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The Study on Establishing Growth Patterns of Grassland Yields and

Analysis of its Ecological Formations Using New PPR

LI Jian-Long, JIANG Ping’, ZHU Ming, SONG Zi-Jian, ZHAO De-Hua (Department of
Biolegical Science, Nanjing University. Nanjing, 210093, China). Acta Ecologica Sinica.2002,22(7):973~981.

Abstract: Using the Projection Pursuit Regression (PPR) method. the multivariate regression statistical
and PPR analvsis were made between the grassland yields and six other relative ecolagical factors observed
on the desert steppe in the nerthern slope of Tianshan, Xinjlang in 1992~ 1994. The PPR regression
models of herbage growth were set up. and the lormations of grassland yields were analyzed and
theoretically explained about them. The results showed that hay yields regularly varied according to
precipitations and possessed a bimodal distribution in common years. Among the three factors
(precipitation ( PR), accumulated temperature (A7) and light duration affected the herbage yield
formations ), precipitation was the chief ecological one. However. the growth conditions and patterns of
hetbages were resulted jointly by hydrothermal factors, soll textures, ecological habits and species
compositions. While setting up the growth models of grassland yields and analyzing the yield formations
with PPR method. the dimensional curses brought about by rarefaction of nonnormal and nonlinear higher

dimensional data points and the interference of independent factors and anthropogenic lactors were
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automatically eliminated. Thus, the precision and effectiveness of setting up growth models were enhanced
by the PPR method. The study also offered the results and coentribution of each variance in the PPR
model, and scientifically brought out the internal structural characters and regularity of the data
indiscoverable than other multivariate regression statistical methods. The real grassland vields were
estimated and that fitted well with the PPR regressive estimating model in 3 types. The estimating
precisions were above 905, The models passed the effective verification and the statistical analysis of
contributive rates was done. Among the 6 variances, growth periods {T) had the greatest contributive
rate to herhage vields, and soill water contents (SW), precipitations (PR). accumulated temperatures
(AT ), soil temperatures (ST ). grassland types (GT') followed decreasingly in succession. Qur resulis
provided foundations for reasonable utilization of grassland and understanding of the vield formative
mechanism in grassland ecological systems.

Key words: PPR new method: grassland in Tianshan; setting up of PPR model; yield formative effect
analysis
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AR EBRLYARER  FRERERS M AR ER T, S XN FTEHNRE(EE >CoPLIAR
I H L KB Bk (Kackia prosirata), i B2 (Ceratocarpus arenarius) V8 B B (Carex turkestanica) , £ F
(Festuca ovina Y &1 ¥ (Stipa capillata)F(F 1), B TREEIBEHR Sy TREELE, FLBERRHET™
B.SRANAEE TN, 25E 5 HH.
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(DHAERESBEER TN ARAFRECLE. ZEAACHETTRERMNEKE (mm) PAH S T8
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P<<0.05 KFFHITHFESFTMEEHERS. REWA PPR SIFGHTHBA 8 TR v MW 557

Z1L FTHREEBATAANREIASEETRRASERLN
Table 1 SDR; values and components of different grassland types in different topographic positiony

2K b 7B #R A FTRARNE

_ I 3 , EW(%) HXBE%R) HXIT=&(K) SDRS H(%)
Grassland Topagraphic Main herbage
- Quality _ Abundances Relative covers Relative yields (SDRy value)
tvpes positions Species
1GT, RKEEBRY ERHNLE FRARS Cop3 83. 4 93. 9 88. 7
2GT; KM TE?Y RELT FEREEC Cap2 55. 6 5. O 62. 3
HER Cop2 33. 3 22. 7 28.0
acT, iR BT HHEYRt FRREAR Cop2 73.3 81. 2 17.3
. Bk v Copl 13. 8 11.1 12.5
HEERY Sp 5.9 7.20 6. 60
4GT, mig TFEBT AL Jae A A Cop? 72. 4 72.5 72.7
SHEER Cop1 12.5 10. 1 11. 3
3GT; kg E Mt € {# 3 1 % Cop2 6G. 70. 2 65. 7
FHG Copl 20. 2 22. 0 21. 0
BEHEEHR Copl 13. 3 5. 40 9. 40

*SDR.=[ (X + M3 FH)/2]1x100% (Dupper of eastern slope  @lower of eastern slope  Fupper of western
slope @ lower of western slope Binorther slope @ Sandy loam Dfine loam &loam @ Seriphidim transillensis

