 0 0 115.9 — — 51.5 146. 7
VS-fk 4 Y Silking: H-#r3E 8 Harvest,
Fae4 EEPEREKENERAHASERENER HE
Table 4 TInciden: sclar radiation amount and light energy use efficiency of each crop
in vegetative growth period and grain filling peried
AR A A B keal/c m')" FRF AE N
et Incoming solar radiation amount Light energy utilization efficiency
Crops BEREkl = BEREED 2%
Vegetative ﬁlfm riod Whole growth  Vegetative ?"xm od Whole growth
growth period ng perio period growth period Hling per! period
#H LXK Spring corn 28.5 20. 0 48. 5 1.30 1. 63 1. 40
B E X% Summer corn 208 15.9 35-8 1. 10 2-48 1. 66
B EX Autumn comn 24.0 17-3 11.3 0. 69 2.51 1.33
%73 % Winter corn 38.8 20. 4 59.2 0.789 2.94 1. 39
H 8 Early rice 35.8 12. 8 186 1. 77 2.57 1.98
R Mid-rice 34.2 14.8 14. 0 1.75 2.52 1.98
B B Late rice 0.9 9.9 30. & 2. 10 1.12 1.43
K hFE Winter wheat 33.5 19, 9 33.4 0. 40 0. 40 0. 10

VEXMNEEMEE. ABhmRAETEASEEE.
24 EEMTUREFMHERSAHERNXE
TENF 2. AE 1 MR R EfEER N
H#ETFEEATN EAEERNTYRE=&E g/
m)MEMERFEBELAIYX RO S ENBEEE

MEMEEEFHLE 2.

Bz LEH . AR 0.003 4,
B IAT A 7 R M R I A M
HMERESE=EDREENEER.
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Table 5 The uitilization efficiency and productivity of nitrogen fertilizer of every crop
EEX - 3 BEK & %X BE ENE
EEE\ Spring Summer  Autumn  Winter Early :;f—ﬁce ﬁf rice W;:EI
carn Caril cari corn rlee W t
Eﬁﬂfﬁiﬁéémy of N 41.0 44.3 336 42.9 42.2 40.4 338 28.0
57 4 (/) Bi.oﬁzﬁy. " 94. 4 B5.1 83.7 104. 3 100. 3 101, 2 57.5 39.2
E 1 LT 1E
Productivity gﬁ;ﬁ ield 4.2 39,9 24. 7 48.8 41.2 4.4 242 10. 9
- o6 EFHEPAANMKATNPARKNESS
Table 6 Water utilization and productivity of each crop in field growth period
H#EXK EE¥ Bk A;'-'iil& BE R o B EhE
e Smaer v Wne G i Lade e
Eﬁﬁ:ﬁlﬂf‘u) 4045 489, 0 293. 0 138. 0 388.9 558, 9 329.9 99. 4
E.‘? B;"f“:' hm™) 2 40D 0 0 3 000 2 700 1 500 1 800 4 500
riga ater
ﬁi?ﬂ;gﬂfi’“y 1.23 1. 47 1. 51 2,00 148 1.39 0. 66 0.45
hz. AEERAEEArFrNETOEER THESE K.
16001 0,556 x — 2875 HFEFERETEHEE X A, EEZXAFHEP . LR
y’= . X — -
1400 n=3 MEFASEEKAREENMEX DS5HEHN
& r=0.903 4 ARHEHEMAE KRG X.
g 120 . 2.6 K H BT
100 FEHHEREES. TEEAHE, AEREHHIE
% ol . B f YRR B R TR KL 005 3 T AIEA
E . . 3 OB T A R LU AR 4 . R i
£ 600f /- PR KSR 0~ 2 SEYHLTES,
E o / R R CH 279%) , 3L 3 RAERERT B BB I A
* HV R EES &R RBRKET 4.
2001/, ok %6 @7 FAERRKREHRER. & 5A
0 20 400 600 50 1000 KR 78. 8% MBI A L EM TRIERE, Bk

Bz AXHTOREFBAGEEFEN
EREBRREHMXE
Fig.2 Relation between dry matter production
and product of LAl duration and radiation
amount at grain filling stage

2.5 AURAAEREFSTS

RSRUE B LBEXRAE FHEMAEEMNA
EHEAOKUE. RTHE RKEXRALDEHEE
AR APUEERBR U4.3%). EERRHA
IBHAR S A KR MHRA X BRI RIE
HRRER CWRERENGWE. EEYE~E
AHEFBERAANEP ALULEXRER . FH

SC B il e w -

ek ERREW I, AR K. FA ERREK 300—~400
mm HHRE. BEEMEE K H Y 388 7 mm,
329. 9 mm M1 404. 5 mm), FEXRMEBERYASR
BRENEARK BETLEEEH AFIERTREK
PHRHER 2~3 W (FAFTK 2 400 m'/hm’ F1 2 700
m'/hm®) MR ETKESL. PHEELAEHEHN
RAEFR.4 ATHES A A RIEGE 5 B
RAELAEXREED S ATHHENEHE), AF LK
HEA L 200~1 500 m® /hm?) , F FIRETR B B9 & /)
FO04mm)MEAFERAB om), B FEEXREH
B, AR EEK B A3 000 m*/hm?) . i
FAEBAREE (4500 m'/hm®) . ELBEMMORIE
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Ry BB BT KA,