(3Ceratocarpus arenarius (DKochia prostrata [2Carex turkestamica 3 Festuca ovina
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MAEINCBBEEPREBE IS HATIRMNEE FERETRBSHERRY 1902 FE 19 FHE
THEEEIR SHREASERTHHEL RN REBEAEEEREN 7 MAZETHNER. 0]
a8k DP(kg/ e ~ dNERTREIPMTHBRO TEFSE KR SWOER AN B 0~40em 2 EF
B REKR:STICIERENEMN 0~20cm tERFHHHRE  AT(CHEAXM R HIE PR
(rom) BRAEAHBANEFEFERARRETEREHNBRSEAERHEARWGT ERARNE
WAL HEH GTL.GT2.GT3.CT4 MGT S 5 A EMAER(ED1.2,3.4.5 F. 5 FBEHAEIE 1D,

2.3 KREMTREZHETURESTH

HAESHEREZR.EFRAEBFEARANUNES K ERER B EF P <005 FETHKFE
HEREESFP>0.05), ME 2L, THERFREAFFEAMET (BB BT H BB XML, 192 E
1004 4F Ja EMTHFRYAR £ R EFHTHEFRBEA VB FREP. 109 FRE X5 32 KIF L
BABRAENRER. BN, TEFRER-FRANFTBNYPLENBTL. —BR&T-RE~7T R ERR
L BT SEAE SR RS ENPRREE T RAE, RS RN EHE 1992 F3
RENPB(HED.ISEFRARSETFECHTETARE R WS ATYE 9 A PR S
SEANSHEEHAENEXRBESNAR, AL RE SEHARBENERKITE. PR RETUE
RIEMNEESHABAE L MRS BT8R, ERREARE S E 0% R ™85 e E
HNEE . ASSEHEIHERARANBENESRENMENER. ETEMAFETRBX EHRAKITR
HENERABE A BRHESESOBRNEF X~ RADHIFFLEHMRFEE 120, -8
EHNNETESRREBRARMNTMS MAMAR 2 TR ARAETHREARYFRBENEWILS
WK R EEH B CREETR R 729. 2~2059. skg/hm?  J = E R R B R E SR/ 2.8 5410
EREYERR 703.5~2580 Okg/ho® B R R ERS B EN 3. 3 F Q0024 HE 194 F£FY
FRTRNY IS 0~1353. Okg/hm®, BAEE S RERKERZFEN IFZ). MHREERFERRETH™
RERF LA EFRFHEELTF 100246, BREREVABRKNETVINAY . EH T RKEN
BEERHIETHEAFHHART R,

N2 NHENKEEREHDESEHAR kg/hm’ DM (S BRI FH~ )
Table 2 Mean dynamic results of grassland yields in § types

£ 4y M XH(H /H YPeriods {Day/Manth? -3 HEES

Year 15/4 1545 15/86 15/7 15/8 15/9 15/10 Mean yields

1992 1984. 5 2318. & 2589. 0 2413.C 2241.0 793.5 1876. 5 2068, 7
1993 587. G 808. 5 1068. 0 1441. 5 1210. 5 F12.5 1354. 5 1027. 3
1994 723. 0 801. 0 796. 2 1353.0 577.48 351.0 412. 5 720. 2

2.4 REEHREFESEEFHAXESN
ARIESBHEFNEREMREERATRTREAOEN, MRS ARUEARESFEYT
AR BEREER.ESSBANPAREESEN, REFRREFARAFRERESEFEREESAR
HFHXR MACERYEHEBRA=EREMESESRF. 1992 F£F 1004 £ 3 FHTRSEF
AR FROEENBEIAEASERTHT THESH R THRARGE . RRHEME R HL
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FEHPRHSBABEASL OCHHBFBEERITSE EK B THEED GG KN S E W, MAD
—F 1 ANERH ARBITR. TETS 3 M ESHTOMEEM S, B - (HE 0. 841~0. 896, 15 3
P00l BREXKF HPREIPEESEEFO - HH LUEKRRA HHEE S H BN R, B
TR RS KBMOHEXERE . AARE BAREEWMPE RN EISEEHT. E5 R MM EH,
kB ES —B ERNETESEA . BUEM O B S Mg, r (A% 0.611~0.882. B K
ERRETESAHMEMN - Hi5H 0.0 EXKFH HAMKB 0 I BRBEAF . AP B LK TR
EEEARHXEY .- HHR0.761~0.882,57 0.01 R BEKE,

REHXRENITFSER . AR E CER
ik B TRAMBERMRERRENL >
MTEWMSHRG@INEAR ) WETE B

X3 NSRS EENREATHEXENSTAR
Table 3 The correlation coefficients between herbage

vields and main climate Factors

FHBME D ARINL . EEEETESL>T
ERXSHITEEESHF(REBAEXRRARTFN
MHEHEAEESER AR ITEMET 00l BEER
B.or HE 0.769~0.898 2. Ed FRERB (P
COLLMEFRARERE 274 5HFHERETT
ZERBEH 2N EEETHHER (L =0801>n=
0. 7697, Br LU, FHMEZK . BUIR ] & 07 s f5 0 A F 4R K
BREEMR. LT HMBRE ALY
B AREAEF. BEEHFHHEE TN ERE R
AR REmBEENARE, LLREKS Y
FERIE R KRR TN ERES R
HERR AZEIH T ERMBEEEH AR -2

S@ET T H 7 & {kg/hm? DM )Herbage vields
Climate factors M A HPEHR B

Gramineae  Other grass  Toral yields

LS.

Precipitation
B Cumunlative

temperature

H &t @ Light

rimes

g :’L‘verage

D.B§2*~ 0. 761" " G, 896" °

0. 871" 0.674"° 0. 860 +

. 870" " Q. 611*° D. 841" °

0. 874 G. 682 Q. BGR

24 ERFRSTESRAFHEANLISHBER
Table 4 The models and checking effects between herbage

yields and main climate factors

HE~R(TE

[14.16.18]
o R tE ¢ Hay vields Elﬁ.ﬁﬁ r F
2.5 EURILEHFE PPR ¥ KR (kg Phm?) Regression mode)
B - BT PPRETHEACHNIEN ADIE, FEHEX" »y=—122.264+0.47r, +2. 052, 0,891 21.20"*
BREXg »=-70.57-0.197+1.832z  0.76% 7.97%°

Bl AL MP BB R EHUE K, BRAT
PPREHAEMHAEREATFHOHAEENE BT
atr DP SEITMEFHBRAXRA . AEEXEFR
TAKZE5PPR W EA KN EERAM, ) PPR #0036 R E S 8707 0. 808 SR B2 8RS
ZLEHEAGTE . RETZ 6 TRAFHARMIEEFEAKBASEX HHFEXOFARIRERRR. B
AERNETEENO TR ERREEEEENBENLRAENAREEI . ARETHX G ARL
BRE . A PPR WA Ry R IhBE R EER DP 5 6 TMHEXLEEREF SW.ST, AT, PR,T A CT R
DORERB B EFA#TERAMEREL BRERHENY-T FEH L F R &0 EHR- % F N E

2 REN 1 &N
2 Diagram nfddsﬂflmﬂjmﬂ 1 Diagram of ridge fonctions

4

B P y=52.9240, 29r; + 3. 852, 0.898 22.781" "

¥ [l % 3 Same as table 3

3.77 3

L.{‘

-1.80 : . ;

15.33 10.44

B 1 PPRBIAPRMAY
Fig. 1 Diagram of ridge functions in PPR models
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(B 1.2y PPREENKER AERN HUFEXRRRE(E OFRAHEXEEBE RS R /2% R
RN AMENAT R RES.
PPREFEMERBRHBEERY.

Dr— pp
Y(TREREEKR) = et BT + ST = 080025 (T2 + 0.4150,7, (2}
Ty = an X + apXe + o o Xs (3)
=— 0.0632 X SW + 0. 6791 X 8T — 0.5158 X AT + 0.4359 = P& — 0.15337T + 0. 235271
T = anX) + @l + - + aule (4>

= 0. 8678 = SW 4 0.2751 X 8T + 0.1550 X AT — 0.2068) x PR — 0.04867 + 0. 31967
Ht, A vy AHETRMSELLERE.DP ¥ 377
HE - R.DPHAN R Y, o AEH R E
H./TOM LTIRNRT MT, W ZHAMH
SEREH RO~ ORARTETREERE p.;ra *‘-"J
X el Sikie oW v
fy 1 5 B 4 67 77 51, PPR [ 1D 8RS 8 7 i B Y 180 —
MLDEREEEE THEXEFHEQ . (O BHITHEUH
aONER) R 2B T T MBS AT mo % PPREMTEP . R AR SR RN
FHLRRAE T ERBE ST L0, B2 Fig, 2 Effertive diagram of regression and remainder
ABREEAMANSE KA HE. HBME 1 "W, tests in PPR models
S 2SR Bh )RR ERMBBSER
EYE L. A =ATHEARTFRAEARFHRRE T MASEMN Tz T. 98
WERAEWSHMAENE EEAAPPR B FGBEER SRERES BXAB rBrEELSTE
BERETEATFENRAESHSANLEHE.
2.6 PPR PR RBR SRR NE I ER
PPR A XAl LIHTH-FEEX S NER, A& T AR &) 8 T RE 7 X EH8R & &
i, ..