ERETEHESHTEEL UEERBEMNL T RE
B2 okg/m), FERBETHEMEREER. R
RWEFECPATELBRAR, EERNAFTRIT
R RAEREHBRE, RRAFBAKREN.BE
BEEAKES(RRE 2700 m*/hm’, F 5§ 1 500 m'/
hm?), REEEAR S, GEFERERQUEE TR . $
S 1/3 REM . Bk & HRE.

el
FRE—EIXK HE—BRENK
(794 2 } {671.2mnf )

2.7 LEMHMMA MRS

WE L ALAER B P BB E BT
FotEE DR AR AR 7 B EH A RS
—HBBAE-BRER A/ LIE. PELE
* . PR LI E . FEZARB.EER—L %,
ERATYE FNE . EXM T EHSEMN. A LS
BE AEARR. EEESD KEFHIOREAA
B 8 Mk, E A E - AT HE.

RE—BRE
(646, onurf’ )

HEX BB
(591. 1mnf )

PR— Ak
{556 Gmm )

R A
(553 Smuf’ }

H¥EK—xFE
{501, Ot )

B3 LREHGENES LR

Fig. 3 Comprehensive comparison of 7 multiple systems

EAIP,UPR—LEXAETREAMNE R K
(794. 2 mm®), E WA R B/ R EKRGTL-2 mm*) >
BAS—M S (646.9 mm’) > # F ¥— B & (591.1
mm*) > PR — &N FE (556. 6 mmDI >R —&hFE
(553. 5 mm®) > F £ H—&NF (501 0 mm*), A,
BRITVAANEH TR X, - FE T BE R E
BAUFB - LEXRITERER . AR AVEE —HKE
kEM, EE—BREIHEEHRETIER, B RE
BAFUWARRE MAMFIABAKXKE. £#7
BB EXMEXS,. F-BRxEasER2EA
A B E SRR E OKE 2 E e R .5
B EXERToEA R 2R HEEX
HERPAEE AR ERERTEESAE Bk
BERE-—%EXEHEA PR L ERERERX.F
B2 REXDR,RC HC KR RE.C
ERMTRSARZAMEELFELRRTHREMHER. 455
R 3~5 A ER W AEEXRE S~ Mt EHE
P 5ENBHMEBEREERITRHICA . PHEES Ad.

THER MEWERIMES . LEBT AR
K ERMBAMBEAAEE., FHERAAER
L L EREFLT 7 620 kg/ hm*, AT 9 060
kg/ b’ . IR Wi . B P B 12 155 kg/
h’, HHM 1991~ 193 EFBHEEXR-KRBH
AR ERETEAZAREFARXREE, £ 30
hm PHEHTESERM Y 25.3%,. BB~ &H 15
316. 535 kg/ hm®® ¥L# 1991~1994 £ F T X —m
AR 12 007.5 kg/ hm®™®, iFBHA E Rk —
HHEEARLFRERINTRAERANLAE . BET X8
FHE OAHWEEEEHTTHE.
2.8 REE X —FEMEHENEFEA

HTHEPR LEZX—-FARETHRER
PR TRHEERNBE T EEKALHBNPHETL
EREPBETHE PEE L EXEQEREA
ABrEdEx -  HEZLTREHNIBE~BELE
B—GERT). TUE LA EXMPBERERE L
BEAFEM.
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£7 LHEMEEHRAPB-RIEE (kg/bm’)
Table 7 Mid-rice vield comparison between in winter
vacant field and in winter corn field

=R b & E: T HE#
Farmer Weng-Yun Li Hong-yun Jiang Qi-chun
QEE*E . 10 515.0 11 430.0 10 950- 0
Winter corn field

LHE 5 450.0 11 460.0 10 755. 0

Winter vacant field

HA AEX—FHEEHHEFRTUMHE.H
EWELERFFBREBZEMNEEE.EET HE
5, AR AR T ERRBRTE. RED
F Pyt AR T H T HLAL . Eid A F &R e
WAL EXRNEE (FREENBEFHL . X
IERR A A B TE T AL ™2 Ry K.

BT R ERERARBE Y, F{ER X

£ LEKFATESIMRIOEL

Table 8 Change of soil nutrient after winter corn straw return to field

HE B £ N RN ZP EXP £K MK

; Organic Full N Rapidly vailable N Full P Rapidly available P Full K Rapidly available K
tem matter (%5 $29) (mg/kg) (%) (mg/kg) (13) (mg/kg)
ksl 2.26 0.112 72.8 0. 120 3. 44 0. 83 128.Q

At winter maize harvest

HEHAERNE

At mid-rice harvest after 2.40 0. I42 96. 0 0. 183 2. 30 1.25 168.0

straw return to field

A, FetA UL ER A, B e s R BT
HUMINLRENR. SME. CEXEFEHS—
FXWE0~10cm LREVRTHM 0. 14%6(F
8) BREHBA HEERESHEARRER. M2
EHMBE 500, REJLME 0K EL. RS
RHME . MER YRS SR, LB
FaEFE"@EFaTmTREARAR.

LA N, MU S fEfR i B
B E RS ERRFAELH —SRER~MR
WRRITETT.

EmiWREEANEE. LR ATW. K
Ro¥.
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