J‘R;

NH

Hz-V:KEZl (;)Aﬁm}(a} (53

pe=] a=1

EG)SP.Hi B PETERTPPREN %5 6 TETRAFHPPREVADANRERE A AME
ﬁ?iﬁﬁﬁﬂﬁ’[ﬁﬂfi:@:th i=1.2,,6,Vi 3% i+~ 8 Table 5 The contributing weight orders and values of ¢

Ap ilﬁj}b‘% ( ) B ATRBEN S independent variables in PPR models
PERE Y 8 4 WENFF Weight order |1 2 3 4 % 6

,ﬁtﬁﬁﬁﬁ,bfﬁﬁ feTOFRBENER i AL HRET Facor 79° SW* ATC STC PR GI¥
mEE, TR RRAT RN ARECREN  meRRE
EHEFAE BERE o, FRGERFEMM _Relative weight value
HFGEERM GRS, * AHARFHYN ARFELERE P=0.05 KETEX
HFPPREBGSKHAENSSAHEELS (P<C0.05) There is the degree of suitability at £<0. 05
PN ES AT AT AN BT 2 S /Y B
DERBEEEUERATERSEERZRHMARXER, R S 182500 5 8 2008 5 0o & il 00 4 MW
RHFITEHFEETIXETH TR, XAFERRT R BB RGN R TRE M. 0T REHHRE S5k
ELZANREREAAENFERNSH . AU ERBERSSRTREHNE AR TAEHEMNT®R. H
. PPREFEAKBANEHERERE ZALUEL A LB IAREE RN BEREABF LB ERILE S
HEM TR RN THES ERENESHASHMBEREAYSHYR 2p/ B ERLN
. R AL HERE AE2 TR, ERBE 5T ERS R R KATN B W 8 5 A2
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PRIt R BRI K T sk a8t B M T i3t 5 P WA B 4 K R B
TERRENEANERREGREFAR. ERABHFEG THIRRSETHREERYENZRE KT,
ZHASEPERETESE S SFHBEIMELOBESERSESERARNE 2),

BHES TR ARKAETHARMNERERX KK ASW.M AT.STH PREPCTHAKNEAR
he MEFESHERYR.T S SW.TH5AT.STHM PR ET S5 (T 218.5W 5 AT 85T #1 PR % SW
S5CT 2R AT.STHPREGCT YN BEHEZAEHENEZR(P<0.05).MAT 5 ST 5 PR ZH X
RBEELBFER(P>0.05) . EHARREEAMTEN KBS KA HEANBAEEKETHBEMEKRE
AEYHHEXE MSMETERBEXRABE EAEARKEREHA . SEXTRALERAHB
(R D). EEETHIX.SHEELAH RN KBRANHEA WA KRGS REME AT 0. 107 4 PAE
HAERFP,LMEI KB SW AR EHBEA,. 0. 70 HHETRE R TR RSB RE . KO0 REER
MEHEBEABRAC. AP ERLUFR T BRI KBEREAKRZVRIRE. BN KR EESEBEL KA
W, Bl L RERKRSW R HANKRENERE TR F IHEFRESNEREBTNGERAA. &
—~FERE LY AT.STH PRGER. EBABE . THEREETHARERANESER . BEEZ3%EE
A TRASHER CHATARMNKESE2R AR EETFNEN B84 TSEHFP. . ARERN
ERBREATER X SHibEEMARREB TELUNLER - REEZARMUTERABARKE
EZURAKETFVBRALSKEMARE M RERANINKRNEERAMBEF. LEE L HAKD(SW)
i g g L5,

2.7 RIWEXBRERZHTRBRNEBRNBRE T

BMFAEMER. I REKBRENEER. B TZEERNEBEMELETHREMNT ST ERE

B, MEM WA 4080 M+ IREAKBREBENSES B4 ATAZEC A THERMENREEELERKME 0~

i0cm LEAES T MEKE (YR L. HET R W% 6 Fror.
£6 TRABEBLFHTIMAKBERERO~40em FHE, 1)
Table 6 The results of mean soil maisture changes in different (opographic position (0~ 40cm soil, %

. 0 MR B/ H yPeriods Date/Moath HEx
Slope 2074 1/5 8753 11/5 18/5 2B/5 31/5 6/6 12/6 16/6 22/6 26/6 T3y Ranges
L 22.17 22.3 22.77 20.19 17.12 18.0Z 16.03 16.15 20.78 16.03 15.78 14.23 18.48° 100" * 1
FGdk FBE 15. 42 16.07 17. 12 14.97 14,72 14.48 13.48 16.04 17.59 [3.76 13.94 11.93 14.88% 80.52° " 2
Wi E BT 15.98 15.7917.01 16.25 14.83 13.58 12.39 14,10 1B. 82 13.80 13.33 1252 14. 64 79.22°° 3
4
5

PRI FEF 14.04 13.37 14.94 14.31 13.38 13. 30 12.41 14.84 15.57 12.28 14.66 13.24 13.R6" 75.00~
R B 14.64 18.2415.79 14.89 13.44 12.58 11.8% 13. 28 14.70 11. 85 11.86 11.57 13.53° 73.21°

AROPEHZEAWERAH B LM KBS - BRERTHRE 4 MBS P<0.01); K
TESHEBIBIMSARER . GREERTEREFTR(P<0.01).BRER TFEE LR (P<C0.05).@ET
BENE THELIRE . B FEETERETE.BEX SW ERABEPL>0.05 ., 88 SW B R4 SW
SHEEFRSW>HAB LB SWSEB LR SW>RETFTER SW,0~40cm +MF B &K RS 80
18.40% ,14. 8834 ,14. 60% . 13. 86 % A 13.53% . —MMa . T B L WK I EEFENW . MAXET LN
HASRR., EERPUL. A EKE=ZFH L. BFLRBERAKX . 6~7THH LMAFHEREEXDN
4.95,4.98 1 5. 03kg/m*  ERH A B E HPARBEHL I T HSAKRMNERAREEAARMBESML
+MBENTEAFRER. MRTETPHEMINEREFAFB ARSI ETARESTRNETE N2
B, RuUd K UETE. M2 RECHEBRTES AN HERAR TN . Bh TAH A A,
b N HEFARE A MERLENR AETERAIGEN L. A BEFEAVEST B EER,
HHELBRARESM. AEAPHKTS, ATSHLRERNEAFE O A FU LB L HEFHEL. &
B RKHFELSE RPENELHAAR SW HEA L MZRETEMRRO SR ERUFARENR K
WMEYTHRHEBR SR, Hs TN TRASELBEENRERE - MENLFRAEN PR MK
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MBI ARAE SN TS AMFRER. Y S ER O AREREEO RS, KA D
AR REE AR B P REE AR R RS

3 i

31 S a ARET RN R E TES BT AN . TE BT AERFRE ST HEE KRS
TAMA LB — B RE6~7 R RRRR K EMEEES . FIREFRMER. L NE
PRAAUGR MRS, £ REN HETEr AR KBNS NS, BE S5
N E A RS AN RN TR FER R A NS R AN S AN TS B T Fr.
EMEE AT RN R RS SBE F KL R I AN A RS S EANER R TR
T A%, LB

3.2 EMHRTFEFRSINFTEESHFZAMMAEEAREREN(RI~RO, TESRSEA
B OBE BN A R ST A R 0.8 LB FREB. S LB ARS ™R
A R AF WO BUR L P ORI 3. SR S0 R R M TE R AR SR B R e A R 1
EZARKBELRORREF LR MEBEWBENLBASEEEHETEXNELKETHNTE.
BT TEFRSHBMR AR ELE TGN, PSSR E R E TR SRR,

3.3 EEANELKRMKENAHANBEE AR SN R, Skt PPR SRR Sa S
LRI AER T FESESAENERESAB SN SSOR R RE A IR EERFHFRTANY
B BRI BE, (R AT R BEMRBE R PPR T SRR AR T HRERR. MATHYE AT RET
Rt 458 AN ol B R AL T A0 A AR R . IR R U e - B T A 66 i v 2 AT S DUR R A9 B MO
ERAE R RIS EMT R, NEAN R ™8 B0 R T Rl g Ol

3.4 F AT PPR $C44 00 47 SOHE R TR A0 TR 3650 47, 26 5 R IS8 08 {1 00 D O O
#7 T PPR BB KBRS B PR K 0% I L I RN R S X M Ay S . &
6 AERESHFP BB HERFRER AR ERNS KKy L AR KR TRERA
TMBHEED BRI AN R REAT AR A TER N REK AT VAR R N®, 4
MEEFERERESE TR AU IS AR FRER S LSRR B AL ST R SRS
WA R RE R THE SN ES T MASRLEE LR EN AR TATRS AT R
WHEXEMNELRRER- RN K ENRRENLES.
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